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ABSTRACT 

In the present research the diversity of Basidiomycetes of District Shangla, 

KP, Pakistan has been explored. District Shangla is an administrative unit of 

Khyber Pakhtunkhwa province of Pakistan, located at 34, 31 to 33°, 08° north 

latitudes and 72, 33 to 73°, 01° east longitudes, with a total area of 1,586 

square kilometers. The mountains of Shangla district are the western 

extremities of the Great Himalayan range with an average elevation of 1600 to 

3,500 meters above the sea level. Sampling sites were visited during moon-

soon, dry months and spring seasons of 2013–2015, Mushrooms, rust and 

smut fungi were collected at different stages. Macro-morphological 

describtion of the specimens were observed in the field, photographed and 

tagged. Rusts and smut fungi were collected along with the host plants. The 

infected parts of the plant were photographed, tagged and preserved. More 

than 300 specimens of Basidiomycota were collected, comprising of 76 taxa in 

26 genera and 19 families. The results are comprised of three parts. 

Agaricomycotina, Puccinomycotina and Ustilaginomycotina. Among them, 

Agaricomycotina are represented by 36 species in 14 genera and 11 families. 

The genus Amanita was recorded the most frequent and largest genus with 15 

species, followed by Agaricus and Russula with 06 and 03 species respectively. 

Pucciniomycotina, the pathogenic fungi represented by 31 species in 09 

genera and 06 families. The genus Puccinia was found the largest one with 15 

species followed by Phragmidium with 05 species respectively. The smut fungi, 

Ustilaginomycotina, represented by 10 species in 3 genera and 2 families.  

As a whole 31 species were proposed new for science viz., Agaricus swaticus 

nom. prov., A. subdecidous nom. prov., A. subpinus nom. prov., A. propeaugustus 

nom. prov., A. umbosplitifacus nom. prov., Amanita subflavipes nom. prov., A. 

obscuriscens nom. prov., A. cinis nom. prov., A. albosa nom. prov., A. 

nigrofibrilosa nom. prov., A. zona nom. prov., A. pseudolignitincta nom. prov., A. 

yukhtangiensis nom. prov., A. olivaviginata nom. prov., Veloporphyrellus similis 

nom. prov., Hortiboletus cumpinus. nom. prov., Cortinarius pseudohinnuleus 
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nom. prov., C. umbostriatus nom. prov., Gymnopilus Pseudohybridus nom. prov., 

Neolentinus pellismarginatus nom. prov., Panus pakistanicus nom. prov., Phallus 

pseudorubicundus nom. prov., Russula shanglaensis nom. prov., R. submariae 

nom. prov., R. mansehrensis nom. prov., Melampsora Yukhtangensis nom. prov., 

Puccinia Pimpinella-aegopodiea nom. prov., Ustilago glomeratii nom. prov., U. 

sanguinalii nom. prov. Two species published as new to science viz., Amanita 

glarea and Parasola pseudolactea, 02 species were reported as new combinations 

viz., Allodus tulipii nom. prov., Sphacelotheca nepalense nom. prov. 10 species 

were reported as new records for the country viz., Amanita pseudovaginata, 

Amanita Pallidorosea, Strobilomyces longistipitatus, Phragmidium mexicanum, 

Pileolaria pistaciae, Puccinia Obscura, Haplotelium ambiens, Sporisorium 

pulverulentum, Ustilago nunavutica and Urocystis narcissi and 33 species were 

first time reported from Shangla district. These fungi were characterized 

morpho-anatomically and phylogenetically. For Moleculer characterization 

ITS and LSU regions were amplified and sequenced using Primers ITS1F, 

ITS2, ITS3, ITS4, LROR, LR5 and LR6.  

Our findings advocate that Shangla region is very rich and show a great 

diversity of Agaricomycotina followed by Puccinomycotina and 

Ustilaginomycotina. Among the Sub-phylum Agaricomycotina the genus 

Amanita was recorded the most frequent and largest genus with 15 species, 

followed by Agaricus and Russula with 06 and 03 species respectively. In sub-

phylum Pucciniomycotina, the genus Puccinia was recorded as the largest 

genus with 15 species followed by Phragmidium with 05 species. In Sub-

phylum Ustilaginomycotina, the genus Ustilago was found more diverse with 

05 species followed by Sporisorium and Urocystis with 04 and 01 species 

respectively. This study concluded that very least work on fungi of North 

Western Pakistan have been done. Furthermore, District Shangla which is a 

moist temperate region and covered by 90% of coniferous forest have 

enormous potential for fungal diversity. The area needs to be explored further 

http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=221204
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for very valuable species of other groups also. These findings upgraded the 

existing number of Basidiomycetes from 1500 to 1545 species in Pakistan.  
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1.1. Introduction 

Fungi constitutes a very large and diverse group of eukaryotic organisms 

with approximately 80,000 to 120,000 described species (Kirk et al., 2008; 

Hawksworth, 2012). Although various estimates of the total number that exist 

on earth range from 0.5 to 9.9 million species, most recently analyses by 

molecular methods gave an estimate of 5.1 million species and about 7% have 

been discovered yet (Cannon, 1997; O’Brien et al., 2005; Mueller & Schmit, 

2007; Blackwell, 2011; Mora et al., 2011; Yang, 2011; Hawksworth, 2012). 

Currently 1.53 million species have been accepted based on the plant-fungus 

ratio in different geographical regions (Cannon, 1997; Mueller & Schmit, 2007; 

May, 2011; Hawksworth, 2012). This enormous difference between the known 

number and estimated species is due to inadequate sampling, lack of data, 

cryptic and often ephemeral nature of the species (Blackwell, 2011). 

Taxonomy of Fungi is in a state of continuous flux, especially due to recent 

research based on DNA comparisons. The most recent published classification 

of fungi is based on phylogenetic results was proposed (Hibbett et al., 2007) 

and adopted by the dictionary of fungi (Kirk et al., 2008). According to these 

system fungi are classified in to one kingdom, one subkingdom, seven phyla, 

ten subphyla, 36 classes, 12 subclasses, and 140 orders. The Seven phyla are 

Chytridiomycota, Blastocladiomycota, Neocallimastigomycota, Microsporidia, 

Glomeromycota, Ascomycota and Basidiomycota. The latter two phyla are 

combined in the subkingdom Dikarya (Hibbett et al., 2007; Kirk et al., 2008).  

Among Dikarya Basidiomycota is the second largest group of the kingdom 

fungi, typically characterized by the presence of basidium and basidiospores 

(Yang, 2011). This is a large phylum of fungi containing the rusts, smuts, jelly 

fungi, club fungi, coral and shelf (bracket) fungi, mushrooms, puffballs, 

stinkhorns and bird’s-nest fungi (Moore et al., 2011). The group has been 

divided in to 16 classes, 52 orders, 1600 genera, 32000 species, 3 sub phyla and 

6 un-assigned classes (Kirk et al., 2008; Moore et al., 2011). The three sub phyla 
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include Pucciniomycotina (rusts, pathogens specialized in infecting plants), 

Ustilagomycotina (true smuts and some yeasts, mostly plant pathogens) and 

Agaricomycotina (Hibbett et al., 2007; McLaughlin et al., 2009). 

The sub-phylum Agaricomycotina - mushrooms, bracket fungi and puffballs is 

the largest group of Basidiomycota (Hibbett et al., 2007). This group is devided 

in to 03 classes, 23 orders, 119 families, 1146 genera 21000 species (Yang, 

2011). Similarly, the sub-phylum Pucciniomycotina comprised of 08 classes, 18 

orders, 34 families, 242 genera and 8300 species (Aime et al., 2006; Yang, 2011). 

The 3rd subphylum is Ustilaginomycotina, represented by 2 classes, 9 orders, 28 

families, 117 genera and 1700 species (Yang, 2011). These fungi are commonly 

called the smut fungi.  

Basidiomycota has great impact on plants and contribute a lot to the 

humanity in terms of ecosystem services as, decomposition of organic matter, 

biogeochemical cycles, mycorrhizal and symbiotic association, forest 

development, medicine, parasitizing plants and outstanding role in food 

industry (Manoharachary et al., 2005). Fungal biotechnology has become an 

integral part of the human welfare (Manoharachary et al., 2005). The 

importance of mushrooms can be traced from the Ancient Egyptian 

civilization where the edible mushrooms were considered as the plants of 

immortality. Before the invention of synthetic dyes, mushrooms were widely 

used for dyeing wool and other natural fibers. Common wood land 

mushrooms such as species of Amanita and Boletus and their allies grow in 

mutually symbiotic relationship with the roots of tree species. Many 

saprotrophic species are essential components of forest ecosystem and are 

involved in litter and wood decay while some species are human pathogens 

(Alexopolous et al,. 1996; Webster and Weber, 2007). The fruit bodies of a large 

number of mushrooms are edible as the white button mushrooms (Agaricus 

bisporus) oyster mushroom (Pleurotus spp) and shii-take (Lentinula edodes). 

Beside the edible mushrooms several mushrooms are poisonous to eat as 
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Amanita phalloides (the death cap) while some are hallucinogenic as Amanita 

muscaria (Fiaz, 2013). 

The rusts are undeniably the most economically important fungi, as obligate 

parasites on a wide range of crop plants including cereal grains, legumes, and 

trees such as coffee, apple, and pine, where they can cause extensive 

reduction in yield and even host death (Frieders et al., 2008). Stripe rust of 

wheat caused by Puccinia striiformis f. sp. tritici severely damages wheat 

production causing yield losses from 10 to 70% besides affecting the quality of 

grain and forage (Chen, 2005). Like the rust fungi, the smut fungi are all 

parasites of vascular plants and Selaginella species. They attack all parts of 

plants including inflorescence, stem, leaves and even roots. These are 

biotrophic pathogens with shorter or longer saprobic phases (Kendrick, 2000).  

In the last couple of decades, the molecular tools were developed to describe 

the diversity of fungi in a more straight-forward, practical and rapid 

approach as compared to the conventional morphological studies. These tools 

provide DNA-based information for identifying taxa and facilitate testing of 

ecological hypotheses, contributing to the better understanding of the 

structure and functioning of ecosystems. The vast majority of recent studies 

targeting the description of fungal communities are based on sequence data 

(Taylor, 2008). In general, these molecular tools target the nuclear ribosomal 

DNA region. The rDNA of eukaryotes are short repeats including small sub 

unit of ribosomal DNA (SSU 18S), internal transcribed spacer ITS (ITS1-5.8S-

ITS2) and large sub unit of ribosomal DNA (LSU 25–28S). Among these, ITS is 

one of the most sequenced DNA region in fungi (Peay et al., 2008) and has 

been recommended as universal fungal barcode (Schoch et al., 2012). It has 

typically been most useful for molecular systematics at the species level, and 

even within species to identify geographic races (Peay et al., 2008). Other 

rDNA regions have been utilized for the phylogenies in Basidiomycota 

(Hibbett et al., 2007).  Phylogeny of Basidiomycota relied principally on rDNA 

analyses, which have contributed considerable insight. Protein coding genes 
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are also used in the phylogenetic studies of this group of fungi (Matheny et al., 

2006; Hofstetter et al., 2007). 

Taxonomic study on Basidiomycets of Pakistan was initiated by Butler & 

Bisby (1931) when this region was a part of British India and reported 30 taxa 

of rust fungi. A lot of contribution has been made to Basidiomycetes of 

Pakistan by Arthur and Cummins (1933) followed by Mundkur (1938), Sydow 

and Ahmad (1939), Cummins (1942), Malik and Khan (1944) subsequently, 

exploration of fungi of Pakistan was studied in great detail by Dr. Sultan 

Ahmad (1939–1983). During this era, he described more than 2500 species of 

different groups of fungi viz., Basidiomycetes of Pakistan (1972a), Fungi of 

West Pakistan (1956a, 1969), Contributions to the fungi of Pakistan (1967; 

1969; 1982), Gasteromyctes of Pakistan (1952), Pezizales of West Pakistan 

(1955), Uredinales of West Pakistan (1956b), Ustilaginales of West Pakistan 

(1956c), and many research articles were published in different journals of 

international repute. 

Then the Japanese scientists have also made a significant contribution to the 

rust and smut fungi of Pakistan during their Cryptogamic Expedition of 

Pakistan (Izumi et al., 1992; Ono, 1992; Ono & Kakishima, 1992, 1993; 

Kakishima et al., 1993). Besides rusts and smuts these scientists also reported 

185 species of higher Basidiomycets (Shibata, 1992; Aoshima, 1992; Hattori & 

Murakami, 1993; Murakami, 1993; Yoshimi & Hagiwara, 1992). 

Iqbal and Khalid (1995; 1996a, b) reported more than 200 species of Agaricus, 

rust and gasteroid fungi comprised of few new species and 26 new records for 

the country. They also compiled all the described fungi of Pakistan with 1218 

species of Basidiomycetes (Ahmad et al., 1997). Sultana et al. (1997) worked on 

edible mushrooms. Gardezi (1998) and Gardezi & Ayub (2003) worked on 

mushrooms of Azad Jammu & Kashmir. Fifty-eight species of mushrooms 

have been reported by different workers including Sultan et al. (2001), Sabir et 

al. (2001), Tullos et al. (2001), Burni et al. (2006) and Niazi et al. (2006) from 
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different areas of Pakistan. Further studies were followed by various 

researchers and about 820 taxa have been documented from various parts of 

Pakistan during the graduation studies (Sultana, 2007; Razaq, 2007, Afshan, 

2008; Niazi, 2008; Hanif, 2011; Sarwar, 2012; Fiaz, 2013; Razaq, 2013; Yousif, 

2014; Hussain, 2016; Saba, 2016 & Jabeen, 2016). 

So far, approximately 1500 species of Basidiomycota have been reported from 

different areas of Pakistan (Hussain, 2016). Among these fungi, 

Agaricomycotina is represented by 867 species (Niazi, 2008; Niazi et al., 2010; 

Sarwar & Khalid, 2012; Razaq et al., 2012; Fiaz, 2013, Nawaz et al., 2013; Hanif 

et al., 2014; Thongklang et al., 2014; Ge et al., 2015; Hussain et al., 2015a, 2015b; 

Qasim et al., 2015; Sarwar et al., 2015, Hussain et al., 2016). Similarly, the rust 

fungi are represented by approximately 446 taxa (Afshan et al., 2008d; Afshan, 

2009; Afshan et al., 2011, 2012; Afshan and Khalid, 2013; Ishaq et al., 2013; Saba 

et al., 2013; Afshan and Khalid, 2014; Fiaz et al., 2015; Sadiqullah et al., 2014; 

Hussain et al., 2015c). The estimated number of rust fungi on grasses mostly in 

the Northern Areas and KP province of Pakistan may go up to 750 (Afshan et 

al., 2007). As far as the smut fungi are concerned, about 124 species have been 

reported from Pakistan (Ahmad et al., 1997; Vánky et al., 2007; Denchev et al., 

2012, 2013; Fiaz, 2013; Fiaz et al., 2013; Hussain, 2016; Sadiqullah et al., 2017).  

The coniferous forests are very rich in terms of fungal biodiversity at 1,000–

4,000 m above the sea level in Pakistan. the main areas covered with 

coniferous forests are Abbottabad, Mansehra , Malakand,  Chitral, Upper 

Dir, Lower Dir, Swat, and shangla districts of Khyber Pakhtunkhwa. 

Although a number of fungi have been reported from these areas but no 

detailed survey of district Shangla has so far been made.  

District Shangla is an administrative unite of Khyber Pakhtunkhwa province 

of Pakistan, located at 33.08o to 34.31o North Latitude and 72.33o to 73.01o East 

Longitude, with a total area of 1,586 square kilometers (Sher et al., 2013). It is 

bounded on the north by Kohistan, on the south by Buner and Tor Ghar 

https://en.wikipedia.org/wiki/Abbottabad
https://en.wikipedia.org/wiki/Mansehra
https://en.wikipedia.org/wiki/Malakand_District
https://en.wikipedia.org/wiki/Chitral_District
https://en.wikipedia.org/wiki/Upper_Dir
https://en.wikipedia.org/wiki/Upper_Dir
https://en.wikipedia.org/wiki/Lower_Dir
https://en.wikipedia.org/wiki/Swat,_Pakistan
https://en.wikipedia.org/wiki/Khyber_Pakhtunkhwa
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districts, on the east separated by Indus River from Battagram and Tor Ghar 

districts and on the west by Swat district (Razzaq et al, 2013). Almost 90 % of 

the area consists of high mountains and there is only 10% of plain land area 

which is available along the river side (Anonymous, 2013). Administratively, 

the district has two tehsils, namely Alpori and Poran (Razzaq et al., 2013; Sher 

et al., 2013). 

The mountains of Shangla district are the western extremities of the Great 

Himalayan range with an average elevation of 2,000 to 3,500 meters above the 

sea level (Razzaq et al., 2013). Climatically, District Shangla falls under moist 

temperate area, resembles the bordering Himalayan range (Champion et al., 

1965 Chaghtai, 1898; Iqbal et al.m, 2014) and a part of Sino Japanese region 

(Ali and Qaiser, 1986). The important towns of the area are Alpuri, Karora, 

Lilownai, Besham, Shahpur, Aloch, Chakesar, Damorai, Ajmer, and Olander. 

(Razzaq et al., 2013). The eminent mountainous tops of the district are Spin 

Ghar (4464m), Takht Ghar (4,332m), Yakh Ghar (4,179) m, Dobandi Ghar 

(4,063m) and Koparsar (3,278m) (Taban et al., 2016). Soil is sandy loam to Clay 

soil in most of the areas (Ibrar et al., 2007). The extreme temperature in 

summer is 38o C while in winter it goes down to -2 to -5o C and the observed 

relative humidity of the area is 65.9% (Shah and Hussain, 2012; Ahmad et al., 

2014). The mountains are mostly covered with coniferous forests, including 

chir-pine (Pinus roxburghii Sarg), blue-pine (Pinus wallichiana A. B. Jackson), 

the Himalayan yew (Taxus wallichiana Zucc), the pindrow fir (Abies pindrow 

Royle), the Himalayan spruce (Picea smithiana (wall.) Boiss) and cedar (Cedrus 

deodara (Roxb. ex D. Don), G. Don). Among the broad leaved trees Aesculus 

indica (Wall.exCamb), Acer caesium Wall. Ex Brandis, Juglans regia L., Quercus 

incana Roxb., Q. semecarpifolia Smith and Ulmas wallichiana are frequently 

found. Among the shrubs, Buxus wallichiana L., Dodonaea viscosa (L.) Jacq., 

Justicia adhathoda L., Otostegia limbata (Benth.) Boiss., Punica granatum L. and 

the species of Indigofera L., Jasminum L. Rosa L. are fairly common (Ibrar et al., 

2007; Sher et al., 2013; Razzaq et al., 2013). Precipitation in the district occurs 

https://www.google.com.pk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=0CDYQFjAG&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FCedrus_deodara&ei=F9k3U6fCPKb8ywOqwoHQBA&usg=AFQjCNGINIXK-qtyx-UDBqCclMrCDjVksw
https://www.google.com.pk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=0CDYQFjAG&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FCedrus_deodara&ei=F9k3U6fCPKb8ywOqwoHQBA&usg=AFQjCNGINIXK-qtyx-UDBqCclMrCDjVksw
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mostly in the form of rain and snow. Rainfall is high, about 1778 mm annually 

(Ajmal et al., 2012). Such heavy rainfall influences the emergence of a variety 

of fungi on ground, rotten logs, trees, on stumps etc. 

Floristically Pakistan is extremely rich country with more than 6000 reported 

species of higher plants (Stewart, 1972) which provide an ideal homeland for 

a large number of fungal species. However, relatively small fraction of fungi 

has been reported from Pakistan based on estimation and perception of 

(Hawksworth, 2012). Approximately 5000 species of fungi have been reported 

from Pakistan (Ahmad et al., 1997; Niazi, 2008; Afshan et al., 2008d; Afshan, 

2009; Afshan et al., 2011, 2012; Sarwar & Khalid, 2012; Razaq et al., 2012; 

Afshan and Khalid, 2013; Fiaz, 2013, Nawaz et al., 2013; Ishaq et al., 2013; Saba 

et al., 2013; Afshan and Khalid, 2014; Sadiqullah et al., 2014; Hanif et al., 2014; 

Thongklang et al., 2014; Fiaz et al., 2015; Hussain et al., 2015c; Ge et al., 2015; 

Hussain et al., 2015a; Qasim et al., 2015; Sarwar et al., 2015, Hussain et al., 2016; 

Sadiqullah et al., 2017). According to Hawksworth (1991) Fungal species are 

about 6 time as numerous as plant species, so corresponding to this ratio only 

14 % of the total fungi are known from Pakistan. Approximately 30,000-36000 

species of all the fungi and out of which about 6000-9000 species of 

Basidiomycetes could be expected from Pakistan. 

A review of literatures regarding the diversity of fungi in Pakistan shows that 

there is need to explore fungi in Pakistan since very less number of fungi have 

been reported so far (Fiaz, 2013). Keeping in view the global changes, and 

dramatic deterioration of the environment, especially caused by the human 

activities there is a need to explore and discover new species of fungi 

including Basidiomycetes on urgent basis, otherwise it would indeed be a 

tragedy to lose species to extinction before we have to determined that they 

exist (Muller et al., 2004; 2007; Yang, 2011). In this regard study on diversity of 

Basidiomycota seem to be limited to certain specific regions of the country, 

especially in the KP Province. However, there is no such report about the 
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exploration of these fungi in Shangla District, which is explored and 

presented here for the first time. 

 

FIGURE 1. Map of Pakistan indicating the geographical location of Shangla 

district. 
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Table 01. Month-wise Temperature, Precipitation and Relative humidity of 

Ditrict shangla, 1961-90 (District census report, 1998). 

 

Month            Mean Temperature (°C) 

Maximum            Minimum 

 

Precipitation 

(millimetres) 

Relative 

Humidity 

(%) 

January 11.2  -2.4 I I 1.4 69. 7 

February 12.1  - 1.3 172.6 69.2 

March 16.2  3.1 242.2 66.4 

April 22.4  7.7 167.9 5 7.4 

May 27.6  11.6 88.0 47.9 

J une 32.5  15. 7 5 1.3 41. 7 

July 3 I .4  19.3 145. 7 60.3 

August 30.2  18.5 159.8 69.2 

September 29.0  13.6 81.8 64 .1 

October 25.0   7.6 53.7 59.5 

November 19.9  2.5 50.7 59.5 

December 13 .8   -0.9 90.7 67.4 

Annual 22.6 7.9 1,415.9 65.9 
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1.2. Objectives of the study 

Objectives of the present exploration were to; 

1. Explore and document the diversity of Basidiomycets of district 

Shangla. 

2. Confirm identity of Basidiomycets of district Shangla through 

molecular and morpho-anatomic characterization. 

3. Upgrade the existing information of Basidiomycets of Pakistan 

with special reference to study area. 

4. Establish a key for the identification of Basidiomycets of the area 

and to prepare a check list of these fungi found in Shangla 

District. 
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Chapter–2 
Materials and Methods 
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2. Materials and Methods 

2.1.  Sampling 

Sampling sites were visited during moon soon, dry months and spring for 

collection of different Basidiomycota at different stages of 2013–2015. For 

Macrofungi, sporocarps were collected, photographed and tagged. 

Macromorphological features such as color of the Basidiocarp, size, shape and 

margins orientation of the pileus, lamellae size, margins orientation, size and 

color of stipe, presence or absence of annulus and volva shape, attachment of 

gills with stipe, vegetation type of the area, associated plants, soil type and 

date of collection were noted. At least 5 specimens of each species were 

collected on availability. The specimens were dried with a fan heater or oven 

at 50–60 °C or with silica gel until their water content were <15% and kept in 

labeled packets or boxes. For color descriptions (Mansell Color Co., 1975) 

were used. Rusts and smut fungi were collected along with the host plants. 

The infected parts of the plant were photographed, tagged and preserved. 

Similarly, healthy parts of the infected plants with inflorescence were also 

collected for the host identification. 

 

2.2. Microscopy  

Lamellae sections of the basidiocarps were prepared in 5% KOH, 1% Congo 

red, Melzer’s reagent and trypan blue and observed under the light 

microscope. Spores ornamentation were observed under oil immersion (100X) 

objective and drawings were made under the light microscope equipped with 

camera Lucida. Basidiospores, Basidia, Pleurocystidia, Cheilocystidia, 

Elements of the pileipellis and stipitipellis and other important characters 

were measured. Spore size was determined by measuring the diameter of at 

least 50 mature spores including the ornamentation. Basidiospores 

dimensions were shown as (a–) b–c (–d), with the range b–c including 90% of 

the measured values and the extreme values shown in parentheses (Fiaz, 

2013). 
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For rust and smut fungi Spores and hand section were embedded in lacto 

phenol on glass slides and gently heated to boiling as to rehydrate the spores 

and then cooled (Denchev et al., 2012). Semi-permanent slides were prepared 

by cementing cover slips with nail lacquer (Dade & Gunnell, 1969). The 

preparations were examined with a compound microscope and 

microphotographs were taken with a color view digital camera mounted on a 

compound microscope. Spores were measured by using ocular micrometer. 

Thirty spores were measured. Line drawings were made using a camera 

Lucida (Fiaz, 2013).  

2.3. Scanning Electron Microscopy 

Images of the Smut spores were obtained by Scanning Electron Microscopy 

(SEM). For SEM, the dried spores were dusted on double-sided adhesive tape, 

mounted on a specimen stub, coated with a 50 nm film of gold in a Polaron 

E5300 freeze drier. This critical point dried, gold coated stubs were observed 

and photographed with Scanning Electron Microscopy (SEM). 

2.4. Molecular Study 

2.4.1. DNA Extraction and amplification 

For Macrofungi, extractions were obtained from 5–15 mg of dried sporocarps 

using Qiagen DNeasy Plant Mini Kit (Qiagen USA, Valencia, CA. 

http://www.qiagen.com/). The primers used in this study are listed in the 

Table 2. rDNA region of ITS1-5.8S-ITS2 (ca. 660 bp) and LSU (ca. 800 bp) were 

amplified along-with protein coding genes tef-1α gene (ca. 500 bp) using the 

primer pairs in combinations of ITS1F/ITS4 & ITS2/ITS3; LROR/LR5 and 

EF1-983R/EF1-1567F, respectively (White et al., 1990; Vilgalys and Hester 

1990; Gardes and Bruns 1993; Vellinga et al., 2011; Ge et al., 2014, 2015). 25 µL 

volume PCR reactions were performed, containing 2.5 µL 10X Econo Taq 

Buffer, 0.5 µL dNTPs, 1.25 µL of each primer (10 µM/µL), 0.125 µL of Econo 

Taq® DNA Polymerase, 14.375 µL H2O and 5 µL of DNA template. 
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Amplification protocols and PCR conditions used an initial denaturation step 

of 2 minutes @ 95°C, followed by 30 cycles of the following steps: denature 

step of 1 minutes @ 95°C, an annealing step of 30 seconds @ 50°C, and an 

extension step of 2 minutes @ 72°C; the reaction was finalized by a final 

extension for 5 minutes @ 72°C. Cycle sequence reaction was performed using 

the above PCR primers, with separate reactions for forward and reverse 

primers, and the Big Dye Terminator Kit v.3.1 (Applied Biosystems, Foster 

City, CA, USA) with thermal cycler protocols using an annealing temperature 

of 55°C. PCR products and cycle sequence reactions were purified using 100% 

ETOH & 75% ETOH standard ETOH precipitation prep. DNA extraction, 

PCR, and cycle sequencing reactions were performed at the Chicago Botanic 

Garden’s Center for Plant Biology and Conservation, Glencoe, Illinois. 

Sequencing was performed using an ABI-3730-XL DNA Analyzer (Applied 

Biosystems, Foster City, CA, USA) in the Pritzker Laboratory at the Field 

Museum of Natural History, Chicago, Illinois. 

For rust and smut fungi sori were excised from the dried host material, placed 

in 2ml Bead Solution tubes of the Ultra Clean Plant DNA Isolation Kit, and 

extracted per the manufacturer’s instructions (MoBio Laboratories, Solana 

Beach, CA, USA). Polymerase chain reactions (PCRs), cycle sequencing 

reactions and cleaning were performed as procedure outlined by Aime (2006). 

For rust fungi nuclear ribosomal large subunit (LSU) genes were amplified 

with rust-specific primer (Aime, 2006; Aime, unpublished primer). For smut 

fungi ITS and LSU regions were amplified and sequenced successfully using 

primer pairs ITS1F/ITS4 (White et al. 1990; Gardes and Bruns 1993) and 

LR0R/LR6 (Vilgalys and Hester 1990) respectively. PCR products were 

sequenced and DNA sequences will be deposited in Genebank upon 

publication of the respective taxa. 
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2.4.2. Phylogenetic Analysis  

Sequences generated for this study were processed, edited and assembled 

using Codon Code Aligner v.3.5.7 (CodonCode Corporation, Dedham, MA. 

http: //www. codoncode.com/) and Bioedit (v 7.0). The contig sequences 

generated were blast in GenBank (www.ncbi.nlm.nih.gov/genbank/) and 

UNITE (http://UNITE.ut.ee/) databases. Query matches from GenBank and 

UNITE were downloaded as FASTA files using sublime text3 and processed 

for phylogenetic analysis. Original sequences, plus matching sequences were 

aligned using MUSCLE v.3.8 (Edgar, 2004), followed by manual alignment 

using MESQUITE v.2.75 (Maddison & Maddison, 2015). Alignmrnt were also 

performed on BioEdit 7.2.5 (Hall, 1999) and CLUSTAL X 2.1 (Larkin et al., 

2007). Ambiguous positions and regions were excluded from the matrix. 

Datasets were assembled for both ITS and LSU. Maximum likelihood and 

bootstrapping analyses was performed on each dataset using RAxML 

(Stamatakis 2006), using the default parameters as implemented on the 

CIPRES web portal (http: //www.phylo. org/portal2/) (Miller et al., 2009), 

1000 bootstrap value. FigTree 1.4.2 (Rambaut, 2012) were used for tree 

visualization, tree annotating and plates formation were done through Adobe 

Illustrator CS6. 

2.5. Submission of specimens 

The specimens were deposited in Hazara university herbarium (HUP) 

Pakistan, LAH University of the Punjab Lahore, Chicago Botanic 

Garden/North western University, Chicago, Illiniose and Purdue University 

Lyfytt Indiana.  

 

 

 

 

http://www.ncbi.nlm.nih.gov/genbank/
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Table 2. Primers used in this study 

 

Primer Region/gene Sequence 5’ to 3’ Reference 

ITS1-F (Forward) ITS region

  

CTTGGTCATTTAGAGGAAGTAA Gardes and 

Bruns, 1993 

ITS4 (Reverse) ITS region TCCTCCGCTTATTGATATGC White et al., 

1990 

ITS2 (Farward) ITS Region GCTGCGTTCTTCATCGATGC White et al. 

1990 

ITS3 (Reverse) ITS Region GCA TCG ATG AAG AAC GCA GC White et al. 

1990 

LR0R (Forward) LSU region  ACCCGCTGAACTTAAGC Vilgalys and 

Hester, 1990 

LR5 (Reverse) LSU region TCCTGAGGGAAACTTCG Vilgalys and 

Hester, 1990 

LR6  LSU region CGCCAGTTCTGCTTACC Vilgalys and 

Hester, 1990 

Rust2inv LSU region GATGAAGAACACAGTGAAA Kropp et al., 

1997 

EF1-983F 

(forward) 

Translation 

elongation 

factor 1α, EF-

1α (tef-1α) 

GCYCCYGGHCAYCGTGAYTTYAT Rehner, 2001 

EF1-1567R 

(reverse) 

Translation 

elongation 

factor 1α, EF-

1α ((tef-1α) 

ACHGTRCCRATACCACCRATCTT Rehner, 2001 
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RESULTS 

The present investigation resulted in to 76 taxa belonging to 19 families of 

Basidiomycota. The results are comprised of Agaricomycotina, 

Puccinomycotina and Ustilaginomycotina. Agaricomycotina is represented by 

36 species in 14 genera and 11 families while Puccinomycotina is represented 

by 30 species in 07 genera and 06 families and Ustilaginomycotina is 

represented by 10 species in 03 genera and 02 families. In all phylogenetic 

analysis contig sequences has been created for each species examined.  A total 

of 64 phylogenetic trees have been presented in this studies. Agaricaceae 

represented by 07 species with 09 phylograms, comprised of 08 ITS trees and 

01 combine tree (ITS+LSU). Amanitaceae represented by 15 species with 16 

ITS phylograms, out of which each phylogram constructed for all Amanita 

species. Boletaceae represented by 03 species, 02 ITS phylograms and 01 LSU 

phylogram. Cortinariaceae represented by 02 species and 02 ITS phylograms. 

Strophariaceae, Marasmiaceae and Gloeophyllaceae are represented each by 

one species with one ITS phylogram. Psathyrellaceae represented by 01 

species and two phylograms, each based on ITS and other based on 

ITS+LSU+EF1α. Phallaceae represented by 01 species and 01 ITS phylogram. 

Russulaceae represented by 03 species with 03 ITS phylograms. In sub-

phylum Puccinomycotina phylogenetic trees presented only for successful 

sequenced specimens while the remaining taxa studied based on pure 

morphological features. Melampsoraceae have only 01 phylogram 

representing two Melampsora species based on LSU data set. Pileolariaceae 

have 01 phylogram for one of the Pileolaria species. Pucciniaceae represented 

by two LSU phylograms, each of them shows those Puccinia species which 

have been sequenced successfully. Microbotryaceae represented by 02 with 

one 01 LSU phylogram. Ustilaginaceae represented by 09 species and 16 

phylograms, out of which 09 phylograms based on ITS data sets, 04 based on 

LSU data sets and 03 based on combined data set (ITS+LSU). Urocystidiaceae 

represented by 01 species with 01 ITS phylogram and 01 LSU phylogram. 
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Sequences generated for this study are presented with bold face in each 

phylogram. The results include brief description of each family, Key features 

to genera and key to species level of the prominent groups. In case of 

Puccinomycotina key for families has been provided while in case of 

Ustilaginomycotina key has been provided for genera only. Detail description 

of each species, its distribution and molecular characterization have been 

provided. The results are arranged family wise as below.  

 

Sub-phyllum: Agaricomycotina 

    

3.1. Agaricaceae 

1. Agaricus campestris 

2. Agaricus propeaugustus nom. prov   

3. Agaricus subdeciduous nom. prov. 

4. Agaricus subpinus nom. prov  

5. Agaricus swaticus nom. prov 

6. Agaricus umbosplitifacus nom. prov. 

7. Macrolepiota dolichaula 

3.2. Amanitaceae 

8. Amanita albosa nom. prov 

9. Amanita cinis nom. prov 

10. Amanita cinnamomescens 

11. Amanita glarea nom. prov. 

12. Amanita nigrofibrilosa nom. prov 

13. Amanita obscuriscens nom. prov 

14. Amanita olivovaginata nom. prov. 

15. Amanita orsonii 

16. Amanita pakistanica 

17. Amanita Pallidorosea  

18. Amanita pseudolignitincta nom. prov. 
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19. Amanita pseudovaginata 

20. Amanita subflavipes nom. prov 

21. Amanita yukhtangiensis nom. prov. 

22. Amanita zona nom. prov. 

3.3. Boletaceae 

23. Strobilomyces longistipitatus 

24. Veloporphyrellus similis nom. prov. 

25. Hortiboletus cumpinus. nom. prov.   
 

3.4. Cortinariaceae 

26. Cortinarius pseudohinnuleus nom. prov. 

27. Cortinarius umbostriatus nom. prov.  

3.5. Strophariaceae 

28. Gymnopilus Pseudohybridus nom. prov   

3.6. Marasmiaceae 

29. Marasmius oreades 

3.7. Gloeophyllaceae 

30. Neolentinus pellismarginatus nom. prov. 

3.8. Polyporaceae 

31. Panus pakistanicus nom. prov. 

3.9. Psathyrellaceae 

32. Parasola pseudolactea 

3.10. Phallaceae 

33. Phallus pseudorubicundus nom. prov   

3.11. Russulaceae 

34. Russula shanglaensis nom. prov. 

35. Russula submariae nom. prov. 

36. Russula mansehrensis nom. prov.   
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Sub-phyllum: Puccinomycotina 

3.12. Melampsoraceae 

37. Melampsora yoshinagae 

38. Melampsora Yukhtangensis nom. prov. 

3.13. Phragmidiaceae 

39. Phragmidium mexicanum 

40. Phragmidium rosae-moschatae 

41. Phragmidium rubi-idaei 

42. Phragmidium mysorens 

3.14. Pileolariaceae  

43. Pileolaria pistaciae 

44. Pileolaria cf. terebinthi  

3.15. Pucciniaceae 

45. Puccinia iridis  

46. Puccinia Pimpinella-aegopodiea nom. prov 

47. Puccina pimpinellae 

48. Allodus tulipii nom.prov. 

49. Puccinia brachypodii var brachypodii  

50. Puccinia recondita 

51. Puccinia obscura 

52. Puccinia cesatii 

53. Puccinia agrostidis-caninae 

54. Puccinia coronata var coronata 

55. Puccinia menthae 

56. Puccinia nitidula 

57. Puccina striiformis var. striiformis 

58. Puccinia calcitrapae 

59. Puccinia graminis 

60. Puccinia bistortae  

61. Puccinia caricis-filicinae 

62. Haplotelium ambiens  
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63. Uromyces decoratus 

3.16. Uropyxidaceae 

64. Tranzschelia pruni-spinosae 

3.17. Microbotryaceae 

65. Sphacelotheca nepalense nom. prov. 

66. Sphacelotheca hydropiperis 

Sub-phyllum: Ustilaginomycotina 

3.18. Ustilaginaceae 

67. Sporisorium moniliferum 

68. Sporisorium pulverulentum 

69. Sporisorium reilianum 

70. Sporisorium sorghi 

71. Ustilago maydis 

72. Ustilago tritici 

73. Ustilago glomeratii nom. prov.  

74. Ustilago sanguinalii nom. prov.  

75. Ustilago nunavutica  

3.19. Urocystidiaceae 

76. Urocystis narcissi 
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Sub-Phylum 
Agaricomycotina 
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3.1. Agaricaceae 

 

 

 

 

 

 

 

 

 

Agaricaceae comprised of 85 genera and 1340 species (Kirk et al., 2008). 

Key features of Genera  

Agaricus  

Lamellae pale pink at first, changing to dark brown with age; pileus small to 

very large and fleshy, smooth or with fibrillose to scaly covering; spores 

smooth. 

Macrolepiota 

Spores with a rounded apex and a hyaline cap over the pore; stipe with small 

flocks in bands. 

 

 

 

 

 

 

Agaricaceae contain the well known genus Agaricus and many other 

Basidiomycota formerly classified in the families Lycoperdaceae and Lepiotaceae. 

Members of the family can be distinguished by thin gills which are free from the 

stipe. Caps are scaly to smooth and range from roughly flat to umbonate. Stipe 

central and partial veil membranous. The species which are previously classified 

in Lycoperdaceae and now shifted in this family are also known as the 

"true puffballs”. Their basidiomata are round and enveloped by a tough skin 

surrounding a mass of spores. On maturity the skin splits and discharge their 

spores. Spore print is variable, extending from white to pink to greenish to 

ochraceous. Spores surface ranging from smooth to ornamented while the 

basidia are typically small, four-spored and may have scattered cystidia. 
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Key to described Agaricus species  

 

1a. Pileus surface and stipe base show yellow discoloration when bruised, a negative Schäffer 

reaction and a bright yellow discoloration in the KOH 

reaction…………………………………………………………(Section XANTHODERMATEI) 

. 2a. Pileus umbonate to indistinctly umbonate with brown black disc, surface with dark 

brown to reddish brown scales, margins split, basidiospores 8.9 × 5.8 µm, stipe long and 

weak, slightly bulbous, annulus small, pendent and bell 

shape…………………………………………………………….Agaricus swaticus nom. prov. 

2b. Pileus umbonate with pale purple to pale pink disc, surface with dark brown 

irregular squamules, margins radially split, basidiospores 5 - 7 × 3.7 - 4.6 µm, stipe long 

and thick, basidia with long sterigmata up to 4.6 µm, annulus superior, pendent and 

double membranous…………………………………Agaricus umbosplitifacus nom. prov. 

 

1b. Pileus surface turned yellow on bruising; however however more persistent color change, 

positive Schäffer reaction, anise seed or almondlike odors, and lack of toxic 

compounds…………………………………………………………………(Section ARVENSES) 

3a. Pileus with irregular brown squamules on the cap, indistinctly umbonate, 

ellipsoidal basidiospores 6.5-8.5×4.5-6 µm and non-prominent 

rhizomorph……………………………………….Agaricus propeaugustus nom. prov.  

3b. Pilus convex with straight to decurved margins, grayish reddish orange to rusty 

brown scales and fibrils, light yellow spots in disc,     abruptly bulbous at base with 

long rhizoid, split and weak margins, stipe become rusty yellowish with handling 

basidiospores 5.3 - 6.3 × 4.2 - 5 µm, under deciduous 

trees…………………………………………………….Agaricus subdeciduous nom. prov. 

3c. Pileus convex with slightly undulating split to eroded margins, cap cuticle, 

slightly folded upward only at margins, light reddish brown to light grayish brown 

(7.5YR 6/2) only in disc, background white to creamy with appressed to erect brown 

hairy squamules, cap margins appendiculate, basidiospores 5.3 - 6.6 × 3.5 - 4.1 µm, 

under pinus roxberghii in pure forest of pinus 

roxberghii…………………………………………………Agaricus subpinus nom. prov.  

 

1c. Not turned yellow on bruising as above…………………………………section AGARICUS 

4. Pileus parabolic first with incurved margins, then convex and finally plane with straight 

margins, Initially background white with pinkish brown hairy fibrils, then greenish pink 

with brown hairy fibrils, Lamellae moderate pink to dark basidiopsores 8.3 – 10 × 6 –7.4 

µm…………………………………………………………………………..Agaricus Campestris  
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3.1.1. Agaricus campestris L.Sp. pl. 2: 1173 (1753)    
  

        (Fig. 3: A–C) 
                 (Fig. 4: A–C)  

 

Basidiomata small to medium in size. Pileus 40−50 in diameter. Initially 

parabolic with incurved margins, then convex and finally plane with straight 

margins. Initially background white with pinkish brown hairy fibrils, then 

greenish pink with brown hairy fibrils; Margin slightly undulating, 

appendiculate and straight, seemed free from the lamellae, collar slightly 

rolled up ward or straight free in the air. Lamellae free, close, smooth to 

slightly wavy edges, moderate pink (2.5R 7/4−5R 7/4) to dark pink (2.5R 

6/6−5R 6/6). Stipe 30−40 × 9−11 mm, central, tapered toward the base, fibrils 

white, yellowish; Annulus fragile, found in young Basidiomata, lose in 

mature specimens. Basidiospores (8.3) 8.5 - 9.9 (10) × (5.9) 6.3 - 7 (7.4) µm, Q = 

(1.3) 1.32 - 1.45 (1.5); Me = 9.1 × 6.6 µm; Qe = 1.4, Mostly ovoid to obovoid, 

dark brown with rudimentary germ pore. Basidia 21-24 × 7.5-9.3 µm, clavate, 

bisporic. Cheilocystidia 12.6−17.5 × 6−8.5 µm, broadly clavate, hyaline, 

abundant at gills edge. Pleurocystidia absent. Pileipellis with highly 

branched hyphae, 09−13 µm diameter. 

Material examined: Pakistan, Khyber Pakhtunkhwa, Shangla District, 

scattered to connate to solitary in mixed coniferous forest in smooth 

grassy field on humous soil under Pinus wallichiana and Abies pindrow 

at 2000 m a. s. l. August 07, 2014 Sadiq ullah (SU122B). 

Phylogenetic Analysis           (Fig. 2) 

Complete ITS Dataset consisted of 59 sequences were aligned using MUSCLE 

v.3.8 (Edgar, 2004), followed by manual alignment using MESQUITE v.2.75 

(Maddison & Maddison, 2015). The final aligned data file consisted of 694 

characters. The optimized RAxML tree with likelihood score (-2561.741783) 

having 207 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 



28 
 

Sequences of A. xanthodermus from closely related section xanthodermai were 

used as outgroup. In the ITS phylogram, Taxa of Agaricus were recovered in 

section Arvenses. Samples SU122 assorted with Agaricus campestris (KT951322) 

with 60% bootstrap value. 

 

FIGURE 2. Phylogenetic Tree of Agaricus campestris (SU122B) inferred from 

ITS sequence data. Bootstrap values ≥ 70% are considered significant. 

Sequence generated for this study are presented with bold face. 
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FIGURE 3. A–C. Basidiomata of Agaricus campestris (SU122B) in field showing 
different features.  

Scale bars: A= 7 mm, B =12 mm, C= 5 mm  
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FIGURE 4. A–C. Anatomical features of Agaricus campestris (LAH–SU122): A. 

Cystidia, B. Basidiospores and C. Basidia  

Scale bar: A= 5.8 µm; B=5.9 µm; C= 6.9 µm 

Comments: This species previously reported by (Hussain, 2016) under Acacia 

modesta from Malakand district. Here first time reported from Shangla 

District. 
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3.1.2. Agaricus propeaugustus nom. prov       
(Fig. 6: A–C) 

         (Fig. 7: A–E) 

Holotype: Pakistan, Khyber Pakhtunkhwa, Shangla district, Toha 

forest, scattered to gregarious in loamy soil under Pinus roxberghii at 

1900 m a. s. l, August, 07 2014. Sadiq Ullah (LAH–SU233). 

Etymology: the word “propeaugustus” refers to its close resemblance 

with A. Augustus; ‘prope’ meaning ‘close to’. 

Basidiomata usually large. Pileus 100-200 mm, first hemispherical to nearly 

parabolic, then convex to broadly convex and finally plano-convex to plane, 

slightly irregular umbonate, sometime slightly depressed, grayish reddish 

orange (2.5YR 5/6) to strong brown (5YR 4/6) at the disc then fade into light 

yellowish brown to pale yellow towards the margin; surface covered by 

brown squamules, background yellowish white; margins decurved and 

appendiculate, context fleshy, white, thick at center and narrow towards 

margins; Texture soft and spongy, not changed on bruising. Lamellae 6-10 

mm broad, free, close or nearly crowded, pinkish to brown to dark brown, 

entire. Stipe 50-180 mm long and 20-50 mm in width, central, cylindrical, 

without bulb, easily uprooted with inconspicuous rhizomorph, yellowish 

white to light orange yellow, scales evenly distributed, friable, white, mostly 

slightly tapered to ward apex. Annulus superior, thin, membranous, fragile, 

pure white to light yellowish to light orange yellow with distinct floccules. 

Basidiospores [100/3/2]: (6.2) 7.1 - 8.2 (8.3) × (4.1) 4.5 - 5.4 (6) µm, Q = 1.4 - 1.6 

(1.8); Me = 7.5 × 5 µm; Qe = 1.5, mostly oblong rarely ellipsoid, thick walled, 

smooth, brown to light reddish brown, apiculus short. Basidia (20) 21.3 - 27.7 

(28.7) × (7.5) 7.8 - 9.4 (9.5) um, clavate, smooth, hyaline; wall pale brown in 

KOH, 2-4 sterigmata, short and sharp. Cheilocystidia (13) 14 - 19 × (5) 6.24 - 

9.4 (9.5) µm, clavate, hyaline to pale brown in KOH, thin walled smooth. 

Pleurocystidia absent. Pileipellis filamentous, shortly septate to distantly 

septate, 4 - 23 µm in width, terminal elements (31) 38 - 118 (150) × (3) 6.3 - 15 

(17.8) µm, cylindrical to narrowly clavate, stained excellent in Congo red, 
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hyaline to pale brown in KOH. Stipitipellis septate irregularly, up to 24 µm 

in width, terminal elements variable in shape (35.4) 39.6 - 155.3 (170) × (6.8) 

9.2 - 19.4 (24.6) µm, mostly running parellel.  

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Sanela, scattered to gregarious in loamy soil among 

grasses under Pinus roxberghii at 1900 m a. s. l, August, 20 2014. Sadiq 

Ullah (LAH–SU22). 

Molecular Phylogenetic characterization        (Fig. 05) 

Sequencing of the nrITS region of Agaricus propeaugustus yielded 713-750 base 

pairs when their PCR product were sequenced. ITS1F and ITS4 primers were 

used for amplification. The resulting contig sequences, assembled by codon 

code, of 740 and 682 base pairs, were then blast in NCBI or UNITE. Initial 

blast search results of samples SU22 and SU233 showed 99% identity and 1 % 

divergence to sequences of A. augaustus (JF797193; KJ847461; KT95137) and to 

an unpublished taxon namely A. nanaugustus (KJ859117). These matching 

specimens belongs to different regions of the world including France, North 

America and China. It also showed 99% similarities with A. longistipes 

(KJ755642) and other taxa. Phylogenetic tree for each Agaricus species of each 

section were built separately and then for all the species of different section. 

Closely related ITS sequences were retrieved from the gene bank NCBI or 

UNITE. ITS Dataset consisted of 14 nucleotide sequences. Sequences of A. 

xanthodermus of section xanthodermatei were used as outgroup. The final data 

set have 44 distinct alignment pattern. Final ML optimization likelihood value 

for the phylogenetic tree is -1309.315375. The sequence generated for samples 

LAH-SU22 and LAHSU-233 clustered in section Arvenses. Both samples 

clustered together and separated from closely matches with their own lineage 

with 100% bootstrap value. 
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FIGURE 5. Phylogenetic Tree of Agaricus propeaugustus inferred from ITS 

sequence data by RAxML method on CIPRES portal. Bootstrap values ≥ 70% 

are considered significant. Sequences generated for this study are presented 

with bold face. 
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FIGURE 6. A–C. Basidiomata of A. propeaugustus in field (A=LAH-SU233 

HOLOTYPE) 

Scale bar: A–B= 68 mm, C= 35 mm 
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FIGURE 7. A–E. Microscopic characterization of A. propeaugustus (LAH–

SU233 HOLOTYPE): A. Basidiospores, B. Basidia, C. Cystidia, D. Pileipellis, E. 

Stipitipellis. 

Scale bar: A=7 µm, B=7.5 µm, C=6 µm, G=35 µm, D–E=27 µm 

Comments: Agaricus propeaugustus nom. prov. seems an undescribed species 

in section Arvenses, based on morphology and phylogenetic analysis of ITS 

region.  
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3.1.3.  Agaricus subdeciduous nom. prov. 
              (Fig. 09: A–G) 
              (Fig. 10: A–E  

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa province, Shangla 

district, Martung, associated with deciduous trees at 1000 m a. s. l., July 

27, 2014 Sadiqullah (LAH-SU169).  

Etymology: ‘’subdeciduous’’ refers to its habitate, found under the 

deciduous trees. 

 

Basidiomata small in size. Pileus 50-63 mm in diam., convex with straight to 

decurved margins, Grayish reddish orange (2.5YR 5/6; 10R 5/6; 2.5YR 6/6; 

10R 6/6) at the disc, background cream, scales grayish reddish orange, 

sometime densely found at one side then the other; margins appendiculate, 

soft, fragile and split. Context yellowish white to creamy, soft, don’t change 

on bruising. Lamellae free, attached close, narrow, crowded, pinkish, edges 

smooth. Stipe central, smooth, equal, flexuous, abruptly bulbous, yellowish 

white to cream with reddish orange coloration, internally solid near to 

attachment and narrowly hollow below, basal bulb 27 mm in diameter. 

Annulus superior, pendent, white, equipped with whitish to creamy scales. 

Rhizomorphs present, a single long rhizoid attached at the base of every 

Basidiomata.  

Basidiospores [100/2/2] (5.1) 5.3 - 6.3 (6.4) × (3.8) 4.2 - 5 (5.2) µm, Q = (1.2) 1.2 

- 1.3; Me = 5.7 × 4.6 µm; Qe = 1.3 µm, to mostly broadly ellipsoid rarely sub 

globose & ellipsoid, walls orange brown, smooth and thick. Basidia (15.2) 17.1 

– 25 (36) × (6.5) 6.6 - 8 (8.5) µm, clavate, mostly 02 sterigmata, hyaline.  

Cystidia (8.5) 9 – 15 (18.4) × 4 - 6 (7) µm, mostly clavate rarely cylindrical to 

oblong, hyaline. Pileipellis composed of nearly septate to distant septate 

filamentous hypae up to 20 µm in width. Terminal elements 55 (64 - 102.5 124 

(139) × 7.7 – 16 (18) µm, hyaline, narrowly clavate to oblong to cylindrical. 

Stipitipellis composed of septate filamentous hypae up to 30 µm in diameter. 
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Terminal elements short to long, narrowly clavate to cylindrical, 35.7 - 114 

(148.3) × 7.9 - 16.2 µm in size.   

Additional material examined: PAKISTAN, Khyber Pakhtunkhwa 

province, Shangla district, Chawga, near cultivated field, associated 

with deciduous trees, at 1100 m a. s. l., august 01, 2015 Sadiq ullah 

(LAH-SU31).  

Phylogenetic Analysis           (Fig. 08) 

For phylogenetic analysis ITS region of nrDNA of samples SU169 and SU31 

were amplified and sequenced. Complete ITS Dataset consisted of 33 

sequences. The final aligned data file consisted of 680 characters. The 

optimized RAxML tree with likelihood score (-1410.604882) having 77 distinct 

aligned pattern was constructed (Stamatakis, 216; Miller et al., 2010). 

Sequences of A. xanthodermus of section xanthodermatei were used as 

outgroup. In the ITS phylogram, Taxa of Agaricus were recovered in section 

xanthoderematei. Samples SU31 and SU169 clustered together with 94% 

bootstrap and separated from other species forming his own lineage in the 

same clade. 
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FIGURE 08. Phylogenetic Tree of Agaricus subdeciduous inferred from ITS 

sequence data. Bootstrap values ≥ 80% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 09. A–G. Basidiomata of A. subdeciduous (A=Holotype LAH-SU169) 

Scale bars: A & D= 11.5 mm, B, C & E-G=15.5 mm 
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FIGURE 10. A–E. Anatomical features of Agaricus subdeciduous (LAH–SU169 

HOLOTYPE): A. Basidiospores, B. Basidia, C. Cystidia, D. Pileipellis, E. 

Stipitipellis 

Scale bar: A= 9.7 µm; B=7 µm; C=8 µm; D=30 µm; E=47 µm 

Comments: Phylogenetically the species is different from A. subrufescens in 04 

nucleotide base pairs of ITS regions (Figs 08, 20 & 21). The Subglobose to 

broadly ellipsoidal spores measuring 5.3 - 6.5 × 4.2 - 5.2 µm and presence of 

long rhizoid attached to bulbous base are unique to our collection. A. 

subdeciduous have long basidia (17.1 – 25 (–36) × 6.6 - 8.5 µm) as compared to 

basida size in A. subrufescens (10-19 × 4-8) μm (Wisitrassameewong et al., 

2011). The two unusual characters which are not universally accepted for A. 

subrufescens, however not founded in our collection. These two characters are 

transient concave shoulder or bell-shape to the pileus as expansion in young 

pilei begins first near the margin and radially oriented folds or ‘‘pleats’’ of the 

pileus (Kerrigan, 2005).  
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3.1.4.  Agaricus subpinus nom. prov. 
          (Fig. 12: A–C) 
          (Fig. 13: A–D) 
 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa Province, Shangla 

district, Sanela, on humus soil, under Pinus roxberghii in mixed 

coniferous forest, at 1800 m a. s. l., Sadiqullah; (LAH-SU241). 

Etymology: ‘’subpinus’’ refers to the Holotype habitate, found under 

the pinus tree in pure Pinus roxberghii forest. 

 

 
Basidiomata medium in size. Pileus 85 mm in diameter, Convex with slightly 

undulating split to eroded margins, Cap cuticle slightly folded upward only 

at margins, light reddish brown (92.5YR 5/4; 10R 5/4; 2.5YR 6/4) to light 

grayish brown (7.5YR 6/2) only in disc, background white to creamy with 

appressed to erect brown hairy squamules, cap margins appendiculate; 

context fleshy. Lamellae free, narrow, close, creamy to white to white pinkish, 

edges smooth. Stipe central, cylindrical, become slightly narrow upward, 

slightly hairy fibrillose and floccose above the ring smooth and flossose below 

the ring, white below the ring dirty white above the ring. Partial veil 

membranous, above from mid but not superior, in ring form. Rhizomorphs 

not prominent.  

Basidiospores (4.4) 5.3 - 6.6 (6.7) × (3.3) 3.5 - 4.1 µm, Q = (1.3) 1.4-1.6; Me = 5.9 

× 3.8 µm; Qe = 1.5, mostly oblong, rarely ellipsoid to Subglobose, light 

reddish brown in matrix, wall reddish brown. Basidia (13.5) 14.3 - 19.4 (20) × 

(5.6) 6 - 7 (7.5) µm, mostly clavate. Cystidia (12.4) 12.7 - 14.7 (15.3) × (4.6) 5 - 

7.26 (7.3) µm, clavate to broadly clavate to oblong. Pileipellis hypae up to 21 

µm in width, mostly distantly septate, terminal elements 22–127×8–17 µm. 
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Phylogenetic Analysis         (Fig. 11) 

Complete ITS Dataset consisted of 49 sequences. The final aligned data file 

consisted of 678 characters. The optimized RAxML tree with likelihood score 

(-1627.163072) having 102 distinct aligned pattern was constructed 

(Stamatakis, 216; Miller et al., 2010). Sequences of A. xanthodermus from closely 

related section xanthodermatei were used as outgroup. In the ITS phylogram, 

taxa of Agaricus were recovered in section Arvenses. A contig sequences of 

Sample SU241 clustered as a sister long branch with A. subrufescens 

(KT951383) with 90% bootstrap value. Branch length and significant bootstrap 

value reveal that the specimen different from the A. subrufescens 

phylogenetically.  
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FIGURE 11. Phylogenetic Tree of Agaricus subpinus inferred from ITS 

sequence data. The maximum likelihood value recorded was -1627.163072. 

Bootstrap values ≥ 80% are considered significant. Sequences generated for 

this study are presented with bold face. 
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FIGURE 12. A–G. Basidiomata of Agaricus subpinus (LAH–SU241 

HOLOTYPE): 

Scale bars: A= 9.5 mm, B–C =16 mm 
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FIGURE 13. A–D. Anatomical features of Agaricus subpinus (LAH–SU241 

HOLOTYPE): A. Basidiospores, B. Basidia, C. Cystidia, D. Pileipellis 

Scale bar: A= 6.5 µm; B=7.3 µm; C=9.8 µm; D=23 µm 

Comments: Agaricus subpinus proposed as a new species based on 

morphological and molecular characterization. the species differ from A. 

subrufescens having spores 4-6.5 × 3-4.5 μm, ellipsoid, rarely ovate, apiculus 

distinct and without germ pore (Wisitrassameewong et al., 2011) while spores 

in our collection are (4.4) 5.3 - 6.6 (6.7) × (3.3) 3.5 - 4.1 µm, mostly oblong, 

rarely ellipsoid to Subglobose. 
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3.1.5.  Agaricus swaticus nom. prov.      
(Fig. 15: A–F) 

         (Fig. 16: A–E) 
 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa Province, Shangla 

district, scattered to gregarious, on humus soil in mixed coniferous 

forest under Pinus wallichiana at 2050 m a. s. l., July 27, 2014, Sadiqullah 

(LAH-SU111). 

Etymology: Named after the locality Swat and Shangla regions. 

 Basidiomata small to large size. Pileus 40-75 mm in diameter, convex when 

young, then plane and  plano-concave, slightly umbonate, disc brown black, 

surface with dark greyish brown to reddish brown scales, whitish at margin 

edges, often the pileus cuticle at margins rolled upward; Margins decurved 

when young then straight and finally slightly up curved, split and week when 

mature. Lamellae free, crowded, light grey when young then brown in color, 

Lamellulae present, versatile, narrow, edges entire.  Stipe central, 60–80 mm, 

cylindrical, whitish to whitish brown, often become brownish with age 

toward the cap, color changes to light brown when touched, small and 

slightly bulbous from base at young stage, becomes long, slightly curved at 

maturity. Annulus double edged, superior, smooth, white then light brown, 

attached to upper half of the stipe, rhizomorph observed at the base. Context 

solid and white.  

Basidiospores (5.5 ̶) 5.6 ̶ 8.9 ̶ 6.7 (̶ 7.3) × (3.5 ̶) 3.7 ̶ 5.8 ̶ 4.2( ̶ 4.6) µm, Q = 1.6 µm, 

avQ = 1.5 µm, ellipsoid, light to dark olivaceous brown in KOH, smooth with 

a prominent apiculus, mono-guttulated. Basidia 12.4 ̶ 16.9 × 6.3 ̶ 6.9 µm, 

clavate, hyaline in KOH, 2- to 4-spored, surface smooth.  Cheilocystidia 7.7 ̶ 

14.7 × 5.4 ̶ 8.1 µm, subglobose to clavate, hyaline in KOH, smooth. 

Pleurocystidia absent. Pileipellis 4.9 ̶ 10.6 µm (av=6.4 µm) in diameter, 

cylindrical, some hyaline and others of light brown coloration, interwoven 

hyphae, rounded ends, frequently septate. Stipe 3.7 ̶ 6.9 µm (5.2 µm) in 

diameter, cylindrical, straightly arranged, hyaline to light brown, smooth.   
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Additional Material Examined: PAKISTAN, Khyber Pakhtunkhwa 

Province, Shangla district, scattered to gregarious, on humus soil, in 

mixed coniferous forest under Pinus wallichiana at 2100 m a. s. l., 

August 27, 2014, Sadiqullah (LAH-SU636); Buneerwaal, Shangla swat 

border, gregarious on humus soil under Abies pindrow 2100 m a. s. l., 

July 27, 2015, Sadiqullah (HUP_SU1210). 

 

Phylogenetic Analysis of Agaricus swaticus       (Fig. 14) 

For phylogenetic analysis ITS region of nrDNA of samples SU111 and SU636 

were amplified and sequenced. ITS Dataset consisted of 36 sequences. The 

final aligned data file consisted of 684 characters. The optimized RAxML tree 

with log score -2045.118325 was constructed (Miller et al., 2010). The final data 

set have 137 distinct alignment pattern. Sequences of A. xanthodermus of 

section xanthodermatei were used as outgroup. In the ITS phylogram Taxa of 

Agaricus were recovered in section xanthoderematei. Samples Su111 and 

su636 clustered together with 99% bootstrap with an undescribed species 

reporetd by Zhou et al., 2016 (A. sp. ZRL2012629 China, Tibet, Linzhi 

KM657890 KR006656) with 86% bootstrap value in the same clade. Sequences 

of Agaricus subrufescens of section Arvenses were used as out group. 
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FIGURE 14. Phylogenetic Tree of Agaricus swaticus inferred from ITS 

sequence data. The maximum likelihood value recorded was -2045.118325. 

Bootstrap values ≥ 80% are considered significant. Sequences generated for 

this study are presented with bold face. 

 

Comments: Based on morphology and phylogenetic analysis Agaricus 

swaticus seemed to be a new species in section Xanthodermatei. Variations 

have been found among the size of basidiomata in collections from different 

areas. For detail comparison see discussion chapter.  
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FIGURE 15. A–D. Basidiomata of Agaricus swaticus (LAH-SUA 111 

HOLOTYPE).  

Scale bar=15 mm 
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FIGURE 16. A–E. Anatomical features of Agaricus swaticus (LAH–SU111 

HOLOTYPE): A. Basidiospores, B. Basidia, C. Cystidia, D. Pileipellis, E. 

Stipitipellis 

Scale bar: A= 7.4 µm; B=8 µm; C=7.2 µm; D=32 µm; E=23 µm 
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3.1.6.  Agaricus umbosplitifacus nom. prov.     
   

     (Fig. 18: A–E) 
              (Fig. 19: A–D) 
 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa province, Shangla 

district, Takht, on mountainous top in grassy field, in sandy soil under 

Pinus roxberghii and Abies pindrow  at 2500 m a. s. l., July 27, 2014 

Sadiqullah (LAH-SU194). 

 

Etymology: the word ‘’ umbosplitifacus’’ refers to its umbonate and split 

surface in parts.  

 
Basidiomata large in size. Pileus 30-150 mm in size, almost convex with 

incurved margins, nearly parabolic when small, radially split when mature 

but not deeply; back ground very pale purple when young (10PB 9/2) then 

pale yellow green (10Y 9/2) to very pale violet (2.5P 9/4) to very pale purple 

(7.5P 9/4) to pale pink (2.5R 9/2; 5R 9/2) in mature stages; surface umbonate, 

covered with grayish olive (5Y 3/2) appressed squamules in young stages 

which turned dark olive brown (2.5Y 2/2) at maturity,  dense at the disc and 

becoming more sparse towards the margin, not smooth, appeared with ridges 

and streaked at maturity. Context thick at the disc, white and fleshy. 

Lamellae free and crowded; lamellulae present, Pinkish when young, brown 

to dark brown when mature, edges entire. Stipe central, 20–27 mm (apex) –

25–35 mm (base) × 130 mm (length); seems napiform to bulbous; whitish 

when young then very pale purple (5P 8/2) (10PB 8/2) in maturity, color 

turned brown rusty with handling. Surface dry and smooth or slightly 

fibrillose, turned brown at base on bruising, hollow. Annulus double, 

pendant, hanging downward straight with stipe, membranous, yellowish 

white; Rhizomorphs present in the form of white mycelium at base. 

Basidiospores (4.8) 5.4 - 6.8 (7.1) × (3.4) 3.7 - 4.3 (4.6) µm; Q = (1.3) 1.4 - 1.6 

(1.8); Me = 6 × 4 µm; Qe = 1.5 ellipsoid to oblong, smooth, matrix light brown, 

wall deep brown and thick. Basidia 16–22 × 6–7 µm, clavate to utriform, 

hyaline, smooth, mostly 02-spored, very rarely 04 spored, sterigmata 
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elongated up to 4.5 µm, sometime seems bullet shape due to close 

arrangement of sterigmata. Cheilocystidia clavate to oblong, 13–17 × 6–9 µm. 

Pleurocystidia absent. Pileipellis composed of filamentous hypae up to 17 

µmin width. Terminal elements 35–104 (137) × (7) 9–16 µm, clavate to 

fusiform to narrowly conical. Stipitipellis composed of undifferentiated 

hypae up to 10 µm in width 

Additional material examined: Chakesar banda, in sandy soil under 

Abies pindrow, at 2300 m a. s. l., August 14, 2015 Sadiqullah (LAH-

SU850). 

Phylogenetic Analysis                     (Fig. 17) 

For phylogenetic analysis ITS region of nrDNA of samples SU194 and SU850 

were amplified and sequenced. Complete ITS Dataset consisted of 34 

sequences. The final aligned data file consisted of 693 characters. The 

optimized RAxML tree with likelihood score (-1600.547751) having 91 distinct 

aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 2016; Miller et al., 2010). Sequences of A. Augustus from closely 

related section Agaricus were used as outgroup. In the ITS phylogram, Taxa of 

Agaricus were recovered in section xanthoderematei. Samples SU194 and SU850 

clustered together with 96% bootstrap and separated from other species 

forming his own clade in the same section. 
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FIGURE 17. Phylogenetic Tree of Agaricus umbosplitifacus inferred from ITS 

sequence data. Bootstrap values ≥ 80% are considered significant. Sequences 

generated for this study are presented with bold face. 

Comments: In ITS phylogeny, A. umbosplitifacus (section Xanthodermatei) 

were found on distinct branches and were clearly separated from all other 

species with 93% bootstrap value while its initial blast result matching with 

Agaricus karstomyces R.L. Zhao (KM657894). Morpho-anotomically and 

Phylogenetically A. umbosplitifacus were found different from A. karstomyces 

and A. Sinoplacomyces and raised as a new sp. in section xanthodermatei. For 

detail comparison see discussion.  
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Figure 18. A–D. Basidiomata of Agaricus umbosplitifacus (LAH-SU-194 

HOLOTYPE: A-C). Scale bar: A–D= 30 µm, E= 50 µm 

                          

FIGURE 19. A–E. Anatomical features of Agaricus umbosplitifacus (LAH–

SU194 HOLOTYPE): A. Basidiospores, B. Basidia, C. Cystidia, D. Pileipellis 

Scale bar; A= 9.7 µm; B=8.7 µm; C=8 µm; D=30 µm 
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Molecular Phylogenetic characterization of described Agaricus spp.   

      (Figs 20 & 21) 

ITS phylogeny and combined phylogeny (ITS/LSU) for the described spp. has 

been done for further authenticity. As the LSU data could not be obtained 

from all specimens, a separate ITS analysis (Fig. 19) with all samples were 

carried out and then for combined ITS and LSU  

ITS dataset              (Fig. 20) 

The newly generated ITS sequences were assembled and edited in codon 

code. The consensus sequence were blast in UNITE and NCBI and closely 

related sequences were downloaded. Complete ITS Dataset consisted of 87 

sequences. These sequences were initially aligned by MUSCLE and then 

followed manual alignment using MESQUITE (Edgar, 2004; Wilson et al., 

2016; Maddison & Maddison, 2015). The optimized RAxML tree with log 

likelihood score (-2963.701467) and have 228 distinct aligned pattern, was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). The final aligned data file was 

consisted of 698 characters, after the exclusion of ambiguous regions. 

Sequences of Hymenagaricus ardosiicolor (KM360160; JF727840) were used as 

outgroup.  

In the ITS phylogram, Taxa of Agaricus were recovered in three sections, 

Xanthodermati, Arvenses and Agaricus. Fourty (40) sequences were clustered in 

section Arvenses, 12 sequences were clustered in section Agaricus and 33 were 

clustered in section xanthodermatei. 

Our samples SU31, SU169 and SU241 were recovered in section Arvenses. 

SU31 and and SU169 were clustered together with 88% bootstrap value with 

their own lineage and separated from other samples. Contig sequence of 

SU241 assorted with a long sister branch with with Agaricus subrufescens 

(KT951383; isolate ZRL2012722) from China with 86% bootstrap value. The 

sister branch supported with% bootstrap value indicating phylogenetic 



56 
 

difference between each other. Our samples SU233 and SU22 clustered 

together with 94% bootstrap values and separated in a clade of Agaricus 

complex. The sample is close in phylogeny to A. augustus (KT951373; isolate 

ZRL2012598) from China with a difference of two nucleotide in alignment. 

Our samples separated from this isolate with 62% bootstrap value in the 

complex. Sample SU122B assorted in section Agaricus and clustered together 

with A. campestris (KT951322; isolate CA637) from China with 65% bootstrap 

value. Samples SU194 and SU850a clustered together with 88% bootstrap 

value and separated from other samples in section Xanthodermatei. Our 

sample is different from the close sample (KM657887) A. sinoplacomyces at 3 

nucleotide in alignment. In phylogenetic tree these taxa separate from each 

other. Samples SU111, SU1210 and SU636 clustered with their own lineage 

with 100% bootstrap value and separated from all other species. 
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FIGURE. 20. Phylogenetic Tree of Agaricus species inferred from ITS sequence 

data by RAxML method on CIPRES portal. A total of 87 nucleotide sequences 
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were included for phylogeny. The maximum likelihood value recorded was -

2963.701467. Bootstrap values ≥ 80% are considered significant. Sequences 

generated for this study are presented with bold face. 

 

Combined (ITS+LSU) dataset          (Fig. 21) 

These data included ITS and LSU sequences from 20 sample, with 

Hymenagaricus epipastus (HM436649) used as the outgroup taxon. After 

excluding the ambiguous region the alignment contained 1632 total 

characters. The results of the phylogenetic tree is congruent with ITS 

phylogram. 

 

FIGURE. 21. Combined Phylogenetic Tree of Agaricus spp. inferred from ITS 

and LSU sequences data. Bootstrap values ≥ 80% are considered significant. 

Sequences generated for this study are presented with bold face. 
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3.1.7. Macrolepiota dolichaula (Berk. & Broome) Pegler & Rayner in Kew 

Bull. 23: 365. 1969.1        

           (Fig. 23: A–E) 

Basidiomata large size. Pileus 100– 150 mm wide, convex to planoconvex, 

whitish to yellowish, margins appendiculate; Surface covered with brownish 

to yellowish squamules, slightly umbonate, smooth at disc; Lamellae free, 

close, unequal, yellowish, edges entire; Stipe 100–180 × 11–19 mm central, 

slightly tapering upward, whitish to yellowish, brown at base, covered with 

minute granules; Annulus ring like, close to attachment, small, whitish to 

creamy.  

Basidiospores [100/3/1] (9.6) 11–15.5 (16.0) × 7.7-11 μm (average = 13 × 9 

µm), avQ = 1.35, ovoid to ellipsoid, thick-walled (about 0.5 μm), smooth, 

hyaline in 5% KOH, reddish brown in Melzer’s reagent, with a germ pore on 

the rounded apex with a hyaline cap; apiculus 1–1.5 µm high, apiculus 0.9–1.4 

μm long. Basidia 29–32.5×13–15.5 μm, clavate, thin-walled, hyaline, 4-spored; 

sterigmata up to 4.5 μm long. Cheilocystidia 22–31×12–14.5 μm, clavate to 

broadly clavate, hyaline, thin-walled. Pleurocystidia absent. Squamules on 

pileus a palisade of short, frequently branched, subcylindric, clampless 

hyphae with terminal elements subcylindric to subfusiform, 6–12 μm in 

diam., hyaline or with yellowish vacuolar pigment, thin-walled to slightly 

thick-walled. Clamp connections present at the base of basidia and 

cheilocystidia, but rare elsewhere.  

Material examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Puran valley, on loamy soil, saprophytic, solitary to scattered on the 

ground in greases under Duedonea viscoa at 1300 m a. s. l., September, 

01 2014, sadiqullah (LAH-SUM 173). 
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Phylogenetic Analysis       (Fig. 22) 
 

Complete ITS Dataset consisted of 32 sequences. The final aligned data file 

consisted of 720 characters. The optimized RAxML tree with log score -

1764.911985 was constructed on RAxML-HPC2. The final data set have 136 

distinct alignment pattern. Sequence of Chlorophyllum brunneum (AY081230) 

was used as out group. In ITS phylogram SUM173 clustered together with 

significant bootstrap value with Macrolepiota dolichaula from Pakistan and 

other regions.  

 

FIGURE 22. Phylogenetic Tree of Macrolepiota dolichaula inferred from ITS 

sequence data by RAxML method on CIPRES portal. Bootstrap values ≥ 80% 

are considered significant. Sequences generated for this study are presented 

with bold face. 
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FIGURE 23. A–E. Basidiomata of M. dolichaula (LAH-SUM173) 

Scale bar: A & D= 20 mm, B–C =13 µm, E= 20 µm 

Comments: Macroscopically, M. dolichaula differ from the other species of 

Macrolepiota by its comparatively large, umbonate pileus, small squamules 

and elongated trim stipe. Previously this species has been reported from 

China, east Africa, Sri Lanka, Australia, Vietnam and Northern Thailand 

(Fiaz, 2013). Recently it has been reported from Mansehra district, KP, 

Pakistan (Fiaz et al., 2014). In the present study it is first time reported from 

Shangla District.  
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3.2. Amanitaceae 

 

A species is said to be member of Amanitaceae if it prevailing agaricoid 

basidiome and a bilateral, divergent lamella trama. A thin vertical slice of the 

stipitipellis will always reveal vertically aligned inflated cells (Tulloss & Yang, 

2017), a technical term longitudinally acrophysalidic have been used for such 

arrangement (Tulloss, 2017).  This character also prevail in sequestrate species 

which are those species that had lost the ability to auto eject spores from their 

basidia—they sequester their spores. In these species true gills are absent. 

Such species either epigeous (above ground; Torrendia) or 

hypogenous (underground; Amarrendia). The family comprised of two 

important genera Amanita and Limacella and it is very likely that the family 

contains more than 1,000 taxa (Tulloss, 2017) 

 

Key features of genus Amanita 

Basidiome agaricoid or secotioid produced by schizohymenial ontogeny. It 

has infertile lamella margin and non-gluten bearing cap (Tulloss, 2017). 
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Key to described Amanita spp.  

 

1a. Spores inamyloid. (Amanita subgenus AMANITA) 

2a. Developing stipe eccentric in primordium; stipe usually developing with 

pronounced basal bulb (Amanita section AMANITA) 

3. Basidia with basal clamps not found or very difficult to find. brown to 

reddish brown to bright, pale yellow over disc and paler (cream to nearly 

white) toward margin, umbonate, with striations occupying 15-25% of 

pileus radius, spores (10.0-) 10.1 - 12.2 (- 12.8) × (6.5-) 7.0 - 8.8 (- 9.2) µm, 

associated with Abies pindrow, Pinus wallichiana and mixed 

forest…………………………………………………………….A. pakistanica  

2b. Developing stipe centered in primordium; stipe totally elongating 

(Amanita sections CAESAREAE and VAGINATAE) 

4a. Stipe bearing a persistent partial veil; Sections CAESAREAE  

5. Pileus 70 - 180 mm wide, orange-brown over disc, orange to orangish 

tan to yellowish tan to grayish yellow to pale brownish ochraceous 

toward margin, striations occupying 35-50% of the pileus radius; stipe 

yellow at first with yellow squamules becoming cinnamon brown with 

age; spores (7.8-) 8.5 - 11.8 (- 18.0) × (6.0-) 6.4 - 8.9 (- 11.9) µm, associated 

with Abies pindrow………………………………………A. Cinnamomescens 

4b. Stipe lacking a membranous partial veil….Section VAGINATAE 

6a. Pileus covered with off white to creamy white cuticle except dull 

black margins, Stipe ring less, grayish to dirty white, decorated with 

brown black and white fibrils, basidiospores 09-12.5 × 8-11.5 

µm……………………………………….Amanita pseudolignitincta nom. 

prov. 

   6b. Pileus zonate; bicolor to tri color or at least a single band dividing 

pileus in two portion. Parabolic to convex to plano-convex grayish 

yellowish brown then light grayish brown and at last pale yellow green 

to grayish yellow brown at striation, margins sulcate to plicate some 

time split, basidiospores 7.5-14.3 × 6.7) 7-10.3. 

………………………………………….Amanita mansehrensis nom. prov. 

   6c. Pileus not zonate; all inflated cells of universal veil colorless and 

hyaline. 

7a. Pileus grayish brown to moderate yellowish brown, margin striate 

but not deeply, non appendiculate; Surface smooth with deep brown 

umbo, volva saccate, white or whitish, Basidiospores (9-) 10.0 - 12 (-

13) × (07-) 7.7 – 9.4 (-10) hyaline to gray brown, subglobose to 
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broadly ellipsoid to ellipsoid……………….Amanita pseudovaginata 

 7b. Pileus depressed, light olive brown to light grayish olive, 

margins striate to sulcate, decurved, trama very thin, Lamellae free, 

sub distant, pale white, stipe  punctuate with small pure white 

scales, smooth under volva or near the volva; Partial veil absent, 

Universal veil saccate, basidiospores 7.5-10.5 × 6.8– 9.5……Amanita 

olivavaginata nom. prov. 

  7c. Pileus convex, light to moderate olive brown, pale or light 

yellowish brown towards the margin, margins straight, decurved 

and non-appendiculate; Spores inamyloid, surface dry, brittle and 

plastic, universal veil saccate, long , 36 × 14 mm, whitish to pinkish, 

Spores inamyloid 7.6–10 × 7.2– 8.7 µm….Amanita albosa nom. prov. 

  7d. Pileus up to 5.3 cm broad, convex to flat at maturity, umbonate,    

light grayish brown to grayish brown at umbo then brownish off 

white  towards the margins, surface dry, margins striate, decurved 

and non appendiculate, basidiospores 10.2–11.5 × 9.5–  

11.5…………………Amanita glarea S. Jabeen, M. Kiran & Sadiqullah 

7e. Pileus convex to plano-convex to plano-concave, margins straight 

to decurved or uplifted and non-appendiculate, surface often with 

dark warts rarely pale purple ash or patches or without warts, 

basidiospores 10-15 × (8-) 11-15………………………Amanita 

obscuriscens nom. prov. 

7f. Pileus convex, grayish yellow green at disc then pale yellow green 

to ward margins, plicate striate margins and surface has blackish 

fibrils, basidiospores 7.5–13 × 6.5–8.5…Amanita nigrofibrilosa nom. 

prov. 

7g. Pileus convex to irregular convex, grayish yellow, ring less, Stipe 

slightly tapered to ward apex, dirty white to grayish white,  without 

bulb, volva present in the form of scales or remnants attached to the 

stipe base,  basidiospores, 7.5 – 10.5 × 7.3 – 10.3 

μm………………………………..Amanita yukhtangiensis nom. prov. 

 

1b. Spores amyloid (Amanita subgenus LEPIDELLA). 

8a. Pileus margin not appendiculate…………................. (Section VALIDAE &    

      PHALLOIDEAE) 

 9a. Universal veil on stipe base neither saccate nor limbate, always friable; 

partial veil always membranous and persistent.  (Amanita section Validae) 

 

 10a. Pileus brilliant yellow to deep yellow to vivid orange margin slightly 
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striate at maturity, Surface faintly umbonate when young then smooth, 

shiny, viscid then silky, generally pyramidal warts, Lamellae white to 

yellowish universal veil inconspicuous eroded, as friable patches and 

fine line or lines encircling bulb, yellow white, basidiospores (6.9) 7.3 - 

8.5 (9.3) × (5.6) 5.7 - 6.5 (6.8) µm amyloid, ellipsoid to broadly ellipsoid or 

obovoid, associated with Abies 

pindrow……………………………………………A. subflavipes nom. prov. 

 10b. Basidiome reddish brown to deep brown; pileus 20 - 110 mm wide; 

surfaces and context becoming reddish to reddish brown when cut or 

bruised; spores [258/12/9] (6.5-) 7.0 - 9.2 (-10.5) × (5.0-) 5.5 - 7.0 (-8.0) 

µm, (L = 7.7 - 8.3 (- 8.8) µm; L’ = 8.2 µm; W = 5.9 - 6.3 (-6.7) µm; W’ = 6.2 

µm; Q = (1.13- ) 1.16 - 1.50 (- 1.58); Q = 1.23 - 1.34 (- 1.39); Q’ = 1.31); 

associated with Cedrus & Abies pindrow…………………………..A. orsonii 

 9b. Universal veil on the subglobose to subabrupt stipe bulb as a white, 

irregular, membranous volval limb (Amanita section Phalloideae) 

   11. Pileus with yellowish or pinkish white umbo, margin slightly 

incurved, slightly striate to non-striate, non-appendiculate, Lamellae 

white or slightly pinkish with age; Stipe with distinct basal bulb 

basidiospores amyloid 6.6–9 (10.3) × (3.6) 4.5–7.4 (7.8) µm, globose to 

subglobose………………………………………………………A. pallidorosea 

8b. Pileus margin appendiculate…………………………….section Lepidella  

12. Pileus with olive brown to grayish brown ash, a grayish, fugacious 

ring- on the lower stipe (7.5) 8.6 –12.5 (13) × (5.1) 5.9–7.5 (8.5) [Q= ( 1.3 

–2 , Q´=1.8, L´=11 W´=6.5] oblong or sub-cylindrical or ellipsoid 

………………………...............................Amanita cinis  nom. prov.  
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3.2.8. Amanita albosa nom. prov                    

      (Fig. 25: A–C) 
               (Fig. 26: A–C) 
           

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Shangla top, solitary on gravel soil under Pinus roxberghii  at 2000 m a. 

s. l, August 05 2014 Sadiqullah (SUA185). 

Etymology: The world ‘albosa’ refers to its habitat, found in sandy soil 

with white stones.  

Basidiomata medium in size, Pileus 35-60 µm in diameter, convex, light olive 

brown (2.5Y 5/2) to moderate olive brown (2.5Y 4/2) becoming paler or light 

yellowish brown (10YR 6/4) towards the margin; Margins straight, decurved 

and non-appendiculate; Trama thin, white; Lamellae free, close, narrow, 0-1 

lamellulae, whitish to pinkish, un equal, lamellulae 0-1, edges entire,. Stipe 

90-100 mm × 6-7 mm, central, equal, slightly tapering at last upper end, dirty 

white or yellowish or pinkish, lower half with remnants of volva, hollow, The 

flesh is white; partial veil absent; Universal veil saccate, long , 36 × 14 mm, 

whitish to pinkish. Basidiospores (7.3–) 7.6–10 (10.6) × (–7)7.2– 8.7 (9) [Q= 

(1.04–) 1.05–1.14 (1.17) Qav=1.10] µm globose to subglobose rarely broadly 

ellipsoid, color become golden hyaline with light brown wall with melzer’s 

reagents, Apiculus short; Basidia (35) 40-70 (75) × 13 14-18 (21) µm clavate, 

observed up to 02 Spored, Sterigmata up to 2.6 µm. Pileipellis composed of 

elongated cells, mostly in chains with terminal elements (26) 36-96 (101) × (14) 

18–35 (38) µm, Filamentous hyphae non vacuolated and branched 3.3-7.4 µm. 

Stipitipellis composed of short type of elements and hyphae with width of 6-

24 µm.Volva at stipe base composed of sub globular and elongated cells 51–91 

× 22-44 µm and filamentous hyphae 3.6–10.6 µm in width. 

Phylogenetic Analysis of Amanita albosa       (Fig. 24) 

Complete ITS Dataset consisted of 46 sequences. The final aligned data file 

consisted of 581 characters. The optimized RAxML tree with likelihood score 
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(-3097.186376) having 235 distinct aligned pattern was constructed on 

RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal 

(Miller et al., 2010). The contig sequence of Amanita albosa (SU185) resolved in 

section vaginata.  

FIGURE 24. Phylogenetic Tree of Amanita albosa (SUA185) inferred from ITS 

sequence data. Bootstrap values ≥ 70% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 25. A–D. Basidiomata of Amanita albosa (SUA-185, Holotypes), 

showing different features. 

Scale bar: A-D= 25 mm 

Comments: Phylogenetically and morphologically A. albosa nom. prov., seems 

an undescribed species in section vaginata. The ITS phylogram reveals that A. 

albosa is related to A. pseudovaginata however differ as A. pseudovaginata is 

greyish sometimes with brownish tinge, and occasionally nearly white with a 

nearly smooth stipe. Spore size in A. pseudovaginata is larger, 9.5 - 12.5 (-14.0) × 

(7.0-) 8.0 - 10.5. 
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FIGURE 26. A–E. Microscopic features of Amanita albosa (SUA-185, 

Holotypes) A. Basidiospores, B. Basidia, C. Volva, D. Pileipellis, E. 

Stipitipellis. 

Scale bars: A = 9 µm, B = 12.2 µm, C = 35.5 µm, D = 11 µm, E = 10.5 µm. 
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3.2.9. Amanita cinis nom. prov      

      (Fig. 28: A–E) 

               (Fig. 29: A–L) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ajmir, 

Sham Burj, solitary on humus soil at 2400 m a. s. l., on soil under Abies 

pindrow & Pinus wallichiana September 01, 2013, SUA733 

(LAH_SUA733) 

Etymology: The word“cinis” refers to the grayish ashy universal veil 

on the pileus. 

Basidiomata medium sized to large. Pileus 60-70 mm wide, plane to 

depressed, dark grayish yellowish brown (10YR 3/2) to light olive brown 2.5Y 

5/2 at disc, then grayish yellowish brown 10YR 5/2 to light grayish olive 10Y 

6/2 and finally grayish yellowish brown 10YR 5/2, margins appendiculate, 

sometime cinnamon coloration can also be observed on pileus; Surface 

covered with warty veil at juvenile stages which later on becomes powdery 

ash, pruinose to pulverulent at periphery and large patches at the center, olive 

brown to grayish brown, volval remnants on cap seems to be lost because of 

rain,  Some are with dirty white or brown volval remnants membrane on 

pileus; context white; Lamellae sinuate, broad, 2 tiers, unequal, close, white 

yellowish or creamy; Edges entire; Stipe 100-145 mm, central, bulbous 

,rounded, white at bulb then gray brown or olive brown up to limbus 

internus then upward become brown yellow, covered with whitish  scales, 

dirty white or gray remnants on some places, small annulus close to gills 

attachment. The apical partial veil shredded by the expansion of the pileus. 

Annulus apical, white, fragile, and fugacious or persistent. Covered with 

white, verrucose, granular to subconic volval remnants. The basal bulb is 18 - 

21 mm wide and subglobose. A grayish, fugacious ring-like material is on the 

lower stems or at the joining point of the stem. Most probably it is a large 

limbus internus that was intimately connected to the stipe base and 

lower stipe surface inside the Universal veil rim and between the bottom of 

the partial veil and the base of the stipe. 
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Basidiospores (5.9) 7.5–10.3 (10.7) × (4.7) 5.1–7.2 (9.2) µm ellipsoid, oblong or 

sub-cylindrical, golden hyaline and guttulated; Basidia, (29) 34–53.7× 7.5–10 

µm, sterigmata up to 4.9 µm; Pileipellis composed of elongated cells with 

terminal elements 29–65 × 9.5–20 µm. Volva on Pileipellis composed of sub 

globular or spheropedunculate types of cells 23–56 × 23–48 µm. Filamentous 

hypae up to 3.1 µm in width; Stipitipellis composed of filamentous hypae 

with large width 10-25 µm. 

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Ajmir, Takht, 2600 m a. s. l, on soil under Abies 

pindrow and August 25, 2014 Sadiqullah SUA 752 (LAH-SUA752). 

Phylogenetic Analysis of Amanita cinis nom. prov      (Fig. 27) 

Sequences generated for this study were processed, edited and assembled 

using Codon Code Aligner v.3.5.7 (CodonCode Corporation, Dedham, MA. 

http: //www. codoncode.com/) and Bioedit (v 7.0). Sequences were screened 

for % sequence identity using a BLAST search of GenBank 

(www.ncbi.nlm.nih.gov/genbank/) and UNITE (http://unite.ut.ee/) 

databases. Nearest matches from both databases were downloaded for 

phylogenetic analysis. ITS and LSU datasets of original sequences and 

sequences from above databases were aligned automatically using MUSCLE 

v.3.8 (Edgar, 2004), followed by manual alignment with MESQUITE v.2.75 

(Maddison & Maddison, 2005). Ambiguous positions and regions were 

excluded from the matrix. Phylogenetic inference was conducted using 

Bayesian and Maximum Likelihood (ML) methods. For Bayesian inference, 

we used BEAST 1.8.4 (Drummond et al., 2016) with a Markov chain Monte 

Carlo (MCMC) coalescent approach. A Yule tree prior (Gernhard 2008) was 

used in all simulations, and the starting tree was randomly generated. Four 

independent runs were undertaken. Chain length was 10 million generations, 

with a sampling frequency of 1000. Tracer 1.6 (Rambaut et al. 2014) was used 

to check the effective sample size (ESS), and burn in values were adjusted to 

achieve an overall ESS (Effective Sample Size) of ≥ 200. Maximum clade 

http://www.ncbi.nlm.nih.gov/genbank/
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credibility tree (20% burn-in) was generated using TreeAnnotator 1.6.2 

(Drummond and Rambaut 2007).  Maximum Likelihood analyses were 

performed with RAxML-HPC2 on XCED (8.2.10) (Stamatakis 2006), using 

1000 bootstrap replicates and the default parameters as implemented on the 

CIPRES web portal (http: //www.phylo. org/portal2/) (Miller et al. 2009). Fig 

Tree v.1.4.2 (Rambaut, 2012) was used for tree visualization, with additional 

tree annotation done through Adobe Illustrator CS6. Rapid bootstrap 

analysis/search for best-scoring ML tree (-f a) was configured. For the 

bootstrapping phase, the GTRCAT model was selected. One thousand rapid 

bootstrap replicates were run. Nodes were considered strongly supported 

when maximum likelihood bootstrap (MLB) were ≥ 70% and Bayesian 

posterior probability (BPP) were ≥ 0.95. 

An initial BLAST search of Genbank using Amanita cinis ITS (660 bp) 

returned up matches of 87% identity to A. magniverrucata Thiers & Ammirati 

(Thiers and Ammirati 1982; Tulloss 2009)  (KY296457), 87% identity to 

Amanita sp. AD-C49453 (KP137055) from Australia, and 81% identity to as 

sequence identified as coming from A. kotohiraensis Nagas. & Mitani 

(Nagasawa and Mitani 2000) (KT894850) from Republic of Korea (originally 

described from Japan and also known from China). 
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FIGURE 27. Phylogenetic Tree of Amanita cinis inferred from ITS sequence 

data. The analysis involved 59 nucleotide sequences. Numbers above or 

below branches indicate maximum likelihood bootstrap percentages followed 

by Bayesian posterior probabilities. Species included in this study are 

indicated with bold face.  

Comments: Amanita cinis nom. prov., seems an undescribed species in section 

Lepidella. Morpho-anatomical and phylogenetics of the species confirmed that 

the species may be new to science. See discussion for detail comparison.  
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FIGURE 28. A–E. Morphology of Amanita cinis (LAH-SUA 733 HOLOTYPE). 

Scale bars: A=13 mm, B=23 mm, C=50 mm D=13, E=9.3 mm 
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FIGURE 29. A–L. Morphology of Amanita cinis (LAH-SUA 733 HOLOTYPE) 

A-B. Morphology and cross section of bulb, C. Basidiospores, D. 

Subhymenium tree E. Basisia, F. Pileipellis, G. Pileus context, H. Universal 

veil on pileus, I. elements of volval ring at stipe base, J. Elements of partial 

veil, K. stipitipellis  and elements of stipe context. 

Scale bars: A-B=10 mm, C=7.7 µm, D=17 µm, E= 14 µm, F-G = 16 µm, H= 31 

µm, I = 21 µm, J = 17 µm, K-L=35 µm. 
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3.2.10. Amanita cinnamomescens Tulloss, S. H. Iqbal, A. N. Khalid and    

            Bhandary 

               (Fig. 31: A–C) 
               (Fig. 32: A–E) 
 
Basidiomata large size. Pileus 20 – 181 mm wide, ovoid when young, then 

convex or plano-convex and finally planar or sub-concave or saucer shaped, 

umbonate, entirely smooth or slightly striate when young then full striated at 

margins in mature stages, dark grayish yellowish brown (10YR 3/2) to 

moderate yellowish brown (10YR 5/4) at umbo then yellow greenish to 

 brilliant yellow to (5Y 9/10) to brilliant orange (5YR 8/12) to strong orange 

(5YR 6/12) in young and moderate orange yellow (10YR 7/8) to dark orange 

yellow (10YR 6/8) to light olive brown (2.5Y 5/2) to pale greenish yellow (10Y 

9/4) in maturity; Margins striate, straight downward in young then decurved 

even when the cap is fully expanded, non appendiculate, surface smooth, 

volval remnants are absent; Context orange below the pileus cuticle then 

fading to yellow-orange and finally white above the gills, the white portion 

becoming grayish yellow to yellowish gray when cut or bruised; Lamellae 

free, narrow to broad, close, light greenish yellow (7.5Y 9/6) to yellow-

orange, edges smooth, lamellulae truncate to rounded truncate, common, 

unevenly distributed, and of diverse lengths; Stipe 90 - 150 × 11 - 25 mm, 

 light greenish yellow (10Y 9/6)  to yellow-orange to pale greenish, hollow, 

slightly narrowing upward, smooth in young then floccose-fibrillose or 

covered with projecting sheaths or  squamules, strong yellow to orangish tan, 

becoming ochraceous brown to brownish orange to brown; Partial veil 

superior, light greenish yellow (10Y 9/6) to pale yellow (5Y 9/4) to grayish 

brown yellow, membranous, skirt-like, hanging on the stem; Volva saccate, 

up to 60 × 30 mm, ellipsoid, rather fleshy, very thick proportionately, leathery 

and white on exterior surface, connected only to very bottom of stem in 

mature material. The flesh is pale yellow, hollow, unchanging when cut or 

bruised.  
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Basidiospores [100/3/3] (8.4) 8.9 - 11.1 (11.2) × (7.1) 7.3 - 8.6 (9.6) µm, Q = 

(1.1) 1.14 - 1.36 (1.4) µm, Me = 9.9 × 7.9 µm; Q’ = 1.2, L=9 µm, L’=9.9 µm, 

w=7.5 µm w’=7.9 µm, shape variable, ellipsoid to broadly ellipsoid rarely sub 

globular or obovoid, Apiculus central to sub lateral, truncate,  0.5-1.1 × 0.7-

1.2, Hyaline, thin-walled, smooth; Contents mono- to multiguttulate often 

granulated, difficult to observe in young fruiting bodies; Basidia: 33 – 53 × 7- 

10 μm, sterigmata 02-04 μm, pointed to blunt round, 1.00-4× 0.1-1.5 μm; clamp 

observed in base of basidia and lamellar hypae. Pileipellis composed of 

predominantly congested interwoven septate branched hypae 1.5-11 (-17) μm 

in width with acrophysalidic 12-80 × 4-13 (-18) μm. Clamp observed among 

the hypae. Terminal elements are variable in shape. Oblong with median 

constriction to clavate. Stipitipellis composed of cylindrical parallel 

filamentous hypae 1.5-24 (36) μm in width; Clamp connection rarely present 

only in hypae of small width. No clamp was found in parallel hypae with 

large width; volva at stipe base composed of un-differentiated septate hypae 

up to 10 in width with sub globular to polygonal cells (15) 40-90 × (10) 25- 60 

μm. 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Yukhtange, solitary on humus soil under Pinus wallichiana, 2200 m a. s. 

l., September 01, 2013. Sadiqullah SUA-356 (LAH-SUA356); Swat-

Shangla border, gregarious on humus soil, under Abies pindrow at 2300 

m a. s. l., September 01, 2014. Sadiqullah SUA-575 (LAH-SUA575). 

Phylogenetic Analysis          (Fig. 30) 

The generated sequences were assembled and edited in codon code. The 

consensus sequence were blast in UNITE and NCBI and closely related 

sequences were downloaded. Complete ITS Dataset consisted of 24 

sequences. These sequences were initially aligned by MUSCLE and then 

followed manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015). The final aligned data file consisted of 1035 characters. The 

optimized RAxML tree with final likelihood score (-1805.958811) having 141 
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distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). Sequences of 

A. flavones from closely related section validae were used as outgroup. In the 

ITS phylogram, Taxa of Agaricus were recovered in section Caesaraea. Samples 

SUA356, SUA575, JX844700, KP284286, KX810029, and JX844699, JX844702, 

clustered together with 90% bootstrap and separated from all other species. 

FIGURE 30. Phylogenetic Tree of Agaricus cinnamomescens inferred from ITS 

sequence data by RAxML method on CIPRES portal. Bootstrap values ≥ 70% 

are considered significant. Sequences generated for this study are presented 

with bold face and labeled SUA356 & SUA575. 

Comments: A species previously recognized as new to science is formally 

described as Amanita cinnamomescens in section Caesareae. Tulloss et al. (2001) 

referred to the present species as “A. sp. PAK2.” Locally in Swat and Shangla 

Districts it is known as “Spoogmai” in Pashto, means moon due to outline of 

cap in mature specimens. Locally it is harvested and cooked as popular 

delicious food especially in district Shangla. 
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FIGURE 31. A–C. Basidiomata of A. cinnamomescens in field showing different 

features 

Scale bars: A=11 mm, B & C= 33  
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FIGURE 32. A–E. Anatomical features of Amanita cinnamomescens (SUA356); 

A. Basidiospores, B. Basidia, C. Volva D. Pileipellis, E. Stipitipellis  

Scale bar: A= 6 μm, B= 13 μm, C= 45 μm D= 35 μm, E=24 μm 
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3.2.11. Amanita glarea S. Jabeen, M. Kiran & Sadiqullah, Phytotaxa, 306 (6):  

135-145, 2017.    

(Fig. 34: A–F) 
         (Fig. 35: A–E) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa Province, Shangla 

district, Yukhtange, 2200 m a. s. l., on soil under Buxus wallichiana L. 

September, 02 2014, Sadiqullah SUA630 (LAH35080). 

Etymology: The word ‘glarea’ refers to the grayish color of the pileus. 

Pileus up to 5.3 cm broad, convex to flat at maturity; umbonate, cuticle thin, 

striate, light grayish brown (7.5YR 5/2) to grayish brown (7.5YR 4/2) at 

umbonate disk then off-white (7.5Y9/2) towards the margins when mature, 

without warts or patches in maturity; surface dry; slightly depressed in center 

with small umbo, margins striate, decurved and non appendiculate; Lamellae 

off white, narrow, free, sub distant to close, edges plicate. Lamellulae 

unequal; Stipe flexuous, up to 120 mm long, 0.9 to 10 mm at base while 0.5 

mm at the apex, central, cylindrical, surface dry, granular from the top, white 

fibrous at the base, yellowish white to off white; Volva prominent, saccate, 

membranous, up to 16 mm in length, off-white (7.5Y9/2) bearing yellowish 

brown patches with age; Annulus absent. Basidiospores [10/03/03] (9.7) 

10.2–11.5 (11.7) × (9) 9.5–11 (11.5) µm, Q = 1.03–1.08, Q’ = 1.0-108; non 

amyloid, globular to sub globular, surface smooth, hyaline to grayish in 5% 

KOH. Apiculus truncate. Basidia 36–56 × 10–18.9 µm, clavate up to 4 

sterigmata, , hyaline 5% KOH, clamp connections absent at the base of 

basidia. Pileipellis filamentous, up to 10 µm in width, infrequently septate, 

oblong to elongated cells 45-60 × 13-35 observed, hyaline in 5% KOH. 

Stipitipellis filaments hypae non vacuolated and branched, two types  of 

hypae with small width up to 10 µm and hypae with large width up to 38 µm. 

volval hyphae filamentous, non-vacuolated and branched, up to 6 µm in 

width, terminal cells present in hypae, inflated cells globose to Subglobose 

34–78.0 × 27–62 µm. 
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Additional Material Examined: Pakistan, Khyber Pakhtunkhwa 

Province, Shangla district, Ajmir loge, on soil under Pinus wallichiana 

and Abies pindrow, at 2700 m a. s. l., September, 01 2015, SUA711 and 

SUA712. 

 

Phylogenetic Analysis of Amanita glarea        (Fig. 33) 

For phylogenetic analysis ITS region of nrDNA of samples SUA630, SUA711 

and SUA712 were amplified and sequenced using primers combinations of 

ITS1F/ITS4 & ITS2/ITS3. ITS Dataset consisted of 69 sequences. These 

sequences were initially aligned by MUSCLE and then followed manual 

alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The 

final aligned data file consisted of 1231 characters. The optimized RAxML tree 

with likelihood score (-3064.122087) having 285 distinct aligned pattern was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). In ITS Phylogram, Consensus 

Sequence of SUA630, SUA711 and SUA712 clustered together with collections 

from other regions of the country (K32; F44; K-16; F90, Unpublished data) 

with 69% bootstrap value. The latter’s separate from our collection with 92% 

bootstrap value with a difference of only two characters. As a whole our 

Pakistan collection separated from all other species with their own clade. 

Comments: Manuscript of the species has already been published. For detail 

see appendices 
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 FIGURE 33. Phylogenetic Tree of Amanita glarea inferred from ITS sequence 

data by RAxML method on CIPRES portal. Bootstrap values ≥ 70% are 

considered significant. Sequences generated for this study are presented with 

bold face. Sequences named K32, F44, K16 and F90 are unpublished Pakistani 

sequences.  
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FIGURE 34. A-G. Basidiomata of Amanita glarea in field showing different 

features (A. Holotype SUA630) 

Scale bar:  A, b & F=10 mm, C–E & G= 17 mm 
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FIGURE 35. A–F. Microscopic features of Amanita glarea (SUA630) A. 

basidiospores; B. basidia and Basidioles; C. pileipellis; D. veil remnants; E. 

volva; F. stipitipellis. Bars: A = 6 µm; B = 9 µm; C, D & E = 16 µm; F = 28 µm  
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3.2.12. Amanita nigrofibrilosa nom. prov       
                      (Fig. 37: A–H) 
  

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ajmir 

Burj, on dark soil under Pinus wallichiana and Abies pindrow at 2800 m a. 

s. l., August, 14 2014 Sadiqullah (LAH-SUA207). 

 

Etymology: The world ‘nigrofibrilosa’ refers to the blackish fibrils 

present on   pileus. 

Basidiomata medium-sized. Cap 50–90 mm wide, convex, grayish yellow 

green (5GY 5/2) at disk then pale yellow green (5GY 8/2) to ward margins; 

Margins plicate striate; surface have blackish fibrils. Outer layer easily feeled 

from the pileus. Context white, thin; Lamellae free, narrow, close, off white, 

edges entire; Stipe 100–130 ×12-16 mm, white, central, tapering upward, 

volva, saccate, the outer layer yellowish while the inner layer whitish. 

Basidiospores (7.3-) 7.5–12.5 (13.6) × (6.4-) 6.7– 7.3 (-8.6) µm and are sub-

globose to sub cylindrical and in-amyloid. Basidia 28-51×9-12 µm, clavate; 

lamellar trama composed of cells, some are spheropedunculate inflated cells 

31–43 × 18–21 µm. Pileipellis composed of elongated septate cells, 22–64 × 5–

26 µm, mostly in chain, hypae 2–6 µm in width. Universal veil composed of 

sub globular to ellipsoidal cells 46-70 × 44-46 and branched septate 

filamentous hypae 3-14. Stipitipellis composed of parallel elongated septate 

hypae, 04-14 µm in width, sub globular cells also observed in stipe, 35-40 × 25-

27 µm. 

Phylogenetic Analysis of Amanita nigrumfibrilosa       (Fig. 36) 

Complete ITS Dataset consisted of 45 sequences. These sequences were 

initially aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The final aligned 

data file consisted of 568 characters. The optimized RAxML tree with 

likelihood score (-2994.786074) having 263 distinct aligned pattern was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). In ITS Phylogram Consensus 
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Sequence of SUA207 separates from other species of A. pseudovaginata with 

96% bootstrap value.  

 

FIGURE 36. Phylogenetic Tree of Amanita nigrofibrilosa (SUA207) inferred 

from ITS sequence data by RAxML method on CIPRES portal. A total of 45 

nucleotide sequences were included for phylogeny. The maximum likelihood 

value recorded was -2994.786074. Bootstrap values ≥ 70% are considered 

significant. Contig Sequence generated for this study are presented with bold 

face. 
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FIGURE 36. A–J. Morpho-Anatomical features of Amanita nigrofibrilosa 

SUA207. A-D. Basidiomata, E. Basidiospores, F. universal veil, G. Basidia, H. 

Stipitipellis, I. Pileipellis, J. Trama Cells 

Scale bars: A & C= 16, B& D =27, E=13, F = 47, G= 15 µm, H = 70 µm, I = 68 

µm, J = 44 µm. 

Comments: Morpho-anatomic and molecular characterization revealed that 

Amanita nigrumfibrilosa nom. prov., seems an undescribed species in section 

vaginata. 
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3.2.13. Amanita obscuriscens nom. prov               
     (Fig. 39: A–H) 

              (Fig. 40: A–E) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Takht 
baram khan, only in high altitude 2300-2800 m a. s. l., solitary to 
connate, on soil under Abies pindrow September 01, 2013, SUA441. 
 
Etymology: The word “obscuriscens” refers to its dark patches often 

present on pileus.  

Basidiomata medium size. Pileus 50–100 mm diameter, convex to plano-

convex to plano-concave, light olive brown (2.5Y 5/2) to moderate olive 

brown (2.5Y 4/2) becoming paler or light yellowish brown (10YR 6/4) 

towards the margin; Margins straight, decurved or uplifted and non-

appendiculate; Surface dry or moist, warts dark to pale purple ash (0PB 9/2), 

or without warts, become sticky tightly upon drying moist basidioma; Trama 

thin, 2–5 mm thick, white to whitish; Lamellae free, close to crowded, 

narrow,0-1 lamellulae, whitish, becoming grayish to gray, often becoming 

somewhat darker when dried, with gray to dark gray entire edges, equal or 

un equal. Stipe 110-150 × 7-10 mm, central, sub cylindrical or tapering 

upward. White to dirty white, lower half covered with gray to grayish 

fibrillose scales, and the upper half densely covered with gray scales, scales 

very small above mid which appearing to be smooth. The flesh is white to 

dirty white.  Remnants of volva form incomplete belts or rings at the stipe 

base. 

Basidiospores [180/03/06] (6)10-14.5 (15) × (8)11-14.5 (15) Q= 1 .9-0.0 (1.18), 

Qav=1.04± 0.03] µm globose to subglobose, inamyloid, golden brown or 

hyaline; Apiculus up to 2.5 µm long; Basidia (Fig) (40) 42-75 (91) × (13) 14-18 

(21) µm clavate, up to 04 Spored, sterigmata long 3-7.5 × 2-6 (8) µm. Basal 

septa without clamp. Lamellar Trama bilateral. Lamella Stratum composed of 

ellipsoid, sub cylindrical, lacrymoid or allantoid or sphaeropedunculate types 

of inflated cells (38) 41—69 (97) × (29) 33-37 (52) µm and long fusiform to sub 

fusiform cells (80—114 × 21-42) µm, inflated cells absent in some specimens as 
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SUA-439 and SUA-510. Filamentous hyphae 3-6 µm wide, vacuolated and 

branched. Terminal cells 30-64× 5-10 µm.Vascular hyphae rare 3-6 µm wide. 

Subhymenium 27-53 µm thick composed of 2-3 or 4 layers composed of 

subglobose, ovoid or irregular short cells (12-21 × 11-18) µm. Pileipellis 

composed of two types of cells; elongated cells with terminal elements (29) 99-

128 (207) × (13) 21-42 (45) µm and sphaeropedunculate broadly ellipsoid or 

lacrymoid type of cells (31) 80-120 (200) × (27) 30-45 (57) µm elongated cells 

are sometime found in chains.  Filamentous hyphae vacuolated and branched 

3-7 µm. Volval remnants on Pileipellis composed of sub globular or 

sphaeropedunculate types of cells 29-70 × 21-45 µm.Volval remnants at stipe 

base composed of mostly sub globular and some sphaeropedunculate cells 31-

99 ×27-57 µm and filamentous hyphae 7.6 µm in width. Stipitipellis 

composed of filamentous hyphae with small width 5-7 µm and large width 

27-42 µm. 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Takht baram khan, only in high altitude 2300-2800 m a. s. l., solitary to 

connate, on soil under Abies pindrow September 03, 2013, SUA439; 

Kormang, 2600 m asl, on soil under Abies pindrow September 01 2014, 

Sadiqullah SUA510 (LAH35080); Chakesar Banda 2700 m a. s. l. under 

Abies pindrow and Pinus wallichiana August 25, 2015 Sadiqullah SUA705 

(LAH-SUA705) 

Phylogenetic Analysis of Amanita obscuriscens                  (Fig. 38) 

Complete ITS Dataset consisted of 45 sequences. These sequences were 

initially aligned by MUSCLE and then followed manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The final aligned 

data file consisted of 588 characters. The optimized RAxML tree with 

likelihood score (-2628.068072) having 244 distinct aligned pattern was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). Consensus Sequence of all samples 
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forming their own clade with 98% bootstrap value and separated from other 

species.  

FIGURE 38. Phylogenetic Tree of Amanita obscuriscens inferred from ITS 

sequence data by RAxML method on CIPRES portal. Bootstrap values ≥ 80% 

are considered significant. Sequences generated for this study are presented 

with bold face. 
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FIGURE 39. A–H. Basidiomata of Amanita obscuriscens showing different 

features (Holotype (A) LAH-SUA-441). 

 Scale bar: 20 mm 
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Figure 40. Microscopic features of Amanita obscuriscens (SUA441). A. Basidia, 

B. Basidiospores, C. Pileipellis, D. Volva, E. Inflated cells in trama. 

Scale bars: A = 15cm, B = 10 µm, C = 50 µm, D = 82 µm, E = 25 µm. 

Comments: Amanita obscuriscens nom. prov., seems an undescribed species in 

section vaginatae Morpho-anatomical features of basidiomata and its position 

in phylogenetic tree reveals that this may be a new species in the genus 

Amanita. 
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3.2.14. Amanita olivavaginata nom. prov.                
     (Fig. 42: A–F) 

              (Fig. 43: A–F) 
 

HOLOTYPE Pakistan, Khyber Pakhtunkhwa, Shangla district, Dherai, 

on sandy to loamy soil under Pinus roxberghii Sarg, at 1800 m a. s. l., 

August 15, 2014, SUA 138. 

Etymology: Named “olivovaginata” because of its color “light olive 

brown to light grayish olive” and its resemblance with A. vaginata. 

Basidiomata medium size, Pileus 50-100 µm in diameter, depressed,  light 

olive brown (2.5Y 5/2) to light grayish olive (10Y 5/2) at disc, dark grayish 

yellow (5Y 6/4) to  light grayish olive (10Y 6/2) below the disc and finally 

light brown pale yellow green (10Y 8/2)  to  pale yellow green (5GY 8/2) 

toward the margins; Margins striate to sulcate, decurved and non-

appendiculate; trama very thin, negligible. Lamellae free completely, sub 

distant, pale white, un equal, lamellulae 0-1, edges entire; Stipe 100-120 mm × 

6-10 mm, central, cylindrical to flexuous, slightly swollen at upper end, 

sometime tapered or swollen at lower end, pale yellowish white or dirty 

white, punctuate with small pure white dots, without dots under volva or 

near the volva; partial veil absent; Universal veil saccate, white, 20-40 × 8-10 

mm. Basidiospores [100/3/3] (7.3–) 7.7-10.4 (10.6) × (–6.6) 7– 8.8 (9.7) [Q= 

(1.1–) 1.1–1.1 (1.09) Qav=1.14] µm subglobose to broadly ellipsoid, color 

become golden hyaline with light brown wall, mostly mono-guttulated 

occasionally without guttule with small granules. Apiculus short; Basidia (32) 

34-45 (52) × (9.3) 10-13 (13.2) µm clavate, observed up to 02 Spored, 

Sterigmata up to 5.5 µm, mostly blunt, clamps not observed at stipe bases. 

large cells present at the base of basidium at subhymenium; Lamellar Trama 

composed of two oblong  to ellipsoid to fusiform to broadly cylindrical to 

pyriform inflated cells 32-80 ×11-32 µm  and occasionally globular to sub 

globular cells 12-20× 8.8-14 µm. Pileipellis composed of chains of oblong, to 

clavate to utriform inflated cells with terminal elements (50) 64-90 (100) × (11) 

16–25 (27) µm, and branched filamentous hypae 4-8 µm in width. Volval 

remnants not observed on cap surface. Stipitipellis composed of short type of 
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elements and hypae with width of 2-20 µm. Volva at stipe base composed of 

sub globular cells 40–79 × 33-55 µm and branched filamentous hypae 2–8 µm 

in width. 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Chawga forest, 1900 m a. s. l., on loamy to sandy soil under Pinus 

roxberghii September 01, 2015, Sadiqullah SUA 1438. 

Phylogenetic Analysis of Amanita olivavaginata      (Fig. 41) 

For phylogenetic analysis ITS region of nrDNA of samples SUA138b and 

SUA1438 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 59 sequences. These sequences were initially aligned 

by MUSCLE and then followed manual alignment using MESQUITE (Edgar, 

2004; Maddison & Maddison, 2015). The final aligned data file consisted of 

593 characters. The optimized RAxML tree with likelihood score (-

4261.953538) having 315 distinct aligned pattern was constructed on RAxML-

HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et 

al., 2010). In ITS Phylogram, Samples SUA138 and SUA1438 resolved in 

section Vaginata and separated from other species with bootstrap value of 

100%.  
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FIGURE 41. Phylogenetic Tree of Amanita olivavaginata from ITS sequence 

data. Bootstrap values ≥ 70% are considered significant. Sequences generated 

for this study are presented with bold face. 
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FIGURE 42. A–F. Basidiomata of A. Amanita olivavaginata. Holotype (A).  

Scale bars: A-F=14 mm  

Comments: Amanita olivavaginata seems an undescribed species in Section 

vaginatae. Detail comparison of the species has been given in discussion. 
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FIGURE 43. A–F. Anatomical features of Amanita olivavaginata (SUA138). A. 

Basidiospores, B. Basidia, C. Pileipellis, D. Stipitipellis, E. Volva on Pileus F. Trama 

cells 

Scale bar; A= 6 μm, B= 7 μm, C=25 μm, D=18 μm, E= 36 μm, F= 23 μm  
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3.2.15. Amanita orsonii Kumar & Lakhanpal in Kumar et al. 1990.  

Amanitaceae India: 75, 105. 
     (Fig. 45: A–F) 

              (Fig. 46: A–D) 
            
Pileus 90 - 200 mm wide, light orange to brown orang to orange-red to 

grayish red to reddish brown to grayish brown, brown darker in disc, color 

fading slowly toward margin, white grayish at edges, fleshy to fragile, convex 

when young, then broadly convex to plano convex to plano-concave with age, 

sometimes with low broad irregular umbo when young, viscid to slightly 

viscid when wet; context thin white, staining reddish with age or on injury or 

on bruising; margin straight to decurved finally uplifted, non-striate; Surface 

polygonal scales and warts, whitish at first, grayish brown at maturity, at 

least sometimes more plentiful near pileus margin and  over disc. Lamellae 

free, close to crowded, white to yellowish white, staining red to grayish red in 

age or when bruised as in other parts of the basidiocarp, up to 10 mm broad, 

thin, fleshy to brittle, edges entire; lamellulae sometimes rounded truncate 

(shortest), of diverse lengths, unevenly distributed. Stipe 60 - 200 × 8 - 20 mm, 

pallid with pink to red blotches to reddish white to grayish red to grayish 

brown, narrowing upward, pruinose at apex, smooth to fibrillose, scaly at the 

base, and longitudinally striatulate below partial veil, fibrils becoming 

reddish brown and appressed; context white, staining reddish to grayish red 

on injury, particularly in the base and centrally,  solid when young, becoming 

hollow with age, bulb up to 16+ mm wide; partial veil superior, 

membranous, thin to moderately thick, white to off-white toward gills face 

and reddish white to reddish gray to grayish red to outer surface, skirt-like, 

hanging downward; Universal veil inconspicuous, sometime with concentric 

rings or scales, friable, ephemeral or leaving few white to grayish white to 

grayish red to reddish brown patches adhering loosely to bulb or in soil 

around bulb. 
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Basidiospores: [180/03/3] (6.3) 7.1 - 8.5 (10.7) × (5.1) 5.5 - 6.7 (7.8)  µm  (L=7.1-

8.5) μm; L’ = 7.8 μm; W =  5.5-6.7 μm; W’ = 6 μm, Q= Q = (1) 1.2 - 1.4, Q’= 1.3, 

hyaline, colorless, thin-walled, smooth, amyloid, broadly ellipsoid to 

ellipsoid, infrequently subglobose, often adaxial flattened, often expanded at 

one end; apiculus sub lateral, 0.5-1.3 × 0.4-1.2, cylindrical; contents 

monoguttulate to multiguttulate to granular; white in deposit. Basidia 24 - 35 

× 6.0 – 10.0 μm, observed mostly 1-2 sterigmata, short pointed to blunt some 

time up to 4.0 × 1.5 μm, thin-walled; no clamps observed. Pileipellis 

composed of filamentous, undifferentiated hyphae 1.5 – 8.8 μm wide, 

branching, plentiful, singly or in narrow fascicles, interwoven in open lattice 

structure, convex to cylindrical cells, rare, 70-137 × 22-31 μm. Acrophysalides 

plentiful, narrowly clavate to broadly clavate 27-119 × 8-51 μm. Universal 

Veil: On pileus. elements filamentous, undifferentiated hyphae 3.6 - 5.1 μm 

wide, branching, plentiful; inflated cells dominating, thin-walled, colorless or 

faintly yellowish, yellow-orange to brownish orange in mass, globose to 

pyriform to ellipsoid to clavate, up to 30-98 × 22-54 μm; stipitipellis composed 

of longitudinally parallel hypae up to 30 μm in in width, acrophysalides 

plentiful up to 31 μm in width.  

 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Ajmir, Sham Burj, solitary to scattered on dark soil under Abies pindrow 

at 2300 m asl, September 01, 2014, Sadiqullah SUA756a; Takht, solitary 

on humus soil associated with A. pindrow in mixed forest at 2400 m a. s. 

l., September 01, 2015, Sadiqullah SUA756b; loge, solitary on humus 

soil associated with A. pindrow 2100 m a. s. l., September 08, 2015, 

Sadiqullah SUA756c. 
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Phylogenetic Analysis of Amanita Orsonii       (Fig. 44) 

For phylogenetic analysis ITS region of nrDNA of samples SUA756 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence was blast in UNITE and NCBI 

and closely related sequences were downloaded. Complete ITS Dataset 

consisted of 19 sequences. These sequences were initially aligned by MUSCLE 

and then followed manual alignment using MESQUITE (Edgar, 2004; 

Maddison & Maddison, 2015). The final aligned data file consisted of 1120 

characters. The optimized RAxML tree with likelihood score (-3134.851509) 

having 292 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

Consensus Sequence SUA756 resolved in a clade including Amanita orsonii 

(KU248133; KX270327; KU248132), with 98 % bootstrap value .The latter three 

sequences forming their own group with 48% bootstrap value while our 

collection diverged with a difference of 03 nucleotide. However LSU 

Sequence of Sample SUA756 is 99% similar to Amanita orsonii (KX270345).  

 

 

FIGURE 44. Phylogenetic Tree of Amanita orsonii inferred from ITS sequence 

Bootstrap values ≥ 50% are considered significant. Sequences generated for 

this study are presented with bold face. 
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FIGURE 45. A–F. Basidiomata of Amanita orsonii showing different features. 

 Scale bar: A–B= 60; C-E=33; F=25 
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Figure 46. A–D. Anatomical features of A. orsonii (SUA756) A. Basidiospores, B. 

Basidia, C. Pileipellis D. Volva on Pileus 

Scale bar: A= 6.5 μm, B= 7 μm, C=20 μm, D=28 μm.  
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3.2.16. Amanita pakistanica Tulloss, Iqbal & Khalid. Mycotaxon, LXXVII:  
458, 2001            

(Fig. 48: A–F) 
(Fig. 49: A–E) 

Pileus up to 75 mm wide, campanulate to conic to convex or parabolic when 

young then convex to conic or hemispheric,  pale greenish yellow (7.5Y 9/4) 

to dark orange yellow (7.5YR 6/8) when young  then cream-colored to pale 

tan with orange-tan to light brown to brown disc; Margins striated, decurved, 

appendiculate, mostly with white partial veil remnants; Surface moist and 

slimy when young then moist or dry at mature, universal veil present, or 

detached in early stages from the cap surface, white, verruculose, floccose, 

sometime restricted only to edges; Context unchanging, remains white when 

injured or bruised; odor and test not recorded, Lamellae free, crowded, white 

to pale pinkish; lamellulae truncate, of diverse lengths, plentiful, unevenly 

distributed. Stipe up to 120 × 10 mm, pure white when young then creamy 

white to yellowish white to pinkish white, narrowing upward, irregularly 

fibrous; context white; partial veil superior to supra median, white, 

membranous, pendant, thin and rather easily torn, with edge slightly 

thickened; universal veil as collar volva when young then napiform, 

membranous, up to 20 × 30 μm, white to off-white, sheathing, attached in part 

to sides of stipe base, with limbus internus. Odor and taste not recorded.  

Basidiospores [100/03/05] (7.6) 9.5 - 11.7 (12.1) × (7.0) 8 - 9 (9.4) µm; Lav= 

10.3–11, L’av=10.5–11, Wav=8–8.5, w’av=8–8.6, Q= (1.1) 1.2 – 1.4 (1.5), Q= 1.2–

1.3, Q’= 1.2–1.3, smooth, thin walled, hyaline, broadly ellipsoid to ellipsoid, 

inamyloid, Apiculus sub lateral, cylindrical, contents dominantly mono-

guttulated, rather non-guttulated; Basidia (36) 38-52 (53) x (8) 8.7-12 (13), 2-4 

sterigmata, up to 7.0 ×2.3 μm, pointed or blunt. Some basidia are noted with a 

single long pointed sterigmata,  seemed a shape like Cystidia, the length of 

such sterigmata may reach up to 8 ×2.3 μm,  Hyaline, thin walled, mostly 

accompanied with large basel cells; Basidiole 38-52 x 8-12um. Universal veil 

on Pileus composed of branched, filamentous hypae 1.8–07 um wide and 
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abundant inflated cells, globose to subglobose, 28–66 x 14-39 µm. Pileipellis 

consist of narrowly filamentous hypae 2.7-5.5 um and vascular hyphae 5-15 

um wide. Acrophysalides 70-135 × 14-25 um clavate to broadly clavate to 

fusiform to cylindrical. Partial veil filamentous, undifferentiated hyphae 1.0 - 

4.0 μm wide, radial orientation with plentiful branching; inflated cells 

uncommon, globular to clavate 55-75 × 35-54 μm. Stipe composed of two 

types of dominating hyphae, narrow undifferentiated 1.5-4 μm and long 

Parallel hyphae with large width up to 21 μm, apical cells present 75-34 × 4-8 

μm. 

Material examined: Pakistan, Shangla district, Takht Baram Khan, 

solitary on humus soil under Abies pindrow at 2200 m a. s. l. in mix 

forest of A. pindrow and P. wallichiana August 14, 2014, Sadiqullah 

(LAH-SUA225); solitary on dark soil at 2500 m a. s. l.  Under Pinus 

wallichiana August, 05, 2015, (LAH-SUA270); Gregarious on dark soil at 

2500 m a. s. l. under Abies pindrow August 27, 2015 (LAH-SUA273). 

 

Phylogenetic Analysis          (Fig. 47) 

For phylogenetic analysis ITS region of nrDNA of samples SUA225, SUA270 

and SUA273 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 26 sequences. These sequences were initially aligned 

by MUSCLE and then followed manual alignment using MESQUITE (Edgar, 

2004; Maddison & Maddison, 2015). The final aligned data file consisted of 

1256 characters. The optimized RAxML tree with likelihood score (-

2155.684290) having 193 distinct aligned pattern was constructed on RAxML-

HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et 

al., 2010). Sequences of A. ceciliae (KF017930; AB015694) from closely section 

vaginata were used as outgroup. In the ITS phylogram, Taxa of SUA225, 
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SUA270 and SUA273 were clustered together with 91% bootstrap with 

sequences of A. pakistanica (Tulloss et al., 2001) retrieved from gene bank. 

 

 

 

FIGURE 47. Phylogenetic Tree of Amanita pakistanica inferred from ITS sequence data 

by RAxML method on CIPRES portal. A total of 26 nucleotide sequences were 

included for phylogeny. The maximum likelihood value recorded was -

2155.684290. Bootstrap values ≥ 80% are considered significant. Sequences 

generated for this study are presented with bold face. 

 

Comments: The type locality of A. pakistanica is District Abbottabad (Tulloss 

et al., 2001). Previously Tulloss et al (2001) & Semwal et al (2007) also reported 

the sp. as Amanita PAK5. Fiaz, (2013) reported the species from Mansehra 

Districts. Morphological Variation has been observed in our collection from 

District Shangla and descriptions has been improved. 
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Figure 48. A–E. Basidiomata of A. pakistanica showing different features.  

Scale bars: A=17 mm, B=10 mm, C, D & F= 15 mm, E= 13 mm 

 

 

 

 

 

 

 

 

 

B A 

D 

C 

E F 



108 
 

 

 

 

FIGURE 49. Anatomical features of Amanita pakistanica. (A–E): A. Basidiospores, 

B. Basidia, C. Pileipellis, D. Volva on Pileus, E. stipitipellis 

Scale bar: A= 4.5 μm, B= 11 μm, C=21.6 μm, D= 30 μm, E= 42 μm  
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3.2.17. Amanita pallidorosea P. Zhang & Zhu L. Yang, Fungal Divers. 42: 125  

(2010),                     

                         (Fig. 51: A–D) 

            
Basidiocarps medium sized. Pileus 35-80 mm in diam., hemispherical, convex 

to broadly convex with low broad yellowish or pinkish white umbo becoming 

white to whitish toward margin; sometime slightly depressed in the center, 

margin slightly incurved, slightly striate to non-striate, non-appendiculate, 

Surface smooth, Context white soft become narrow toward the margins; 

Lamellae free, narrow, crowded, white or slightly pinkish with age; edges 

even entire, Lamellulae 0–1. Stipe 80–110 × 6–10 mm, central, sub cylindrical, 

slightly broadened towards the base, with distinct basal bulb up to 2 cm wide, 

whitish; volva membranous, firm, with free Wide limb, outer surface velvety, 

both surface white. Annulus present at upper part of stipe, wide, thin, 

membranous, rather stable, with undulating edge, white or slightly yellowish. 

Basidiospores [100/3/3] (4.4) 6.6–9 (10.3) × (3.6) 4.5–7.4 (7.8) μm [Q = (1.06) 

1.1–1.3 (1.4) μm, Q = 1.1-1.3 μm; Globose to subglobose, amyloid, thin-walled, 

hyaline; Apiculus small, sub lateral. Basidia 23–44×7.7-16.7μm, clavate, 

mostly 2-spored, with one large vacuole, sterigmata up to 4.7 μm long; Trama 

composed of filamentous hyphae up to 4.7 μm in width. Pileipellis composed 

of filamentous undifferentiated, hyaline hyphae 4-16 μm in width and long 

terminal cells (13) 26–185× (7) 11–17 (31) μm. Stipetepellis hyphae (3) 6-18 

(35) μm wide and terminal cells (9) 20–150× (5) 13–24 μm. Volva at the stipe 

base made up of loosely interwoven, thin-walled, hyaline, sometimes 

anastomosing, filamentous hyphae 4–10 μm wide with short to long terminal 

cells (15) 25–100×6–15 μm, inflated cells rare, 19-86 (100) × 14-47µm. 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla 

district, Karora, Banr khwargai, on sandy to loamy soil under 

Quericus spp. at 2200 m asl, September 01, 2014, Sadiqullah 

LAH-SUA571; Toha, 2200 m asl, on sandy to loamy soil under 

Quercus spp. September 01, 2015, SUA–652. 
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Phylogenetic Analysis of Amanita Pallidorosea       (Fig. 50) 

For phylogenetic analysis ITS regions (ITS1F, ITS4, ITS2 and ITS3) of nrDNA 

of samples SUA571 and SUA652 were amplified and sequenced. The 

generated sequences were assembled and edited in codon code. The 

consensus sequence were blast in UNITE and NCBI and closely related 

sequences were downloaded. Complete ITS Dataset consisted of 38 

sequences. These sequences were initially aligned by MUSCLE and then 

followed manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015). The final aligned data file consisted of 646 characters. The 

optimized RAxML tree with likelihood score -2401.358931) having 169 distinct 

aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). In ITS 

Phylogram, samples SUA571 and SUA652 clustered together with Amanita 

Pallidorosea sequences downloaded from the genebank with 98% bootstrap 

value.

FIGURE 50. Phylogenetic Tree of Amanita pallidorosea from ITS sequence data. 

Bootstrap values ≥ 70% are considered significant. Sequences generated for this 

study are presented with bold face.  
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FIGURE 51. A–I. Morpho-anatomical features of Amanita pallidorosaea 

(SUA571) from different regions, A–C. Basidiomata, D. Basidia, E. 

Basidiospores, F Pileipellis, G. Volva, H-I. Stipitipellis 

Scale bars: A–C = 23 mm, D= 13 µm, E= 7 µm, F= 45 µm, G= 32 µm, H-I =45  

Comments: A little bit variations among the collections from different regions 

of Shangla district have been observed. All the collection are identified 

phylogenetically and morphologically as Amanita pallidorosea. It is a new 

record for the country and first time report of section Phalloidaea from 

Pakistan. 
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3.2.18. Amanita pseudolignitincta nom. prov.    
 (Fig. 53: A–D) 

          (Fig. 54: A–F) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ajmir 

Burj, 2800 m a. s. l., on humus rich dark soil under Abies pindrow & 

Pinus wallichiana August 14, 2014, (LAH-SUA 275). 

Etymology: Named due to its similarity with A. lignitincta. 

Basidiomata medium sized. Pileus 40 mm in diameter, convex to plano-

convex, margins striate, decurved and non appendiculate, surface covered 

with off white to creamy white cuticle except dull black margins. Lamellae 

free, close to crowded, narrow, 0-1 lamellulae, dirty whit to grayish, often 

becoming somewhat deep brown or dark brown when dried, equal or 

unequal. Stipe ring less, 100-160 × 10 - 15 mm, nearly cylindrical, slightly 

tapered at both ends, grayish to dirty white, decorated with brown black and 

white fibrils, flesh white; Volva saccate, 20 - 25 mm, 12 - 16 mm wide, and has 

both inner and outer surfaces white. Basidiospores (7.6) 09-11 (12.5) × (7.1) 8-

11 (11.5) Q= (1.07) 1.1-1.0 (1.08), Qav=1.05± 0.03] µm globose to subglobose or 

ovoid to obovoid, inamyloid, golden hyaline, apiculus up to 1.5 µm long and 

up to 1.9 µm in width; Basidia (40-) 41-51 (-55) × (09-) 10-13 (-14) µm clavate, 

04 Spored, sterigmata up to 4.7 µm long. Sub hymenium composed globular 

to very broadly fusiform abundant cells 10-17 × 7-11 µm. Pileipellis 

composed of branched filamentous hypae, 3—12 µm in width and oblong 

cylindrical to lacrymoid to fusiform types of cells 38–80 ×13-33 µm; the hypae 

long and distantly septate. Oblong cylindrical to lacrymoid cells rarely 

present on white cuticle of pileipellis while abundant on black margins. 

Stipitipellis composed of branched distantly septate filamentous hypae with 

small width 1.5-4.7 µm. Volva at stipe base composed of ovoid to broadly 

fusiform, cells 36-75 ×70-105 µm, rarely present not abundant and irregular 

undifferentiated hypae in width.  
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Phylogenetic Analysis of Amanita pseudolignitincta     (Fig. 52) 

Complete ITS Dataset consisted of 41 sequences. The final aligned data file 

consisted of 650 characters. The optimized RAxML tree with likelihood score 

(-3934.466267) having 313 distinct aligned pattern was constructed on 

RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal 

(Miller et al., 2010). In ITS Phylogram, Consensus Sequence of SUA275 

resolved in section Vaginata and clustered with 79% bootstrap value with 

Amanita aff lignitincta samples (KM658292 and Km658297). In the same clade 

the latter two samples were separated with 100% bootstrap value. The 

phylogram shows that SUA275 may be as new to science as separated from 

other species.   

 

FIGURE 52. Phylogenetic Tree of Amanita pseudolignitincta from ITS sequence 

data. Bootstrap values ≥ 70% are considered significant. Sequences generated 

for this study are presented with bold face. 
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FIGURE 53. A–D. Basidiomata of A. pseudolignitincta (Holotype).   

Scale bars: A, C & D=10 mm, B=17 mm. 

B 

A D 
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FIGURE 54. A–F. Anatomical features of Amanita pseudolignitincta (SUA275). 

(A–E): A. Basidiospores, B. Basidia, C. Pileipellis, D. Volva in stipe base, E. 

Subhymenium cells, F. stipitipellis, Scale bar: A= 5.5 μm, B= 15 μm, C=19 μm, 

D=22.5 μm, E= 10 μm, F= 08 μm. 

Comments: The ITS phylogram reveals that Amanita pseudolignitincta is 

related to A. lignitincta. Both species showing similarities based on black 

pigment pigment deposition on stipe and cap margins however A. 

pseudolignitincta differ from A. lignitincta based on morphology and 

phylogeny. For detail see discussion.  

B A  

D 

C 
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3.2.19. Amanita pseudovaginata Hongo, Memoirs of Shiga University 33: 39  

(1983)   
      (Fig. 56: A–E) 

             
Basidiomata medium sized. Pileus 50-70 × 8-10 mm, convex, grayish brown 

7.5YR 4/2 at umbo then moderate yellowish brown below from apex and then 

pale yellowish brown at margins, margin striate but not deeply, straight and  

non appendiculate; Surface smooth with deep brown umbo, moist and shiny 

with rain; Lamellae free, off white, narrow, close, unequal, edges entire; Stipe 

100-120 mm, tapering to ward apex, white to pale white; volva saccate, white 

or whitish, remains in soil during collection, attached only at stipe base, 

membranous, tubular. Basidiospores [60/2/2] (9-) 10.0 - 12 (-13) × (07-) 7.7 – 

9.4 (-10) μm, (L = 10 - 12 μm; L’ = 11 μm; W = 8.0 - 09 μm; W’ = 8.8 μm; Q =  

1.19 - 1.2; Q = 1.2 ; Q’ = 1.2), hyaline to gray brown, , thin-walled, smooth, 

subglobose to broadly ellipsoid to ellipsoid,; apiculus 0.6-0.9 × 0.5-0.8 sub 

lateral, very short in some, cylindrical to truncate-conic; contents mono- to 

multiguttulate often mono-guttulated, sometimes granular. Basidia: 32 - 48 × 

12.6- 24 μm, dominantly 02-, occasionally 01-, pointed with sterigmata up to 

4.0 × 1.1 μm; clamps not observed. Pileipellis filamentous,  undifferentiated 

hyphae 2 - 7 μm wide, branching, in fascicles and singly, interwoven in open 

lattice structure; acrophysalides clavate, plentiful, thin-walled 37-94  × 10-25 

μm; vascular hyphae 2.6 -10 μm wide, occasionally branching, sinuous, 

scattered throughout to moderately. Stipitipellis composed of filamentous 

hypae, parallel, distantly septate, thin hyphae 2-7 μm in width and hyphae 

with large width up to 21 μm. Terminal cells present, long 85-200 × 13-24 μm 

 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Chakesar, solitary to scattered on loamy soil under Pinus wallichiana at 

2000 m a. s. l., August 14 2014, Sadiqullah LAH-SUA505A; Sanela, 

solitary to scattered on loamy soil under Pinus wallichiana at 2100 m a. 

s. l., August 14 2014, Sadiqullah LAH-SUA505B. 
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Phylogenetic Analysis of Amanita pseudovaginata      (Fig. 55) 

For phylogenetic analysis ITS region of nrDNA of samples SUA505 and 

SUA505B were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 36 sequences were aligned using MUSCLE v.3.8 

(Edgar, 2004), followed by manual alignment using MESQUITE v.2.75 

(Maddison & Maddison, 2015).The final aligned data file consisted of 649 

characters. The optimized RAxML tree with likelihood score (-2431.650755) 

having 196 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

In ITS Phylogram, Consensus Sequence of SUA505 were clustered together 

with 91% bootstrap value with A. pseudovaginata (AY436470) 

 

FIGURE 55. Phylogenetic Tree of Amanita pseudovaginata inferred from ITS 

sequence data. Bootstrap values ≥ 70% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 55. A-E. Basidiomata and anatomical features of Amanita 

pseudovaginata (SUA505A), A. Basidiomata, B. Basidiospores, C. Basidia, D. 

Stipitipellis, E. Pileipellis 

Scale bar: B= 7 μm, C= 9.5 μm, D= 30 μm, E=22.5 μm 

Comments: Amanita pseudovaginata is a new record for Pakistan  
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3.2.20. Amanita subflavipes nom. prov    
     (Fig. 58: A–D) 

              (Fig. 59: A–E) 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ajmir, 

Sham burj, solitary on dark soil under Abies pindrow at 2300 m a. s. l., 

September 01, 2014, Sadiqullah SUA152. 

Etymology: Nameed ‘subflavipes’ due to its morphological resemblance 

with A. flavipes 

Basidiomata medium sized. PILEUS 35 - 80 mm wide, convex in younger 

stages then plano-convex to plane, brilliant yellow (2.5Y 9/10; 5Y 9/10) to 

deep yellow to vivid orange yellow (7.5YR 8/16; 7.5YR 8/18; 7.5YR 8/20) to 

brilliant greenish yellow (7.5Y 9/10) and finally palest towards the margin; 

Margin non striate when young then slightly striate, decurved when young 

then straight in maturity, non appendiculate and entire, some tome surface 

warts come downs to margins; Surface faintly umbonate when young then 

smooth, shiny, viscid then silky, generally pyramidal warts, sulfur-yellow 

becoming paler and sordid, easily removable, densely placed. Context thin; 

Lamellae free, sub distant to distant, white to yellowish up to 6 mm, edges 

even, Lamellulae 0-1, unequal, truncate, rounded truncate, or attenuate; Stipe 

80-120 × 10-18 mm, yellow to Light yellow, cylindrical tapering upward, 

slightly eroded, context white; Bulb thin to thick, up to 19 mm, rounded, 

collar, partial veil superior, membranous, thin to moderately thick, skirt like, 

collapsing on stipe, or sheet like, edges eroded, yellowish white to yellow to 

deep yellow; universal veil inconspicuous eroded, as friable patches and fine 

line or lines encircling bulb, yellow white, largely detersile, easily left in 

substrate during collection. 

 

Basidiospores [100/2/2] (6.9) 7.3 - 8.5 (9.3) × (5.6) 5.7 - 6.5 (6.8) µm, Q = (1.1) 

1.2 - 1.4 (1.5) ,Q’ = 1.3, L= 7.3-8.5, L’ = 7.9 , w= 5.7-6.5, w’=6.2 µm hyaline, 

colorless, thin-walled, smooth, amyloid, ellipsoid to broadly ellipsoid or 

obovoid occasionally swollen at one end; apiculus mostly sublateral 
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occasionally central, cylindrical, narrow, sometimes prominent; contents 

monoguttulate, with or without additional small granules. Basidia 25 - 35 × 

6.4 – 8.2 μm, thin-walled, 3-sterigmate, with sterigmata up to 4.5 μm in length; 

no clamps observed. Trama 31-94 µm in width, Subhymenium composed of 

irregular ranks of inflated pseudoparenchymatous, subglobose to ellipsoid to 

oblong cells 9-25 × 8-17 μm Basidia arising from the first somewhat globose to 

inflated, triangular and small cells in the rank. Pileipellis composed of 

filamentous undifferentiated hyphae 2-6 µm wide, long fusiform cells often in 

the form of chains or alone, with terminal elements 70-136 × 20-27 µm. Pileus 

cuticle composed of warts remnants. Universal veil on pileus composed of 

filamentous, undifferentiated branched hyphae 2 – 5 μm wide while warts 

composed of mostly ellipsoid to subglobose cells 32-61 ×22-50 µm; on stipe 

base composed of ellipsoid to subglobose cells as above. Stipe composed of 

longitudinally filamentous, undifferentiated hyphae 3.5 -7 μm wide, 

branching, plentiful, singly and in fascicles; acrophysalides present, septa 

distantly present up to 20 Wide μm. Mostly the filamentous hyphae running 

parallel, narrow at bases and wider upward.  

 

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Ajmir, Takht, solitary on humus soil associated with 

A. pindrow and P. wallichiana in mixed forest at 2400 m a. s. l., 

September 01, 2015, Sadiqullah SUA753. 

 

Phylogenetic Analysis          (Fig. 57) 

For phylogenetic analysis ITS region of nrDNA of samples SUA152 and 

SUA753 were amplified and sequenced. Complete ITS Dataset was consisted 

of 26 sequences. The final aligned data file consisted of 1421 characters. The 

optimized RAxML tree with likelihood score (-2664.910609) having 264 

distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). Sequences of 

SUA152 and SUA753 clustered together in the same clade with a single 
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identity in a complex of Amanita, including uncultured fungi (JQ39648047; 

JQ396471) from China. The ITS Phylogram reveals that our specimens is more 

closely related to A. augusta (JX515565; JQ937287), A. franchetii (KC581322; 

GQ250398) and uncultured Amanita (GU180246; KP276276) then A. flavipes 

and A. flavoconia. 

 

FIGURE 57. Phylogenetic Tree of A. subflavipes inferred from ITS sequence 

data. Bootstrap values ≥ 50% are considered significant. Sequences generated 

for this study are presented with bold face. 

Comments: The species named Amanita subflavipes because it shows yellow 

color basidiomata as in A. flavipes. Based on morpho-anatomic features the 

species seems new to science in Section validae. Amanita subflavipes differ 

from A. Augusta and A. franchetii. See discussion for comparison.  
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Figure 57. A–D. Basidiomata of A. subflavipes showing different features.  

Scale bars: A-C= 14 mm  

 

 

FIGURE 58. A–E. Anatomical features of A. subflavipes (SUA152) (A–E): A. 

Basidiospores, B. Basidia, C. Volva on Pileus, D. stipitipellis F. Pileipellis 

Scale bar: A= 3 μm, B= 6.3 μm, C=25 μm, D=30 μm, E= 25 

D  C  B  A  

B  

A  

D  E  C  
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3.2.21. Amanita yukhtangiensis nom. prov.    

     (Fig. 61: A–D) 
                               (Fig. 62: A–F) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Yukhtange, 2600 m ASL, on loamy soil under Abies pindrow & Pinus 

wallichiana, September 01, 2014 Sadiqullah (LAH-SUA-663). 

Etymology: Named after the locality Yukhtange, Shangla Pakistan. 

Basidiomata medium sized. Pileus 70-100 mm, convex to irregular convex, 

grayish yellow (2.5Y 7/4, 5Y 7/4); Margins striate, straight and non 

appendiculate; Surface smooth, slightly uneven, slightly depressed at one 

side; lamellae free, narrow, close, pale white to grayish white; Stipe 100-

120×10-17 mm, central, cylindrical or slightly tapered to ward apex, dirty 

white to grayish white,  without bulb, ; volva not in shape, present in the form 

of scales or remnants attached to the stipe base; partial veil absent. 

Basidiospores: [70/1/1] (7-) 7.5 – 10 (-10.5) × (07-) 7.3 – 10.3 (-10.5) μm, (L = 

8.8 μm; W = 8.0 - 09 μm; Q =  1.00 - 1.05; Q = 1.01; hyaline brown to mostly 

gray brown, globular thin-walled, smooth; Apiculus prominent (0.6) 1.2-1.8 

(2.4) × (0.8) 1.2-1.8 μm, central, very short in some, cylindrical to truncate-

conic; contents mono- to multiguttulate often mono-guttulated, 

multiguttulate when young; Basidia: 27 - 40 × 7.5- 14 μm, sterigmata 02-04 -

,pointed to blunt round, 1.00-5.7 × 0.8-2.3 μm; clamp observed with some; 

Pileipellis composed of branched septate hyphae with terminal elements. 

acrophysalides are of two types, (a) clavate 28-88 ×5.4 - 10.4 μm (b) broadly 

clavate to ellipsoid to oblong inflated cells 67-72×15-27 μm.  undifferentiated 

hyphae 26-70 ×3 - 11 μm wide, branching, in fascicles and singly, interwoven 

in open lattice structure; stipitipellis composed of cylindrical parallel 

filamentous hyphae with large width 62-200 × 10-25 and hyphae with small 

width 2-5 μm in width; volva at stipe base composed of interwoven septate 

hyphae 19-50 × 4-8 μm and cells. Septa present closely or distantly. The cells 

are of two types (a) Spheropedunculate to ovoid to obovoid to ellipsoid to 
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globular 24-46 × 21-37 μm (b) Narrowly clavate to oblong at the ends of 

septate hyphae 21-43×10-18 μm. 

Phylogenetic Analysis of Amanita yukhtangiensis      (Fig. 60) 

Complete ITS Dataset consisted of 46 sequences were aligned initially by 

MUSCLE and then followed by manual alignment using MESQUITE (Edgar, 

2004; Maddison & Maddison, 2015).The final aligned data file consisted of 641 

characters. The optimized RAxML tree with likelihood score (-3960.595052) 

having 295 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

In ITS Phylogram, Consensus Sequence of SUA663 resolved in section 

Vaginata and clustered together with uncultured ectomycorrhizal Amanita 

(AB854649; KT461300). The Sample SUA663 separated from all other known 

species and forming a sister clade with A. constricta with 100% bootstrape 

value.  

FIGURE 60. Phylogenetic Tree of Amanita yukhtangiensis (SUA663) from ITS 

sequence data. Bootstrap values ≥ 70% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 61. A–B. Basidiomata of A. yukhtangiensis (SUA663= HOLOTYPE) showing 

different features.  

Scale bars: A-B= 14 mm  
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Figure 62. A–E. Anatomical features of Amanita yukhtangiensis (SUA663 

HOLOTYPE) A. Basidiospores, B. Basidia, C. Pileipellis, D. Stipitipellis, F. 

Volva at stipe base 

Scale bar: A= 5 μm, B= 10 μm, C=18 μm, D=27 μm, E= 25  

Comments: Amanita yukhtangiensis proposed as a new species for science. For 

detail comparison see discussion.   
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3.2.22. Amanita zona nom. prov.        

           

               (Fig. 64: A–F) 

               (Fig. 65: A–E) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Sanela, 

in sandy soil under Pinus roxberghii, at 17 00 m a. s. l, August 25 2014, 

Sadiq Ullah (LAH-SUA601). 

Etymology: The word zona referred to zoned and banded pattern of 

pileus. 

Basidiomata medium sized. Pileus 35–70 mm wide, Parabolic to convex to 

plano-convex ,grayish yellowish brown (10YR 5/2) at disc then become light 

grayish brown and at last pale yellow green (10Y 9/2 to grayish yellow brown 

at striation, Margins sulcate to plicate some time split and non-appendiculate; 

Surface dry, smooth, No volval material remnants on the cap, without warts, 

cuticle thin, peeled from some area, trama thin, white to whitish; Lamellae 

free, narrow to broad, close, 0-1 lamellulae, whitish or whitish gray, edges 

eroded to fimbriate, equal or un equal. Stipe 90-145 × 7-10 mm, central, sub 

cylindrical or tapering upward. White to dirty white, covered with white to 

dirty white or grayish membranous cuticle, peeled easily, sometime the upper 

half densely covered with small white to whitish granular membranous 

remains, flesh white to dirty white. Volva saccate, white, persistent, 

membranous ranging up to 20-30 × 18-22 mm; Annulus absent. 

Basidiospores [80/6/4] (7.4) 8–13.3 (14.3) × (6.7) 7-10.3 (10.5) [Q= (1.1) 1.1-1.2 

(1.3), Qav=1.2] µm globose to subglobose or broadly ellipsoid, golden hyaline 

often with one large guttule with golden gray brown walls, inamyloid, golden 

brown; Apiculus up to 2 µm long. Basidia 36-43 × 8.8-14.5 µm clavate, up to 

02 Spored, sterigmata long up to 3.7 µm. Basal septa without clamp. hypae 

branched, up to 7 (-14) µm in width, terminal cells present 40-70 ×10-16 µm, 

Lamellar trama composed of globular to sub globular or irregular cells 7-14 × 

6-10.8 µm. Pileipellis composed of elongated hypae with terminal elements 

10.7-53 × 8.8-13.2 µm and branched filamentous hypae 3-13 µm. Volva at stipe 

base composed of mostly sub globular cells 41–85 ×38-64 µm and branched 
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filamentous hypae up to 8.2 µm in width. Stipe composed of two types of 

hypae, with small width up to 7 µm and with large width up to 20 µm, 

terminals elements present. 

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Buneerwall, in sandy soil under Pinus roxberghii at 

1500 m a. s. l. September 01, 2015 (LAH-SUA801). 

 Phylogenetic Analysis of Amanita zona       (Fig. 63) 

For phylogenetic analysis ITS region of nrDNA of samples SUA601 & SU801 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast in UNITE and NCBI 

and closely related sequences were downloaded. Complete ITS Dataset 

consisted of 28 sequences were aligned initially by MUSCLE and then 

followed by manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015).The final aligned data file consisted of 694 characters. The 

optimized RAxML tree with likelihood score (-3841.684666) having 361 

distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). In ITS 

Phylogram Consensus Sequence of SUA601_2014, SUA801_2015 and MFM 

219, which is an unpublished sequence from the study of Fiaz (2013) were 

clustered together with 100% bootstrap values and separated from other 

species. Based on the phylogeny and morphological traits collection MFM-219 

was also found a similar taxa and were included here only in the phylogeny.  
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FIGURE 63. Phylogenetic Tree of Amanita zona inferred from ITS sequence 

data. Bootstrap values ≥ 70% are considered significant. Sequences generated 

for this study are presented with bold face. MFM219 is an unpublished 

sequence (Fiaz, 2013) from Pakistan.  
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FIGURE 64. A–H. Basidiomata of Amanita zona (A= Holotype LAH-SUA-

601) 

Scale bar = 20 mm 
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FIGURE 65. A–E. Microscopic features of Amanita zona (SUA601) A. 

Basidiospores, B. Basidia, C. Pileipellis, D. Stipitipellis and E. Trama Cells 

Scale bars: A = 7 µm, B = 11 µm, C = 10 µm, D = 15 µm, E = 12 µm. 
 
Comments: Amanita zona nom. prov., seems an undescribed species in section 

vaginatae. Morpho-anatomical features of basidiomata and its position in 

phylogenetic tree reveals that this may be a new species in the genus Amanita. 

Comparison of the species with other close species has been given in 

discussion. 
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Phylogenetic characterization of described Amanita spp.                    (Fig. 66) 

For phylogenetic analysis ITS & LSU regions of nrDNA of samples were 

amplified and sequenced. ITS1F, ITS2, ITS3 and ITS4 primers were used to 

obtain contig sequences of best quality. The newly generated ITS sequences 

were assembled and edited in codon code. The consensus sequence were blast 

in UNITE and NCBI and closely related sequences were downloaded.  

ITS dataset  

Complete ITS Dataset consisted of 96 sequences were aligned initially by 

MUSCLE and then followed by manual alignment using MESQUITE (Edgar, 

2004; Maddison & Maddison, 2015).The optimized RAxML tree with log 

likelihood score (-8319.946572) and have 486 distinct aligned pattern, was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). The final aligned data file was 

consisted of 911 characters, after the exclusion of ambiguous regions. 

Sequences of Limacella glischra (KT168219; KT168219) were used as outgroup.  

In the ITS phylogram, Taxa of Amanita were resolved in six sections, 

Vaginatae, Caesareae, Amanita, Vallidae, Phalloidaea and Lepidella. Phylogenetic 

position of each taxon within the section has been discussed in detail 

previously. 
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FIGURE 66. Phylogenetic Tree of Amanita spp. from ITS sequence data. Bootstrap 

values ≥ 80% are considered significant. Sequences generated for this study are 

presented with bold face. 
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3.3. Boletaceae  

The family characterized by fleshy porous hymenium rather than gills. The 

family contains 50 genera and 800 species. (Kirk et al., 2008). Recently more 

than 25 new genera in Boletaceae were proposed (Vellinga et al., 2016) 

Key features to Genera 

Strobilomyces Berk 

The pileus and stipe of the species covered by soft hairy or wooly scales. 

Strobilomyces have roughly spherical and prominent ornamented spores 

(Arora 1986). 

Veloporphyrellus Gómez & Singer  

Hymenophore pinkish to grayish pink, Pileipellis trichoderm and 

basidiospores smooth (Li et al., 2014) 

Xerocomellus Šutara  

Pileipellis at the initial stage composed of a characteristic palisadoderm, Spore 

surface longitudinally striate. Hymenophoral trama in fully developed 

(Šutara, 2008). 

Hortiboletus Simonini, Vizzini & Gelardi  

It differs from Xerocomellus by the spores smooth in all the species, never 

striate, never truncate, the common occurrence of small vermilion red dots in 

the context at the stipe base, and the average spore quotient (Qm) lower than 

2.5 (Nuhn et al., 2013; Wu et al., 2014; Vizzini, 2015). 
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Key to species of Strobilomyces in South Asia  

1. Stipe with annulus...............................................................................................................2  

1. Stipe without annulus.........................................................................................................3  

     2a. Pileus 6-20 cm broad and covered by large, polygonal imbricate persistent 

blackish scales, hymenophore and context staining reddish then black on 

exposure; spores 8.5 (9.5)– 14.0 (15) × (7.5) 8.5–12.0 (13) 

µm..........................................................................Strobilomyces strobilaceus (Scop.) Berk.  

     2b. Pileus 5-06 cm broad, staining red, covered by black, erect, soft, conical warts,     

     stipe 80-220 mm long, spores 9-13 X 8-10 µm, Spherical, ornamented, reticulate,  

     apiculus small, thin walled, olive brown........Strobilomyces longistipitatus Chakr.  

      2c. Pileus 10-13 cm broad, vinaceous drab with darker, soft, friable warts covered      

      by brown, erect, soft, conical warts, stipe with ample membranous ring; tubes  

      adnate; spores 11.5–13.0 (15) × 9.5–11.0 (12)   ..............................S. annulatus Corner 

3. Spores with complete reticulum ........................................................................4 

3. Spores with incomplete reticulum ......................................................................5      

      4a. Pileus 2.0–7.0 cm broad, covered by dark, erect, soft conical warts,    

       context and hymenophore staining reddish then black on exposure,  

       spores 9.0–10.5 × 7.5–9.0 µm, tubes sinuate to sub decurrent      

       ………………………………………………………………S. mollis Corner  

      4b. Pileus 4.9–5.4 cm broad, ornamented by thin and scattered, blackish     

      spiny scales on a whitish background, spores (6.7) 8.0–11.5 (12.8) × (6.1)  

      6.8–9.9 (11.5) µm, ornamented forming a complete reticulum with smooth  

       adaxial patch..........................................S. echinocephalus Gelardi & Vizzini  

             5a. Pileus and stipe dark purple brown then blackish, pileus 6.5 cm    

             broad having rough hexagonal scales at the center; tubes sinuate; stipe  

             floccose; spores subcristate to incompletely reticulate, 12.5- 15.0    

             µm................................................................................S. nigricans Berk.  

              5b. Pileus 4.0–8.0 cm broad, covered by pyramidal soft warts, tubes  

              sinuate, margins of the pileus appendiculate, stipe without ring,  

              nearly smooth to sub squamulose; spores verrucose to subcristate,     

              9.5–13.0 (14.4) × 7.0–10.0 (11.5) µm ...................S. polypyramis Hook. 
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Key to the Species in Veloporphyrellus worldwide 

 

1a. Not bluish on bruising 

2a. Pileus with brown to reddish brown squamules; known from Asia 

3a. Surface of the stipe seems white; found in low altitude (up to 

1500 m) ................................................................................V. velatus 

3b. Stipe surface reddish to orange yellow; Distributed at a high 

altitude (2000–3600 m). 

4a. Basidiospores 12–16 × 3.4–5.5 mm; distributed at a 

relatively lower elevation (approx. 2000 m); associated 

with species of Keteleeria or Pinus 

........................................................................V. pseudovelatus 

4b. Basidiospores 12-14.5 × 5-8 µm; distributed at a 

relatively lower elevation (approx. 1800 m); associated 

with species of pinus roxberghii in pure Pinus roxberghii  

forest......................................................V. similis nom. prov. 

4c. Basidiospores 15.5–19.5 3 4.5–6.5 mm; distributed at 

higher elevation (3100–3600 m); associated with species of 

Abies ..........................................................................V. alpinus  

2b. Pileus with whitish to brownish yellow squamules 

5a. Pileus surface covered with yellow to brownish yellow or 

greenish brown squamules, margin decurved and appendiculate; 

distributed in North America and Central America 

..........................................V. conicus 

5b. Pileus surface covered white to whitish squamules, margin with 

white membranous veil; distributed in Central 

America…………………………………………………..V. pantoleucus 

 

1b. Bluish on bruising. .................……………………………………..V. africanus 
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3.3.23. Strobilomyces cf. longistipitatus D. Chakr., K. Das & S. Adhikari, Fungal  

diversity, 491–602: 2017  

  (Fig. 68: A–D) 
                           (Fig. 69: A–E) 

Pileus 50˗60 mm wide, convex to hemispheric with decurved appendiculate 

margins, completely covered with wooly or hairy scales, Black to olive black, 

hairs slightly light in color at bases while dull black upward, background 

whitish, context yellowish. Become reddish to orange red on bruising, then 

changes to blackish slowly. Hymenophore creamy yellowish, changed to 

orange reddish when bruised, pores circular to irregularly shaped, 1˗2 per 

mm, tubes 5˗10 mm deep. Stipe 80˗110 mm long, 10 ˗ 17 mm thick, central, 

often thick at both ends, dry, solid, , covered completely with wooly hairs, 

black to olive black, whitish at bases. Basidiospores 9-13 X 8-10 µm, Spherical, 

ornamented, reticulate, apiculus small, thin walled, olive brown. Basidia 36-

41 x 13-15 µm, Clavate, sterigmata 1-4, content visible, sharp and long up to 6 

µm in length and 2 µm in width, olive brown, thin walled.   Cystidia 27-33 x 

9-14 µm, cylindrical, clavate to subfusoid, thin walled, brown in color. 

Pileipellis terminal elements 29-38 µm x 8- 12 µm, long cylindrical, septate, 

thick walled, subclivate to cylindrical, olive brown in color, tangled layer of 

repent hyphae.   Stipitipellis terminal elements 22-38 µm x 5-9 µm, septate, 

thick walled, olive brown in color, cylindrical to clavate in shape. 

Material Examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Takht, solitary to connate on dark soil under Abies pindrow, in mixed 

forest at 2700 m a. s. l., September 01, 2015, Sadiqullah SUB728. 

Molecular Phylogenetic characterization        (Fig. 67) 

The final aligned LSU dataset consisted of 27 sequences and 858 characters. 

Maximum likelihood (ML) scores of the LSU datasets were -3155.208639 

respectively. Results drawn from the LSU phylogram revealed that SUB728 

clustered with Strobilomyces longistipitatus (KX364695) from India. 
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FIGURE: 67. Phylogenetic Tree of Strobilomyces longistipitatus inferred from 

LSU sequence data by RAxML method on CIPRES portal. The analysis 

involved 27 nucleotide sequences of 858 characters. Alignment has 806 

distinct alignment pattern. Bootstrap value ≥ 80% are considered significant. 

Sequence generated for this study are presented in bold face. 

 

 

 



139 
 

 

 

 

 

 

FIGURE 68. A–D. Basidiomata of Strobilomyces longistipitatus in the field 

showing distinct features. 

Scale bar: A-B= 16 mm, C-G= 20 
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FIGURE 69. A–E. Microscopic features of Strobilomyces longistipitatus 

(SUB728), A. Basidiospores, B. Basidia, C. Cystidia D. Pileipellis, E. 

Stipitipellis 

Scale bars: A = 10 µm, B = 15 µm, C = 12 µm, D = 31 µm, E = 33 µm.  

Comments: Specimens of Strobilomyces cf. longistipitatus from Pakistan were 

determined similar to the newly reported species from India, based on LSU 

phylogeny as well as important morphological traits. The similar 

morphological traits are basidiospores size and ornamentation and molecular 

sequence data however variation in some morphological traits have been 

counted in Pakistani collection as compared to Tibpromma et al., 2017. These 

morphological variation are; Pileus size extend up to 60 mm while in mature 

specimens scales are erected conical and irregular. Pore angular to irregular 

while tube deep up to 10 mm. Stipe 80˗110 x 10 ˗ 17 mm, often thick at both 

ends, covered completely with wooly hairs. Basidia and Cystidia are short as 

compared to Indian collection. In spite of these morphological variation the 

species considered similar based on only LSU phylogeny. Indian specimens 

have been reported associated with Abies densa while all collections from 

Pakistani regions have been associated with Abies pindrow. 

B  

D  

A  C  

E  
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3.3.24. Veloporphyrellus similis nom. prov.   

  (Fig. 71: A–D) 
           (Fig. 72: A–E) 

Holotype: Pakistan, Khyber Pakhtunkhwa, Shangla district, Chawga 

on loamy moist soil under Pinus roxberghii among the mosses at 1600 m 

a. s. l, October 01, 2013, Sadiqullah (LAH-SU39).  

Etymology: Named due to its morphological similarity with V. 

pseudovelatus however different as wider spores and large basidiomata 

and DNA sequence data.  

Pileus 6˗7.5 cm wide, plano-convex to slightly depressed with straight to 

decurved margins, deep brown in disc then strong brown (5YR 4/8) at 

maturity, surface dull to dry, rough, ridged when young then slightly cracked 

and finally  deeply cracked with whit to  creamy white to yellowish white 

background, Patches present on pileus, context white to creamy white, No 

color changes on immediate bruising, bruising yellowish creamy after some 

interval, Thick at disc narrow at margins, texture soft and spongy. 

Hymenophore pale yellowish pink to pale orange yellow to strong yellowish 

brown, do not changed when bruised, pores circular to broadly fusiform to 

irregularly shaped, 1˗2 per mm, tubes 5˗10 mm deep. Stipe 5˗7 cm long, 1 ˗ 2 

cm thick, central , tapering upward, slightly napiform to fusiform at base, dry, 

solid, , brilliant orange (5YR 8/12) in maturity, smooth, lacking reticulations. 

Basidiospores ellipsoid to sub fusiform, golden brown in KOH, Contents 

divides in to 1-2, wall smooth and thick, cytoplasm granular, 12-14.5 × 5.6-

8.6µm. Basidia clavate, sterigmata1-4 pointed, small contents in cytoplasm, 

22.8-30 × 10-15.3µm. Cystidia 33.8-64.5 ×12.2-14.82 µm fusiform to narrowly 

utriform. Pileipellis composed of septate branched hyaline hyphae 29-60 ×5-

12µm with terminal elements 11-62×2.7-6 µm. Broad hyphae produced with 

narrow terminal elements as an out growth. Sometime such outgrowth raised 

from any point of the hyphae. Stipitipellis composed of two types of hyphae; 

irregular branched septate hyphae 12.5-140 × (3- ) 8-16 µm with oblong to 
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clavate terminal elements 12-65 × (3) 5-19µm and long cylindrical hyphae 

running parallel to irregular up to 13 µm in width.  

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Chawga on loamy moist soil under Pinus roxberghii at 

1800 m a. s. l, September 01, 2014, Sadiqullah (LAH-SU05); Sundwi on 

loamy moist soil under Pinus roxberghii at 1900 m a. s. l, September 01, 

2016, Sadiqullah (LAH-SU41); Buneerwall on loamy moist soil under 

Pinus roxberghii at 2000 m a. s. l, September 05, 2016, Sadiqullah (LAH-

SU42). 

Molecular Phylogenetic characterization     (Fig. 70) 

The consensus sequence were blast in UNITE and NCBI data bases and 

showed maximum 88% match with Boletus sp. (FJ810161) and 85% with 

Boletus sp. (JQ991669). The ITS sequences of different genera of Boletaceae and 

Boletus were downloaded from NCBI and UNITE databases and a dataset was 

created. Complete ITS Dataset were aligned using MUSCLE v.3.8 (Edgar, 

2004), trimmed initially on BioEdit v7.0.9 (Hall 1999) and followed by manual 

alignment using MESQUITE v.2.75 (Maddison & Maddison, 2015). 

Phylogenetic tree was generated on CIPRES portal (Miller et al., 2010). ITS 

Dataset consisted of 28 sequences, after alignment the final aligned file 

consisted of 1137 characters. The optimized RAxML tree with likelihood score 

(-15934.7495) having 798 distinct aligned pattern was constructed on RAxML-

HPC2 on XSEDE v.8.2.9 (Stamatakis, 2016) using CIPRES web portal (Miller et 

al., 2010). Results drawn from phylogenetic analyses infer that 

Veloporphyrellus similis (SU39, SU5, SU41 & SU42) is a sister genus to 

Austroboletus and clustered together with 100% bootstrap value forming a 

separate sister clade to Veloporphyrellus spp reported from china.  
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FIGURE 70. Phylogenetic Tree of V. similis inferred from ITS sequence data. 

Bootstrap value > 80% are considered significant. Sequence generated for this 

study are presented with bold face. 
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FIGURE 71. A–D. Basidiomata of V. similis in the field showing distinct 

features (A=LAH-SU39 HOLOTYPE). Scale bar: A=12 mm, B= 10 mm, C & 

D=07 mm 

 



145 
 

 

FIGURE 72. A–E. Microscopic features of V. similis (SU39 HOLOTYPE), A. 

Basidiospores, B. Basidia, C. Cystidia D. Pileipellis, E. Stipitipellis, Scale bars: 

A = 7.5 µm, B = 10 µm, C = 15 µm, D = 18 µm, E = 33 µm.  

Comments: Velloporphyrellus similis is a newly proposed species and first 

representative of the genus from Pakistan. The species showing 

morphological similarities with Veloporphyrellus pseudovelatus however differ 

based on spores size and molecular data. Spores of V. similis are much wider 12-

14 × 5-8 µm than V. pseudovelatus having spore size is 12-16×3.4-5.5 µm (Li et al., 

2014). Previously only five species (Li et al., 2014) have been reported from 

this genus and this is the 6th species of the genus worldwide. 

B  

C  

A  

D  E  
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3.3.25. Hortiboletus cumpinus. nom. prov.               

 

  (Fig. 74: A–D) 

           (Fig. 75: A–G) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Sundwi, solitary on moist dark soil under Pinus roxberghii in pure 

fprest of pinus roxberghii, at 1500 m a. s. l, August 07, 2014, Sadiqullah 

(LAH–SUB–608). 

 

Etymology: Named cumpinus due to association of the taxon with 

Pinus roxberghii.  

 

Basidiomata medium sized. Pileus 50–70 mm wide, convex to hemispheric, 

grayish reddish orange (10R 6/6) to moderate reddish orange (10R 6/10), 

margins  entire and whitish, surface smooth, dry, ruptured with very fine 

white ridges at maturity, pileus context light yellow green, does not changed 

upon bruising. Taste and odor not recorded. Stipe 1–2.5 cm thick, 50–80 mm 

long, clavate, equal to slightly bulbous at base, central, solid, reddish orange 

with light yellow green to off-white striation, basal bulb tomentose yellowish 

white green to yellowish white. Pore surface sinuate, light yellow green to 

light greenish yellow to moderate greenish yellow, no change upon bruising, 

tubes 8–10 mm deep, pores 1–3 per mm. Basidiospores (9.4-) 10.3-12.7 (13) × 

4.3-5.4 µm Lav= 11.5 µm, Wav= 4.6 µm, Q= 2-2.9 µm, smooth, apiculus very 

short, fusiform, guttule 1-2. Basidia (25.4) 28.5- 34 × 8.4–12.6 µm, broadly 

clavate, Sterigmata 2.4-7 × 1.7-1.9 µm long; Cystidia 29–35.5 × 4.6–10 µm, 

narrowly clavate to cylindrical to narrowly fusoid; Pileipellis an irregular 

trichodermial pseudo-palisade of cylindrical, septate hypae projecting at 

slight irregular length, often with minute granular external incrustations in 

faint band-like patterns, branched or without branches, arranged in the form 

of chain cylindrical cells, 31–53 × 9.1–13.4 µm, long, thin walled, hyphae are 

densely arranged, parallel or sub parallel, with final elements reaching 

approximately the same level or irregular in length; Terminal elements 24–60 

× 6.7–10 µm, obclavate or with short pointed apex, thin walled; Stipe 
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composed of densely arranged septate hypae 4-7 µm in width, with clavate to 

nettle hair shape, Cystidia, 42-90× 6.9-13.6 µm . 

Additional Material Examined: Pakistan, Khyber 

Pakhtunkhwa, Shangla district, sundwi, solitary on moist dark 

soil under Pinus roxberghii in pure pinus forst at 1500 m a. s. l, 

August 07, 2014, Sadiqullah (LAH–SUB1108); Sanila, solitary on 

moist dark soil under Pinus roxberghii in pure pinus forst at 1800 

m a. s. l, August 15, 2015, Sadiqullah ((LAH–SUB561). 

Molecular Phylogenetic characterization       (Fig. 73) 

For phylogenetic analysis ITS region of nrDNA of samples SUB608 and 

SUB561 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 30 sequences were aligned initially by MUSCLE and 

then followed by manual alignment using MESQUITE (Edgar, 2004; 

Maddison & Maddison, 2015).The final aligned data file consisted of 867 

characters. The optimized RAxML tree with likelihood score (-3193.288066) 

having 351 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

Sequences of SUB608 (SUB608 & 1108) clustered together with 85% bootstrap 

value with a Pakistani collection SUB561 at 100% bootstrap. These three 

sequences sorted together with 100% bootstrap value forming their own clade 

and separated from other Pakistan collections of Hortiboletus rubellus 

(KJ802928; KJ802929).  
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FIGURE 73. Phylogenetic Tree of Hortiboletus cumpinus inferred from ITS 

sequence data by RAxML method on CIPRES portal. The analysis involved 30 

nucleotide sequences. Tree with the highest log likelihood is (-3193.288066). 

Bootstrap values ≥ 60% are considered significant. Sequences generated for 

this study are presented with bold face 
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FIGURE 74. A–D. Basidiomata of Hortiboletus cumpinus in the field showing 

distinct features (LAH-SUB 608 HOLOTYPE). 

Scale Bar: A & D=17, B=15  
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FIGURE 74. A–E. Anatomical features of Hortiboletus cumpinus (LAH–SUB608 

HOLOTYPE): A. Terminal elements of Pileipellis hyphae. B. Basidiospores. C. 

Basidia. B. Cystidia. E, F & G. Pileipellis.  

Scale bar: A= 18 µm, B= 4.5 µm, C= 11, D= 8.5 E= 8, F= 15, G= 14 

Comments: Morpho-anatomic and molecular characterization revealed that 

the species may new to science. 
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3.4. Cortinariaceae 

The family takes its name from the well-known genus Cortinarius. The lethal 

toxins orellanine has been found in 34 cortinariaceae species. The family 

distinguished by hymenium on gills, cutis pileipellis and brown print spores. 

Mostly the spores are ornamented in this family (Ammirati & Smith, 1977; 

Niskanen, 2008). The family contains over 2100 species (Kirk et al., 2008). 

Key feature of Cortinarius 

The genus distinguished by the Presence of Cortina (veil) in young specimens 

between the cap and the stem, most of the fibers of the Cortina are lost except 

remnants on the stem in some species. All have a rusty brown spore print and 

warted spores (Niskanen, 2008). 

Key to species 

1a. Pileus brown with scales, gills deep brown with violet 

tints………………………………………………...C. Pseudohinnuleus nom. prov. 

1b. Pileus yellowish without scales, gills yellowish pink without violet 

tints…………………………………………………….C. umbostriatus nom. prov 
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3.4.26. Cortinarius pseudohinnuleus nom. prov. 

 (Fig. 77: A–D) 

 (Fig. 78: A–E) 

                     
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Takht 

Burj, scattered or caespitose, on humus soil of Mixed coniferous forest 

and broad leave trees near the Abies pindrow and juglans regia at 2600 m 

a. s. l., September 01, 2014, Sadiqullah (LAH_SUC432C). 

Etymology: Named due to its morphological similarities with C. 

hinnuleus. 

Basidiomata small to medium size; Pileus 20–70 mm, convex to campanulate 

when young then plano-convex to plan, umbonate when young, broadly 

umbonate when mature, margins straight to undulating wavy, dark brown to 

orange brown in the center, slightly paler toward the margins, orang yellow if 

scale washed with rain water. surface scaly or shaggy almost up to maturity, 

whitish brown to gray; margins eroded; Lamellae distant, broad, adnate, 

fleshy when wet, ochraceous brown with more or less obvious violet tint 

when young, cinnamon brown with age often retaining a violet tint, 

somewhat become lighter with hilly rain water, edges slightly lighter and 

even; Stipe 30– 50 × 0.8–11 mm, cylindrical, slightly bulbous at base, slightly 

whitish fibrillose, orange-red to orange brown, without partial veil or rings.  

Basidiospores [80/03/03] (6.2) 7.1–9 × (4.7) 5.4–6.6 (7) µm, Q= (1.1) 1.2–1.4 

(1.5) Lav =7.6–8.6 × 5.6–6.1 µm, obovoid to (weakly) oblong ellipsoid, 

somewhat thick walled up to 04 µm, moderately to strongly and unevenly 

verrucose. Brown in 5% KOH; Hyphae of the gill trama in the overall view 

yellowish; Basidia 28–42 × 7–9 µm, 02–spored, clavate,  hyaline or some with 

oil drops or granulose content, clamp connection present rarely at the base; 

Cystidia 25-34 × 4.3-8.6, mostly clavate, variable in shape; Pileipellis 

composed of septate horizontally elongated elements 57-85 × 8.5-13.7 µm with 

terminal elements 57-72.5×10.5-13.5 µm and short cylindrical cells 30-56×13.2-

37.5 µm in chain form with terminal elements 38-65×10-15 µm. Stipitipellis 
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composed parallel septate filamentous hypae up to 20 µm in width. Terminal 

elements present. Clamp connection present rarely among the narrow hypae.  

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Sham Burj, scattered or caespitose, under Abies 

pindrow at 2500 m a. s. l., September 12, 2014, Sadiqullah (HUP–SUC– 

SUC430); Yukhtange, scattered or caespitose, in mixed coniferous 

forest under Abies pindrow at 2400 m a. s. l., September 02, 2015, 

Sadiqullah (SU12). 

Molecular phylogenetic characterization      (Fig. 76) 

For phylogenetic analysis ITS region of nrDNA of samples SUC430, SUC432c 

and SU12 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 43 sequences were aligned initially by MUSCLE and 

then followed by manual alignment using MESQUITE (Edgar, 2004; 

Maddison & Maddison, 2015).The final aligned data file consisted of 553 

characters. The optimized RAxML tree with likelihood score (-3184.288066) 

having 321 distinct aligned pattern was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

Sequences of samples SUC430, SUC432c and SU12 clustered together with 

100% bootstrap value and separated from other species.  
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FIGURE 76. Phylogenetic Tree of Cortinarius pseudohinnuleus inferred from 

ITS sequence data by RAxML method on CIPRES portal. A total of 43 

nucleotide sequences were included for phylogeny. The maximum likelihood 

value recorded was -3184.288066. Bootstrap values ≥ 80% are considered 

significant. Sequences generated for this study are presented with bold face. 
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FIGURE 77. A–D. Basidiomata of Cortinarius pseudohinnuleus in the field 

showing distinct features (B=LAH-SUC 432 HOLOTYPE)  

Scale Bar: A-D=17 mm  
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FIGURE 78. A–E. Anatomical features of Cortinarius pseudohinnuleus (LAH–

SUC432c HOLOTYPE): A. Basidiospores, B. Pileipellis, C. Basidia, B. Cystidia, 

E. Stipitipellis  

Scale bar: A= 7 µm, B= 35 µm, C= 15, D= 12, E= 33 

Comments: Cortinarius pseudohinnuleus seems an undescribed species in 

Genus Cortinarius.  
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3.4.27. Cortinarius umbostriatus nom. prov. 

 (Fig. 80: A–F) 

                     
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Toha, 

in mixed forest under the Quericus sp. at 2600 m a. s. l., September 01, 

2014, Sadiqullah (LAH–SUC561C). 

Etymology: Named due to its umbonate and striate pileus 

Basidiomata small to medium in size. Pileus 22-32 mm wide, campanulate to 

convex, orange yellow to reddish brown, margins decurved and pale; Surface 

umbonate with yellowish spots, striated up to disc; Lamellae sinuate, sub 

distant, orange yellow, edges even, unequal; Stipe 25-40 × 8-15 mm, central, 

striated, orange ret to yellowish, sometime pale at upper or lower end, 

fibrillose.  

Basidiospores (7) 8 - 9.5 (9.9) × (4.5) 5 - 5.6 (5.9) µm, Q = 1.4 - 1.8 (2), Me = 8.5 

× 5.2 µm, Qe = 1.6, ellipsoid to sub-amygdaliform, ornamented. Basidia (21.9) 

23 - 30 × 7 - 7.3 (7.5) µm, clavate, thin walled, hyaline, 4-spored, sterigmata 

3.5-4.5 µm, clamped present at the bases. Cheilocystidia 19 – 31 × 6.9 - 9 (9.1) 

µm, clavate, capitated heads present or absent, hyaline. Pleurocystidia 19 - 26 

× 5 – 8.1 µm, utriform to clavate, pronged to acute apices. Pileipellis cutis, 

hyphae 9-12 µm wide, cylindrical, branched, clamped rarely. Stipitipellis 

composed of parallel hyphae, 4-6 µm wide, rarely clamped, branched. 

Caulocystidia 21-31× 4-5 µm, cylindrical. 

Molecular phylogenetic characterization      (Fig. 79) 

For phylogenetic analysis ITS region of nrDNA of sample SUC561 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast in UNITE and NCBI 

and closely related sequences were downloaded. Complete ITS Dataset 

consisted of 51 sequences were aligned initially by MUSCLE and then 

followed by manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015). The final aligned data file consisted of 560 characters. The 

optimized RAxML tree with likelihood score (-3584.288066) having 326 
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distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). Sequences of 

sample SUC561c clustered together with 100% bootstrap value with an 

undescribed Cortinarius sp. (KM576379) and separated from other species.  

 

FIGURE 79. Phylogenetic Tree of Cortinarius umbostriatus inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 51 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -3584.288066. Bootstrap values ≥ 80% are considered significant. 

Sequences generated for this study are presented with bold face 
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FIGURE 80. A–E. Morpho-anatomical features of Cortinarius umbostriatus 

(LAH–SUC432C HOLOTYPE): A-B. Basidiomata in field, C. Basidiospores, D. 

Pileipellis, E. Basidia, F. Cystidia 

Scale bar: A-B= 15 µm, C= 8 µm, D= 20, E= 9, F= 10 

Comments: Cortinarius umbostriatus seems an undescribed species in genus 

Cortinarius. 
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3.5. Strophariaceae 

The family Strophariaceae is characterized by Filamentous cap cuticle, 

attached gills, brown to purple brown spores with germ pores, and regular 

gill tram.  Further characterization includes a monomitic hyphal system with 

clamps, cylindrical to narrowly clavate basidia with two to four spores. The 

species of this group are found on various substrates such as soil, dung, plant 

litter, and grass roots (Cannon & Kirk, 2007). Approximately 18 genera and 

1,316 species in the Strophariaceae have been reported worldwide (kirk et al., 

2008). 

Key features to Gymnopilus 

Mostly grow on wood, pileus reddish brown to rusty, spores rusty orange, 

warty and present almost on the gill edges. Pholiota can be distinguished from 

this genus by its viscid cap and duller spores while Cortinarius grows on the 

ground. The genus Gymnopilus comprised of about 200 species (kirk et al., 

2008). 
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3.5.28. Gymnopilus Pseudohybridus nom. prov.      
(Fig. 82: A–J) 

           
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Takht Baram khan, 

sham burj, lignicolous, attached to Pinus wallichiana trunk, in mixed 

coniferous forest at 2400 m a. s. l., August 15, 2014 Sadiqullah (LAH-

SU8). 

Etymology: The word “pseudohybridus” refers to its close resemblance 

with G. hybridus. 

Basidiomata medium-sized, Pileus 30-55 mm in diam., broadly conical with 

low umbo, surface covered with white velum at margins or greyish-white 

tomentose velum remnants on the whole surface with incurved margins, 

variable in color, yellow ochre, ochre-brown, orange brown, cinnamon brown 

to rusty brown then pale yellow at margins. Lamellae crowded, 3-8 mm high, 

pale yellow, free to adnexed. Stipe 30–45 mm, cylindrical or slightly 

gradually thickened towards base, Pale ochre, brownish to rusty brown, 

covered with remnants of velum which are white, base white tomentose with 

white mycelial cords, fleshy and narrowly hollow. Basidiospores medium-

sized, mostly 6–9 × 4–5 µm, Mostly ellipsoid, ornamentation verrucose to 

rugulose; Basidia 10–28×05–10µm,cylindrical with median constriction, wide 

at base and narrow at neck. Basidioles resembling basidia, smaller. 

Cheilocystidia rarely intermixed with Basidia at edge, 10–20 (25) ×03-06 µm, 

variable in shape: narrowly fusiform-cylindrical, narrowly lageniform-

fusiform to lageniform, apex with more or less pronounced globose head 4–7 

µm in diam. but sometimes not capitated, rarely with slightly thickened and 

rusty yellow wall of the head, filled with homogeneous rusty brown content. 

Pleurocystidia rarely observed; Pileus cuticle a thin cutis of densely arranged 

septate hyphae with clamp connection, 3–8 µm broad, cells cylindrical, rusty 

brown incrusted, cuticle covered with a thin layer of less coarsely incrusted 

hyphae of velum. Terminal cells 42-90 × 8-14 in size; Stipe cuticle a cutis of 

parallel cylindrical hyphae 2–6 µm broad, with yellow brown wall with 

cellular pigment, terminal cells 15-35×4-7 µm in size.  
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Phylogenetic Analysis                       (Fig. 81) 

For phylogenetic analysis ITS region of nrDNA of samples SU8 were 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast searched at UNITE 

and NCBI and Similar sequences were retrieved. Complete ITS Dataset 

consisted of 76 sequences were aligned initially by MUSCLE and then 

followed by manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015). The final aligned data file consisted of 745 characters. The 

optimized RAxML tree with log score -3065.208639 was constructed on 

RAxML-HPC2 on XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal 

(Miller et al., 2010). The final data set have 269 distinct alignment pattern. 

Sequences of Heboloma mesophaeum (AF126100) and Heboloma festibile 

(AF325643) were used as outgroup. In ITS phylogram, taxa of Gymnopilus 

(SU8-Consensus) separated from a clade of G. hybridus (AF501548) and G. 

penetrans (KJ146708) with 100% bootstrap value. The latter two cluster 

together with 70% bootstrap value.  
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FIGURE 81. Phylogenetic Tree of Gymnopilus Pseudohybridus inferred from 

ITS sequence data by RAxML method on CIPRES portal. Sequences generated 

for this study are presented with bold face and labelled with name SU8. 
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FIGURE 82. A–J. Morpho-anatomic features of Gymnopilus pseudohybridus 

(LAH–SU8 HOLOTYPE), A–C. Fresh Basidioma in field, D. Basidiospores, E. 

Basidia, F. Cheilocystidia, G. Pleurocystidia, H. Pileipellis, I–J. Stipitipellis 

Scale bar: A & C= 11mm, B=16 mm, D–E= 11 µm, F–G=8 µm, H–=30 µm, 

J=200 µm 

Comments: Gymnopilus pseudohybridus seems an undescribed species and 

proposed here as new to science.  
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3.6. Marasmiaceae 

Marasmiaceae are Basidiomycetes with white spores print. Besides they have 

tiny to small, flat-to-convex but not conical pileus, they have often wiry stems, 

despite their tiny size, many marasmioid species are tough little mushrooms. 

In dry conditions they simply shrivel up and revive when moistened (Cannon 

& Kirk, 2007). The family contains 54 genera and 1590 species (Kirk et al., 

2008). 

Key feature to Marasmius  

The name Marasmius itself meaning "drying out’ ’they could dry out later 

revive when moistened. The genus characterized by white-spored and a 

tough central stipe (Razaq et al., 2014). It contains about 500 species (Kirk et al., 

2008). 
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3.6.29. Marasmius oreades (Bolt. Fries) Fries Epicr. Myc. 375. 1838:    

     (Fig. 84: A–F) 

Basidiomata small to medium; Pileus 20–30 mm wide, convex-conical with 

broad obtuse umbo then plano-convex to applanate, sometime seem slightly 

depressed with low broad umbo; margins undulate to crenulated to more or 

less incurved, translucent striate at margins when young and moist; Pale pink 

to whitish pink to pale brownish to pale ochraceous then fading towards 

margins; Surface dull, dry, opaque, glabrous, hygrophorus, subvelutinous, 

context, fragile to thin, soft, unchanging when bruised or cut. Lamellae free to 

adnate, narrow, sub distant, whitish to pale cream-yellow, edges entire, 

concolour with pileus; lamellulae  present. Stipe central, 40-50 mm in length, 

2-3.8 mm in width,  cylindrical to slightly broaden at base, without bulb, 

without volval scales or zones, without ring, deep orange at base then pale 

orange and finally pale yellow white toward apex, smooth, hollow; context 

pale brown to pale orang, texture soft, odor and taste not recorded. 

Basidiospores (6.6) 7–9.3 × 3.1–4.9 µm, elliptical to ellipsoid in equilateral, 

apiculate, pointed at one end, smooth, hyaline, non-amyloid. Basidia 37–45 × 

6.9–9.4 μm, 4-spored, clavate.  Basidioles 32.0–40 × 5.8–9.4 µm, cylindrical, 

clavate or subfusoid. Pleurocystidia and Cheilocystidia absent. Pileipellis 

terminal elements 17.0 – 32.5 × 13–19.0 μm, clavate or pyriform, regular to 

irregular or with scattered projections, thin to slightly thick walled, smooth, 

hyaline to pale yellowish in 5% KOH; Caulocystidia 41–80 × 8.8–12 µm, 

variable in shape, clavate, fusoid, sub cylindrical, mostly irregular, lobate, 

branched to coralloid, thin-walled.  

Material examined: Pakistan, Khyber Pakhtunkhwa, Shangla district, 

Chakesar Banda, Gregarious to Caespitose, in forest, on the humified 

soil, under Pinus wallichiana, Sadiqullah, August 14, 2014 (LAH-

SUMAR200). 
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Phylogenetic Analysis                    (Fig. 83) 

For phylogenetic analysis ITS region of nrDNA of samples SUMAR200 were 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast in UNITE and NCBI 

and closely related sequences were downloaded. Complete ITS Dataset 

consisted of 22  sequences were aligned using MUSCLE v.3.8 (Edgar, 2004), 

followed by manual alignment using MESQUITE v.2.75 (Maddison & 

Maddison, 2015).The final aligned data file consisted of 738 characters. The 

optimized RAxML tree with likelihood score (-3516.886889) having 331 

distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010).  In ITS 

phylogram, taxa of Marasmius oreades clustered with 99% bootstrap value in 

a clade of Marasmius oreades and sorted with a Published taxon of Marasmius 

oreades (HF546217) from Pakistan (Razaq et al., 2013).  
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FIGURE 83. Phylogenetic Tree of Marasmius oreades inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 22 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -3516.886889. Bootstrap values ≥ 90% are considered significant. 

Sequences generated for this study are presented with bold face. 
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FIGURE 84. A–F. Morpho-anatomic features of Marasmius oreades (SU200), A–

B. Fresh Basidiomata in field, C. Basidiospores, D. Basidia, E. Pileal elements 

F. Caulocystidia 

Scale bars: C= 6 µm, D–E =12 mm, F= 26mm  

Comments: Previously Razaq et al., (2014) reported the species from 

Himalayan part of Pakistan. Here we are reporting first time from Shangla 

and adjacent areas. 
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3.7. Gloeophyllaceae 

Gloeophyllaceae are phylogenetically defined family of wood decay fungi 

and are characterized by the ability to produce brown rot. Several important 

genera producing brown rot as Neolentinus, Gloeophyllum, Heliocybe and 

Veluticeps belong to the family (Cannon & Kirk, 2007).   

Key features to Neolentinus  

Neolentinus are wood decaying fungi with tough basidioma. Microscopically 

they composed of dimitic tissues, lamella with serrated edges, and non-

amyloid white binucleate spores. The group distinguished from lentinus 

which causes a white rot while Neolentinus species produce brown rot. 

Phylogenetically both group are unrelated. A new order Gloeophyllales has 

been described for these fungi (Cannon & Kirk, 2007; Kirk et al., 2008). 
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3.7.30. Neolentinus pellismarginatus nom. prov.                       

 (Fig. 86: A–D) 
          (Fig. 87: A–G) 

 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district,  

connate (fused at base), lignicolous, on Abies pindrow bark in mixed 

forest of Abies pindrow and pinus wallichiana, at 2300 m a. s. l., August 

14, 2014, Sadiqullah, SU6.  

Etymology: The word ‘Pellismarginatus’ means hairy pileus margins.  

Basidiomata small to medium size, Pileus 10-60 mm, convex with an incurved 

margin; whitish to buff with cinnamon-brown scales; margins entire, 

composed of cottony white hairs hanging downward and erect; surface  

shiny, dry, villose to strigose to ward margins and scaly at top; Context white, 

corky, centrally thick become narrow to ward margins, , do not changed on 

bruising; Gills adnexed however make connection with stipe scales, close, 

narrow, arid, whitish to yellowish white, Edges serrate to eroded; Stipe 40-90 

x 10-30 mm, clavate, without ring, white, solid, scales yellowish, running 

parallel above, irregularly below; Flesh white, solid, not changed on bruising.  

Basidiospores oblong to sub-cylindrical, smooth, non-amyloid, (5.9-) 6.4-11.3 

(-11.5) × 3.3-4.8 average; 8-9, Q= 1.9-2.3, hyaline, apiculus short, truncate; 

Basidia (13.5-) 15-20 × 3.1-5.3 narrowly clavate, clamp present at the base of 

basidia, sterigmata thin and hyaline, up to 1µm; Pleurocystidia (15-) 18-25× 

2.7-4 narrowly fusiform to narrowly utriform, clamp present; Cheilocystidia 

(12-) 17-22×3.1-3.5, almost narrowly fusiform, rarely narrowly utriform, 

almost narrow then Pleurocystidia, clamp connection present at base of 

Cystidia; filamentous hyphae in lamella present with clamp connection, 

septate, branched, almost up to 7.5 mic m in width, ends with Cystidia; 

pileipellis composed of distantly septate filamentous hypae up to 4.4 µm wide 

with narrowly clavate terminal elements up to 5.8 µm wide, clamp connection 

present among the hypae; stipitipellis composed of filamentous hypae up to 7 

µm in width, clamp connection observed.  
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Phylogenetic Analysis                   (Fig. 85) 

For phylogenetic analysis ITS region of nrDNA of samples SU6 were 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE or NCBI 

and Similar sequences were retrieved. Complete ITS Dataset consisted of 43 

sequences were aligned initially by MUSCLE and then followed by manual 

alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The 

final aligned data file consisted of 625 characters. The optimized RAxML tree 

with log score -2506.942828 was constructed on RAxML-HPC2 on XSEDE 

v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). The 

final data set have 260 distinct alignment pattern. Sequence of Favolus 

(AB597376) was used as out group. In ITS phylogram SUL118 were clustered 

together with 97% bootstrap value with Neolentinus lepideus (KP00 4924; 

LC149610) from Korea and Nepal. The branch difference and morph-anatomic 

characterization revealed that sul118 may be a new species to science. 

 

 

 

 

 

 

 

 

 

 



173 
 

 

FIGURE 85. Phylogenetic Tree of Neolentinus pellismarginatus (SU6) inferred from 

ITS sequence data by RAxML method on CIPRES portal. A total of 43 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -2506.942828. Bootstrap values ≥ 80% are considered significant. 

Sequences generated for this study are presented with bold face. 
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FIGURE 86. A–D. Basidiomata of Neolentinus pellismarginatus (SU6) in field 

 Scale bar: A–D=15 mm  
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FIGURE 87. A–G. Microscopic features of Neolentinus pellismarginatus (SU6). 

A. Basidiospores B. Basidia, C. Pleurocystidia, D. Cheilocystidia, E. Trama 

hypae with terminal Cystidia, F. Pileipellis, G. Stipitipellis  

Scale bars: A = 5.6 µm, B = 07 µm, C & D = 7.3 µm, E = 15 µm, F & G= 0.7 µm 

Comments: Morphologicaly the species are different from Neolentinus lepideus 

and proposed here as new for science. For detail see discussion. 
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3.8. Polyporaceae 

Polyporaceae are a family of poroid fungi, characterized by soft very tough 

basidioma. Most members have hymenium in vertical pores on the underside 

while some have gills as Panus or gill like structure such as Daedaleopsis.  

Many species are bracket while other have definite stipe. Most the species of 

this group have white spores print but member of the genus Abundisporus 

have colored spores and produce yellow spore print (Cannon & Kirk, 2007; 

Pegler, 1983; Vargas-Isla et al., 2015).  

Key features to Panus 

The genus Panus characterized by lamellate polyporaceous basidiomata. 

Agaricoid fruiting body, thin-fleshed but tough so called lentinoid 

basidiomata. Species of the genus occur on wide range of broad leaved trees 

worldwide. Members of the group generally inappropriate as a food however 

few are used locally in some parts of the world as Panus lecomtei (Pegler, 1983; 

Vargas-Isla et al., 2015) 
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3.8.31. Panus pakistanicus nom. prov.       
     (Fig. 90: A–H) 

            
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, puran, 

solitary to caespitose (clustered, not joined), lignicolous on populous 

trunk, at 1000 m a. s. l., August 14, 2014, Sadiqullah SU9.  

Etymology: named after the country Pakistan. 

 Basidiomata medium sized. Pileus 40-55 mm in width, umbilicate with 

decurved margins, Pale greenish yellow to pale yellow; surface dry, hairy, 

hyphae fascicles projecting from the pileus surface make it coarsely tomentose 

to villose, cap margins hairy to tomentose, context white, dry and thin. Gills 

decurrent, narrow, close to sub-distant, light yellow to pale orang yellow to 

pale yellow, edges smooth. Stipe central to eccentric, cylindrical, without 

bulb, Concolorous with the pileus, pale yellow to pale greenish yellow, up to 

50 mm long, 0.8-10 mm wide, shortly but densely tomentose,  stipe’s of the 

clustered basidiomata concrescent, Context whitish, hairs orange yellow. 

Basidiospores 4-5.5 x 2.2-3.5 µm, sub-cylindrical, hyaline, smooth. Basidia 16-

23 × 4.3-5.3, narrowly clavate, mostly with blunt apex, sterigmata up to 2, 

thick, up to 1.8 µm in length and up to 1.4 µm in width, Clamp present at 

base. Cheilocystidia narrowly clavate, thin-walled, 16.5-22 x 2.6-4.4 µm; 

Pleurocystidia clavate to utriform, some time with median constriction, thin-

walled 15.8-20 x 3-4.3 µm. Lamellar Hypae up to 4.6 µm, with clamp 

connections. Pileipellis and Stipitipellis composed of dimitic hyphal system , 

generative hyphae 3-7 µm in width, clamp connection present, skeletal 

hyphae without septum, narrow in diameter, wavy in appearance, rarely 

branched 2.8- 3.8 µm in diameter. 

Additional Material Examined; Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Kabal gram, solitary to caespitose, lignicolous on 

populous trunk, at 1100 m a. s. l., August 14, 2015, Sadiqullah SU173. 
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Phylogenetic Analysis       (Figs. 87, 88) 

For phylogenetic analysis ITS region of nrDNA of sample SU9 was amplified 

and sequenced. The generated sequences were assembled and edited in codon 

code. The consensus sequence were blast in UNITE and NCBI and closely 

related sequences were downloaded. Complete ITS Dataset consisted of 30 

sequences were aligned initially by MUSCLE and then followed by manual 

alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The 

final aligned data file consisted of 628 characters. The optimized RAxML tree 

with likelihood score (-2325.933329) having 233 distinct aligned pattern was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). Sequence of Favolus brasiliensis 

(AB735976) were used as outgroup. In the ITS phylogram, SU9 (Panus sp.) 

were clustered with an unidentified and unpublished Lentinus sp. (JQ428825) 

from India as a sister branch and separated from all other Panus spp. The 

phylogram shows that the species is more close to Panus spp. and in turn it is 

more closely related to Panus lecomtei instead of Lentinus or any other Panus 

spp. A second tree have also generated without lentinus sp. (JQ428825) as the 

sequence may not authentic. The phylogram shows that the samples 

recovered in clade of Panus locemtei and Panus neostrigosus. Morphologically 

and molecularly the species is quite different from both and here may 

proposed as a new species.  
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FIGURE 88. Phylogenetic Tree of Panus pakistanicus (SU9) inferred from ITS 

sequence data Bootstrap values ≥ 50% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 89. Phylogenetic tree of Panus pakistanicus (SU9) inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 29 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -2288.229074.The analysis involved 29 nucleotide sequences. 

Tree with the highest likelihood is). Sequences generated for this study are 

presented with bold face. 
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FIGURE 90. A–H. Morpho-anatomic features of Panus pakistanicus (LAH–SU9 

HOLOTYPE): A–B. Fresh basidiomata attached to trunk of Populus sp. C. 

Basidiospores, D. Basidia, E. Pleurocystidia, Cheilocystidia, G. Generative 

hypae D.  Skeletal hypae, Scale bar: A–B- 16 mm, C= 6 µm, D–F= 7 µm, G–

H=20 µm. 

Comments: Panus pakistanicus shows similarities with Panus locemtei and P. 

neostrigosus however differ as P. locemtei have large Cheilocystidia, basidioid 

to sub fusiform, lageniform or broadly clavate (12.5–) 22–44 (–59) × 7.5–15 μm 
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(Pegler, 1983; Vargas-Isla et al., 2015) while Cheilocystidia in our collection is 

16.5-22 x 2.6-4.4 µm. Spores size are large in P. locemtei 3.75–6.25 × 2.5–3.75 μm 

and ovoid to ellipsoid Vargas-Isla et al., 2015 while in our collection spores 

size are-5.5 x 2.2-3.5 µm . Metuloids not found in our collection as frequently 

occur in P. locemtei. P. neostrigosus also differ from our collection in 

basidiomata color having purple at first, but soon fading to reddish brown to 

pinkish brown or orangish brown and having large Cheilo- and 

pleurocystidia 25–65 x 5–15 µm. Metuloids found in P. neostrigosus while not 

observed in Panus pakistanicus. 
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3.9. Psathyrellaceae 

Psathyrellaceae are dark spore agaricoid mushrooms that generally have soft 

and fragile basidiomata and are characterized by black, dark brown, rarely 

reddish, or even pastel-colored spore prints. About 50% of the species 

producing basidiomata dissolve ink-like ooze as the spores matured through 

auto digestion. Most Psathyrellaceae basidiospores have germ pores, and the 

pigment in the spore walls bleaches in concentrated sulfuric acid. 

Psathyrellaceae are mostly saprotrophic in nature (Cannon & Kirk, 2007; 

Hussain, 2017).  

Key features to Parasola 

Parasola is a group of small, coprinoid mushrooms growing on leaf-litter, 

wood and herbivore dung. Species of Parasola are divided into section, 

Auricomi and Glabri on the basis of presence or absence of hair-like, dark 

brown, thick walled sclerocystidia in the pileipellis. In mature fruit bodies 

during basidiospores discharge, the gill Cystidia of Parasola loss turgor and 

becoming collapsing, a characteristic feature of the genus. Basidiospores 

shape and size are the main descriptive features for species identification in 

Parasola (Cannon & Kirk, 2007; Kirk et al., 2008; Hussain, 2017) 

The genus Parasola is represented by 15 established species, distributed world-

wide. About 06 species of the genus have been reported from Pakistan (Kirk et 

al., 2008; Hussain, 2017. 
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Key to Parasola species reported from Pakistan  

  

1a Pileus with long, dark brown sclerocystidia (section AURICOMI) 

2 Basidiocarp coprinoid, pileus deeply plicate, gill Cystidia collapses when 

mature 

3a Basidiospores ellipsoid to oblong with central germ 

pore…………………………………………………..P. auricoma 

  3b Spores globose to round triangular 

4a Spores subglobose to broadly ovoid, 8–11 µm 

long...................................................................................P. setulosa  

   4b Spores broadly ellipsoid to subglobose, 11–18 µm 

    long..........................................................P. malakandensis 

1b Pileus without sclerocystidia (section GLABRI) 

5 Occasionally found on dung, mainly saprotrophic leaf-litter, 

pileus >10 mm diameter, pleurocystidia present 

6a Basidiospores ellipsoid to elongate with 5–6 rounded 

angles 

7 Basidiospores elongated with 5–6 rounded 

angles, spores length 12–14 µm, pleurocystidia 

lageniform……………………………………P. plicatilis 

   6b Basidiospores angular 

    8 Average spores length > 10 µm 

9a Basidiospores length 10.5–11.5 µm, 

spores ovoid to subglobose, rarely 

triangular……....................Parasola pseudolactea 

9b Basidiospores rounded triangular, rarely 

ovoid to subglobose 

10a. Average spores length 11.3–14.0 µm, 

exclusively rounded triangular........P. 

lacteaformis 

10b. Basidiospores rounded triangular to 

quadrangular 

11. Basidiospores length 10.8–14 µm, avQ = 1.4, 

dark      reddish-

brown pileus……………………….P. lilatincta  
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3.9.32. Parasola pseudolactea Sadiqullah, Hussain & Khalid, MycoKeys 30:  
41–60, 2018        

   (Fig. 93: A–F) 
            

HOLOTYPE: PAKISTAN. khyber Pakhtunkhwa, Shangla, 

Banrkhwargai, Solitary to scattered on humus rich loamy soil, under 

Quercus incana 1880 m asl, solitary to scattered under Quercus incana, 

August 14, 2014, Sadiq Ullah SU412 (Holotype HUP-SU-412). 

 

Etymology: The suffix “pseudo” means similar and “lactea” refers to the 

epithet of the species (Parasola lactea) that this species closely resembles.  

 

Pileus 15–25 mm in diam., initially obtusely conical, later became applanate, 

becoming deeply plicate towards margin; yellow-brown to dull brown, 

moderate gray on maturity; disk umbonate to subumbilicate, dark-orange. 

Lamellae free, 0–2 series of lamellulae, distant, initially dark gray, becoming 

blackish at maturity and finally losing turgor and collapsing. Stipe 30–50 × 1 

mm, equal, smooth, greyish-brown, translucent, and hollow.  

Basidiospores (12.0)13.5–14.5(15.9) × (9.5)10.5–12.0(13.0) × (7.5)9.5–10.5(12.0) 

µm, [14.0 × 11.3 × 9.7 µm; Q1 = 1.3–1.5, Q2 = 1.4–1.5, avQ = 1.4], in face view 

mostly rounded triangular to heart shape, rarely ovoid to subglobose, in side 

view ellipsoid to oblong, with eccentric germ of 1–1.5 µm diam, dark to 

blackish. Basidia 24–31 × 8–12 µm, clavate to cylindrical, 2- or 4-spored. 

Cheilocystidia 55–70 × 22–29 µm, clavate, broadly clavate to broadly 

cylindrical. Pleurocystidia 44–67 × 19–23 µm, utriform to lageniform. 

Pileipellis clavate hyphae, 33–38 × 17–22 µm. Clamp present. Sclerocystidia 

absent.  

Additional Material Examined: PAKISTAN. Khyber Pakhtunkhwa, 

Shangla, Yukhtange, solitary, on loamy soil at 2200 m a. s. l., 

September, 01 2015, Sadiqullah (HUP-SU-413). 

 

Phylogenetic Analysis            (Fig. 91 & 92) 

For detail Phylogenetic analysis see appendices  
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FIGURE. 91. Phylogeny of Parasola species based on ITS sequences. Pakistani 

sequences are indicated in boldface. Numbers above branches indicate 

maximum likelihood bootstrap percentages followed by Bayesian posterior 

probabilities. The HOLOTYPE collection for P. lacteaformis (HUP-SU-412) are 

represented by asterisks (*) and boldface.  
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FIGURE. 92. Phylogeny of Parasola species based on combine ITS-28S-EF1α 

dataset. Pakistani sequences are indicated in boldface. Numbers above 

branches indicate maximum likelihood bootstrap percentages followed by 

Bayesian posterior probabilities. The HOLOTYPE collection for P. lacteaformis 

(HUP-SU-412) are represented by asterisks (*) and bold face.  

 

 

 

 



188 
 

 

 

 

FIGURE. 93.  A–F. Morphology of Parasola pseudolactea  (HOLOTYPE HUP-SU-

412), A. Fresh Basidiomata in field B. Basidiospores, C. Basidia, D. Pileipellis, 

E. Pleurocystidia, F. Cheilocystidia. 

Scale bar: A= 20 mm, B. 5 µm, C–F = 10 µm. 

 

Comments:  For detail comparison see Appendices.  

 

 

.  
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3.10. Phallaceae 
 

Fungi of this group are commonly known as stinkhorn mushroom. The group 

is mostly found in tropical regions. The distinguish feature of the family are 

the presence of gleba which is a sticky spore masses on the unbranched stalk 

known as receptaculum. The group is famous for their foul smelling, typically 

of carrion or dung, of spore mass which attract flies to help in spore 

dispersion. Genera of the group are shows differences in morphology 

however all the species in the Phallaceae begins their development as oval or 

round structure known as ‘’eggs’’. According to recent classification the 

group contains 21 genera and 77 species (Cannon & Kirk, 2007; Kirk et al., 

2008; Yousaf et al., 2014). 

 

Key features to Phallus 

Phallus species begins their growth from an underground structure, generally 

called ‘egg’. A conspicuous rhizomorphs rooted from the structure which 

help to anchor it in the soil. The sticky spore mass called gleba present on the 

apical head surface of the cap. Its color ranging from dark olivaceous to 

blackish brown. Spongy stipe like structure are known as receptacles. Usually 

it is cylindrical, upright and hollow. Its upper end produce roughly bell-

shaped cap. Some species have a net-like structure called Indusium. The 

spores of Phallus species are small, smooth, ellipsoid and hyaline (Cannon & 

Kirk, 2007). Approximately the genus comprised of 18 species (Kirk et al., 

2008) 
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3.10.33. Phallus pseudorubicundus nom. prov      
      (Fig. 95: A–C) 

          
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Puran 

valley, solitary to scattered in mountainous grasses at 1400 m a. s. l., 

August 05 2014 sadiqullah (LAH-SUP178). 

Etymology: the species named to its morphological similarities with P. 

rubicundus.  

Basidiocarp egg-shaped first then soon ruptures to reveal a cap and stipe 

which reaches a height of 70–120 mm at maturity. Indusium absent. Outer 

surface of receptacles generally or head 13-20 mm long 8–12 mm wide, light 

orange yellow 10YR 9/8 to brilliant orange yellow, bell-shaped, slightly 

wrinkled, covered by the gleba (fertile spore mass), charcoal dark to grayish 

olive to dark grayish olive thick slime which is cleared or reduced by visiting 

insects. The tip mostly covered, sometime may appeared wrinkled with 

reduced covering. Head gleba present on a smooth yellow orange membrane 

and covered by whitish envelop. As soon the gleba carried away by flies or 

rain the orange yellow membrane is revealed, inner from this membrane the 

stipe head is perforated,. The off white membrane covering the gleba 

sometime reduced in size or shed away.  Stipe 70–120 mm high × 12–16 mm 

wide, orange yellow, cylindrical, or narrowing towards both ends, hollow, 

spongy, perforated, dry, erect, with a white volva at the base.. Flesh: spongy. 

Smell: foetid, like rotting meat or sewage. Volva present, 10-40 mm long and 

14-19 mm wide, white to greyish-white, with short, white, single basal 

rhizomorph. Basidiospores [100/8/4] (2.8) 5–6.6 (-5.8) × (1.9-) 2.2-3.8 µm, 

L=5.2 µm, W=3.1 µm, Q=1.2-2 µm, sub-globular to ellipsoid, smooth, thick 

walled, hyaline, clear. Hyphae of volva 2.3–5.6 µm wide, branched, hyaline, 

septate, with clamp connections. 
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Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Puran valley, solitary to scattered in mountainous 

grasses at 1300 m a. s. l., August 05 2015, sadiqullah SUP1178. 

Phylogenetic Analysis        (Fig. 94) 

For phylogenetic analysis ITS region of nrDNA of samples SUP178 and 

SUP1178 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI and closely related sequences were downloaded. Complete 

ITS Dataset consisted of 25 sequences were aligned initially by MUSCLE and 

then followed by manual alignment using MESQUITE (Edgar, 2004; 

Maddison & Maddison, 2015). The final aligned data file consisted of 723 

characters. The optimized RAxML tree with Final ML likelihood score is -

5019.098292. Alignment has 465 distinct aligned pattern. Tree was generated 

on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web 

portal (Miller et al., 2010). Sequence of Mutinus caninus (GQ981513 were used 

as outgroup following li et al., (2016). In the ITS phylogram, specimens of 

SUP-1178 and SUP178 were clustered together with 100% bootstrap value in a 

clade including Phallus aff. Rubicundus (KP012967) from north tropical 

Australia. The branch length shows that our specimen is different from 

(KP012967). 
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FIGURE 94. Phylogenetic Tree of Phallus pseudorubicundus inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 25 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -5019.098292. Bootstrap values ≥ 80% are considered significant. 

Sequences generated for this study are presented with bold face. 
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FIGURE 95. A-H. Morphology of Phallus pseudorubicundus (A= HOLOTYPE 

SUP178), A–F. Fresh Basidiomata in field, H. Basidiospores, I. volva hypae 

Scale bar: A-E & H= 15 mm, E & G= 6.5 mm, F = 5.5mm, H=6 µm, I= 10 µm  
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3.11. Russulaceae 

The Russulaceae are a family of ectomycorrhizal basidiomycetes. Majority of 

the species are Agaricoid type and belong to the two genera Russula or 

Lactarius. In addition to the well-developed agaricoid taxa that characterize 

both genera, the family Russulaceae comprises also a number of pleurotoid, 

secotioid and gasteroid species that share the same microscopic features. 

Brittle gills (Russula) and milk caps (Lactarius) are the important genera of the 

family. These genera are different from most other mushroom genera because 

rather than comprising only tube-like hyphal cells and they contain lots of 

spherical cells called sphaerocysts, this makes their texture less pliable and 

more fragile than other mushrooms. The family contains about 1900 described 

species (Cannon & Kirk, 2007; Kirk et al., 2008). 

 

Key features to Russula 

Pileus mostly colorful, basidiomata contain high proportion of sphaerocysts, 

usually in clusters, that are the cause of brittleness of the fruit bodies, these 

are roundish cells unlike the tube-like cells found in more flexible fungi. Stipe 

brittle, Annulus and basal volva absent, Spores are amyloid and ornamented 

with warts, connecting ridges and reticulations (Cannon & Kirk, 2007; Kirk et 

al., 2008; Adamcik et al., 2016). 
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Key to Russula species 

 

1. Cap reddish               3 

2. Cap not reddish             4 

3. Pileus strong red, stipe with yellow spots, cuticle peeled easily, 

associated with Pinus roxberghii at altitude between 1500-2000 m a. s. l. 

almost decurved to arched basidiospores 7.4–9 × 6–8 

μm……………………………………………...........Russula mansehrensis 

4a. Cap violet ……………………………………………………………......5 

4b. Cap greenish ……………………………………………………….........6 

5. Pileus dark violet then violet toward the margins, depressed with 

straight to decurved margins,, basidiospores 6.5–8.5 × 5.5–8 

μm………………………………………………….......Russula submariae 

6. Pileus pale yellow green to grayish yellow green, associated with 

Abies and Juglans often pale yellow to light purplish pink spots in 

central, hemispheric to convex, margins initially incurved then 

decurved, lightly depressed in the center, basidiospores (6.3-) 6.7–8 × 

(5.5-) 6–7…………………………………………………...R. shanglaensis 
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3.11.34. Russula mansehrensis nom. prov.        
(Fig. 97: A–B) 

         (Fig. 98: A–F) 
 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa, Shangla 

district, Puran, at 1500 m a. s. l., September, 05 2013, Sadiqullah 

(LAH-SUR 180).  

Etymology: The specimens first collected from Batrasi district 

Mansehra and have published by the name of Russula sp. 

(Adamcik et al., 2016). 

Pileus 50-85 mm broad, first convex lightly depressed in the center with 

decurved margins than broadly plano-convex to depressed, Originally strong 

red (2.5R 5/12, 5R 5/12), varied as strong reddish orange (7.5R 5/12)  to vivid 

pink (2.5R 7/16) to moderate pink (2.5R 7/4, 5R 7/4, 10RP 7/4, 2.5R 7/6, 5R 

7/6)  to  dark pink (2.5R 6/6, 5R 6/6, 10RP 6/6) to light pink (5R 9/4, 2.5R 

9/6, 5R 9/6, 10RP 9/6). Surface dry, shiny and brittle, cuticle peeled easily, 

Margins smooth, non appendiculate, sometime split, almost decurved to 

arched, context dry, white, thick at disc and thinner at margins; texture soft to 

corky, never changed after bruising and exposure. Odor and test not 

observed; Lamellae sinuate to, broad, close to sub-distant, white when young 

then become  pale yellow and at last light orange yellow 7.5YR 9/8; edges 

even, length unequal; stipe central to sublateral, 60-100 mm, variable in 

shape, mostly equal or tapering upward or downward; without bulb, white 

when young then become light yellowish pink (2.5YR 9/4, 5YR 9/4, 7.5R 9/6, 

10R 9/6) to strong yellowish pink (10R 8/10) at maturity, not smooth, 

roughed, looking longitudinally striate, texture fragile and fibrous, not 

hollow, stuffed with spongy to fibrous to corky pith. Basidiospores (7.2–) 7.4–

9 (–9.2) × (6.2–) 6–8 (–8.5) μm, ornamentation consisting of distant to 

congested warts on the surface of spores connected to each other; Basidia 30–

37.5 × 11.25–12.5 μm,  2-4-spored, clavate; Basidioles first cylindrical or 

ellipsoid, then clavate; Pleurocystidia  50–78 × 11–15 μm fusiform or rarely 

clavate, pediculate, thin-walled, apically acute to acute-pointed, 1.5–7 µm long 

appendage, contents heteromorphous, granular-banded, yellowish, turning 
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brownish-red; Cheilocystidia narrower than pleurocystidia, clavate or 

fusiform, pedicellate, thin-walled, measuring 47.5– 65(–80) × 10–15 µm, 

apically with mainly acute tips and usually with 1–6 µm long appendages, 

contents similar as in pleurocystidia; Lamellar edges covered with abundant 

marginal cells, occasional cheilocystidia and dispersed basidia; marginal cells 

not well differentiated, similar to the basidiola on lamellar sides, but smaller, 

mainly clavate to subcylindrical, sometimes constricted in half length, with 

obtuse tips; Pileipellis two layered, suprapellis composed of branched 

hyphae 2.5-3.7 µm in width, running parallel or irregularly, frequently 

swollen, clamp connection observed; Pileocystidia very long 20-125; 3.75-10 

µm; Hyphae 2.5-3.75 µm in width, irregularly branched, clamp connection 

observed; Stipitipellis composed of  irregularly arranged hyphae 1.25 -5 µm 

in width with long pedicellate caulocystidia measuring 25-150 × 5-7.5 µm  and 

sub globular to ellipsoid to oblong pseudoparenchymatous cells 20-38 × 25-40 

μm, Clamp connection observed. 

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Puran, on loamy soil under Pinus roxberghii at 1500 

m a. s. l., September, 05 2013, Sadiqullah (SUR33).  

Molecular Phylogenetic characterization       (Fig. 96) 

For phylogenetic analysis ITS regions of nrDNA of samples SUR180 and 

SUR33 were amplified and sequenced. Complete ITS Dataset consisted of 67 

sequences were aligned initially by MUSCLE and then followed by manual 

alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015).The 

optimized RAxML tree with likelihood score (-3285.220970) and have 371 

distinct aligned pattern, was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). The final 

aligned data file consisted of 709 characters, after the exclusion of ambiguous 

regions. In ITS phylogram, SUR180 and SUR33 clustered together with 100% 

bootstrap value and strongly separated from R.maculata. 
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FIGURE 96. Phylogenetic Tree of Russula mansehrensis inferred from ITS sequence 

data. Bootstrap values ≥ 80% are considered significant. Sequences generated for this 

study are presented with bold face. 
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FIGURE 97. Basidiomata of Russula mansehrensis (D=SUR180 HOLOTYPE) 

Showing different traits 

Scale bar: A–D= 20 mm , E= 28 mm F= 26 mm, G= 36 mm 
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FIGURE 98. Microscopic features of Russula mansehrensis (SUR180) A. 

Basidiospores B. Basidia, C. Cheilocystidia, D. Pleurocystidia, E, F & G. 

Stipitipellis  

Scale bars: A = 5.8 cm, B = 11 µm, C–D =15.5 µm, E = 34 µm, F=28 µm, G=40 

H= 40 µm 

Comments: Morphologically R. mansehrensis seem to be new for science. 

Previously Adamcik et al., (2016) reported Russula sp. from Batrasi, district 

Mansehra, Pakistan. By comparison we found that our taxa matching with 

that sp. morphologically as well as phylogenetically. He didn’t proposed a 

name for them because of a single collection. The species have been proposed 

new to science and named in honor of the area Mansehra from which the first 

specimen have been collected. 
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3.11.35.  Russula shanglaensis nom. prov.        
   (Fig. 100: A–C) 

            (Fig. 101: A–E) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ajmer 

forests, 2500 m asl, on moist humus rich soil under Juglans regia and 

Abies pindrow, with mosses September 01, 2013, Sadiqullah (LAH-SUR 

433) 

Etymology: the word Shanglaensis refers to locality district Shangla. 

 

Pileus 30-65 mm broad, first hemispheric convex with incurved margins than 

broadly convex with decurved margins, lightly depressed in the center pale 

yellow green (5GY 8/2) in young stages later on grayish yellow green 5GY 

5/2 at disc and pale yellow green toward the margins, often pale yellow to 

light purplish pink spots present in central cap; Surface smooth, slightly 

viscid when young, pileus cuticle peeled easily, split when mature; Margins 

smooth when young then split in maturity, context white; Lamellae 4–8 mm 

broad, 20-30 mm in length, no lamellulae, Adnaxed to adnate with smooth 

margins, white or pale-yellow, color unchanged with time, Stipe clavate 

when young than ventricose when mature, 5-8 ×1.8–2.1 cm, smooth, 

irregularly hollow, white, color not changed; Basidiospores (6.3-) 6.7–8 × (5.5-

) 6–7.1 μm, average 7.5 × 6.4 μm, globose to ellipsoid, without oil droplet, 

hyaline, small warts connected with deep pine lines looks lightly reticulated, 

Apiculus not much prominent, wall thin; Basidia (30–) 37.5–50 × 7.5–10μm, 

clavate become narrow toward the base, 2-3-spored, golden brown or hyaline 

containing droplet; often containing a large droplet at apex; Cheilocystidia 

55–67× 7.5-10 μm, emergent , fusiform, often with a subacute pointed tip, 

cytoplasmic inclusions not dense; Pleurocystidia, hyaline or golden 

brown,67.5-82.5 7.5-10 μm, tips not acute pointed as in cheilocystidia; Pileus 

cuticle easily separates in dry form, pileipellis terminal elements branched 

irregularly to parallel, (35) 40-75 × 2–7 (-15) μm while the terminal cells ranges 

from 17.5-37.5×5–7.5 (-15) μm, terminal cells not so sharp as pileocystidia and 
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guttulated, hyphae septate 3-5 μm in width, Pileocystidia guttulated, with 

constricted short neck at the tip, clearly different from terminal cells,  45-70 2–

7 μm, Stipitipellis hyphae irregularly arranged with long cystidia, 2-5 μm in 

width, Caulocystidia long, irregularly arranged among the stipitipellis 

hyphae 40-130 ×03–07 μm. 

Additional Material Examined: Pakistan, Khyber Pakhtunkhwa, 

Shangla district, Ajmer, sham Burj, on moist humus rich soil, at 2600 m 

a. s. l., under Abies pindrow, with mosses August 25, 2014, Sadiqullah 

(LAH-SUR24A); Chakesar Banda on moist dark soil under Abies 

pindrow associated with mosses, 2600 m a. s. l., 27 august 2015, 

Sadiqullah SUR833; Yukhtange 2600 m a. s. l., on moist humus soil, 05 

September 2016, Sadiqullah SUR24B.  

Molecular Phylogenetic characterization       (Fig. 99) 

For phylogenetic analysis ITS regions of nrDNA of samples were amplified 

and sequenced. The newly generated ITS sequences were assembled and 

edited in codon code. The consensus sequences were blast searched in UNITE 

and NCBI and closely related sequences were downloaded. Complete ITS 

Dataset consisted of 57 sequences were aligned initially by MUSCLE and then 

followed by manual alignment using MESQUITE (Edgar, 2004; Maddison & 

Maddison, 2015).The optimized RAxML tree with likelihood score (-

5006.081553) and have 388 distinct aligned pattern, was constructed on 

RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal 

(Miller et al., 2010). The final aligned data file was consisted of 697 characters, 

after the exclusion of ambiguous regions. Sequences of Russula maculata 

(AY061688; KR082870) were used as outgroup. The samples SUR24A, 

SUR24B, SUR833 and SUR433 clustered together in a separate clade with 

99%bootstrap value. 
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FIGURE 99. Phylogenetic Tree of Russula shanglaensis inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 65 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -5006.081553. Bootstrap values ≥ 50% are considered significant. 

Sequences generated for this study are presented with bold face. 

 

 



204 
 

 

FIGURE 100. A–C. Basidiomata of R. Shanglaensis (A= LAH-SUR433 

HOLOTYPE). 

Scale bar: A, C & D =12 mm; B= 5 mm 
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FIGURE 101. Microscopic features of Russula shanglaensis (SUR433) A., 

Basidiospores B. Basidia, C. Cheilocystidia, D. Pleurocystidia E. Pileocystidia, 

F. Pileipellis terminal elements G. stipitipellis  

Scale bars: A = 10 µm, B = 16 µm, C =12 µm, D = 13 µm, E = 14.5 µm. F. 14 µm 

F. 25 µm. 

Comments: Morpho-anatomic and molecular characterization revealed that 

Russula shanglaensis nom. prov. seems an undescribed species.  
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3.11.36. Russula submariae nom. prov.        
    (Fig. 103: A–B) 

             (Fig. 104: A–F) 
 

HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, Shangla district, Ranial, 

on sandy-loamy soil under Pinus roxberghii at 1300 m a. s. l., September, 

15 2013, Sadiqullah SU56.  

Etymology: The word submariae refers to its close resemblance with R. 

mariae. 

Pileus 40-60 mm broad, depressed with straight to decurved margins, dark 

violet then violet toward the margins; Surface smooth, easily peeled, 

Lamellae 6mm broad, 35-50 mm in length, no lamellulae, adnaxed to adnate, 

white to pinkish white; Stipe equal in young as well as in mature stages, 

white to moderate purplish pink,  50 -60 mm, smooth, irregularly hollow; 

Basidiospores, (6-) 6.5–7.8 (-8.6) × (5.4-) 5.7–7.4 (8.4) μm, average 7.5 ×  6.8 

μm, Q= 1.01-1.18 μm, Subglobose to broadly ellipsoid, golden brown, 

ornamentation composed of long echines or warts 0.5-1.1 μm connected with 

lines with reticulate appearance. Apiculus not prominent some time up to 1.7 

μm in some , wall thin; Basidia (27–) 32–43 × 9.5–14 μm, clavate become 

narrow toward the base, 2-4-spored, golden brown; Cheilocystidia 37–76× 

8.9-16.9 μm, emergent , fusiform, broad at middle while round pointed both 

ends. Pileipellis hyphae hyaline golden, irregular with clamp connection. 

Pileipellis terminal cells 13-30 × 8-16 μm. 

Molecular Phylogenetic characterization     (Fig. 102) 

Complete ITS Dataset consisted of 33 sequences were aligned initially by 

MUSCLE and then followed by manual alignment using MESQUITE (Edgar, 

2004; Maddison & Maddison, 2015).The optimized RAxML tree with 

likelihood score (-3285.220970) and have 334 distinct aligned pattern, was 

constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using 

CIPRES web portal (Miller et al., 2010). The final aligned data file was 

consisted of 712 characters, after the exclusion of ambiguous regions. In ITS 

phylogram, sample SUR56 clustered together with an undescribed uncultured 
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strain (JQ975980) and separated from all other species. The species separated 

from the relative sp. R. mariae with 64% bootstrap value.  

 

FIGURE 102. Phylogenetic Tree of Russula submariae inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 33 

nucleotide sequences were included for phylogeny. The maximum 

likelihood value recorded was -3285.220970. Bootstrap values ≥ 60% 

are considered significant. Sequences generated for this study are 

presented with bold face. 
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FIGURE 103. A–B. Basidiomata of Russula submariae nom. prov. (LAH-SUR56 

HOLOTYPE) Scale bar: A–B= 8 mm 

 

FIGURE 104. A–F. Microscopic features of Russula submariae (LAH-SUR56) A. 

Basidiospores B. Basidia, C. Pileipellis, D–E Stipitipellis, F. Cheilocystidia 

Scale bars: A = 4.6 µm, B = 20 µm, C =31 µm, D = 13 µm, E = 14.5 µm.  F. 14 

µm 

Comments: Russula submariae seems an undescribed species and proposed as 

new for science.  
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Sub-Phylum  
Puccinomycotina 
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Key to the families of Puccinomycotina  

A key to the 06 described families of Puccinomycotina is as follow 

1. Teliospores sessile, in the form of crust, usually 1 cell deep……….2 

1. Teliospores pedicellate………………………………………………....3 

2. Spermogonia group I (Hiratsuka & Cummins, 2003)………Melampsoraceae 

3. Spermogonia group V (Hiratsuka & Cummins, 2003)………………..Pucciniaceae  

3. Spermogonia not group V……………………………………………………4 

4. Spermogonia group VI (Hiratsuka & Cummins, 2003)…………………………..5 

4. Spermogonia group IV (Hiratsuka & Cummins, 2003)……….Phragmidiaceae 

5. Teliospores unicellular…………………………………………Pileolariaceae 

6. Teliospores mostly 2, cells divided by transverse septa…..Uropyxidaceae 

7. Telia developed in swollen anthers, filaments or ovaries, peridium 

distinct or lacking, columella usually absent. Teliospores usually globose to 

ovoid or angular hyaline to brown to pale violet, smooth, verrucose or 

reticulate, rarely separated by disjunctors…………………...Microbotryaceae 
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3.12. Melampsoraceae 

Spermogonia group I, type 2 or 3. Aecia Caeoma- type Aeciospores 

catenulate, verrucose, Uredinia with abundant capitate paraphysis and some 

time also rudimentary peridium, uredo- type; Urediniospores born singly, 

echinulate, germ pore scattered or bizonate. Telia subepidermal or rarely 

subcuticular, not erumpent, consisting of laterally adherent teliospores in 

crusts one spore deep or some species also with subjacent sporelike sterile 

cells. Teliospores unicellular sessile, pigmented, germ pore 1. Basidium 

external, heteroecious or autoecious, mostly macrocyclic (Hiratsuka & 

Cummins, 2003; Cannon & Kirk, 2007) 

Melampsoraceae includes only one genus Melampsora. This is a monophyletic 

family comprised of about 100 species in genus Melampsora (Hiratsuka & 

Cummins, 2003; Cannon & Kirk, 2007; Kirk et al., 2008) 

Key features of Melampsora   

The genus Melampsora characterized by group I (Type 2 and 3) spermogonia 

and leterally adherent unicellular sessile teliospores (Hiratsuka & Cummins).  
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3.12.37. Melampsora yoshinagai Henn. Hedwigia 42: 108 (1903) 
            

   (Fig. 105: A–H) 
   (Fig. 106: A–H) 

 

Spermogonia and Aecia not found. Uredinia adaxial only, minute, white 

creamy to yellowish brown, centrally yellow shining, scattered, surrounded 

by capitates paraphyses, 298 × 334 µm. Urediniospores globose to sub globose 

or obovoid to ellipsoid, hyaline or light golden, often found adjacent to 

paraphyses, 12−19 × 13−23 µm; wall brown, echinulated or echino-verrucose, 

2−3 µm thick; germ pores up to 4, apical germ pore clearly visible; Paraphyses 

hyaline, capitated, 30−33 µm long, head 17−22 µm wide, while neck 12−13 

µm. Telia sub-epidermal, scattered, deep brown or cinnamon brown as 

protruding swollen upon leaf surface, 14−45 × 55−189 µm. Teliospores sub-

epidermal, cinnamon-brown or yellowish brown to golden brown, 

rectangular to ellipsoidal or oblong; 8−14 × 26−46 µm, walls deep brown, 

smooth, 2−3 µm thick on sides, apically up to 40 µm. 

Material Examined: PAKISTAN, Khyber Pakhtunkhwa, District 

Shangla, Yukhtange, at 2200 m a. s. l., on Wikstroemia canescens Meisn. 

(Thymelaeaceae), November 2014, sadiqullah (HUP-RSU401). 

Comments: The genus Wikstroemia Endl. Is represented by 12 endemic species 

of small trees and shrubs. Melampsora yoshinagae was originally described by 

Arthur (1925) as Pucciniastrum wikstroemiae Arthur and has since been 

considered endemic to Hawai‘i (Stevens, 1925) until recently. Because only 

the uredinial state has been found, the rust was renamed as Uredo wikstroemiae 

(Arthur) Hirats. f. in Hiratsuka's monograph of the Pucciniastraceae in 1958.  

The rust had been collected only rarely since the time of its description until it 

was found on W. oahuensis Rock in 1987 and still more recent collections have 

been made on W. uva-ursi A. Gray (Gardner 1992, 1994a). Examination of 

fresh material revealed the presence of prominent capitate paraphyses, 

apparently not observed previously, that led to the reclassification of the rust 
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as a member of the genus Melampsora.  The rust was referred to M. yoshinagai, 

a species known on other Melampsora hosts in Japan, Taiwan, India, and the 

Philippines (Gardner 1988b). Melampsora yoshinagai is previously reported on 

Wikstroemia canescens from Dunga gali and Kaghan by Ono (1992), Okane et 

al. (1992) and Kakishima et al. (1993a, b). The description of the species is 

updated and now, it is re-described on the same host from Shangla, Pakistan. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 105. A–G. Morphology of Melampsora yoshinagae (RSU401), A. 

Infected Host, B. Telial and Uredial sori under stereomicroscope, C–D & G. 

Cross section showing teliospores in different view, E. Urediniospores in LM, 

F. Capitate paraphysis  

Scale bar: A=1 cm, B= 3340 µm, C=40 µm, D= 18 µm, E=11 µm F=13 µm, G= 
23 mm 
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FIGURE 106. A–D. Line drawing of Melampsora yoshinagae (RSU401), A–B. 

Teliospores, C. Paraphysis, D. Urediniospores 

Scale bar: A= 15 µm, B= 20 µm, C= 13, D=18 
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3. 12.38. Melampsora yukhtangiensis nom. prov. 

            (Fig. 107: A–G) 
   (Fig. 108: A–G) 

 
HOLOTYPE: Pakistan, Khyber Pakhtunkhwa, District Shangla, 

Yukhtange, at 2200 m a. s. l., on Andrachne cordifolia Müll 

(Euphorbiaceae), October 2014, sadiqullah (LAH-RSU402). 

Etymology: Named after the area ‘’Yukhtange’’ district Shangla, KP, 

Pakistan. 

Aecia and Spermogonia not found. Uredinia amphigenous, semicircular 

pulvinate, silvery white to brown, surrounded by capitates paraphyses, 352 × 

356 µm. Urediniospores globular to sub globular or ovate to ellipsoid, light 

golden to gray or hyaline to yellow, 16−20 × 12−16µm; echinulated,  wall 2−3 

µm thick; often found associated with capitate paraphyses, 16−22 × 21−30 µm; 

wall grayish brown; Paraphysis capitate, hyaline, clavate, 37−58 µm, pedicel 

(neck) 14−28 µm and head 20−26 µm. Telia sub epidermal, abaxial, rarely 

adaxial, dark brown or cinnamon-brown, 148−333 long and  13−212 µm wide. 

Teliospores sub-epidermal 20−38 × 10−16 µm, mostly broad toward epidermis 

while pointed far from epidermis, elongated or oblong, light golden green or 

light green; wall brown, 2−3 µm at sides, apically 4 µm thick; Peridial cells 

variable, irregular shaped, mostly pentagonal, ovate, sub-globose, 11−22 × 

8−15 µm, arrange in rows below the epidermis, some are irregular, elongated, 

oblong or rectangular, 14−20 × 20−24 µm; wall brown, 2−3 µm thick, apically 

4 µm thick. 

Comments: Melampsora yukhtangiensis proposed as a new spp. in genus 

Melampsora. The sp. is more closely related to Melampsora yoshinagae then 

Melampsora euphorbiae–dulcis. For detail comparison see Table 04. 
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FIGURE 107. A–I. Morphology of Melampsora yukhtangensis (RSU402). A: 

Host Plant. B−D: Telial sori and Teliospores. E: Urediniospores. F−G: 

Fungal infection on leaf surface. H: Paraphyses. I: Telial sorus.  

Scale bar: A=1 cm, B= 25 µm, C=35 µm, D= 31 µm, E=18 µm F=1.2 mm, G= 

0.5 mm  
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FIGURE 108. A–B. Lucida drawings of Melampsora yukhtangensis (RSU402) A. 

Telia & Teliospores, B. Urediniospores around capitate Paraphyses. 

Scale bar: A=17 cm, B= 13 µm 

 
 
Phylogenetic Analysis                 (Fig. 109) 

For phylogenetic analysis LSU region of nrDNA of samples RSU-401 (On 

wickstreomia canescens) and RSU-402 (On Andrachni cordifolium) were amplified 

and sequenced. The consensus sequence were blast in UNITE and NCBI and 

closely related sequences were downloaded. Initial blast result of Melampsora 

sp. On Wickstreomia canescens (RSU-401) and Andrachni cordifolium (RSU-402) 

shows 96% Identity with Melampsora euphorbiae-gerardianae  (EF192199), 95% 

with Melampsora hypericorum (KJ716353) and Melampsora euphorbiae 

(DQ437504). Complete ITS Dataset consisted of 33 sequences were aligned 

initially by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015).The final aligned data 

file consisted of 880 characters. The optimized RAxML tree with likelihood 

score (-2002.988785) having 154 distinct aligned pattern was constructed on 

RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal 

(Miller et al., 2010). Melampsora populnea (FJ666509) and Melampsora populnea 

(FJ666521) were used as out group. The ITS phylogram shows that Melampsora 

spp. on wickstreomia canescens and A. cordifolia are more closely related then 

B  A  

https://www.ncbi.nlm.nih.gov/nucleotide/145933499?report=genbank&log$=nuclalign&blast_rank=1&RID=C5C5W8AN013
https://www.ncbi.nlm.nih.gov/nucleotide/89475580?report=genbank&log$=nuclalign&blast_rank=4&RID=C5C5W8AN013
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other Melampsora spp. they both clustered together with 100% bootstrap 

value. However the branch length shows that both are quite different from 

each other. Previously no sequence have been submitted for these spp. for the 

comparison. The spp. have been identified on morphology base however 

difference in morphology have been found on Melampsora on A. cordifolia and 

Melampsora euphorbiae-dulcis. A comparative table based on morphology have 

been given for similarities and differences between our specimens and 

already reported Melampsora spp. (Table. 3). 

 

FIGURE 109. Phylogenetic Tree of Melampsora spp. (On Wickstreomia canescens 

RSU-401; On Andrachni cordifolia RSU-402) inferred from LSU sequence data by 

RAxML method on CIPRES portal. Bootstrap values ≥ 80% are considered 

significant. Sequences generated for this study are presented with bold face. 
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Table 04. Comparison of Melampsora spp.  

 
Character Host Wikstroemia 

canescens 

(Thymelaeaceae) 

Our specimen 

Fig. 

Genera; 

Melampsora 

Melampsora 

yoshinagai 

Hennings ex 

sawada  

Synonyms. 

Melampsora 

wikstroemiae  

 (Rust flora of 

Japan, Pp. 303) 

Host Andrachne 

cordifolia 

(Euphorbiaceae)  

Our specimen 

Fig. 

Genera; 

Melampsora 

Melampsora 

euphorbiae–

dulcis  

Rust flora of 

Japan Pp.283  

Melampsora 

euphorbiae  

Rust flora of 

Japan Pp.282 

Spermogonia 

and Aecia 

Not Observed 

 

Spermogonia 

mostly 

epiphyllous, type 

3, aecia 

epiphyllous, 

aeciospores 

globose or 

broadly ellipsoid, 

18-27×15-24 µm, 

verrucose 

Not Observed Not observed Not observed 

Uredinia Uredinia adaxial 

only, minute white 

creamy to 

yellowish brown, 

298×334 µm, 

centrally yellow 

shining , scattered, 

surrounds by 

capitates 

paraphysis;  ;  

 

Uredinia 

hypophyllous 

Uredinia 352×356 

µm, abaxial,  

adaxial in very 

scare, 

semicircular 

pulvinate, silvery 

white to brown, 

around the 

Uredinia 

capitates 

paraphysis are 

found,; 

 

Not observed Not observed 

Urediniospores Urediniospores 

globose to sub 

globose or obovoid 

or long ellipsoid, 

light golden or 

hyaline golden, 

often found 

adjacent to 

paraphysis, 12-

19×13-23 µm; wall 

brown, 

echinulated, 2-3 

µm thick,  germ 

pore up to 4, apical 

Urediniospores 

globose, obovoid 

or long ellipsoid, 

17-26×14-20, walls 

1.2-2  µm, finally 

echinulated, 

 

Urediniospores 

globular to sub 

globular or ovate, 

hyaline golden to 

hyaline gray or 

hyaline yellow, 

often found 

associated with 

capitate 

paraphysis, 16-

22×21-30 µm; 

wall grayish 

brown, 

echinulated,  2-3 

µm thick 

Globos or 

ellipsoid, 

 13-24×12-22, 

echinulated, 

 

Globos or 

ellipsoid, 13-

22×12-20, 

echinulated 
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germ pore clearly 

visible,  

 

Teliospores Teliospores sub 

epidermal, 

cinnamon brown 

or yellow brown, 

or golden brown, 

rectangular or 

ellipsoidal or 

oblong,; 8-14×26-46 

µm , walls deep 

brown, smooth, 2-3 

µm thick; apically 

up to 40 

Teliospores 21-

47×8-14 µm, walls 

1 µm thick not 

thickened at apex.  

 

teliospores sub 

epidermal, 

arrange in rows 

below the 

epidermis, some 

are irregular, 

elongated, oblong 

or rectangular, 

light golden 

green or light 

green,; 10-14×18-

28, wall brown, 2-

3 µm, apically 4 

µm 

7-17×18-42, 

not thickened 

at apex, 

7-20×25-51, 

 not thickened 

at apex, 

Paraphyses Paraphyses 

hyaline, capitates 

whole length 30-33 

µm, head 17-22 

µm, while neck 12-

13 µm,; 

 

paraphysis walls 

not or slightly 

thickened at apex 

 

Paraphysis 

capitates, hyaline, 

clavate, 37-58 µm 

in length, length 

of pedicel (neck) 

is 14-28 µm and 

head is 20-26 µm.  

 

Paraphysis 

wall not 

thickned at 

apex,  

 

Paraphysis 

wall not 

thickned at 

apex,  
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3.13. Phragmidiaceae 

The family is characterized by group IV Spermogonia (Type 6, 8, 10 and 11) 

(Cummins & Hiratsuka, 2003). The genera of Phragmidiaceae are 

distinguished in their aecial, uredo- and Telial stages. Species of this family 

attack on rosaceae. The family contains 14 genera and 164 species (Cummins 

& Hiratsuka, 2003; Cannon & Kirk, 2007; Kirk et al., 2008). 

Key features of Genus Phragmidium  

The aecia of Phragmidium are usually Caeoma-type, with catenulate spores or 

less often Uredo-type; Teliospores borne singly on often hygroscopic pedicels, 

1- to several-celled with 2-3 pores in each cell, and pigmented, smooth or 

more often verrucose wall (Cummins & Hiratsuka, 2003; Cannon & Kirk, 

2007) 
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3.13.39. Phragmidium mexicanum (Mains) H.Y. Yun, Minnis & Aime, 

Mycologia 103: 1452, 2011) 

   (Fig. 110: A–D) 
   (Fig. 111: A–D) 

 

Spermogonia and Aecia not observed. Sori abaxial, circular, yellowish, 

subepidermal and erumpent, pale yellow 0.1–0.5 mm diameter. 

Urediniospores 19.3–24.3 x 17.5–22.5 µm, non-catenulate, globoid to obovoid, 

contents yellow ,walls hyaline, echinulate, 1.3–1.8 µm thick, pores indistinct. 

Telia hypophyllous, scattered to gregarious, confluent, subepidermal and 

erumpent, round,  yellowish red 0.1–0.5 µm diam. Teliospores 50–94.7 x 26–36 

µm, non-catenulate clavate, cylindrical or fusiform, at times slightly curved, 

obtuse at apices, 2–7 ( rarely 7)-celled with transverse septa, walls constricted 

at septa, mostly yellowish ,smooth, 3–5 µm thick at apices, 0.9–2.8 µm thick on 

sides; pores one per septum and apical in apical cells, pedicels persistent, 

slightly tapering below, yellowish hyaline above and hyaline below, up to 61 

mm long. 

 

Material Examined: Phragmidium mexicanum on Duchesnea indica with 

II and III stages, Pakistan, Khyber Pakhtunkhwa Province, District 

Shangla Ajmer, at 2100 m a. s. l., September, 2014. Sadiqullah RSU403. 
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FIGURE 110. A–I. Morphology of Phragmidium mexicanum (RSU 403), A. 

Host Plant, B. Telial sori, C. Urediniospores, D. Teliospores  

Scale bar: A=2 cm, B= 4 mm, C=7 µm, D= 29  
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FIGURE 111. A–I. Lucida drawing of Phragmidium mexicanum (RSU403). A. 

Teliospores, B. Urediniospores 

Scale bar: A=15 µm, B= 5 µm 
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3.13.40. Phragmidium rosae-moschatae Dietel, Hedwigia 44: 132 (1905) 

   (Fig. 112: A–D) 

Spermogonia and aecia are unknown. Uredia, hypophyllous, small, scattered, 

intermixed on the midrib, yellowish. Telia, hypophyllous, intermixed with 

Uredia, dark brown in color. Teliospores, cylindrical, usually 7-10 septate, 

dark brown 24-32 x 75-112 µm long.  Pedicle as long as spore, up to 24µ at the 

base. 

Material examined: On Rosa moschata, with III stage, Pakistan, KP 

Province, District Shangla, Yukhtange, at 2200 m a. s. l., September 01, 

2014. RSU-HUP409. 

Comments: Reported previously On Rosa moschata from Murree and on R. 

webbiana from Patriatan (Ahmed et al., 1997). It is a new record for Shangla 

district. 

 

FIGURE 112. A-D: Morphology of Phargmidium rosae-moschatae on Rosa 

moschata (RSU-HUP409), A.  Infected leaves of the host plant, B–C. 

Teliospores. D. Line drawings of teliospores, Scale bar: A= 3 cm, B–D= 13 µm. 
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3.13.41. Phragmidium rubi-idaei (DC.) P. Karst., Bidr. Känn. Finl. Nat. Folk  

31: 52, 1879.  

(Fig. 113: A–D) 
(Fig. 114: A–D) 

 
Spermogonia and aecia unknown. Uredinia hypophyllous densely scattered 

pulverulent light yellow with numerous peripheral 0.6 mm length and 0.4 

mm in size. Urediniospores globose to ellipsoid or subglobose to broadly 

ellipsoid or ovoid, 16-18.6 x 18-21.2 um, germ pores obscure ornamentation is 

present just like needle in shape. Telia hypophyllous scatted sometime 

grouped and confluent pulverulent blackish 0.5 x 0.4 mm. Teliospores 

cylindrical 4-10 celled commonly 6-8 and very rarely 4 and 10, 24.6-32 x 54.7-

115 um hyaline to pale yellowish cinnamon, rounded at both ends gradually 

tapering towards apex, apical papilla up to 15 um high. Wall densely 

verricose pedicel 88.2-128.5 um length 14.2-21.7 um width at broadest 

diameter hyaline sometime pale yellowish just below the spore. 

Material Examined: On Rubus fruiticosus with stages II and III, 

Pakistan, KP Province, District Shangla, Yukhtange, at 2200 m ASL. 

September 1, 2014. (HUP-RSU410). 

Comments: Phragmidium rubi-idaei has been reported on Rubus idaeus L. from 

Khanuspur (KP) and on R. niveus Thunb. From Fairy meadows (Northern 

Areas of Pakistan) (Khalid et al. 1993b; Afshan, 2008). Recently Fiaz (2013) has 

described this rust fungi from district Mansehra. It is a new record for district 

Shangla. 
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FIGURE 113. A-D: Morphology of Phargmidium rubi-idaei (RSU410). A.  

Infected leaves of the host plants Rubus fruiticosus B. Uredinia and Telia on 

abaxial leaf surface C. Teliospores D. Urediniospores.  Scale bar: A= 1 cm, B= 

0.4 cm, C–D=10 µm 

                                  

FIGURE 114. A–D. Lucida drawing for Teliospores and Urediniospores of 

Phargmidium rubi-idaei (RSU410).  Scale bar: A-B= 15 µm, C–D= 16 µm 
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3.13.42. Phragmidium mysorense (Thirum & Mundk.) Petr. Sydowia 8: 162,  

1954.           

    (Fig. 115: A-G) 

 
Spermogonia and aecia not found. Uredinia abaxial, scattered, minute, light 

yellow in color 0.2mm length 0.3mm width. Urediniospores ellipsoid or ovoid 

10-20 x 10-12.5um and wall thickness 0.9-1.9 um, germ pores are 2-4, 

ornamentation is just like a needle. Telia abaxial scattered, minute, black in 

color, up to 1mm in length and 0.2mm width. Teliospores cylindrical, oblong, 

often attenuated at the base 3-5 cell, mostly 4-5 cells, rarely 3 cells or, matrix 

yellow, 55-78x17.5-25 um, wall thickness is 1-2.5 um yellowish brown. Pedicel 

hyaline, rough 25-37.5x10-12.5 um. 

 

Material examined: Rubus lasiocarpus with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla, Takht, at 1700 m a.  s. 

l., September 01, 2014 (HUP-RSU-411). 

 

Comments: Ph. mysorense has previously been reported on Rubus niveus 

Thunb. Non Wall. From Nathiagali and Changla Gali by Ahmad (1956a, b) 

and Khalid et al. (1993). It is first time reported from District Shangla and R. 

lasiocarpus is a new host for this rust fungus in Pakistan.   
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FIGURE 115. A–G: Phragmidium mysorense on Rubus lasiocarpus (RSU-411). 

A–B.  Infected leaves of host plants, C–D. Teliospores, E. Urediniospores F–

G. Line drawing of Teliospores & Urediniospores.  

Scale bar: A = 2 cm, B=5 mm, C =17 µm, D =40 µm. E= 18 um, F= 27, G= 9 um  
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3.14. Pileolariaceae 

 

Spermogonia group VI type (5 or 7). Aecia uredo type; Aeciospores born 

singly, usually reticulate, ridged, verrucose, or spirally marked, germ pore 

zonate. Uredinia as the aecia, but not accompanied by Spermogonia. Telia 

erumpent, teliospores unicellular with one or a few spores on each pedicel, 

which may also have sterile cystlike cells laterally. Germ pore one per spore. 

Autoecious; Hosts Anacardiaceae and Fabaceae.  The family contains 4 genera 

and 34 species (Cummins & Hiratsuka, 2003; Cannon & Kirk, 2007; Kirk et al., 

2008). 

Key features to Genus Pileolaria 

Spermogonia sub-cuticular, group VI (type 7). Aeciospores born singly on 

pedicel, verrucose or echinulate, often in spiral Teliospores depressed 

globoid, one on pedicel, verrucose or reticulate, Urediniospores as the 

aeciospores (Cummins & Hiratsuka, 2003) 

 

. 
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                                                                                         (Fig. 116: A-F) 

                                                                                         (Fig. 117: A-B) 

Spermogonia and aecia unknown. Uredinia epiphyllous, amphigenous dark 

brown, granular, erumpent, 4mm in diameter. Urediniospores ellipsoid or 

ovoid or fusiform, some are pointed at both ends while some are round at one 

end, 25-45 × 17-25 um, wall light brown, irregularly verrucose, ridged, wall 

thickness 1-4um.Telia amphigenous dark brown, granular, 3×2 mm. 

teliospores 1- celled, born singly on pedicels, ellipsoid or ovoid 15-25×25-32 

um, wall thick and chestnut-brown, 4-6um. Germ pore located at apices. 

Pedicel is hyaline upto77um long and 5-7.5um in width. 

Material examined: Pileolaria Pistaciae with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla, Takht Baram khan, at 

2500 m a. s. l., September 15, 2014 (HUP-RSU426). 

Comments:  It is new record for Pakistan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.14.44. Pileolaria pistaciae F.L. Tai & C.T. Wei 1933 
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FIGURE 116. A-F. Morphology of Pileolaria Pistaciae (RSU426), A–B.  Infected 

leaves of the host plants, C–D. Teliospores mixed with uredospores, E-F. 

Urediniospores 

 Scale bar: A = 3 cm, B= 4 mm, D= 10 µm, E&F = 8 um. 
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FIGURE 117. A-B. Line drawing of Pileolaria Pistaciae (RSU426) A. 

Teliospores, B. Urediniospores. 

Scale bar: A= 10 um, B= 8 um  
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3.14.45. Pileolaria cf. terebinthi (DC.) Castagne, Observ. Uréd. 1: 22. 1842. 

                                                                                                            (Fig. 119: A-K) 
                                                                                                            (Fig. 120: A-B) 
 

Spermogonia and aecia not found. Uredinia mostly abaxial, erumpent,dark 

brown in color, 0.4-0.6 mm in length, 0.5-0.6mm width. Urediniospores 

Oblong to sub cylindrical to ovoid some time papilinate, Mono guttulated, 

guttule small to large, 15.8-19.1 × 23-32 um, wall up to 3.6 um thick ,pedical 

very short and hyline, very rarely; Telia mostly abaxial, erumpent, dark 

brown or blackish in color 0.4-0.6 mm length 0.5-0.6 mm width. Immature 

hyline teliospores mostly globular to capitates globular , rarely oblong to 

ovoid, pale grayish to hyaline grayish  14.6-25 × 13.6-21 um, germ pores many 

, slightly echinulate to verricose, wall , pedicel up to 7 um thick and 21 um in 

length; Mature teliospores globose to depressed globose, mostly width is 

more than height (L), cinnamon brown or chest nut brown, 25-34 x 13.5-30 

um, wall smooth, thickness is 1.4 – 2.3 um while at apical sites 4.5-6 um thick. 

Pedicel hyaline thin walled and up to 150 um long and 5-11 um in width. 

Material examined: On unknown Anarcidaceae sp. (probably hybrid) 

with II and III stages, Pakistan, Khyber Pakhtunkhwa Province, District 

Shangla, Besham, Kormang, at 1700 m a. s. l., September 01, 2014 

Sadiqullah (HUP-RSU-424). 

Comments: Recently Ali et al., (2016) reported P. terebinthi from Pakistan on 

Pistacia chinensis. Our specimen is quite different in Urediniospores and 

teliospores size and shape however LSU data from the specimen is convincing 

to name it Pileolaria cf. terebinthi. The host specimens are observed for three 

years however it didn’t produced any inflorescence. Probably it may be a 

hybrid. Based on LSU sequence data and phylogenetics we refer the taxa as 

Pileolaria cf. terebinthi.  
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Molecular Phylogenetics characterization                 (Fig. 118) 

For phylogenetic analysis LSU region of nrDNA of sample were amplified 

and sequenced following Aime (2006). The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast in 

UNITE and NCBI data bases Complete LSU Dataset were aligned using 

MUSCLE v.3.8 (Edgar, 2004) and followed by manual alignment using 

MESQUITE v.2.75 (Maddison & Maddison, 2015). Phylogenetic tree was 

generated on CIPRES portal (Miller et al., 2010). LSU Dataset consisted of 14 

sequences, after alignment the final aligned file consisted of 1119 characters. 

The optimized RAxML tree with likelihood score (-15934.7495) having 798 

distinct aligned pattern was constructed on RAxML-HPC2 on XSEDE v.8.2.9 

(Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). Results 

drawn from phylogenetic analyses showed that the specimens clustered 

together with 100% bootstrap value to an unpublished sequence of Pileolaria 

cf. terebinthi from Spain. 

 

FIGURE 118. Phylogenetic tree of Pileolaria cf. terebinthi (RSU-424) inferred from 

LSU sequence data by RAxML method on CIPRES portal. The analysis involved 14 

nucleotide sequences. Tree with the highest likelihood is (-15934.7495). Sequences 

generated for this study are presented with mark. 
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FIGURE 119. A-K: Morphology of Pileolaria cf. terebinthi (RSU-424), A. Infected 

host plants B–G. Brown mature and hyaline immature Teliospores, H-K. 

Guttuleted Urediniospores. 

Scale bar: A= 3 cm, B=20, C= 50, D= 75, E= 42, F-G= 20, H-K=12 
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FIGURE 120. A-B. Line drawing of Pileolaria cf. terebinthi (RSU-424) A. 

Teliospores B: Urediniospores. 

Scale bar: A=16 um, B= 9 um. 
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3.15. Pucciniaceae 

 
Spermogonia sub epidermal, group V, ampulliform, ostiolate, with discrete 

walls. Aecia typically Aecidium like, more rarely ceaoma-like or uredo-like, 

with or without a distinct wall, Aeciospores usually verrucose, usually 

formed in chains. Uredinia uredo-like or stilbe-like lacking discrete wall, 

some time with paraphysis like hyphae, Urediniospores verrucose or 

echinulate, pedicellate, germpores variously arranged, Telia usually without 

discrete walls, Teliospores formed single, usually pedicellate and 1- or 2- 

celled. The septa transverse or oblique, each cell typically with a single germ 

pore, usually germinating to form an external basidium. Gymnosporangium, 

Puccinia and Uromyces are the significant genera of the family. The family 

comprised of 20 genera and 4900 species (Cummins & Hiratsuka, 2003; 

Cannon & Kirk, 2007; Kirk et al., 2008) 
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3. 15. 46. Puccinia iridis Wallr. Deutschl. Krypt.-Fl. 1: 23, 1844 
                     

 (Fig. 121: A–F) 
 (Fig. 122: A–D) 

 
           

Uredinia amphigenous, cinnamon brown or golden brown, Pulverulent, 

covered by ruptured epidermis, erumpent, compact, gregarious, 0.3-4mm; 

Urediniospores subglobose, ellipsoid or oblong, pale brown to cinnamon 

brown or golden brown, 21-31×25-39 µm, wall olivaceous or pale brown, 

echinulate, 1.5-4 µm, germ pores up to 4, mostly  equatorial, sometimes with 

hyaline umbo, apically 3-5 µm thick; pedicel long hyaline, 4.5-7×8-14(-44) µm; 

Telia amphigenous, sometimes intermixed, blackish, covered by ruptured 

epidermis, compact, pulverulent,0.3-2mm; Teliospores oblong or ellipsoid or 

clavate, cinnamon brown or pale brown at base and dark brown to chest nut 

brown apically, attenuated below, fragile, easily broken in to two cells, 

without pedicel are frequently found,  17-24×40-45 µm; wall pale brown, 

reticulated, 2.3-3.5 µm, apically 7-9 µm thick, dark brown to chest nut brown; 

pedicel pale brown or hyaline 7-10×22-35, thin wales, in continuous pattern 

with lower cell of teliospores, cytoplasmic matrix are clearly found; germ pore 

usually, mostly found apically on upper cell or lower cell. 

Material Examined: PAKISTAN, Khyber Pakhtunkhwa, District 

Shangla, Puran, at 1500 m a. s., on Iris sp. (Iridaceae), October 2013, 

sadiqullah (HUP-RSU406). 

Comments: Previously P. iridis reported on Iris germanica L. from Lahore and 

Kashmir Ahmad (1956a, b).  
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FIGURE 121. A–G. Morphology of Puccinia iridis (SSU406) A: Host Plant. B: 
Telia & Uredia, C–D. Urediniospores. E. Teliospores. F: Paraphyses 

Scale bar: A=1 cm, B= 0.5 mm, C–D =12 µm, E= 9 µm, F=18 µm F=30 mm 
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FIGURE 122. A–B. Lucida drawings of Puccina iridis (SSU406) A. Telia & 

Teliospores, B. Urediniospores around capitate Paraphyses 

Scale bar: A=7 µm, B= 12 µm, C= 2.8, D=15 µm 
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3.15.47. Puccinia pimpinella-aegopodiea nom. prov. 
 

    (Fig. 123: A-D) 
    (Fig. 124. A-C) 

 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa, District 

Shangla, Yukhtange, at 1800 m a. s. l., on Aegopodium burtii E. 

Nasir. (Umbelliferae), October 2014, sadiqullah (HUP-SSU407). 

ETYMOLOGY: Named Pimpinella-aegopodiea due to 

morphological similarities with Puccinia pimpinellae and on the 

host Aegopodium burtii. 

Spermogonia amphigenous, round , group 1, type 1, 46-56×47-53 µm; aecia 

yellowish, aeciospores hyline30×125 µm; Uredinia brown or cinnamon, 

scattered, minute, containing small brown or cinnamon shining pearls like 

spores scattered in a minute uncovered pouch of Uredinia, mostly uncovered,  

uredospore’s yellowish brown, wall deep brown, 28-37×29-38 µm; wall deep 

brown, verricose and looking also reticulated, 3-4 µm thick, apically up to 4 

µm thick, telia just like Uredinia, slightly black brown, sometimes mixed with 

Uredinia, scattered, amphigenous; teliospores oblong or ellipsoidal, on the 

basis of color two types teliospores can be seen brown cinnamon and hyaline, 

rounded at both ends, hardly constricted, cytoplasm look like two rings, both 

hyaline and brown teliospores have the same measurements, 27-31 ×33-46 

µm; wall deep brown, reticulate and slightly verricose, 3-4 µm thick, apically 

up to 5 µm thick, one apical germ pore clearly visible, sometime seen burst up 

with discarded contents,  pedicel short, hyaline , 4-7×7 µm. 

Comments: Morphologically Pimpinella-aegopodiea on Aegopodium burtii shows 

some similarities with Puccinia pimpinellae on Pimpinella diversifolia DC. 

(Umbelliferae). The comparison has given in Table (04) which shows that both 

spp. are quite different. Phylogenetically (Fig. 136) the species is also different 

from Puccinia pimpinella. 
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FIGURE 123. A–D. Morphology of Puccinia pimpinella-aegopodiea (SSU407) A: 

Host Plant Aegopodium burtii. B: Teliospores C. Urediniospores. D. 

Spermogonium 

Scale bar: A=1 cm, B =12 µm, C= 15 µm, D=20 µm  
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FIGURE 124. A–B. Lucida drawings of Puccinia pimpinella-aegopodiea 

(SSU407), A. Teliospores, B. Urediniospores, c. Teliospores at different view 

Scale bar: A-C= 10 µm 
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3.15.48. Puccinia pimpinellae (F. Strauss) Link, Sp. pl., 6: 77, 1824 
 

    (Fig. 125: A-E) 
    (Fig. 126. A-B) 

 

Uredinia amphigenous, densely found on abaxial, golden gray to cinnamon 

brown or light brown, circular patches of compact cinnamon granules, mostly 

scattered like cinnamon shinning pearls, mixed with telia, 1200 to 2000 µm; 

Urediniospores globes to sub globes, cinnamon brown to golden gray or 

golden brown, mixed with teliospores, 24-28×24-31 µm, wall deep brown, 

echinulated, germ pore many up to 4, mostly apical, without pedicel,  2-4 µm; 

apically up to 3.5 µm thick; Telia amphigenous, mixed with uredinial, 

cinnamon shinning granules  packed in circular patches, looking just like the 

shinning pearls, mostly scattered, not covered, 1000-2200 µm; teliospores 

oblong , both sides rounded, hardly constricted, deep brown to light brown, 

cytoplasmic matrix looking two rings crossing each other’s,  29-39 µm , wall 

deep brown, reticulated, germ pore one apically3-4 µm, apex reduced and 

short, dark brown to chest nut brown, 2-4 µm, pedicel short hyaline, thin 

walled, up to 8 µm thick and 9 µm long. 

Material examined: Pakistan, Khyber Pakhtunkhwa, District Shangla, 

Yukhtange, at 1800 m a. s. l., on Pimpinella diversifolia DC. (Umbelliferae), 

October 2014, Sadiqullah (HUP-RSU408). 

Comments: Puccinia pimpinellae previously reported on leaves of Pimpinella 

diversifolia (Wall.) DC. Kalam swat, Changa gali Ahmad (1956a, b); Ono and 

Kakishima (1992). Ono (1992) and Kakishima et al., (1993a) reported the 

species From Sharan Mansehra. It is a new report for Shangla district.  

 

 
 
 
 

http://www.indexfungorum.org/Names/Names.asp?strGenus=Puccinia
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FIGURE 125. A–E. Morphology of Puccinia pimpinellae (RSU408) A: Host 

Plant Pimpinella diversifolia. B: Telia on leaf, C. Teliospores & 

Urediniospores D. Urediniospores. E. Teliospores 

Scale bar: A=1 cm, B =12 0.5 mm, C= 13 µm, D=10 µm, E=17 
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FIGURE 126. A–B. Lucida drawings of Puccinia pimpinellae (RSU408) A. 

Urediniospores, B. Teliospores at different view 

 

Scale bar: A-C= 09 µm 
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Table. 04. Comparison of Puccinia spp. on Pimpinella diversifolia and 
Aegopodium burtii 
 
Puccina on Aegopodium 

burtii   

Puccinia on Pimpinella 

diversifolia   

 

P. pimpinellae (Str.) Rohl. 

Deutschl. Fl. Ed. 2, 3 (3), 131 

(1813) 

Spermogonia amphigenous, 

round , group 1, type 1, 46-

56×47-53 µm; 

 

Not observed Spermogonia amphigenous, 

in group or scattered, among 

the Aecidia, sub epidermal, 

yellowish,  125–140 µm,  

 

Uredinia brown or 

cinnamon, scattered, minute, 

containing small brown or 

cinnamon shining pearls like 

spores scattered in a minute 

uncovered pouch of 

Uredinia; 

 

Uredinia amphigenous, 

densely found on abaxial, 

golden gray to cinnamon 

brown or light brown, mostly 

scattered like cinnamon 

shinning pearls, mixed with 

telia, 1200 to 2000 µm; 

 

Uredia scattered, 

pulverulent, cinnamon 

 

uredospores yellowish 

brown, wall deep brown, 28-

37×29-38 µm; wall deep 

brown, verricose and looking 

also reticulated, 3-4 µm thick, 

apically up to 4 µm thick, 

 

Urediniospores globes to sub 

globes, cinnamon brown to 

golden gray or golden 

brown, mixed with 

teliospores, , 24-28×24-31 µm, 

wall deep brown, 

echinulated, germ pore many 

up to 4, mostly apical, 

without pedicel,  2-4 µm; 

apically up to 3.5 µm thick 

Uredospore’s brown  

22-32×20-26 

 

Telia just like Uredinia, 

slightly black brown, 

sometimes mixed with 

Uredinia, scattered, 

amphigenous; 

Telia amphigenous, mixed 

with uredinial, cinnamon 

shinning granules  packed in 

circular patches, looking just 

like the shinning pearls, 

mostly scattered, not 

covered, 1000-2200 µm;  

 

Not observed 

Teliospores oblong or 

ellipsoidal, on the basis of 

color two types teliospores 

can be seen brown cinnamon 

Teliospores oblong , both 

sides rounded, hardly 

constricted, deep brown to 

light brown,  , cytoplasmic 

Teliospores ellipsoid, hardly 

constricted, 28-37 × 19-25 

µm, wall reticulate, pore of 

upper cell apical, of lower 

basal, pedicel hyaline, 
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and hyaline, rounded at both 

ends, hardly constricted, 

cytoplasm look like two 

rings, both hyaline and 

brown teliospores have the 

same measurements, 27-31 × 

33-46 µm;  

wall deep brown, reticulate 

and slightly verricose, 3-4 µm 

thick, apically up to 5 µm 

thick, one apical germ pore 

clearly visible, sometime seen 

burst up with discarded 

contents,  pedicel short, 

hyaline , 4-7×7 µm 

matrix looking two rings 

crossing each other’s,  29-39 

µm , wall deep brown, 

reticulated, germ pore one 

apically 3-4 µm, apex 

reduced and short, dark 

brown to chest nut brown, 2-

4 µm, pedicel short hyaline, 

thin walled, up to 8 µm thick 

and 9 µm long 

 

deciduous 
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3.15.49. Allodus tulipii nom. prov.  

(Fig. 128: A-H) 
(Fig. 129. A-H) 
 

HOLOTYPE: PAKISTAN, Khyber Pakhtunkhwa, District Shangla, 

Yukhtange, at 1800 m. a. l., on Tulipa clusiana DC. (Liliaceae), March 

2014, Sadiqullah (HUP-RSU102). 

Etymology: This new combination have been proposed based on 

phylogeny and named ‘tulipii’ due to the host Tulipa clusiana 

Aecia, spermogonia and Uredinia not found. Telia amphigenous, blackish 

covered by ruptured greyish or silvery epidermis. compact, pulverulent, 7-8 

mm; Teliospores ellipsoid, cinnamon brown or golden brown, slightly 

constricted, 27-35 × 55-62 µm; wall deep brown or golden brown, 5-7 µm 

thick, covered with acute, hyaline or golden yellow spines about 7-10 µ long, 

pedicels variable usually 75-80 µm long, hyaline, deciduous. 

Additional Material Examined: PAKISTAN, Khyber Pakhtunkhwa, 

District Shangla, Toha, at 1800 m. a. l., on Tulipa clusiana DC. 

(Liliaceae), April 2014, Sadiqullah (HUP-RSU103); Takht Baram Khan 

at 2100 m. a. l., on Tulipa clusiana DC. (Liliaceae), April, 2015, 

Sadiqullah (HUP-RSU104). 

Comments: Previously this rust was identified based on morphological and 

reported by various scientists as Puccina prostii Duby. In Pakistan the species 

previously recorded on leaves of Tulipa stellate from Abbottabad, Margalla 

Rawalpindi (Ahmad 1956a, b) and from Muzarabad by Gjaerum & Iqbal 

(1969). First time molecular work has done on the collection from Shangla 

district. Phylogenetically this species do not justify its position in Puccinia and 

clusters with Allodus having long spines. The placement of this rust sp. with 

genus Allodus is supported by LSU sequence data and phylogeny (Fig 127). A 

new combination in genus Allodus has been proposed. 
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Molecular Phylogenetic characterization of Allodus tulipii             (Fig. 127) 

For phylogenetic analysis LSU of nrDNA of specimens were amplified and 

sequenced. The generated sequences were assembled and edited in codon 

code. The contig sequences were blast in NCBI and closely related sequences 

were downloaded. Complete LSU Dataset consisted of 62 sequences which 

were aligned using MUSCLE v.3.8 (Edgar, 2004), followed by manual 

alignment using MESQUITE v.2.75 (Maddison & Maddison, 2015). The final 

aligned data file consisted of 963 characters. Final Ml optimization likelihood 

value is -9868.489000 while the alignment has 536 distinct aligned pattern. The 

tree was constructed on RAxML-HPC2 on XSEDE v.8.2.9 (Stamatakis, 216) 

using CIPRES web portal (Miller et al., 2010). Sequence of Helicobasidium 

(AY885168) was used as out group. In LSU Phylogram rust specimen on 

Tulipa clusiana do not justify his position among the Puccinia spp. and 

separated from all Puccinia spp. the specimen sorted with Allodus podophylli 

(JQ423260). 
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FIGURE 127. Phylogenetic Tree of Allodus prostii based on LSU sequence data. 

The analysis involved 64 nucleotide sequences. Sequences generated for this 

study are presented with bold face. The Allodus clade represented with 

golden shades 
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FIGURE 128. A–E. Morphology of Allodus tulipii. (RSU102) A: Host 
inflorescence. B–D. Teliospores in LM 

Scale bar: A=1 cm, B–D = 16µm 
 

 

Figure 129. Lucida drawings of Allodus tulipii. (RSU102), A. Teliospores at 

different views 

Scale bar: A-B= 10 µm 
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3.15.50. Puccinia brachypodii G. H. Otth var brachypodii 1861. 

            (Fig. 130: A–H) 
            (Fig. 131: A–C) 

Uredinia adaxial or abaxial, yellowish shining, scattered, mostly without 

envelope, erumpent, 0.3-4mm; Urediniospores globose to subglobose to 

ellipsoid to ovoid, golden yellowish, 12.5-23×24-29 µm, wall olivaceous or 

pale brown, or reddish brown, echinulate, 1.5-2 µm, germ pores up to 4, 

mostly  equatorial, 3-3.5 µm thick; Telia abaxial or adaxial, charcoal black, 

compact, 0.3-3 mm; Teliospores oblong or ellipsoid or clavate, yellowish or 

golden, apically blunt or fusiform to pointed, 14-23× 30-38 µm; wall pale 

brown to golden, apically deep brown to reddish brown, with one to two 

equatorial germ pore in upper cell, 2-3 µm, apically up to 4.5 µm thick; pedicel 

golden or hyaline 3.5-4.5× 7-10 µm. 

Material examined: Pakistan, Khyber Pakhtunkhwa, District Shangla, 

Yukhtange, at 2200 m a. s. l., on Capillipedium parviflorum, September 5 

2013, sadiqullah (HUP-SSU409). 

Comments: Previously Ahmad (1969) and Kakishma et al., (1993) reported 

this species from Pakistan on Brachypodium sylvaticum (L.) P. Beauv. and Poa 

attenuate Trin. From Pakistan. Capillipedium parviflorum is a new host for this 

rust fungus in Pakistan.  
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FIGURE 130. A–H. Morphology of Puccinia brachypodii var brachypodii 

(SSU409). A–B: Uredia & Telia on infected Host. C, D & F. Urediniospores 

and Capitate Paraphyses in LM, E, G & H Teliospores in LM.  

Scale bar: A=1 cm, B–D = 16µm 
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FIGURE 131. Lucida drawings of Puccinia brachypodii var brachypodii 

(SSU409). A. Teliospores at different views 

Scale bar: A-B= 10 µm, C=7.5 
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3.15.51. Puccinia recondita Dietel & Holw., Bull. Soc. Bot. Fr. 4: 798, 1857 

            (Fig. 132: A–D) 
                                                                                                               (Fig. 133: A–B) 
 
Spermogonia and aecia are not found. Uredia amphigenous, cinnamon, 

minute to medium some are elongated, scattered; Paraphyses numerous, 

clavate, light yellowish brown, incurved or straight, 0.4 mm in length and 0.3 

mm in width. Urediniospores globose to subglobose or broadly ellipsoid, 16-

30 x 10-22.5um wall up to 1.8 thick, hyaline to pale yellowish. Germ pores 4-6 

subequatorial or scattered. Telia amphigenous, mostly abaxial leaf surface, 

dark brown and elongated mostly incurved, yellowish brown. Teliospores 

clavate or cylindrical  or oblong 30-53 x 12.5-22.5 um, rounded above not or 

scarcely constricted at the septum side walls thin apically 2.4-7um, thick pale 

yellowish brown to chestnut brown, pedicel short, and yellowish brown. 

 

Material Examined: On Dactylis glomerata with II and III stages, 

Pakistan, Khyber Pakhtunkhwa Province, District Shangla, Shangla top 

at 1700 m a. s. l., October 10, 2014. (HUP-RSU420). 

 

Comments: P. recondita has been reported on Eremopyrum bonaepartis 

(Spreng.) Nevski from Quetta by Malik& Virk (1968), Malik et al. (1968); on 

Aquilegia pubiflora Wall. Ex Royle, from Saiful Maluk and Sharan (Kaghan 

Valley), Murree Hills and Faisalabad; on Triticum aestivum L. from different 

parts of Pakistan; on Lolium perenne L. and thalictrum minus L. by Ahmad 

(1956a), Hasnain et al. (1959), Ghaffar & Kafi (1968), Ahmad & Arshad (1972a) 

and Jorstad & Iqbal (1967); on Agropyron sp. And Aquilegia fragrans Benth from 

Swat Valley by Ono & Kakishima (1992); on Brachypodium sp. from Shogran 

(Kaghan Valley) by Ono (1992). Dictylis glomerata is a new host for this rust 

fungus in Pakistan.  
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FIGURE 130. A-D. Morphology of Puccinia recondita on Dactylis glomerata 

(RSU420). A–B.  Infected leaves of the host plants, C. Urediniospore, D. 

Teliospores.  

Scale bar: A =3 cm, B=2 mm, C =8    µm, D =10 µm. 
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FIGURE 133. A-B: Lucida drawing of Puccinia recondita (RSU420). A. Line 

drawing of Teliospores B: Urediniospores. Scale bar for A=8 um, B=10 um 
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3.15.52. Puccinia obscura Schroeter ex Passerini, 1877  

                                                                                                               (Fig. 134: A-D) 

                                                                                                                (Fig. 135: A-B) 

 

Spermogonia and aecia unknown. Uredinia amphigenous, mostly abaxial, 

minute scattered or in circular groups. Dark brown to blackish in color. 

Urediniospores ellipsoid or ovoid 22.5-33x15-25um, Wall thickness up to 2 

um thick. Germ pores obscure. Telia amphigenous, abaxial minute scattered 

or in circular group’s dark brown to blackish in color. Teliospores mostly 

ellipsoid or ovoid or elongated; cell wall chestnut, matrix light yellow, 28.5-

45x17-22.5 um, wall 1.4-2.5 um thick. Germ pores apical in upper cell or basal 

in lower cell. Pedicel hyaline, deciduous 5-78x2.5-10 um. 

 

Material examined: Puccinia obscura on Clematis grata Wall. with II 

and III stages, Pakistan, Khyber Pakhtunkhwa Province, District 

Shangla, Alpuri, at 1900 m a. s. l. October 02, 2014 (HUP-RSU428) 

 

Comments:  Puccinia obscura previously reported from Japan on Luzula spp. 

we are first time reporting this sp. from the country while Clematis grata is a 

new host record for this species.  
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FIGURE 134. A-D. Morphology of Puccinia obscura on Clematis grata (RSU428). 

A-B. Infected leaves of the host plants, C. Teliospores, D. Urediniospores.  

Scale bar: A =3 cm, B=4 mm, C =10 µm, D =15 um. 
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FIGURE 135. A-B. Lucida drawing of Puccinia obscura (RSU428), A. Line 

drawing of Teliospores, B. Urediniospores. 

Scale bar: A=10 um, B=15 um. 
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Molecular Phylogenetic characterization of some described Puccinia spp. 

based on LSU Data Set                    Fig. 136 

 

For phylogenetic analysis LSU of nrDNA of specimens were amplified and 

sequenced. The generated sequences were assembled and edited in codon 

code. The contig sequences were blast in UNITE and NCBI and closely related 

sequences were downloaded. Complete LSU Dataset consisted of 55 

sequences which were aligned using MUSCLE v.3.8 (Edgar, 2004), followed 

by manual alignment using MESQUITE v.2.75 (Maddison & Maddison, 

2015).The final aligned data file consisted of 942 characters. Final Ml 

optimization likelihood value is -3743.236731 while the alignment has 228 

distinct aligned pattern. The tree was constructed on RAxML-HPC2 on 

XSEDE v.8.2.9 (Stamatakis, 216) using CIPRES web portal (Miller et al., 2010). 

Sequence of KF528007 Aecidium sp. (PUR 43011) was used as out group. In 

LSU Phylogram. Puccinia sp. on Dactylis glomerata clustered together with 

Puccinia recondita (KX036376) and Puccinia triticina (DQ664194; GU058007). 

Puccinia rust on clematis grata sorted with P. obscura (FJ669234). Rust sp. on 

Pimpinella diversifolia clustered together with Puccinia pimpinellae (GU058023) 

with a little bit variation in branch length. Our Puccinia rust on Iris sp. 

clustered with Puccinia iridis (KM249853) with 100% bootstrap value. Puccinia 

rust on Aegopodium burtii sorted separate from other Puccinia spp. Rust 

specimen on Tulipa clusiana do not justify its position among the Puccinia spp. 

used in phylogenetic analysis and separated from all Puccinia spp. the 

specimen sorted with Allodus podophylli (JQ423260) and Gymnosporangium 

clavari (HM114220).  
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FIGURE 136. Phylogenetic Tree of Puccinia spp. from LSU sequence data. The 

analysis involved 55 nucleotide sequences. Final Ml optimization likelihood value 

is -3743.236731 while the alignment has 228 distinct aligned pattern. 

Phylogenetic tree was constructed on RAxML-HPC2 on XSEDE v.8.2.9 using 

CIPRES web portal. Bootstrap values ≥ 70% are considered significant. Sequences 

generated for this study are presented with bold face.  
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3.15.53. Puccinia cesatii schroet. Cohn beitr. Boil. Pflanzen 3:70. 1879 

            (Fig. 137: A-G) 
                                                                                                         
Spermogonia and aecia not found. Uredinia amphigenous, dark brown, 0.9 

mm in length and 0.7 mm in width. Urediniospores globose to sub globose, 

wall cinnamon brown, interior matrix yellowish, 17.5-25 x 20-30 um; wall 1.5-

2.5 um thick. Telia amphigenous, dark brown in color, 0.9 × 0.7 mm. 

Teliospores oblong, clavate apically rounded, 30-40 x15-25 um; wall 1.5-2.5 

um thick. Pedicel hyaline 12.5-85x5-7.5 um. 

 

Material examined: on Dichanthium annulatum with II and III stages, 

Pakistan, Khyber Pakhtunkhwa Province, District Shangla, Besham, 

Shapur, at 1700 m ASL. October, 2014. (HUP-RSU414). 

 

Comments: Previously this species have been reported from France, Italy, 

Egypt, Iran, India, US, Mexico and Pakistan (Cummins, 1971; Ahmad et al., 

1997). First time reported from District Shangla. 
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FIGURE 137. A-G: Morphology of Puccinia cesatii on Dichanthium annulatum 

(RSU414). A–B. Infected leaves of the host plants, C-D. Teliospores E. 

Teliospores and Urediniospores, F. Line drawing of Teliospores G: 

Urediniospore. 

Scale bar: A =3 cm, B=4 mm, C =21 µm, D = 32 µm, E = 25 µm, F = 8.8 µm, G = 

23 µm. 
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3.15.54.  Puccinia agrostidis-caninae Afshan, Berndt, Khalid and Niazi, 

Mycotaxon 104: 123, 2008 

    (Fig. 138: A-F) 

    (Fig. 139: A-B) 

 

Uredinia amphigenous, cinnamon brown or golden brown, pulverulent, 

covered by ruptured epidermis, erumpent, compact, gregarious, 0.3-4mm; 

Urediniospores globose to subglobose to ovoid, matrix golden yellow, 

olivaceous brown, stained blue with methylene blue, 15-18×15-27 µm, 

echinulated and slightly reticulated, 0.5-1.8 µm, sometime in chains of two to 

three cells, joined with double strand disjunctors like structure. germ pores 

not observed, 0.7-1.5 µm thick; Telia amphigenous, sometimes intermixed, 

differentiated as dark charcoal spots 0.3-2 mm; Teliospores clavate, 2 celled, 

apically variable round to snout like to flat, cinnamon brown, pedicel short 

attenuated below, 13-20 × 33-48 µm; wall brown, up to 3 µm, pedicel golden 

brown, short, 4-5 × 4-6 µm. 

Material examined: Pakistan, Khyber Pakhtunkhwa, District Shangla, 

Takht, at 2200 m a. s. l., on Agrostis vinealis (Poaceae), October 2014, 

sadiqullah (HUP_410). 

Comments: Puccinia agrostidis-caninae previously been reported on Agrostis. 

Canina L. A. stolonifera and A. gigantean from Pakistan (Afshan et al., 2008; 

Saba and Khalid 2013). Agrostis vinealis is new host for this rust fungus in 

Pakistan. 
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FIGURE 138. A-F: Morphology of P. agrostidis-caninae on Agrostis vinealis 

(RSU410) A. Infected host plant, B-C. Urediniospores, D-F. Teliospores  

Scale bar: A=1 cm, B=15, C µm = 34µm, D-F =8 µm. 
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FIGURE 139. A-B: Lucida drawing of P. agrostidis-caninae on Agrostis vinealis 

(RSU410) of A. Teliospores B: Urediniospore. Scale bar: A=6.5 um, B= 7 um. 

 

 

 

 

 



270 
 

3.15.55. Puccinia coronata corda var coronata, 1837  

             (Fig. 140: A-E) 
                                                                                                                (Fig. 141: A-B) 
 
Spermogonia and aecia not found; Uredinia amphigenous, dark brown, 

pulverulent, often with rupture epidermis, 3×1 mm in size; Urediniospores 

ellipsoid or ovoid, wall cinnamon brown to light yellowish, 17.5-27.5 x 15-22.5 

um, wall 1-2 um thick, germ pores 2-3 present; Telia amphigenous, dark 

brown, erumpent, pulverulent, 3 mm in length and 1 mm in width; 

Teliospores ovoid or cylindrical, wall cinnamon brown, light yellowish 

interiorly or hyaline or colorless, 25-60 x 12-20 um, wall 1.5-2.5 um thick, 

apically thick and digitate,  up to 6 um, pedicel hyaline and short. 

 

Material examined: Puccinia coronata var coronata on Piptatherum 

gracile, with II and III stages, Pakistan, Khyber Pakhtunkhwa Province, 

District Shangla, Alpuri, at 2000 m ASL. August 15, 2014. (HUP- 

RSU415). 

 

Comments:  Puccinia coronata var coronata first time reported from Shangla 

district. Piptatherum gracile is a new host record for this rust fungus. 
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FIGURE 140. A-E:  Morphology of Puccinia coronata on Piptatherum gracile 

(RSU415), A–B. Infected leaves of the host plants C. Teliospores, D 

.Urediniospores.  

Scale bar: A =3 cm, B=10 mm, C = 6   µm, D =5 µm. 
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FIGURE 141. A-B. Lucida drawing of Puccinia coronata var coronata (RSU415). 

A. Teliospores B. Urediniospores.  

Scale bar: A= 6um, B=5 um. 
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3.15.56. Puccinia menthae Pers., Syn. Meth. Fung.1:227, 1801. 

                                                                                                                (Fig. 142: A-D) 
                                                                                                                (Fig. 143: A–B) 
 

Spermogonia and aecia unknown uredinia mostly on abaxial leaf surface occasionally 

amphigenous, pale reddish brown, scattered are groups 0.5 mm length 0.4 width  

Urediniospores globose to subglobose to ovoid for ellipsoid pale yellowish to pale 

brown 14-25 x 21-27.5 um germ pores two equatorial. Telia amphigenous or 

caulicolous, minute to large scattered are in group on leaf, on stem elongate, 

pulverulent dark brown to blackish, 1 mm length and 0.9 mm width in size. 

Teliospores broadly ellipsoid 22.5-42.5 x 17.5-24.5umapics round up to 6.5um, thick 

slightly or not constricted at the septum, pale brown to dark brown wall minutely 

verrucose, especially of the upper cell, lower cell slightly verrucose, germ pores with 

prominent, hyaline and low papillae, apical in upper cell, in lower cell near the septa; 

pedicles hyaline, usually persistent long up to 7 um broad, 85 um long. 

 

Material examined: On mentha longifolia, with II and III stages, 

Pakistan, Khyber Pakhtunkhwa Province, District Shangla, Yukhtange, 

at 1700 m ASL. Aug, 2014 (HUP-RSU418). 

 

Comments: P. menthae has been reported on M. sylvestris L. from Peshawar, 

Mingora, Kaghan Valley, Chillianwala, Queta, Poonch and Murree Hills; on 

Origanum vulgare L. from Changla Gali and Kaghan Valley; on Calamintha 

clinopodium Benth. And C. umbrosa Rchb. from Swat, Kalam, Naran and 

Batakundi;   and on Nepeta sp. from Kaghan Valley by Ahmad (1956b, c). 

Recently it has been reported on M. longifolia Huds. And N. campestris Benth. 

from Nellum Valley (AJ&K) by Afshan (2008). First report for shangla district.  
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FIGURE 142. A-E: Morphology of Puccinia menthae on mentha longifolia. 

(RSU418). A–B. Infected leaves of the host plants, C. Urediniospore & 

Teliospore,   D. Teliospores, E. Urediniospores 

Scale bar: A = 1   cm, B= 8 mm, C = 15 µm, D =16 µm, E =20 µm. 
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FIGURE 143. A-B. Lucida drawing of Puccinia menthae (RSU418). A. Line 

drawing of teliospores B: Urediniospores. Scale bar for A= 11 um, B=12um 
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3.15.57. Puccinia nitidula Tranzschel, Myco. Ross. Exsic. No. 158 & 159: 1911.                                                                                                        

                                                                                                              (Fig. 144: A-D)  

                                                                                                     
Spermogonia and aecia unknown. Uredinia hypophyllous scattered among 

the telia Pulverulent, erumpent dark brown, Urediniospores globose or sub 

globose or ellipsoid to ovoid, 17.5-25 x 17.5-20 um, wall up to 1.5-2 um thick. 

Pale yellowish brown finally echinulate. Germ pores is obscure or equatorial. 

Telia hypophyllous scattered, mixed, pulverulent, dark brown, blackish in 

color. Teliospores ellipsoid to fusiform and rarely clavate to elongated, 20-33 x 

15-22.3 um, wall 1.5-2.4um thick, reddish brown or white yellowish in color. 

Pedicel short   hyaline usually deciduous. 

 

Material examined: On Bistorta affiniss with II and III stages, 

Pakistan, Khyber Pakhtunkhwa Province, District Shangla Martung, at 

1700 m ASL. September 01, 2014 (HUP=RSU-419) 

 

Comments: P. nitidula has been reported on B. vivipara L. and B. 

amplexicaulis (D. Don) Greene. from Swat Valley, Neelum Valley (AJ&K) and 

Kaghan Valley (Ono & Kakishima, 1992; Ono, 1992; Afshan, 2008). Recently 

(Fiaz, 2013) reported the species from Mansehra district.  
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FIGURE 144. A-D. Morphology of Puccinia nitidula on Bistorta affiniss 

(RSU419).  A–B.  Infected leaves of the host plants C. Teliospores C. 

Urediniospores, D. Line drawings of teliospores & Urediniospores  

Scale bar: A = 1 cm, B=4 mm, C = 15 µm, D = 7 µm 
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3.15.58. Puccina striiformis var. striiformis. Westend. Bull. Roy. Acad. Belg.,  

             cl. Csi. 21:235. 1854.     

    (Fig. 145: A–E) 
                                                                                                                (Fig. 146: A-B) 

Spermogonia and aecia not found. Uredinia amphigenous or mostly on 

adaxial leaf surface, in parallel streaks or in parallel lines, bright yellow to 

orange-yellow, sometime scattered, Urediniospores ellipsoid or ovoid 10-25 x 

12-25 um and wall thickness 0.9-1.5 um, echinulate, germ pores are obscure. 

Telia amphigenous, mostly on abaxial surface, dark brown in color 1 mm in 

length and 0.3 mm in width. In linear series of short lines or dots, Teliospores  

30–62.5 x 10–22 um variable, mostly oblong clavate or oblong ,wall 1.5 -2.3 µm 

thick, 4-6 µm apically, deep golden brown or chestnut. Pedicel hyaline to 

yellowish and very short in size. 

Material examined: Triticum aestivum with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla, Yukhtange, at 1700 m 

a. s. l., May, 2014 Sadiqullah (HUP–RSU421). 

Comments: Recently Hussain, (2016) reported the species from Malakand 

district. It is a new record for Shangla district. 
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FIGURE 145. A-E: Morphology of Puccina striiformis on Triticum aestivum 

(RSU421). A–B. Infected leaves of the host Plants, C. Teliospores, D. 

Urediniospores & Teliospores E. Teliospores.  

Scale bar: A = 2 cm, B=2    mm, C =10 µm, D =3.5 µm. 
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FIGURE 146. A-B: Lucida drawing of Puccinia striiformis (RSU421). A: Line 

drawing of Urediniospores B: Teliospores 

Scale bar: A-B= 27 um 
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3.15.59. Puccinia calcitrapae DC. Fl. Fr. 2: 221, 1805. 

             (Fig. 147: A-F) 
                                                                                                                (Fig. 148: A-B) 

Spermogonia and aecia are not found. Uredinia hypophyllous scattered 

rounded, erumpent, yellowish brown to pale radish brown. Urediniospores 

globose to ovoid or ellipsoid, 17-25 x 22.5 – 29 um hyaline to cinnamon finally 

and minutely echinulate germ pores 2-3, equatorial. Telia hypophyllous 

occasionally on the mid rib of the leaf, scattered or confluent into groups of 

various size dark brown to blackish. Teliospores broadly ellipsoid to oblong, 

rarely clavate or fusiform, 17 – 29 x 20-43 um, upper and lower end rounded, 

sometime attenuating constricted at the septum, pale yellowish to chestnut 

brown, minutely verrucose, germ pore apical or sub apical and distilled cell 

pore the septum in proximal cell; Pedicel hyaline, short and usually 

deciduous. 

Material examined: Cirsium uvlgare with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla Besham Kormang, at 

1700 m a. s. l., May 28, 2014 (HUP-RSU422) 

Comments: Puccinia calcitrapae has previously been reported on Centaurea 

bruguieriana (DC.) Bornm. ex Rech. f., and Schishkinia albispina (Bunge.) from 

Tarnab farm Peshawar; on leaves of Cardus edelbergii Rech. f., from Batakundi, 

Shogran (Kaghan Valley) and Kalam (Swat) (Ahmad, 1956a, b); on leaves of 

Cirsium argyracanthum DC. C. walichii DC. And Cnicus sp. from Miandam, 

Kalam (Swat Valley), Changla Gali, and Shogran (Kaghan Valley) by Ahmad 

(1956a, b; Ono (1992) and Kakishima et al., 1993b). Recently (Fiaz, 2013) 

reported the species from Mansehra district. It is a new record for Shangla 

district. 
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FIGURE 147. A-F. Morphology of Puccinia calcitrapae (RSU422) on Cirsium 

uvlgare. A–B. Infected leaves of the host plants C-D. Teliospores, E. 

Urediniospores F. Teliospores & Urediniospores 

Scale bar: A =3 cm, B= 1   mm, C-D = 17 µm, E =20 µm. 
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FIGURE 148. A-B. Lucida drawing of Puccinia calcitrapae (RSU422) A: Line 

drawing of Teliospores B: Urediniospores. Scale bar: A= 14 um, B= 13 um 
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3.15.60. Puccinia graminis Pers. 1794 

                                                                                                                (Fig. 149: A-G)  
 
Spermogonia and aecia not found. Uredinia is hypogenous, also on stem, 

dark black 1.4 mm in length and 0.4 mm in width. Urediniospores ovoid 

cinnamon brown to yellowish 15-22.5 x 15-25 um, wall 1.5-2.5 um thick, Germ 

pores 2. Telia hypogenous and dark black 1.4 mm in length and 0.4 mm in 

width. Teliospores fusiform elongated or ellipsoid cinnamon, yellowish 22.5-

47.5 x 12.5-20 um. Wall 1.5-2.5 um thick. Apex is up to 3 um. Slightly 

constricted smooth walled, pedicel hyaline, persistent 7.5-73 x 5-10 um. 

 

Material examined: on Poa pratensis L. with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla, Besham Kormang, at 

1700 m a. s. l., October, 2014 .MF # FR-14. (RSU423) 

 

Comment: New record from District Shangla. 
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FIGURE 149. A-D. Morphology of Puccinia graminis on Poa pratensis (RSU423), 

A–B.  Infected leaves and stem of the host plants, C-D. Teliospores, E. 

Urediniospores, F. Line drawing of Urediniospor, G. Teliospores  

Scale bar: A = 4 cm, B= 8 mm, C = 45 µm, D = 12 µm, E= 15, F= 11, G= 15 
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3.15.61. Puccinia bistortae (F. Strauss) DC, Fl. Franç, 3 (6): 61, 1815 

     (Fig. 150:  A—F) 

Spermogonia and aecia not found. Uredinia hypophyllous scattered, mixed 

with telia, pulverulent, brown. Urediniospores globose to sub globose or 

ellipsoid or ovoid, 18-26 x 17-21.5 um, wall thickness 1.4-2.7 um, pale 

yellowish brown, finally echinulate. Germ pores probably 2-4 equatorial. Telia 

hypophyllous, scattered or in a group, mostly concentrated around the mid 

rib region, dark brown to black. Teliospores ellipsoid to fusiform, rarely 

clavate to elongated, 21-43 x 18-26 um and wall thickness is 1.6-2.8 um, 

reddish brown. Germ pores of upper cell subapical or lateral, of the lower cell 

variously placed, usually median to inferior. Pedicel short, hyaline, usually 

deciduous. 

Material Examined: On Bistorta amplexicaulis with II and III stages, 

Pakistan, KP Province, District Shangla, Bisham Kerai, at 1100 m ASL. 

August 05, 2014. (HUP-RSU424). 

Comments: P. bistortae has been reported on Polygonum affine from Galgit and 

on B. vivipara from Swat and from Kaghan (Ahmad et al., 1997). First time 

reported from Shangla district.   
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FIGURE 150. A-F. Morphology of Puccinia bistortae on Bistorta amplexicaulis 

(RSU424), infected leaves of the host plants C. Urediniospores D. Teliospores 

& Urediniospores E. Lucida drawing of teliospores F. Urediniospore.  

Scale bar: A= 1.8 cm, B= 8 mm, C= 13 µm, D= 20 µm, E= 12.3 µm, F= 11 µm 
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3.15.62. Puccinia caricis-filicinae Barelay, 1889 
 

                                                                                                             (Fig. 151: A-E) 
                                                                                                             (Fig. 152:     A) 

Spermogonia and aecia unknown. Uredinia amphigenous, scattered orbicular, 

pulverulent, dark brown in color. 0.6 mm in diameter. Urediniospores 

ellipsoid or ovoid cinnamon brown in color, 20-34 x 17.5-22.5 um, wall 

thickness is 1.5-2 um in size germ pores are obscure; Telia amphigenous 

scattered orbicular, dark brown in color 0.6 mm in diameter. Teliospores- 

oblong or oblong clavate rounded or rarely conically at the apex, attenuated 

at the base, smooth, cinnamon brown 33-45 x 14-19 um. Pedicel sub hyaline 

apically persistent 7.5-46 um length 5-8 um width.    

Material examined: Puccinia caricis-filicinae on carex filicinae with II and 

III stages, Pakistan, Khyber Pakhtunkhwa Province, District Shangla, 

Yukhtange, at 1700 m ASL.  September, 2014. (HUP-RSU425). 

Comments:  Hiratsuka (1992) reported the distribution of this sp. in japan 

India, China and Taiwan. Sawada (1943) described the uredinial state for this 

fungus. It is a new record for Shangla district. 
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Figure 151. A-D: Morphology of Puccinia caricis-filicinae on   Carex filicinae 

(RSU425), A-B.  Infected leaves of the host plants, C. Urediniospor D-E. 

Teliospores, Scale bar: A =2 cm, B= 10 mm, C = 15.7 µm, D-E = 13.7 µm 

                                             

FIGURE 152. A. Lucida drawing of teliospores and urediniospor of Puccinia 

caricis-filicinae (RSU425) 

Scale bar: A= 8.5 um 
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3.15.63. Haplotelium ambiens (Cooke) Syd. Annls mycol. 20 (3): 124 (1922).   

             (Basionym: Uromyces ambiens Cooke) 

    (Fig. 153: A–H) 
    (Fig. 154: A–B)
  
Aecia and Uredinia not found. Spermogonia subepidermal, group 1, type 1, 

golden brown to hyaline, 175 × 137 µm. TELIA abaxial, raised, developing as 

circular black boundaries around central yellow spots, scattered, naked, 

chestnut brown, 2–3 × 4–5 mm. Teliospores dimorphic: fusiform to ovate 

teliospores yellow, elongated, 1-celled, 29–40 × 48–60 (–79), walls smooth, 

yellow; globose to subglobose teliospores brown, 29–47 × 39–48 µm, walls 

smooth and dark brown, 2.8–5 µm thick at sides, up to 3.5 µm thick apically, 

germ pore one, subapical to apical; pedicel hyaline, 6.5–9 × 160–205(–285) µm. 

  

Material Examined: PAKISTAN, Khyber Pakhtunkhwa, Shangla 

district, Yukhtange, at 2200 m a. s. l., on Buxus wallichiana Baill. 

(Buxaceae), stages 0 + III, November 4, 2013, Sadiqullah RSU 36A (LAH 

20913A); 1 Jan. 2014, Sadiqullah RSU 36B (LAH 20913B), September 1, 

2015 Sadiqullah RS600 (LAH 20913C). 

 

Comments: Cooke (1874) originally described Haplotelium ambiens (Basionym; 

Uromyces ambiens) on Buxus sempervirens L. from the Indian Himalayas, and 

Sydow (1922) published a revised and expanded description of the type 

collection. Later Butler & Bisby (1931) reported this species on leaves of Buxus 

(probably sempervirens) near Dunooltie above Dehra Dun as well as from 

Bashahr, near Simla, 6000 ft. elevation. Haplotelium ambiens differs 

morphologically from Puccinia buxi.  In U. ambiens the teliospores are 

dimorphic (ovate or globose to subglobose), non-septate, and thick-walled (up 

to 5 um thick on the sides), while P. buxi has only monomorphic teliospores 

that are oblong to clavate, one-septate, and thin-walled. Manuscript of the 

species has already been published. For detail see appendices. 
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FIGURE 153. A–H. Morphology of Haplotelium ambiens (RSU 36A). A–B: 

Infected tree of Buxus wallichiana in field showing spermogonial and telial sori 

and Inflorescence of Buxus wallichiana, C. Telial sori under stereomicroscope, 

D. Fusiform yellow teliospores in LM, E. Longitudinal section of 

spermogonium, F–H. Dimorphic teliospores in LM. Scale bar: A=7.5 cm, B= 

1.6 cm, C= 2mm, D=23 µm, E=43 µm, F=50, G=20, H=50 
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FIGURE 154. A–B. Lucida drawing of Teliospores (RSU 36A). 

Scale bar: 10 µm 
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3.15.64. Uromyces decorates Syd. & .P. Syd.Annls Mycol. 5: 491, 1907. 

      

                                                                                                               (Fig. 155: A-D) 
                                                                                                               (Fig. 156: A-B) 
 
Spermogonia and aecia are not found. Uredinia amphigenous, scattered or in 

group, erumpent, light brown, minute; 0.2-0.25 x 0.3-0.37 mm. Urediniospores 

globose to subglobose, light brown, echinulate 10-25 x 20-25 um, wall 

thickness is 1-1.5um.germ pores 4-6 scattered. Teliospores globose to sub 

globose or oblong, apex with hyaline papilla up to 5um in height base 

rounded or not and also verrucose almost hyaline to chestnut brown 17.5-22.5 

x 18.5-30 um.pedicel is hyaline 7.5-30 x 5-7.5um. 

 

Material examined: Crotalaria prostrate with II and III stages, Pakistan, 

Khyber  Pakhtunkhwa  Province, District  Shangla Takht, ,at 2200 m  

ASL. September 1, 2014. (HUP=RUS 427). 

 

Comments: Previously (Fiaz, 2013) reported the species from Mansehra. Here 

it is reported as a new record for Shangla district. 
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FIGURE 155. A-D: Morphology of Uromyces decorates on Crotalaria prostrata 

(RUS 427). A–B. Infected leaves of the host plants C. Teliospores D. 

Urediniospores 

Scale bar: A =3 cm, B=6    mm, C =6 µm, D =11µm 
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FIGURE 156. A-B. Lucida drawing of Uromyces decorates (RUS 427). A. 

Line drawing of Teliospores B. Urediniospores.  

Scale bar: A= 16 um, B= 15.5 um. 
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3.16. Uropyxidaceae 
 

Spermogonia group VI (type 5). Aecia Aecidium or Caeoma type or uredo 

type, with or without peridium or with Paraphyses. Aeciospores catenulate or 

born singly, verrucose or echinulate. Urediniospores born singly or mostly 

echinulate, germ pore mostly scattered, teliospores two or more celled by 

vertical septa often with bilaminate wall, germ pore one or more per cells, 

teliospores pedicellate, the pedicel often hygroscopic, basidium external, 

autoecious or heteroecious, hosts various (Cummins & Hiratsuka, 2003; 

Cannon & Kirk, 2007; Kirk et al., 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



297 
 

 

3.16.65. Tranzschelia pruni-spinosae (Pers.) Dietel, Annls Mycol.20: 31, 1922. 

                                                                                                                (Fig. 157: A-E) 
                                                                                                                (Fig. 158: A-B) 
 

Spermogonia and aecia are not found. Uredinia hypophyllous, scattered, 

often crowded, reddish brown, 0.4× 0.5 mm. Urediniospores ovoid to 

ellipsoid or fusiform 12-30 um long and 10-20 um width, wall up to 6.5 um 

thick at the conical apex, dark brown, echinulate in lower half, pale brown, 

germ pores 2-4 equatorial. Telia hypophyllous, often crowded erumpent, 

blackish, brown 0.6 × 0.4 mm in size. Teliospores ellipsoid or ovoid to oblong 

20-35 x 15-22.5 um constricted at the septum, wall 1.4-2 um thick, apically 

4um thick, dark brown, coarsely verrucose, pedicel hyaline 5-20 x 5-8um. 

 

Material examined: on Prunus persica with II and III stages, Pakistan, 

Khyber Pakhtunkhwa Province, District Shangla Yukhtange, at 1700 m 

a. s. l., October, 10, 2014 (HUP-RSU428). 

 

Comments: Previously (Fiaz, 2013) reported the species as a new record from 

Khyber Pakhtunkhwa.  
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FIGURE 157. A-E.  Morphology of Tranzschelia pruni-spinosae on Prunus 

persica RSU428), A.  Infected leaves of the host plants, B. Urediniospore & 

Teliospore, C. Teliospore, D. Urediniospores E. Teliospores.  

Scale bar: A =3 cm, B = 12 µm, C = 9 µm, D-E =10 
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FIGURE 158. A-B. Lucida drawing of Tranzschelia pruni-spinosae RSU428). A: 

Line drawing of Teliospores. B. Urediniospores. 

Scale bar: A-B=12 um 
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3.15. Microbotryaceae 

Mycelial seta pore less, hyphae intercellular, haustoria lacking, sori developed 

in swollen anthers, filaments or ovaries, rarely in whole flowers, or leaf tissue, 

typically resulting in replacement of generative tissues by a dark brown or 

violet spore mass, peridium distinct or lacking, columella usually absent. 

Teliospores usually globose to ovoid or angular due to compression, hyaline 

to brown to pale violet, smooth, verrucose or reticulate, rarely separated by 

disjunctors. Basidiospores small, hyaline aseptate and thin walled. The 

Microbotryaceae are separated from their sister family, the 

Ustilentylomataceae by having hyphae with pore less septa at maturity. 

Microbotryum and Sphacelotheca are the most significant genera of the family 

(Vánky, 1987; Vánky & Oberwinkler, 1994; Cannon & Kirk, 2007; Kirk et al., 

2008). 

Key features of genus Microbotryum 

Spore solitary globose to ovoid or somewhat irregular, hyaline pal or 

definitely violet. Spore surface usually reticulate some time verrucose. 

Commonly on the host plants of Caryophyllaceae, Dipsacaceae, Lamiaceae, 

Lentibulariaceae and Portulacaceae and Polygonaceae hosts (Vánky, 1987; 

Vánky & Oberwinkler, 1994; Vánky, 2012).  

 

Key features of genus Sphacelotheca 

The genus Sphacelotheca is distinct from Microbotryum by forming 

appendices between spores, the so-called disjunctors, and by the presence 

of a columella and a peridium in the sori (Vánky, 1987; Vánky & 

Oberwinkler, 1994; Vánky, 2012).  
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3.17.66. Sphacelotheca nepalense nom. prov.  

            (Fig. 160: A–E) 
            (Fig. 161: A–D) 

HOLOTYPE: On Persicaria nepalensis (Meisn.) H. Gross. 
(Polygonaceae): Pakistan, Khyber Pakhtunkhwa Province, Shangla 
District, Takht, 2700 m a. s. l., October 02, 2015, Sadiqullah (LAH-
SSU2). 

Etymology: Named this new combination because of the host 

Persicaria nepalensis 

Sori as fusiform swelling on the ovaries and stalk of inflorescence, usually 

situated closely below the intact inflorescence, 3-5 mm wide, 3-5 cm long, 

more rarely on the midribs, initially covered by dirty white or dirty white 

epidermis or peridium, the epidermis then ruptures, longitudinally liberating 

the dark purple spores mass, leaving behind numerous fibrous fascicles, 

spore sub globose, ovoid, often slightly sub angular or broadly ellipsoid or 

irregular 9.0–12.8 × 9.0–15.0 μm, reddish brown, usually mixed with 

immature, hyaline, or pale colored spores; wall  1 μm, thick, often complete 

reticulation 10-14 meshes per spore diam., punctate reticulate, or apparently 

as abundantly and minutely echinulate, spore profile almost smooth to very 

finally serrulate. in SEM finally, irregularly, often incomplete reticulate, to 

sometime verruculose, muri low, 0.2-0.4 mic m, interspace verruculose, spores 

germination results in 04-cell basidia. The basidiospores fuse two by two and 

develop hypae or bud like yeast.  

Comments. Previously reported on Persicaria alata (Hanil. Ex D. Don) Nakain 

(=polygonum alatum) as Microbotryum nepalense from Batakundi Kaghan vally 

Ahmad (1956b, c); kakishima & ono (1993) also reported from Nathigali, 

Muzaffarabad, Kaghan and Shoran on Persicaria nepalensis (Meisn.) H. Gross 

(Polygonum nepalense). We are reporting first time from Shangla and swat 

districts as a new combination. In our study this species reported based on 

LSU regions of nrDNA and morphological characterizations. Recently fungi 

have been classified based on phylogenetic analysis (Hibbet et al., 2007). 

Phylogenetically the species justifying its position in Sphacelotheca. 

Morphological characterization such as the presence of disjunctors, a primary 
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character of genus Sphacelotheca, also present in some spores which 

supporting phylogenetics and its placement in Sphacelotheca.  

Phylogenetic Analysis                    (Fig. 159) 

For phylogenetic analysis LSU regions of nrDNA of samples SSU002 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE and NCBI 

databases and matching sequences were retrieved. All Sequences were 

aligned using MUSCLE v.3.8 (Edgar, 2004), followed by manual alignment 

using MESQUITE v.2.75 (Maddison & Maddison, 2015). Complete LSU 

Dataset consisted of 29 sequences. The final aligned data file consisted of 1670 

characters after removing the ambiguous sites. The final aligned file have 215 

distinct alignment pattern. The optimized RAxML tree with ML Likelihood 

score (-3563.304245) was constructed on RAxML-HPC2 on XSEDE v.3.8 

(Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 

Sporobolomyces griseofi (EF537895) and Sporobolomyces sp. (FN868157) were 

used as out group. Sequences of Sphacelotheca nepalense (SSU2) sorted 

separates from all other sequences as no matching sequence have been found 

in genebank and UNITE data bases.  
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FIGURE 159. Phylogenetic Tree of Sphacelotheca nepalense (SSU2) inferred 

from LSU sequence data by RAxML method on CIPRES portal. A total of 29 

nucleotide sequences were included for phylogeny. The maximum likelihood 

value recorded was -3563.304245. Bootstrap values ≥ 60% are considered 

significant. Sequences generated for this study are presented with bold face. 
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FIGURE 160. A–E. Morphology of Sphacelotheca nepalense nom. prov (SSU2) 

(A-B), infected host plants, (C–E) Spores in LM.  

Scale bars: A–B = 1mm; C= 7µm D=10 µm; E=8µm 

 

FIGURE 161. A-D. Morphology of spores in SEM of Sphacelotheca 

nepalense (SSU2). 
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3.17.67. Sphacelotheca hydropiperis (Schumach.) de Bary 1884 

           

            (Fig. 162: A–E) 

   (Fig. 163: A–D) 

 

Sori in swollen ovaries and floral buds, ovoid to cylindrical, 2-5 mm long, 

covered by grayish white peridium, bursting irregularly from the apex, 

exposing the purplish blackish powdery mass, whole flowers attacked. Spore 

globose, subglobose, broadly ellipsoidal or ovoid, or irregular in shape or 

slightly flattened, (7.4–) 8.8-11.5 × (9-) 9.5-12.5 µm, wall deep brown 0.7-1.6 

µm thick; matrix brown to reddish brown, spores are mostly in the form of 

loose balls or in chains or single, often in chain of 3, 5, 6 or more cells, 

catenulate and are connected through disjunctors. 

Material Examined: On Persicaria maculosaa Gray. (Polygonaceae): 

Pakistan, Khyber Pakhtunkhwa Province, Shangla District, Takht, 2600 

m a. s. l., October 2015. Sadiqullah, (SSU9). 

Comments: Previously reported from Kalam Swat, Muree, on Polygonum spp. 

by Ahmad (1965b, c). Kakishima & Ono (1993) reported the sp. on Persicaria 

salicifolia from Rawlakot AJ & Kashmir. Usually this species possesses a 

columella, it is visible outside of the infected flowers while in our collection it 

is not visible. Spores were recorded with size differences. Spore size in the 

original description is 9-13×10-15 while we observed the spore size as 8-11.5 × 

9.5-12.5. Denchev, et al. 2012 reported Bauhinous tenuisporus on the same host 

from Mansehra, KP, Pakistan. Persicaria maculosa was recorded as a new host 

for the species.  
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FIGURE 162. A–E. Morphology of Sphacelotheca hydropiperis (SSU9). A. 

infected host plants, B–E. Spores in LM.  

 
Scale bars: A = 30 mm; B-C= 12µm D=7.2 µm; E=8.5µm 

 



307 
 

 

 

 

 

 

 

 

FIGURE 163. A-D. Morphology of spores in SEM of Sphacelotheca hydropiperis 

(SSU9). 
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Sub-Phylum  
Ustilaginomycotina 
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Key to genera of Ustilaginomycotina 

 
 
1a. Sori in various parts of the host, spore mass dark, Peridium and 
columella absent, spores not catenulate……………………………..Ustilago 
 
1b. Sori invested by a peridium of fungal elements and host tissue, group 
of sterile cells usually present between the more or less loose spore balls; 
columella present………………………………………………….Sporisorium  
 
1c. Spore ball formed of spores and sterile cells, Sterile cells persistent, 
surrounding the brown spores………………………………………Urocystis 
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3.18. Ustilaginaceae 

 

Sori in inflorescence, leaves and stems, often bursting open at mature to 

expose dark brown powdery mass of spores, some time with a central 

columella and rarely also elater like sterile hyphae. Hyphae intracellular 

coated by electron-opaque matrix. Septa without pores. Teliospores 

formed singly, rarely in pairs, sometime accompanied by sterile cells, 

more or less globose, brown or olivaceous, usually ornamented, typically 

verrucose, echinulate or reticulate, germinating to produce hypha like 

transversely septate basidia, basidiospores formed laterally and 

terminally, elongate hyaline thin walled. Sporisorium and Ustilago are the 

significant genera. The family contains 17 genera and 607 species (Vánky, 

1987; Vánky & Oberwinkler, 1994; Vánky, 2012; Cannon & Kirk, 2007; Kirk 

et al., 2008). 

 
Key features to genus Sporisorium 

 
Inflorescence infected completely, Columella comprised of host tissues, 

branched or unbranched, Spores first loosely arranged then pulverulent, 

dark, single, and globose to subglobose. Sterile cells hyaline, subglobose to 

globose, in groups or chains, Germination of Ustilago type (Vánky, 1987; 

Vánky & Oberwinkler, 1994; Vánky, 2012; Cannon & Kirk, 2007). 
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3.18.68. Sporisorium moniliferum (J. B. Ellis & B. M. Everhart) L. Guo.     

             Mycosystema 3:82, 190. 

         (Fig. 166: A–G) 
(Fig. 167: A–D) 

Sori in all spikelets of inflorescence, mostly in ovaries and the innermost floral 

organs also infected, short cylindrical, 3.5–4.5 mm, more or less hidden by the 

glumes, initially covered by a grayish white to dark brown leathery peridium, 

which ruptures apically exposing the first agglutinated mass of spore balls 

which later on become powdery mass of spores and sterile cells, surrounding 

central columella. Spore ball are of variable size and shape, up to 84 µm long, 

composed of easily separating spores. Spore globose broadly ellipsoidal to 

slightly irregular , (7.2) 8-10.5 × 9-11.8 µm, yellowish or reddish brown; wall 1 

µm thick, densely and finely echinulate, up to 1 µm long,  spore profile finely 

serrulate, often in chain of three or more cells, mostly irregular in shape or 

sub globose to ellipsoid very rarely globose, sterile cells in irregular groups, 

rarely observed. 

Material examined: On Heteropogon contortus (L.) P. beauv. (Poaceae):   

Pakistan, Khyber Pakhtunkhwa Province, Shangla District, Shahpur, 

1900 m a. s. l., October 02, 2015, Sadiqullah, (LAH-SSU4). 

Comments: Morphologically variation have been observed in spore size and 

sterile cells profile. The descriptions is not exactly the same as described by 

Vanky (2012). Phylogenetically alone ITS and LSU data showed variation in 

branch length and positions. However combine phylogeny of ITS and LSU 

revealed that SSU4 is Sporisorium moniliferum. 

Phylogenetic Analysis                   (Figs. 164 & 165) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU04 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE or NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned using MUSCLE v.3.8 and then followed by manual 
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alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The 

optimized RAxML tree with ML Likelihood score were constructed on 

RAxML-HPC2 on XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal 

(Miller et al., 2010). 

ITS Data Set         (Fig. 164) 

Complete ITS Dataset consisted of 28 sequences. The final aligned data file 

consisted of 848 characters. The final aligned file have 299 distinct alignment 

pattern. Ml likelihood score is -3472.315153. Sequence of Macalpinomyces 

tubiformis (HQ013088) was used as out group. Sequences of specimen SSU04 

clustered in a clade comprised of Sporisorium moniliferum (HQ013104; 

AY344984). The newly generated sequences clustered together with 91 % 

bootstrap value while other two sequences of Sporisorium moniliferum 

(HQ013104) and (AY344984) sorted with 70% bootstrap value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



313 
 

 

FIGURE 164. Phylogenetic Tree of Sporisorium moniliferum (SSU4) inferred 

from ITS sequence data by RAxML method on CIPRES portal. The analysis 

involved 28 nucleotide sequences. The final aligned file have 299 distinct 

alignment pattern. Ml likelihood score is -3472.315153. Bootstrap values ≥ 7% 
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are considered significant. Sequences generated for this study are presented 

with bold face. 

LSU Dataset              (Fig. 165) 

Complete LSU Dataset consisted of 22 sequences. The final aligned data file 

consisted of 904 characters. The final aligned file have 100 distinct alignment 

pattern. The Final Ml likelihood score is -1927.177618.  

 

 

FIGURE 165. Phylogenetic Tree of Sporisorium moniliferum (SSU4) inferred 

from LSU sequence data by RAxML method on CIPRES portal. The analysis 

involved 22 nucleotide sequences. The final aligned file have 100 distinct 
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alignment pattern. The Final Ml likelihood score is-1927.177618. Bootstrap 

values ≥ 70% are considered significant. Sequences generated for this study 

are presented with bold face. 

 

 

FIGURE 166. A–G. Morphology of sporisorium moniliferum (SSU4). Infected 

host plants (A-B), Spore balls in LM (C & G).  

 

Scale bars: A=40mm, B = 20µm; C=9.6, D=7 µm; E=8.5µm; F=7µm, G=9.6 
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FIGURE 167. A–D. Morphology of spores in SEM of sporisorium moniliferum 

(SSU4).  
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3.18.69. Sporisorium pulverulentum (M.C. Cooke & G.E. Massee) K. Vanky,  

 symb. Bot.Upsal. 24(2):120,1985 

(Fig. 171: A–E) 
          

Sori in scattered ovaries and spikelets,  3 – 6 mm long, ovoid to cylindrical, 

partly hidden by the floral envelopes or protruding between the glumes, 

covered by a thick pale brown peridium that ruptures irregularly, usually at 

the apex, exposing a well-developed central short tapering columella, 

surrounded by blackish brown, semi agglutinated to powdery spore mass. 

Spores when young in spore balls of various shapes and size or in very loose 

spore balls, when mature single, globose, subglobose, ovoid or polyhedral, 

slightly irregular, 9 – 11.7 × 10.5 – 14 µm, yellowish brown, wall 0.7 µm thick, 

finally and densely echinulate, the spore profile appearing finally serrulate in 

LM, between the spines finally densely verrucose. Sterile cells in chains, 

groups or scattered singly among the spores, may be larger, similar in size or 

smaller than the spores, hyaline, smooth, Peridial cells up to 19.4 µm in 

length, hyaline; Wall 1 µm thick, smooth. 

Distribution: On poaceae in S Europe, S & E Asia; Sacccharum 

arundinaceum Retz. S. strictum (Host) P. Beauv.) Spreng. Erianthus 

strictus (Host) P.Beauv.) Bluff, Nees & Schauer; E. adpressus (Kit) Jav.; E. 

hostii Griseb.), Tripidium ravennae (L.) Erianthus ravennae (L.). 

Material Examined: On Imperata cylindrica (Linn) Raeuschel: Pakistan, 

Khyber Pakhtunkhwa Province, Shangla District, Puran, Aloch, 1300m 

a.s.l., October 15, 2013, Sadiqullah, LAH-SSU8. 

Comments: The species previously reported as Sphacelotheca 

Schweinfurthianum (Ahmad 1956 b, c and Khan and Kamal 1969) on Imperata 

cylindrica from Lahore, Sargodha, Peshawar, Malir, Ladhar and Hyderabad. 

Recently (Fiaz, 2013) reported the sp. as Sporosorium Schweinfurthianum from 

Mansehra, KP, Pakistan on the same host. Here the smut specimen analyzed 

first time on the same host from shangla district based on ITS and LSU 
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regions. Morphologica and molecular Phylogenetic analysis (ITS Data set, 

LSU Data set and Combined data set) revealed that smut fungus on this host 

Imperata cylindrical (Linn) Raeuschel is  actually Sporosorium pulverulentum. For 

detail comparison see didcussion. 

Phylogenetic Analysis         (Figs. 168, 169 & 170) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU8 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE OR NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned using MUSCLE and then followed by manual alignment 

using MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The optimized 

RAxML tree with ML Likelihood score were constructed on RAxML-HPC2 on 

XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 

ITS Data Set                            (Fig. 168) 

Complete ITS Dataset consisted of 53 sequences. The final aligned data file 

consisted of 1768 characters. The final aligned file have 489 distinct alignment 

pattern. Ml likelihood score is -7689.104100. Sequences of Sphacelotheca 

polygoni-serruletti (KP311344; KP311345) were used as out group. The 

specimen sequences SSU8 (N7) and SSU8 clustered together with Sporosorium 

pulverulentum (AY740162) at 100%bootstrap value. 
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FIGURE 168. Phylogenetic Tree of Sporosorium pulverulentum (SSU8), inferred 

from ITS sequence data by RAxML method on CIPRES portal. The analysis involved 

53 nucleotide sequences. Tree with the highest log likelihood is -7689.104100). 

Bootstrap values ≥ 95% are considered significant. Sequences generated for this 

study are presented with bold face. 

 

LSU Dataset                              (Fig. 169) 

Complete LSU Dataset consisted of 20 sequences. The final aligned data file 

consisted of 6292 characters. Final alignment file has 322 distinct alignment 

pattern. Final Ml optimization likelihood is -4515.681384. Sequences of 

Urocystis colchici and a newly generated sequence of U. narcissi were used as 
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outgroup. Consensus sequence of SSU8 clustered together with 99% bootstrap 

value with Sporosorium pulverulentum (AY740162). It is important to note that 

the matching sequence is combine sequence of ITS and LSU. For this purpose 

we also run combined analysis.  

 

 

FIGURE 169. Phylogenetic Tree of Sporosorium pulverulentum (SSU8) inferred 

from LSU sequence data by RAxML method on CIPRES portal. A total of 20 

nucleotide sequences were included for phylogeny. The maximum likelihood 

value recorded was -4515.681384. The final aligned data file consisted of 2045 

characters... Bootstrap values ≥ 90% are considered significant. Sequences 

generated for this study are presented with bold face 
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Combined data set                   (Fig. 170) 

Combined phylogenetic analysis have been carried out between the very 

closely match able sequences and which are available in Genebank. The 

combined Dataset consisted of 06 sequences. The final aligned data file 

consisted of 2270 characters. Final alignment file has 213 distinct alignment 

pattern. Final Ml optimization likelihood is -5287.062299 Urocystis colchici was 

used as outgroup. Consensus sequences of SSU8 and SSU8 (N7) were 

clustered together with 98% bootstrap value with combined sequence of 

Sporosorium pulverulentum (AY740162).  

 

FIGURE 170. Phylogenetic Tree of Sporosorium pulverulentum (SSU8) inferred 

from combined (ITS+LSU) sequence data by RAxML method on CIPRES 

portal. A total of 06 nucleotide sequences were included for phylogeny. The 

maximum likelihood value recorded was -5287.062299. The final aligned data 

file consisted of 2270 characters after removing the ambiguous sites. 

Alignment have 532 distinct alignment pattern. Bootstrap values ≥ 90% are 

considered significant. Sequences generated for this study are presented with 

bold face. 
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FIGURE 171. A–E. Morphology of Sporosorium pulverulentum (SSU8), (A), 
infected host plants, (B–E) Spores in LM.  
 
Scale bars: A= 11mm; B= 16.5µm C–D=8 µm; E=9.5µm 
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3.18.70. Sporisorium reilianum (J.G.Kuhn) Langdon & Fullerton, Mycotaxon      

               6:452, 1978.                    (Fig. 173: A–E) 

           (Fig. 174: A–D) 
 
Sori often in the whole inflorescence which are usually more or less 

completely destroyed and transformed into blackish brown granular 

powdery spore mass, but sometimes only single flowers are infected and 

rarely the panicle rachis and leaves are infected.  Cylindrical. 2.5–7.5 mm 

wide, up to 10 cm long , initially partially hidden by leaf sheet, at first covered 

by a white to pale brown to orange white peridium of fungal origin, which 

ruptures irregularly and flakes away to expose the mass of spore balls mixed 

with groups of sterile cells and numerous long, sinuous, thread like or stout 

columella. Spore balls irregular in size and shape and composed of numerous 

loosely connected spores. Spore globose subglobose to ovoid or slightly 

irregular , 9-12.8 × 9-13.5 µm. light olive brown, finely and densely minutely 

echinulated,  sterile cells mostly in irregular , firm groups, rounded on the 

free surface, flattened on the contact surface, 8-16 µm long. Hyaline to yellow 

tinted, smooth with a few oil droplets in each cell. 

Distribution: On poaceae worldwide 

Material Examined: On Sorghum halepense (Linn.) Pers. (Poaceae):   

Pakistan, Khyber Pakhtunkhwa Province, Shangla District, Bisham 

kirai, August 15 2014, 1800 m ASL, Sadiqullah, (LAH-SSU12). 

Comments: Recently (Fiaz, 2013) reported the species on Sorghum halepense 

and Z. mays. Here first time identified based on Molecular characterization in 

Pakistan. It is a new report for Shangla district and adjacent areas.  

Phylogenetic Analysis        (Fig. 172) 

For phylogenetic analysis ITS regions of nrDNA of samples SSU12 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE and NCBI 

databases and matching sequences were downloaded. All Sequences were 

aligned by MUSCLE v.3.8 (Edgar, 2004), followed by manual alignment using 
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MESQUITE v.2.75 (Maddison & Maddison, 2015). Complete ITS Dataset 

consisted of 41 sequences. The final aligned data file consisted of 917 

characters after removing the ambiguous sites. The final aligned file have 381 

distinct alignment pattern. The optimized RAxML tree with ML Likelihood 

score (-5414.398935) was constructed on RAxML-HPC2 on XSEDE v.3.8 

(Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). In ITS 

phylogram SSU12 clustered together in a clade containing many sequences of 

S. reilianum in which our sequences clustered with S. reilianum (DQ875352) at 

53% bootstrap value.   

 

FIGURE 172. Phylogenetic Tree of Sporisorium reilianum (SSU12) from ITS sequence 

data by RAxML method on CIPRES portal. A total of 41 nucleotide sequences 

were included for phylogeny. The maximum likelihood value recorded was -
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5414.398935. Bootstrap values ≥ 50% are considered significant. Sequences 

generated for this study are presented with bold face. 

 

 

 

 

FIGURE 173. A–E. Morphology of Sporisorium reilianum (SSU12), (A-C), infected 

host plants, (D–E) Spores in LM.  

Scale bars: A = 25mm, B–C=40 mm, D–E=8.5 µm 
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FIGURE 174. A–D.  Morphology of spores in SEM of Sporisorium reilianum 
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3.18.71. Sporisorium sorghi Ehrenberg, Link, Linne’s species Plantarum, 6(2):  

86, 1825   

                 (Fig. 177: A–C) 
         (Fig. 178: A–D) 

Sori in spikelets as 3-10 mm long, ovoid or cylindrical, pale brown bodies 

protruding from the glumes, covered by a well-developed peridium of 

interwoven hypae overlain by host tissues, which ruptures irregularly to 

expose the dark brown , powdery spore mass and the central columella 

composed of host tissues permeated by hypae. The panicles may or not be 

congested and stunted. Spores when mature single, globose subglobose, 

ovoid to slightly irregular 5.5-7 × 5.5-8 (8.5) µm, light olive brown from 

apparently smooth to sparsely punctate or very finally verruculose. Sterile 

cells somewhat larger than the spores in irregular group or chains, hyaline 

smooth.  

Material Examined: on Sorghum bicolor (L.) Moench (Poaceae):   

Pakistan, Khyber Pakhtunkhwa Province, Shangla District, Bisham, 

1100 m a. s. l., October 02, 2015, Sadiqullah, (LAH-SSU4B).  

Comments: Based on Morpho-anatomic and molecular characterization the 

taxon SSU04B identified as Sporisorium sorghi. Fiaz, (2013) reported S. sorghi 

on Sorghum vulgare from Mansehra. Our spore measurement is 5.5-7 × 5.5-8 

(8.5) µm which is exactly matching with measurement reported by (Vanky, 

2012). Furthermore in comparison with S. cruentum, sporisorium sorghi has a 

thicker, more permanent peridium, smaller spores and sterile cells and more 

finally punctuate spores then S. cruentum, for which it is sometimes mistaken. 

 

 

 

 

 



328 
 

Phylogenetic Analysis        (Figs. 175 & 176) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples (SSU4B) 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE or NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The optimized 

RAxML tree with ML Likelihood score were constructed on RAxML-HPC2 on 

XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 

ITS Data Set                   (Fig. 175) 

Complete ITS Dataset consisted of 35 sequences. The final aligned data file 

consisted of 867 characters. The final aligned file have 421 distinct alignment 

pattern. Ml likelihood score was recorded as (-4874.438483). Sequences of 

Macalpino bursus (JN367291) and Mecalpino ewertii (HQ013087) were used as 

out group. Consensus sequence of Sporisorium sorghi sorted in a clade 

including sequences of sporisorium sorghi, s. cruentum, S. foveolatii and 

Cintrictia sorghi-vulgar with less than 50% bootstrap value. In ITS Phylogram 

our sequence is more likely matching with Sporisorium cruentum. Any how 

the result of identity is not resolved yet with ITS dataset only. For this 

purpose LSU RAxML tree was generated to conclude identity with 

authenticity.  
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FIGURE 175. Phylogenetic Tree of Sporisorium sorghi (SSU4B) inferred from 

ITS sequence data by RAxML method on CIPRES portal. The analysis 

involved 35 nucleotide sequences. Tree with the highest log likelihood is (-

4874.438483). Bootstrap values ≥ 50% are considered significant. Sequences 

generated for this study are presented with bold face. 

LSU Dataset                          (Fig. 176) 

Complete LSU Dataset consisted of 21 sequences. The final aligned data file 

consisted of 1541 characters. The final aligned file have 83 distinct alignment 

pattern. The Final Ml likelihood score is -1821.820098. Consensus sequence of 

SSU08 clustered together with Sporisorium sorghi (KR014151; AF009872), 

cintractia sorghi-vulgar (Ay745726), S. foveolati (KR014151) and sporisorium 

moniliferum. Morphologically SSU04B is quite different from all other except 

Sporisorium sorghi. Unfortunately we did not find any LSU sequence for S. 
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cruentum to analyze both phylogenetic ally for a combined data set and also to 

check its status in LSU phylogram. The LSU phylogram reveals that SSU4B is 

significantly S. sorghi instead any other taxon.   

 

                              

FIGURE 176. Phylogenetic Tree of Sporisorium sorghi (SSU4B) inferred from 

LSU sequence data by RAxML method on CIPRES portal. The analysis 

include 21 nucleotide sequences. Tree with the highest log likelihood is -

1821.820098). Bootstrap values ≥ 50% are considered significant. Sequences 

generated for this study are presented with bold face. 
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FIGURE 177. A–C. Morphology of Sporisorium sorghi (SSU4B). (A), infected 

host plants, (B–C) Spores in LM.  

Scale bars: A= 10 mm; B= 8µm C=20 µm 
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FIGURE 178. A–C.  Morphology of spores in SEM of Sporisorium sorghi 

(SSU4B).  
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3.18.72. Ustilago maydis (DC.) Corda, Icon. Fung. (Prague) 5: 3, 1842 

             (Fig. 180: A–E) 
              (Fig. 181: A–D) 
 

 Sori in inflorescence in the form of irregular galls and in cone. In gall form 

initially covered by a thin grayish silvery later brown, smooth membrane 

which ruptures irregularly to expose the dark brown, powdery spore mass 

spore, globose to subglobose or ovoid to sometime elongate or slightly 

irregular (4.7–) 5.3–7.7 × (5.9–) 6–8 (–8.7) µm olive brown wall 0.8 µm thick, 

echinulate.  

Material Examined: On Zea mays L. (poaceae): Pakistan, Khyber 

Pakhtunkhwa Province, Shangla District, Shangla top, 2000 m a. s. l., 

August 20, 2015, Sadiqullah (LAH-SSU006). 

Comments: The corn smut fungus can grow on corn plants as a plant parasitic 

smut but also as saprotrophic yeast. In the past, two different names were 

allowed for these two different developmental stages, Ustilago maydis for the 

parasite and Pseudozyma prolifica for the yeast. Today, only one name is 

allowed ("one fungus - one name"), so P. prolifica is a synonym of U. maydis. 

The species previously reported on Zea mays from Quetta, Kalat, Kaghan, 

Murree, Dir, Matiltan (swat); AJ &K (Ahmad, 1956b, c; Malik & Virk, 1968; 

Kakishima & Ono, 1993).  

Phylogenetic Analysis        (Fig. 179) 

For phylogenetic analysis ITS regions of nrDNA of samples SSU006 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE and NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). Complete LSU 

Dataset consisted of 22 sequences. The final aligned data file consisted of 1218 
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characters after removing the ambiguous sites. The final aligned file have 175 

distinct alignment pattern. The optimized RAxML tree with ML Likelihood 

score (-1949.160123) was constructed on RAxML-HPC2 on XSEDE v.3.8 

(Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). Tubisorus 

pachycarpus (JN871718) was used as out group. In ITS Phylogram, sequence of 

SSU6 (One contig sequence and a clear reverse sequence) clustered together in 

a clade including sequences of U. maydis and its synonym Pseudozyma prolifica 

significantly.  

 

 

 

 

FIGURE 179. Phylogenetic Tree of Ustilago maydis (SSU06) inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 22 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -1949.160123. Bootstrap values ≥ 60% are considered significant. 

Sequences generated for this study are presented with bold face. 

 

 

 

 

 



335 
 

 

 

 

 

 

 

 

 

FIGURE 180. A-F. Morphology of U. maydis (SSU06), A–C: infected Host. 

D–F. spores in LM 

Scale bar: A–C=1 cm, D = 10 µm, E. 8 µm, F. 16 µm  
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FIGURE 181. A-F Morphology of spores in SEM of U. maydis (SSU06) 
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3.18.73. Ustilago tritici (Persoon) Rostrup, 1890.    

   (Fig. 183: A–B) 
   (Fig. 184: A–D) 

 

Sori in spikelets inflorescent, dark olive brown, powdery dusty, Infection 

systematic, all floral parts damaged resulting nacked rachis, spore globose to 

subglobose or ovoid, 4.9-7.2 × 5.8-8.9 µm, olive brown, paler on one side, 

minutely echinulate. 

Material Examined: On Triticum aestivum L. (Poaceae): Pakistan, 

Khyber Pakhtunkhwa Province, Shangla District, Puran Aloch, 1100 m 

ASL,  June, 08 2015,. Sadiqullah, (SSU05). 

Comments: Previously Ustilago tritici was reported from different regions of 

Pakistan on only morphological basis. We analyzed the sp. first time based 

on ITS and LSU region of nrDNA from the country.  

Phylogenetic Analysis         (Fig. 182) 

For phylogenetic analysis ITS regions of nrDNA of samples SSU005 was 

amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE and NCBI 

databases and matching sequences were retrieved. All Sequences were 

aligned using MUSCLE v.3.8 (Edgar, 2004), followed by manual alignment 

using MESQUITE v.2.75 (Maddison & Maddison, 2015). Complete LSU 

Dataset consisted of 23 sequences. The final aligned data file consisted of 1133 

characters after removing the ambiguous sites. The final aligned file have 178 

distinct alignment pattern. The optimized RAxML tree with ML Likelihood 

score (-2553.519631) was constructed on RAxML-HPC2 on XSEDE v.3.8 

(Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). Cintractia 

axicola (AF009847) was used as out group. In ITS Phylogram, SSU05 clustered 
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together with 63% bootstrap value with Sequences of Ustilago tritici 

(JN114418; 114419; DQ846894) as the same identity.  

 

 

 

 

 

FIGURE 182. Phylogenetic Tree of Ustilago tritici (SSU05) inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 23 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -2553.519631. Bootstrap values ≥ 60% are considered significant. 

Sequences generated for this study are presented with bold face. 
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FIGURE 183. A–B. Morphology of Ustilago tritici (SSU05) A. Infected host 
plants, B. Spores in LM.  
 
Scale bars: A= 70 mm, B=8  

 

 

FIGURE 184. A–D. Morphology of spores in SEM of Ustilago tritici (SSU05) 
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3.18.74. Ustilago glomeratii nom. prov.                 

(Fig. 187: A–D) 
(Fig. 188: A–D) 
 

HOLOTYPE: On Dactylis glomerata L. (Poaceae):   Pakistan, Khyber 

Pakhtunkhwa Province, Shangla District, Shahpur, 1900 m a. s., 

September 02, 2014, Sadiqullah, (LAH-SU-SSU003). 

Etymology: named because of its host Dactylis glomerata. 

Sori in spikelets, on inflorescence stalk, systematic, in the form of streaks on 

the inflorescence stalk, destroy the inflorescence completely, finally leaving 

the rachis behind, the innermost floral organs also infected, initially hidden 

by the glumes, can be observed by hand touch or exposing the internal parts, 

as the stalk epidermis ruptures exposing agglutinated to powdery mass of 

spores. Spores mostly globose, broadly ellipsoidal to ovoid, centrally 

depressed (7.4) 8.3-10.5 × 10.3-11.8 µm, yellowish brown ; wall 1.1 µm thick, 

densely echinulated , up to 1 µm long and 0.8 µm in width, deep brown. 

Comments: Ustilago glomeratii seems to be a new species in Ustilago complex. 

Phylogenetic Analysis         (Figs. 185, 186) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU003 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE OR NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The optimized 

RAxML tree with ML Likelihood score were constructed on RAxML-HPC2 on 

XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 
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ITS Data Set 

Complete ITS Dataset consisted of 46 sequences. The final aligned data file 

consisted of 1004 characters. The final aligned file have 487 distinct alignment 

pattern. Ml likelihood score is -6122.283140. Sequences of U. eranthidis 

(JN367299; HG918043) were used as out group. Sequences of specimen 

SSU003 clustered in a clade comprised of Ustilago Darkensbergian (AY740155) 

and U. syntherismea (AY740071) and a sequence of Sporisorium cordobense 

(AY740155) with 100% bootstrap vale. 

 

FIGURE 185. Phylogenetic Tree of Ustilago glomeratii (SSU003) inferred from 

ITS sequence data by RAxML method on CIPRES portal. A total of 46 
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nucleotide sequences were included for phylogeny. The maximum likelihood 

value recorded was -6122.283140. The final aligned file have 487 distinct 

alignment pattern. Bootstrap values ≥ 7% are considered significant. 

Sequences generated for this study are presented with bold face. 

 

Combined ITS/LSU Data set of 03 closed sequences 

Combined Dataset consisted of only closely related 03 sequences and one 

outgroup. The final aligned file have 112 distinct alignment pattern. The Final 

Ml likelihood score is -3787.942024. The combined tree shows that SSU3 is 

completely different from both of them and separated with 92% bootstrap 

value. 

 

 

 

FIGURE 186. Phylogenetic Tree of Ustilago glomeratii (SSU003) inferred from 

ITS+LSU sequence data by RAxML method on CIPRES portal. The analysis involved 

04 nucleotide sequences. The final aligned file have 112 distinct alignment 

pattern. The Final Ml likelihood score is -3787.942024. Bootstrap values ≥ 90% 

are considered significant. Sequences generated for this study are presented with 

bold face. 
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FIGURE 187. A–G. Morphology of Ustilago glomeratii (SSU03), A-B. Infected 

host Plants, C –D. Spore balls in LM.  

Scale bars: A=10mm, B = 20mm; C=6, D=9 µm 
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FIGURE 188. Morphology of spores in SEM of Ustilago glomeratii (SSU03) 
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3.18.75. Ustilago sanguinalii nom. prov.       

  (Fig. 190: A–D) 

HOLOTYPE: On Digitaria sanguinalis L. (Poaceae):   Pakistan, Khyber 

Pakhtunkhwa Province, Shangla District, Sanela, 1900 m ASL, August 

20, 2014, Sadiqullah, (LAH-SU-SSU007). 

Etymology: Named because of the host Digitaria sanguinalis. 

Sori in spikelets, dominant in inflorescence, the infected spikelets destroyed 

completely, initially hidden by the enveloping leaf sheaths, more or less 

exposed, 4-6 cm long, in field all the inflorescence of neighbor plants not 

infected, Sori appeared as the leaf sheaths swollen or separates, exposing semi 

agglutinated to powdery mass of spores. Spores globose to sub globose or 

broadly ellipsoidal to ovoid, centrally depressed (6.4) 7.8-9.7 × 9.7-10.5 µm, 

wall reddish brown, matrix reddish brown to yellowish brown ; wall c.1.3 µm 

thick, echinulated. 

Comments: Ustilago sanguinalii closely related U. syntherismea (AY740071) 

however differ based on molecular analysis and spores size. Fiaz (2013) 

reported U. syntherismae on this host from Mansehra. Spore size Ustilago 

sanguinalii are (6.4) 7.8-9.7 × 9.7-10.5 µm, while Fiaz (2013) reported 9.1–11.7 × 

10.1–14.5 µm.  Spore size reported by Vanky (1994; 2012) for U. syntherismea 9-

12 (-13)×10-15 µm is also quite different from our specimen. 

 

Phylogenetic Analysis         (Fig. 189) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU007 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE OR NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The optimized 

RAxML tree with ML Likelihood score were constructed on RAxML-HPC2 on 
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XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 

Initially only ITS data set analyzed. The combined analysis were presented in 

Fig. in last of the Ustilago complex. 

ITS Data Set 

Complete ITS Dataset consisted of 26 sequences. The final aligned data file 

consisted of 822 characters. The final aligned file have 325 distinct alignment 

pattern. Ml likelihood score is -4068.377761. Sequences of U. eranthidis 

(JN367299; HG918043) were used as out group. Sequences of specimen 

SSU007 clustered together with 100% bootstrap value. ITS sequence of U. 

syntherismea (AY740071) separated with 99% bootstrap value from our specimens. 

 

FIGURE 189. Phylogenetic Tree of Ustilago sanguinalii (SSU07) inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 26 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -4068.377761. The final aligned file have 325 distinct alignment 
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pattern. Bootstrap values ≥ 90% are considered significant. Sequences generated for 

this study are presented with bold face. 

 

 

 

FIGURE 190. A–G. Morphology of Ustilago sanguinalii (SSU07), A-B. Infected host 

plants, C –D. Spore balls in LM.  

Scale bars: A–B =20 mm; C–D=13 µm 
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3.18.76. Ustilago nunavutica Savchenko et al, Persoonia 33: 169–181, 2014 
           
            (Fig. 193: A–E) 
                   (Fig. 194: A–D) 

  (Fig. 195: A–D 
 
Sori in inflorescence, leaf sheaths and on stems as short to long streaks, 

destroy the inflorescence partially or completely, Infection as agglutinated to 

powdery mass of spores. Sometime initially hidden by the enveloping leaf 

sheaths, more or less exposed Spores globose to sub globose or broadly 

ellipsoidal to ovoid, centrally depressed (7.2–) 7.5–11.2 ×9.6-12 (–14) µm, 

greenish yellowish brown to yellowish brown, wall deep brown, ; wall c.1.3 

µm thick, densely echinulated. 

Material Examined: On Dactylis glomerata L. (Poaceae):   Pakistan, 

Khyber Pakhtunkhwa Province, Shangla District, Takht, 2000 m ASL, 

September 02, 2014, Sadiqullah, (LAH-SU-SSU16); On Digitaria 

violascens L. (Poaceae); Shangla District, Sanila, 1600–2200 m a. s. l., 

August 20, 2014, Sadiqullah, (LAH-SSU11). 

Comments: SSU11 and SSU16 were identified Ustilago nunavutica based on 

morphological features and phylogenetic analysis. Microscopic features like 

spore size and ornamentation of specimens SSU11 and SSU16 were found 

similar with Ustilago nunavutica. ITS Phylogram as well as combine phylogeny 

(Fig. 181) revealed that both the specimens are clustering with Ustilago 

nunavutica. Morphological features highely supported phylogeny. 

Phylogenetic Analysis                                                                 (Figs. 191 & 192) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU16 

and SSU11 were amplified and sequenced. The generated sequences were 

assembled and edited in codon code. The consensus sequence were blast at 

UNITE OR NCBI databases and matching sequences were retrieved. All the 

sequences for both sets were aligned by MUSCLE and then followed by 
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manual alignment using MESQUITE (Edgar, 2004; Maddison & Maddison, 

2015). The optimized RAxML trees with ML Likelihood score were 

constructed on RAxML-HPC2 on XSEDE v.3.8 (Stamatakis, 2016) using 

CIPRES web portal (Miller et al., 2010). First ITS and LSU data set were 

analyzed separately for both specimens and then combined data set to 

identify the species with more authenticity.  

 

FIGURE 191. Phylogenetic Tree of U. nunavutica on Dactylis glomerata (SSU16) 

inferred from ITS sequence data by RAxML method on CIPRES portal. The 

analysis involved 45 nucleotide sequences. The final aligned data file 

consisted of 1068 characters. The aligned file have 296 distinct alignment 

pattern. Ml likelihood score was recorded -3255.387022. Sequences of U. 
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shanxiensis (KY105788) and Pseudozyma shanxiensis (DQ008956) were used as 

out group. Sequences of specimen (SSU16) clustered with U. Nunavutica 

(NR_132053) with 90% bootstrap value. Bootstrap values ≥ 60% are 

considered significant. Sequences generated for this study are presented with 

bold face. 

 

  

 

FIGURE 192. Phylogenetic Tree of Ustilago nunavutica on Digitaria violascens 

(SSU11) inferred from ITS sequence data by RAxML method on CIPRES portal. The 

analysis involved 61 nucleotide sequences. The final aligned data file consisted of 

853 characters. The aligned file have 375 distinct alignment pattern. Ml 
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likelihood score is -4109.617705. Sequences of U. eranthidis (JN367299; 

HG918043) were used as out group. Sequences of specimen SSU11 clustered 

together with 74% bootstrap value with Ustilago nunavutica (NR_132053). 

Bootstrap values ≥ 90% are considered significant. Sequences generated for this 

study are presented with bold face. 

 

 

 

FIGURE 193. A–G. Morphology of Ustilago Nunavutica on Dactylis glomerata 

(SSU16) A-B. Infected host plants, C –E. Spore in LM.  

Scale bars: A=10mm, B = 28mm; C–E= 10.5 µm 
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FIGURE 194. A-D. Morphology of spores in SEM of Ustilago Nunavutica (SSU16) 

  

FIGURE 195. A–G. Morphology of Ustilago nunavutica on Digitaria violascens 

(SSU11), A-B. Infected host plants, C –D. Spore in LM.  

Scale bars: A–B =20 mm; C =12 µm, D. 9.3 µm 
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Phylogenetic analysis based on combined data set for Ustilago complex and 

Sporisorium moniliferum (SSU3, SSU4, SSU7, SSU11 and SSU16)     (Fig 196) 

A combined data analysis have been carried out for the Ustilago complex 

(SSU3, SSU7, SSU11 and SSU16) and for a sp. (SSU4) which following 

Savchenko et al., 2014. Ustilago sp. (SSU4) were also presented here because in 

its all analysis carried out in (Fig 192) phylogenetic analysis it sorted with 

Ustilago syntherismea and sporisorium cordobense. The combined ITS/LSU 

sequences used in Savchenko et al., (2014) for Ustilago complex were 

downloaded from UNITE and NCBI Genebank. All the sequences for 

combined set were aligned using MUSCLE v.3.8 (Edgar, 2004), followed by 

manual alignment using MESQUITE v.2.75 (Maddison & Maddison, 2015). 

The optimized RAxML tree with ML Likelihood score were constructed on 

RAxML-HPC2 on XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal 

(Miller et al., 2010). Initially only ITS data set analyzed. The combined 

analysis were presented in Fig. in last of the Ustilago complex.  

The combine dataset consisted of 37 sequences. The final aligned data file 

consisted of 2180 characters. The final aligned file have 631 distinct alignment 

pattern. The Final Ml likelihood score is -7713.031164. Moesziomyces bullatus 

(AY740153) was used as out group following Savchenko et al., (2014). In 

Combined Phylogram, SSU4 clustered together with Ustilago moniliferum 

(HQ013104/AF453940; AY344984/AF453940) with 98% bootstrap value and 

separated from U. Cruentum (AY740156). SSU11 and SSU16 clustered together 

at 68%bootstrap value and sorted with Ustilago nunavutica with 50% bootstrap 

value. The ITS Phylogram reveal that SSU11 and SSU16 are the same species, 

further they both clustering with U. nunavutica with 50% bootstrap value. The 

ITS phylogram reveals that all these three taxon have the same identity. SSU3 

and SSU7 clustered together with100% bootstrap value and separated from all 

other species. The branch length between the species revealed that both are 

very different from each other.  
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FIGURE 196. Phylogenetic Tree of Ustilago complex and a sporisorium sp. 

inferred from Combined (ITS/LSU) data analysis by RAxML method on 

CIPRES portal. The combine dataset consisted of 37 sequences and 2180 

characters, after removing the ambiguous sites from the alignment. The final 

aligned file have 631 distinct alignment pattern. The Final optimized Ml 

likelihood score is -7713.031164. Bootstrap values ≥ 60% are considered 

significant. Sequences generated for this study are presented with bold face. 
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Morphological comparison of SSU3, SSU7, SSU11 and SSU16  (Table 05) 

Phylogenetically specimens of Ustilago nunavutica (SSU11 and SSU16) 

clustered together at 68%bootstrap value and sorted with Ustilago nunavutica 

with 50% bootstrap value. The ITS Phylogram reveal that SSU11 and SSU16 

are the same species, further they both clustering with U. nunavutica with 50% 

bootstrap value. The ITS phylogram reveals that all these three taxon have the 

same identity. Microscopically spores size of SSU11 is (7.2–) 7.5–10.4 (–10) ×9-

13 (–14) µm while that of SSU16 is (7.4–) 7.5–11.2 × 9.6-12 (–13) µm. spore size 

of these both specimens matching with spore size given by Adamcik et al., 

2016 for Ustilago nunavutica. So, morphologically as well as phylogenetically 

SSU11, SSU16 and Ustilago nunavutica are the same species. 

U. sanguinalii (SSU7) more or less closed to U. syntherismea (AY740071). Fiaz 

(2013) reported U. syntherismae on this host from Mansehra. Our specimen is 

different in spore size. Spore size of our specimen is (6.4) 7.8-9.7 × 9.7-10.5 µm 

while Fiaz (2013) reported 9.1–11.7 × 10.1–14.5 µm. Spore size reported by 

Vanky (1994; 2012) as 9-12 (-13)×10-15 for this sp. is also quite different from our 

specimen. Phylogenetically the branch length between SSU3 and SSU7 in 

combined analysis shows that both species are quite different from each other. 

Phylogenetically U. syntherismea is different from both SSU3 and SSU7. 

Microscopic study supporting phylogenetics as these three specimens have 

different spore measurement as given above. 
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Table. 5. Morphological comparison of Ustilago spp. 

 

 SSU3 

U. glomeratii 

Ssu16 

U. nunavutica 

SSU7 

U. sanguinalii 

SSU11 

U. 

nunavutica 

U. 

syntheri

smae 

Ustilago 

nunavutica 

Savchenko et al., 

(2016). 

Host Dactylis 

glomerata 

Dactylis glomerata Digitaria 

sanguinalis 

Digitaria 

violascens 

On 

Digitaria 

sp. 

Puccinellia 

angustata 

Infect

ion 

Whole 

inflorescence 

destroyed 

partially or 

completely 

destroyed 

completely 

spikelets 

destroyed 

completely 

terminal 

spikelets 

seem 

uninfect

ed 

inflorescences, 

stems, leaf 

sheaths, systemic 

Spore 

shape 

globose, 

broadly 

ellipsoidal to 

ovoid, 

centrally 

depressed  

globose to sub 

globose or 

broadly 

ellipsoidal to 

ovoid, centrally 

depressed  

 

 

 

. 

globose to sub 

globose or 

broadly 

ellipsoidal to 

ovoid, centrally 

depressed  

 

globose to 

sub globose 

or broadly 

ellipsoidal to 

ovoid, 

centrally 

depressed    

Globose 

to 

subglobo

se 

subglobose, 

globose, ovoid, 

rarely irregular, ,  

Spore 

size 

(7.4) 8.3-10.5 

× 10.3-11.8 

µm 

(7.4–) 7.5–11.2 × 

9.6-12 (–13) µm 

(6.4) 7.8-9.7 × 

9.7-10.5 µm 

(7.2–) 7.5–

10.4 (–10) ×9-

13 (–14) µm 

9-12 (-

13)×10-

15 

 

(8–) 8.5–11 × (9.5–

)10–13 µm 

Spore 

wall 

 

1.1µm thick, 

densely 

echinulated, 

deep brown. 

1.3 µm thick, 

deep brown, 

densely 

echinulated 

1.3 µm thick, 

echinulated. 

reddish brown, 

.1.3 µm thick 

wall deep 

brown, 

echinulated. 

 

echinula

te 

Verruculose-

echinulate, 0.5 µm 

thick, The density 

of warts is 25/10 

µm2.  
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3.19. Urocystidiaceae 
 

Sori usually in leaves and stems, often farming swelling or galls, contain a 

usually powdery mass of individual spores or more typically aggregated 

spore balls. Hyphae with simple septal pores with two membrane caps and 

two non-membranous inner caps closing the pores. Spore balls persistent 

contain one or more fertile spores along with smaller and paler sterile cells. 

Teliospores sub globose to ovoid or elongate often angular due to 

compression, reddish brown or olivaceous, rarely septate, usually more or 

less smooth, germinating to form a normally aseptate cylindrical basidium 

with an apical cluster of elongate or fusiform basidiospores that fuse in fairs 

to form infection hyphae (Vánky, 1987; Vánky & Oberwinkler, 1994; Vánky, 

2012; Cannon & Kirk, 2007; Kirk et al., 2008) 

 

Key features of Urocystis 
 

Sori mostly in leaves and stems, sometimes in flowers or seeds, less often in 

roots as brown or blackish brown streaks, spots, swellings or galls 

containing a mass of spore balls, usually powdery. Infection usually 

systematic. Spore ball persistent, composed of one to several dark, fertile 

spores surrounded by paler and smaller sterile cells (Vánky, 1987; Vánky & 

Oberwinkler, 1994; Vánky, 2012; Cannon & Kirk, 2007; Fiaz, 2013) 
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4.19.77. Urocystis narcissi (Gonz. Frag.) Vánky, Mycotaxon 48: 41 (1993)  
          

(Fig. 199: A–E) 
         (Fig. 200: A–D) 
 
Sori in leaves and scales, yellowish-silver or yellowish-brown or black 

pustules containing black powdery mass. Spore balls globose to subglobose or 

ellipsoid, 25–44 ×31–54 µm, composed of 1–3(–4) spores, completely 

surrounded by sterile cells. Spores  globose to subglobose, ovate or 

ellipsoidal, 12–21× 13–24 µm dark brown, wall smooth, sterile cells variable in 

shape and size, subglobose to elongated, 4–14 µm long, wall 0.6–1.5 µm, 

yellowish brown to hyaline, smooth. 

Material Examined: On Narcissus tazetta L. (Amaryllidaceae): Pakistan, 

Khyber Pakhtunkhwa Province, Swat District, Kabal valley Deolai, 

1000 m a. s. l., February 2015, Sadiqullah, SUS-001A; Shangla District, 

Puran valley, 1100 m a. s. l., March, 2015, Sadiqullah, SUS-001B.   

Comments: Previously Urocystis narcissi has been reported on Narcissus 

pallidulus Graells as U. colchici f. narcissi Gonz. Frag. (Fragoso 1914) and as 

Tuburcinia narcissi (Gonz. Frag.) Cif (Ciferri 1938) from Spain (Vánky 2011). 

Later on it was emended by Vánky (1993) as U. narcissi.  This rare smut 

fungus has been collected first time after type locality. First sample was 

collected from Kabal valley, Swat in February 2015 at 1000 m a. s. l. while 

second infected sample was collected from Puran valley, Shangla at 1100 m a. 

s. l., in March, 2015. The host plant is represented by N. tazetta in Pakistan. 

The description of smut fungus on N. tazetta from Swat and Shangla districts, 

KP, Pakistan, resembles with description given by Vanky (2011) with some 

minor difference in spore size for being larger. Our specimen has been 

identified as U. narcissi with little differences in spore size while, N. tazetta is a 

new host record for this fungus. We are reporting here from Pakistan is a new 

record for Asia. This smut fungus has been collected first time outside the 

type locality. Narcissus tazetta has been recognized as a new host plant for this 

rare smut.  
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 Phylogenetic Analysis       (Fig. 197 & 198) 

For phylogenetic analysis ITS and LSU regions of nrDNA of samples SSU01 

were amplified and sequenced. The generated sequences were assembled and 

edited in codon code. The consensus sequence were blast at UNITE OR NCBI 

databases and matching sequences were retrieved. All the sequences for both 

sets were aligned by MUSCLE and then followed by manual alignment using 

MESQUITE (Edgar, 2004; Maddison & Maddison, 2015). The optimized 

RAxML tree with ML Likelihood score were constructed on RAxML-HPC2 on 

XSEDE v.3.8 (Stamatakis, 2016) using CIPRES web portal (Miller et al., 2010). 

ITS Data Set         (Fig. 197) 

Complete ITS Dataset consisted of 18 sequences. The final aligned data file 

consisted of 790 characters. The final aligned file have 212 distinct alignment 

pattern. Ml likelihood score is -2451.005834. Sequences of Antherospora 

hortensis (NR_120241) and Antherospora vaillantii (EF653997) were used as out 

group. Consensus sequence of U. narcissi sorted separately from all other 

species with 56% bootstrap values. Previously the species has not been 

sequenced therefore no sequence was available in genebank for comparison. 
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FIGURE 197. Phylogenetic Tree of Urocystis narcissi (SSU01) inferred from ITS 

sequence data by RAxML method on CIPRES portal. A total of 18 nucleotide 

sequences were included for phylogeny. The maximum likelihood value 

recorded was -2451.005834. Bootstrap values ≥ 50% are considered significant. 

Sequences generated for this study are presented with bold face. 

 

LSU Dataset          (Fig. 198) 

Complete LSU Dataset consisted of 45 sequences. The final aligned data file 

consisted of 2045 characters. The final aligned file have 532 distinct alignment 

pattern. The Final Ml likelihood score is-5874.112126. Sequences of 

Antherospora hortensis (NR_120241) and Antherospora vaillantii (EF653997) were 

used as out group. Consensus sequence of U. narcissi sorted separately from 

all other species with 56% bootstrap values. Previously no one yet derived ITS 
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sequence from the type material from Spain, that’s why we did not find any 

of U. narcissi sequence for comparison. Sequences of Thecaphora spilanthes 

(DQ832241), T. thiaspeos (EF697754) and Thecaphora sp. (Eu660476) were used 

as out group. Consensus sequence of U. Narcissi clustered with U. galanthi 

reported on Galanthus nivalis L. (Vanky, 2012) With 70% bootstrap value, 

however the results of such clustering is not sure because the length of the 

sequence of U. galanthi submitted to genebank is very short. In alignment U. 

galanthi have only 1011 characters while sequence of U. narcissi and other 

sequences have 2045 characters. This is more than half of the difference in 

nucleotide sequence length in such case it may considered as pseudo 

clustering and could be ignored. Further we did not find any ITS sequence for 

U. galanthi to run a combine phylogeny for both ITS and LSU. 
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FIGURE 198. Phylogenetic Tree of Urocystis narcissi (SSU01) inferred from 

LSU sequence data by RAxML method on CIPRES portal. A total of 45 

nucleotide sequences were included for phylogeny. The maximum likelihood 
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value recorded was -5874.112126. The final aligned data file consisted of 2045 

characters after removing the ambiguous sites. Alignment have 532 distinct 

alignment pattern. Bootstrap values ≥ 50% are considered significant. 

Sequences generated for this study are presented with bold face. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 199. A–D. Morphology of Urocystis narcissi (SSU01) (A-B & D), infected 

host plants, (C & E) Spore balls in LM.  

Scale bars: A–B = 51µm; C–D=10 µm; E=11µm; F=8µm 
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Figure 200. A-D. Morphology of spore ball and spores in SEM of 

Urocystis narcissi (SSU01) 
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DISCUSSION 

In the present study the diversity of Basidiomycetes of District Shangla, KP, 

Pakistan has been explored. District Shangla is an administrative unit of 

Khyber Pakhtunkhwa province of Pakistan, located at 34, 31 to 33°, 08° north 

latitude and 72, 33 to 73°, 01° east longitudes with a total area of 1,586 square 

kilometers. The mountains of Shangla district are the western extremities of 

the Great Himalayan range with an average elevation of 15000 to 3,500 meters 

above the sea level. Champion et al., (1965) described this district under the 

moist temperate area. Its formation extends along the whole length of the 

outer ranges of the Himalaya between the subtropical pine forests and the 

sub-alpine formation. The vegetation observed in the area is almost similar to 

vegetation in moist temperate area of Himalayan region. The area is covered 

by 90% of coniferous forest. These climatic factor and vegetation made the 

area as a hot spot for fungal diversity. 

Sampling sites were visited during moon soon, dry months and spring 

seasons of 2013–2015, Mushrooms, rust and smut fungi were collected at 

different stages. Macro- morphological descriptions of the specimens were 

done in the field, photographed and tagged. Rusts and smut fungi were 

collected along with the host plants. The infected parts of the plant were 

photographed, tagged and preserved. More than 300 specimens of 

Basidiomycota were collected, comprising of 77 taxa, 24 genera and 19 

families. Among them Agaricomycotina is represented by 36 species in 14 

genera and 11 families. The genus Amanita was recorded as the most frequent 

and largest genus with 15 species, followed by Agaricus and Russula with 06 

and 03 species respectively. Pucciniomycotina, the pathogenic fungi 

represented by 31 species in 07 genera and 06 families. Puccinia was recorded 

is the largest genus with 16 species followed by Phragmidium with 04 species. 

The smut fungi, Ustilaginomycotina, represented by 10 species in 3 genera 

and 2 families. As a whole 32 species has been found new for science, 02 are 

being reported as new combinations while 11 as record for the country while 
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remaining taxa are being reported first time from Shangla District. All these 

fungi were characterized Morpho-anatomically and phylogenetically. For 

molecular characterization ITS and LSU regions were amplified and 

sequenced using Primers ITS1F, ITS2, ITS3, ITS4, LROR, LR5 and LR6.  

Among the Agaricomycotina, Agaricaceae which is an important family of 

tropical region (Parra, 2013), represented in this study by two genera: Agaricus 

L. and Macrolepiota. Morphological Identification of these genera on species 

level always creates hurdles. Therefore rDNA regions (ITS and LSU) are the 

most important tools for species delimitation in Agaricaceae (Vellinga, 2004; 

Ge et al., 2015).  Genus Agaricus is one of the most important representative of 

the family, having about 400 species, where most of the records are from 

tropical countries (Zhao et al., 2011; Parra, 2013; Thongklang et al., 2014). 

The genus containing many edible species, such as A. bisporus and A. 

subrufescens are commercially cultivated worldwide (Zhau et al., 2016; 

Kerrigan et al., 2005). Owing to their high food and medicinal value, Agaricus 

has been well studied by mycologists from Europe and Northern America 

(Kerrigan et al., 2005; Parra, 2008; 2013). More recently, studies have 

systematically investigated this genus in Western China and Southeast Asia 

using morphological and phylogenetic methods (Chen et al., 2015; 

Thongklang et al., 2014; Zhao et al., 2011). This section is characterized by a 

negative Schäffer reaction and a bright yellow discoloration in the KOH 

reaction, pileus surface and stipe base that show a temporary yellow 

discoloration when bruised or cut, and a phenolic or iodine-like odor (Parra, 

2008). However, there were exceptions to these criteria such as A. biannulatus 

Mua (Zhou et al., 2016). Furthermore, species in sections Arvenses and 

Minores turned yellow when touched or on cutting; however, those taxa were 

distinguished from section Xanthodermatei by their more persistent color 

change, positive Schäffer reaction, anise seed or almondlike odors and lack of 

toxic compounds (Parra, 2008). Recently section Xanthodermatei was formally 

split into two sections i.e. Xanthodermatei and Hondenses with type species 
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A. xanthodermus and A. hondensis respectively (Zhao et al., 2016). 

Morphologically the species of section Hondenses differs from the section 

Xanthodermatei by lacking distinct yellow discoloration on contact exposure, 

lack of a strong phenol or iodine smell and annulus that is often constituted of 

two different rings (Zhao et al., 2016). 

Previously 11 species of Agaricus have been reported from Pakistan on 

morphological basis (Ahmad et al., 1997). In the present study six taxa of 

Agaricus are documented viz; Agaricus subpinus nom. prov., A. subdeciduous 

nom. prov., A. propeaugustus nom. prov., A.  Umbosplitifacus nom. prov., A. 

swaticus nom. prov., and A. campestris. Section Xanthodermatie Sing., is 

represented in this study by two species viz; Agaricus swaticus and A. 

umbosplitifacus. Recently Two species; Agaricus bisporiticus Nawaz, Callac, 

Thongklang & Khalid and A. punjabensis T. Qasim, A. Ashraf & A. N. Khalid 

belonging to section Xanthodermatei have been reported from the country 

(Thongklang et al., 2014). Members of this group are generally identified by a 

negative Schaffer’sreaction, a positive KOH reaction (yellow), an odor of 

phenol, a yellow discoloration with bruising or touching (Kerrigan et al., 2005; 

Parra, 2013). All specimens were morphologically described and subjected to 

molecular phylogenetic analysis of the ITS and combined (ITS+LSU) By 

RAxML methods on CIPRES portal.  

In the ITS phylogram Taxa of Agaricus swaticus were recovered in section 

xanthoderematei. Samples SU111 and SU636 clustered together with 99% 

bootstrap with an undescribed species reported by Zhou et al., 2016 (A. sp. 

ZRL2012629 China, Tibet, Linzhi KM657890 KR006656) with 86% bootstrap 

value in the same clade. Basidiomata of A. swaticus have been collected from 

different areas of Swat and Shangla districts. Morphological variations have 

been found among the collections for example pileus surface is fleshy having 

brown scales on surface, indistinctly umbonate, slightly up curved with split 

margins in A. swaticus (SUA111 and SUA 636) collected from moist temperate 

region of Shangla district while pileus surface is rimose, umbonate, dull and 
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dry, dark greyish brown, margins incurved and wavy in case of samples 

collected from dry temperate regions (Kalam) Swat. The new entity A. 

swaticus is closed to A. parvitigrinus Guinberteau and Callac in phylogenetic 

analysis. Morphologically, A. parvitigrinus and A. swaticus both have 

squamulose pileus but A. swaticus has comparatively smaller pileus but 

presence of dark greyish brown, irregular shaped larger scales condensed at 

the center of pileus surface make it distinct from others. 

In ITS phylogeny A. umbosplitifacus (section Xanthodermatei) was found on 

distinct branches and was clearly separated from all other species with 93% 

bootstrap value while its initial blast result matching with Agaricus 

karstomyces R.L. Zhao (KM657894). A. umbosplitifacus is different from the 

close sample (KM657887) A. sinoplacomyces at 3 nucleotide in alignment. The 

phylogenetic tree placed the samples separate from each other. Differences 

between Agaricus umbosplitifacus, A. karstomyces and A. sinoplacomyces are 

summarized as below. Morpho-anatomically A. umbosplitifacus was found 

completely different from A. karstomyces. These differences are 1). On 

bruising, the latter has a slightly yellow discoloration at middle of the stipe 

while A. umbosplitifacus become brown only at base of the stipe.2) 

Basidiomata of Agaricus karstomyces are plano-convex to plane with straight 

margins and deeply split while A. umbosplitifacus has almost convex 

Basidiomata with enrolled margins and split but not deeply. Pileus surface of 

A. karstomyces have dark brown to dark brown grey and lighter towards the 

edge while A. umbosplitifacus have very pale purple to pale yellow green to 

very pale violet to pale pink cap. Stipe size of A. karstomyces is 8–13 mm (apex) 

–13–15 mm (base) × 120–140 mm, which is quite different from umbosplitifacus 

having (20–27 mm (apex) –25–35 mm (base) × 130 mm). Stipe shape of A. 

karstomyces (cylindrical to long clavate) is also different from A. umbosplitifacus 

(napiform to bulbous). Further Annulus single in A. karstomyces while it is 

double A. umbosplitifacus. The difference between both the species also 

declared from combined phylogeny of ITS and LSU data sets in (Fig.21) and 
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(Fig.22). The species is also quite different from A. sinoplacomyces based on 

morpho-anatomic and molecular characterization. In A. umbosplitifacus 

surface is umbonate covered with grayish olive (5Y 3/2) appressed squamules 

in young stages which turned dark olive brown (2.5Y 2/2) at maturity while 

A. sinoplacomyces have indistinct umbonate or flat sometimes with a depressed 

center and covered with fibrillose squamules that break into small squamules 

towards margin. A. sinoplacomyces have convex to plano-convex to plan pileus 

surface while A umbosplitifacus have almost convex with incurved margins, 

nearly parabolic when small, radially split when mature. Size of basidiospores 

in A. sinoplacomyces is 4.9–5.8 × 2.9–3.3 µm while in our specimens it is 5 - 7 × 

3.7 - 4.6 µm. In A. sinoplacomyces, Stipe 7–10 mm (apex)–14–20 mm (base) × 

42–150 mm (length); cylindrical with an abruptly bulbous base while in A. 

umbosplitifacus (Holotype), Stipe is central, 20–27 mm (apex) –25–35 mm 

(base) × 130 mm (length); seems napiform to bulbous but not abruptly, 

whitish when young then very pale purple (5P 8/2) (10PB 8/2) in maturity, 

color turned brown rusty with handling, turned brown at base on bruising, 

hollow while A. sinoplacomyces turned yellow on cutting. In A. sinoplacomyces 

basidia size is 11.5–15.2 × 3.8–6.2 µm and cheilocystidia not observed while in 

A. umbosplitifacus basidia are large 16–22 × 6–7 µm and cheilocystidia are also 

present. 

Section Agaricus represented by one species Agaricus campestris. Sample 

SU122B clustered together with A. campestris (KT951322; isolate CA637) from 

China with 65% bootstrap value. Morphology of basidiomata was found 

similar with Agaricus campestris.  

Section Arvenses is represented by three species viz; Agaricus propeaugustus 

(SU22 & SU233), Agaricus subpinus (SU241) and Agaricus subdeciduous (SU31 & 

SU169). Initial blast search results of samples SU22 and SU233 showed 99% 

identity and 1 % divergence to sequences of Agaricus augustus (JF797193; 

KJ847461; KT95137) and to an unpublished taxon namely A. nanaugustus 

(KJ859117). These matching specimens belong to different regions of the 
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world including France, North America and china. Agaricus propeaugustus 

differ from Agaricus augustus having spore size 8–10 x 4.5–6 µm and having 

scales on the pileus usually arranged in ring form. Morphoanotomically and 

phylogenetically the specimens have been found different from Agaricus 

augustus. Spores size of our collection is smaller than the A. augustus, So 

presented here as a new species. Phylogenetically Agaricus subdeciduous (SU31 

& SU169) is different from A. subrufescens in 04 nucleotide base pairs of ITS 

regions (Figs 08, 20 & 21). The Subglobose to broadly ellipsoidal spores 

measuring 5.3 - 6.5 × 4.2 - 5.2 µm and presence of long rhizoid attached to 

bulbous base are unique to our collection. A. subdeciduous have long basidia 

(17.1 – 25 (–36) × 6.6 - 8.5 µm) as compared to basidia size in A. subrufescens 

(10-19 × 4-8) μm (Wisitrassameewong et al., 2011). The two unusual characters 

which are not universally accepted for A. subrufescens, however not founded 

in our collection. These two characters are transient concave shoulder or bell-

shape to the pileus as expansion in young pilei begins first near the margin 

and radially oriented folds or ‘‘pleats’’ of the pileus (Kerrigan, 2005). Agaricus 

subpinus proposed as a new species based on morphological and molecular 

characterization. the species differ from A. subrufescens having spores 4-6.5 × 

3-4.5 μm, ellipsoid, rarely ovate, apiculus distinct and without germ pore 

(Wisitrassameewong et al., 2011) while spores in our collection are (4.4) 5.3 - 

6.6 (6.7) × (3.3) 3.5 - 4.1 µm, mostly oblong, rarely ellipsoid to Subglobose. 

Based on these morphological and molecular differences the species proposed 

here as new to science.  

In the present study Family Amanitaceae represented by a single genus 

Amanita, comprising of 15 species. Out of 15 species 09 species viz; Amanita 

olivavaginata, Amanita subflavipes nom. prov., A. obscuriscens nom. prov., A. 

cinis nom. prov., A. albosa nom. prov., A. nigrofibrilosa nom. prov., A. zona 

nom. prov., A. pseudolignitincta nom. prov., and A. yukhtangiensis nom. prov., 

are proposed new for science. One species viz., Amanita glarea S. Jabeen, M. 

Kiran & Sadiqullah published as new to science. Two species viz; Amanita 
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pseudovaginata and A. Pallidorosea are new records for the country while three 

species viz; A. pakistanica, A. Orsonii and A. cinnamomescens first time reported 

from Shangla district. In the ITS phylogram, taxa of Amanita were resolved in 

six sections, Vaginata, Caesaraea Amanita, Vallidae, Phalloidaea and Lepidella. 

ITS1F, ITS4, ITS2 and ITS3 were used for amplification and sequencing.  

Amanita olivavaginata is treated as a new taxon based on morphological and 

molecular characterization. It is characterized by its depressed cap, light olive 

to grayish olive surface, thin pileal trama, striate to sulcate margins, sub 

distant lamellae with eroded margins, punctate stipe with pure white scales 

or dots and saccate volva. Anatomically it is characterized by its subglobose 

to broadly ellipsoid spores.  ITS phylogram reveals that this species is related 

to A. Pseudovaginata as both are lightly depressed cap however differ as pileus 

color in A. pseudovaginata  are greyish sometimes with brownish tinge, and 

occasionally nearly white while Amanita olivavaginata have light olive to 

grayish olive surface. Spore size in A. pseudovaginata is large 9.5 - 12.5 (-14.0) × 

(7.0-) 8.0 - 10.5 as compared to Amanita olivavaginata which has 7.7-10.4 (10.6) 

× (–6.6) 7– 8.8 (9.7). More over A. olivavaginata have eroded gill margins and 

punctate stipe with congested white scales while A. pseudovaginata have 

nearly smooth stipe.  

Amanita olivavaginata is also quite different from A. alboflacescens as it belong 

to section Lepidella and have pale yellow surface with floccose to squamulose 

volval remnants while A. olivavaginata is a member of section vaginata with 

light olive to grayish olive surface. A. olivavaginata is close relative in LSU 

phylogram to Amanita aff. Vaginata and A. vaginata. Amanita olivovaginata 

differs from A. vaginata by the lack of umbo on its pileus. A. olivavaginata 

differ in grayish olive color of pileus while A. vaginata have grayish color. A. 

vaginata have striate margin (0.3R±) (Tulloss, 2001) while A. olivovaginata have 

deeply plicate or sulcate margins. Further A. vaginata have globose to 

subglobose basidiospores measuring 10.0 - 13.5 (-16.5) × (8.5-) 9.2 - 12.2 µm 

(Tulloss et al., 2001) while A. olivavaginata have subglobose to broadly 
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ellipsoid spores and are smaller in size 7.7-10.4 (10.6) × (–6.6) 7– 8.8 (9.7) µm. 

A. olivovaginata also differ in sub distant lamellae with eroded margins as 

compared to crowded lamellae with entire margins of A. vaginata. 

In this study Amanita cinis treated as a new taxon based on morphology and 

molecular characterization. Morphologically this sp. is very distinct from 

other known sp. in section Lepidella and can be easily characterized by the 

presence of olive brown to grayish brown ash on pileus and a grayish, 

fugacious ring-like structure on the lower stipe and oblong or sub-cylindrical 

to rarely ellipsoid basidiospores measuring (7.5) 8.6 –12.5 (13) × (5.1) 5.9–7.5 

(8.5) µm and sometime cinnamon coloration on pileus. ITS phylogram reveals 

that this species is related to Amanita magniverrucata. On comparison it is 

found that both spp. are very different from each other such as Pileus is white 

to whitish at first in Amanita magniverrucata while pileus in Amanita cinis 

pileus is brown yellowish initially and often completely covered with olive 

grayish ash. Surface of A. magniverrucata has a dry dull appearance covered 

with white to tan to light brown volva which later on become darker brown to 

reddish brown. A. cinis have fleshy dull appearance and sometime surface 

covered with warty veil at juvenile stage which later on changed to olive 

brown to grayish brown ash, pruinose to pulverulent at periphery and large 

patches at the center, ash seemed to be lost with blowing air or rain. The 

spores measure 8.0 - 12.6 (-15.5) × (4.5-) 5.8 - 8.0 (-9.5) µm and are ellipsoid to 

elongate while spores measuring in A. cinis is (7.5) 8.6 –12.5 (13) × (5.1) 5.9–7.5 

(8.5) µm and are mostly oblong or sub-cylindrical and rarely ellipsoid. Despite 

these differences Amanita cinis have well known cuticle while in A. 

magniverrucata warts on surface directly connected to the cap flesh without a 

well-formed cuticle. 

The species is also very different from A. modesta as related sp. in LSU 

phylogeny in pileus surface and color, stipe shape and volva morphology. 

Amanita modesta have subumbonate surface ranges from vivid umber to 

fuliginous umber and is paler and innately streaked toward the margin while 
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in A. cinis have plane to depressed surface dark grayish yellowish brown to 

light olive brown to grayish yellowish brown with appendiculate margins. 

The former have persistent partial veil while in A. cinis partial veil is fragile 

and fugacious and seem to be shredded by the expansion of the pileus. The 

presence of olive grayish ash on pileus surface of Amanita cinis and presence 

of ring like structure make it unique in identity. The species can also be 

compared to A. pseudoporphyria of section Phalloidaea. This sp.is different 

from our collection as pileus surface innately fibrillose and glabrous or 

covered with a few white to dirty white membranous volval remnants, the 

cap's margin is smooth and non-appendiculate, but often with annulus 

remnants hanging on the margin (Yang & Tulloss 2017). Presence of persistent 

annuals & volva, absence of olive grayish ash and basal ring at stipe base 

differentiate Amanita cinis from A. pseudoporphyria. Previously only one 

species has been reported from Pakistan in this section which is Amanita nana 

Sing. of subsection Vittadiniae reported from Punjab (Ahmad, 1956; Bas, 

1969).  

Amanita zona also treated as a new taxon based on morpho-anatomic and 

molecular characterization. This species can be characterized by bicolor to tri 

color pileus or at least a single band dividing pileus in two portion of 

different color matrix. Parabolic to convex to plano-convex, grayish yellowish 

brown then light grayish brown and at last pale yellow green to grayish 

yellow brown at striation, margins sulcate to plicate some time split, 

basidiospores 7.5-14.3 × 6.7) 7-10.3 µm. ITS and LSU phylogram shows that 

the sp. is closely related to A. zona.  This sp. have buff central disc, while the 

remainder is pale grayish. As the mushroom ages the cap becomes grayer 

except for the center which becomes yellowish.  The cap is ovoid at first and 

becomes broadly bell-shaped with a distinct umbo. These characteristics 

differentiate our specimen in pileus morphology. The spores of A. 

zona measure (7.9-) 9.5 - 12.5 (-13.0) × (7.1-) 8.2 - 10.3 (-11.5) μm and are 

dominantly broadly ellipsoid (sometimes subglobose or ellipsoid) (Tulloss et 
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al., 2017) while A. zona have globose to subglobose or broadly ellipsoid spores 

(7.4) 8–13.3 (14.3) × (6.7) 7-10.3 (10.5) µm, A. zona have whitish or whitish gray 

lamellae with  eroded to fimbriate edges while A. zona have cream to white 

lamellae with smooth margins. In LSU phylogram A. zona clustering with A. 

trygon and an unpublished and undescribed taxon from India. We did not 

find any access to the material neither to the description for comparison. The 

only information we derived from www.amanitaceae.org is about the habitat 

that A. sp emodotrygon occurring in pure forest of Pinus roxberghii. Further 

comparison was not possible due to lack of published data.  

Amanita nigrofibrilosa (SUA207) was proposed as a new sp. based on 

molecular and morphological characterization. Phylogenetically the species 

resolved in a clade including Amanita pseudovaginata (KR 673664; FJ441042). A. 

nigrofibrilosa separated from the mentioned species with 96 % bootstrap value. 

Morphological traits support the phylogenetics and the species was proposed 

as a new entity. A. nigrofibrilosa (SUA207) differ from A. pseudovaginata having 

Spore size are 9.5 - 12.5 (-14.0) × (7.0-) 8.0 - 10.5 and A. vaginata having pileus 

surface with grayish color and margins striate (0.3R±) (Tulloss, 2001). Further 

A. vaginata have globose to subglobose basidiospores measuring 10.0 - 13.5 (-

16.5) × (8.5-) 9.2 - 12.2 µm (Tulloss et al., 2001).  

Amanita obscuriscens nom. prov. was also proposed as a new entity based on 

molecular and morphological characterization. Initial blast search matching 

species was found is A. ceciliae (KU139512; KU139511; KF017930) with 100% 

query cover, 0.0 E value and 86% identity. In ITS phylogram, sequences of A. 

Obscuriscens separated from all other species forming their own clade with 

98% bootstrap value. Morphological traits supporting the phylogeny and the 

species were proposed as a new entity in section vaginata. A. Obscuriscens 

differ from A. ceciliae having cap is 75 - 110± mm wide, brownish yellow at 

first, losing all yellow tints at maturity and becoming a sordid brown, sub 

ellipsoid at first, later campanulate, and often decorated with dark gray to 
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blackish gray volval remnants and the cap's margin is distinctly striate 

(Tulloss, 2017).  

Amanita cinnamomescens Tulloss, S. H. Iqbal, A. N. Khalid and Bhandary is 

being reported from section Caesareae. Tulloss et al (2001) referred this species 

as “A. sp. PAK2.”Locally in Swat and Shangla Districts it is known as 

“Spoogmai” in Pashto, means moon due to outline of cap in mature 

specimens. Locally it is harvested and cooked as popular delicious food 

especially in district Shangla. The type locality of A. pakistanica is District 

Abbottabad (Tulloss et al., 2001). Previously Tulloss et al., 2001 & Semwal et 

al., 2007 also reported the sp. as Amanita PAK5. Fiaz, (2013) reported the 

species from Mansehra Districts. Morphological Variation has been observed 

in our collection from District Shangla and descriptions has been improved.  

A. pallidorosea is a new record for the country and first time report of section 

Phalloidaea from Pakistan. A little bit variation from different regions of 

Shangla district have been observed. All the collection are identified 

phylogenetically and morphologically as Amanita pallidorosea. 

Phylogenetically Consensus Sequence SUA756 resolved in a clade including 

Amanita orsonii (KU248133; KX270327; KU248132) in section validae with 98 % 

bootstrap value. The latter three sequences forming their own group with 48% 

bootstrap value while our collection diverged with a difference of 03 

nucleotide. However LSU Sequence of Sample SUA756 is 99% similar to 

Amanita orsonii (KX270345). Phylogenetically Sequences of A. subflavipes 

(SUA152) and (SUA753) clustered together in the same clade with a single 

identity in a complex of Amanita, including uncultured fungi (JQ39648047; 

JQ396471) from China. The ITS Phylogram reveals that our specimens is more 

closely related to A. augusta (JX515565; JQ937287), A. franchetii (KC581322; 

GQ250398) and uncultured Amanita (GU180246; KP276276) then A. flavipes 

and A. flavoconia. A. subflavipes differ from A. augusta having dark brown to 

yellow-brown cap, the crowded white gills are attached to free and may 
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become yellow toward the cap’s edge. Above the bulb, the stem surface may 

form horizontal cracks and curving scales that have yellow edges.  The stem is 

longitudinally lined above the ring.  The prominent bulb turns reddish brown 

as it ages.  The stem’s flesh is white to pale yellow.  The membranous, pale 

yellow ring is positioned toward the top of the stem. The spores size measure 

9.5 - 12.4 × 6.6 - 7.9 μm, and are amyloid and ellipsoid to elongate. The name 

A. franchetii was mistakenly applied to A. augusta that is commonly found in 

California and created confusion however presently both species are different 

from each other (Tulloss & Goldman, 2018). Amanita subflavipes is also 

different from A. franchetii having white and solid stipe which is firm, striate 

above the ring, smooth or slightly flocculose below the ring, with a napiform 

bulb up to 33 mm wide.  The ring is membranous, white, and striate on the 

upper surface, with yellow volval warts on the edge (Tulloss & Possiel, 2018). 

Based on Morpho-anatomic features and phylogenetics the species proposed 

as new entity to science in section validae. Amanita subflavipes shows 

similarities in basidiomata color to A. flavipes only.  

Amanita yukhtangiensis was proposed as a new species for science based on 

morpho-anatomic and molecular characterization. In ITS phylogram close 

match of the species was found unpublished uncultured Amanita spp. 

(AB854694; KT461300). The molecular studies reveal that Amanita 

yukhtangiensis related to A. constricta however differ having subumbonate to 

umbonate pileus, with a strongly sulcate to tuberculate striate margin.  The 

cap is brown to brownish gray, the disc at times is as dark, often with 

inconspicuous dark radial streaks.  The flesh is white, sometimes becoming 

faintly pinkish with exposure. The volva is absent or present as a 

membranous fibrillose patch over the cap's center, it is white to buff to 

(eventually) smoke gray and the volva become bruise salmon color when 

moistened. The spores measure (7.2-) 9.5 - 12.8 (-19.0) × (6.2-) 8.2 - 11.5 (-17.8) 

µm while spores size in A. yukhtangiensis are (7- ) 7.5 – 10 (-10.5) × (07- ) 7.3 – 

10.3 (-10.5) μm A. yukhtangiensis is also different from Amanita texasorora 

having tan to brown to grayish olive brown cap with central blackish 
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disc. The cap is cone-shaped at first and becomes flattened with age, it is 

sometimes depressed over the center.  The cap is tacky and dull to dry and 

shiny. Further the spores size in a. texasorora is larger (9.8-) 10.0 - 12.0 (-13.1) × 

(9.1-) 9.5 - 11.5 (-12.9) µm compared to spore size in A. yukhtangiensis.  

 Amanita albosa also referred as new species for science. In ITS phylogram 

close matching of the species are A. supravolvata (KP258005) and A. 

pseudovaginata (KM658285). Amanita albosa differ from A. supravolvata having 

saccate volva has its highest point 35 - 67 mm from the stem base. The spores 

size of A. supravolvata are (8.8-) 9.8 - 13.5 (-16.5) × (6.4-) 7.3 - 10.5 (-14.0) µm 

and are broadly ellipsoid to ellipsoid while that of Amanita albosa are 7.6-

10×7.2-8.7. Amanita albosa also differ from A. pseudovaginata having spores size 

are very large 9.5 - 12.5 (-14.0) × (7.0-) 8.0 - 10.5 µm as compared to Amanita 

albosa. Amanita glarea erected as a new species and published based on 

morphological and molecular phylogenetic analyses. For detail see Annexure.  

Amanita pseudovaginata (SUA505) is a new record for Pakistan, In ITS 

phylogram the specimen matching with A. pseudovaginata (AY436470) with 

91% bootstrap value. A. pseudolignitincta arise as a new species based on 

morphoanatomic and molecular characterization in the same section vaginata. 

The ITS phylogram reveals that Amanita pseudolignitincta is related to A. 

lignitincta. Both species showing similarities based on black pigment 

deposition on stipe and cap margins however differ as A. lignitincta having 

woody-brown to leather-brown, with the darkest region in the center.  The 

center of the cap is often slightly depressed. The spores of A. lignitincta are 

(9.5-) 10.0 - 13.0 (-13.5) × (8.5-) 9.0 - 12.0 (-13.0) µm and are globose to 

subglobose while that of Amanita pseudolignitincta are 9-12 × 8-11. Section 

Caesaraea and Section Amanita represented by A. cinnamomescens and A. 

pakistanica respectively. Previously Tulloss et al., (2001) reported the species 

from Pakistan. Here the descriptions have been improved for the latter one.  
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In this study Strophariaceae is represented by Gymnopilus comprised of one 

species, Gymnopilus pseudohybridus. In ITS phylogram, Contig sequence of 

Gymnopilus pseudohybridus (SU8-Consensus) separated from a clade of G. 

hybridus (AF501548) and G. penetrans (KJ146708) with 100% bootstrap value. 

Literature studies revealed that G. hybridus (AF501548) is actually the 

sequence of G. penetrans (Khan et al., 2017). Gymnopilus pseudohybridus differ 

from G. penetrans having convex to plano-convex when young, becoming 

hemispherical to plano-convex to slightly concave at maturity, with inflexed 

to involute margin and Basidiospores (6.6–) 7.2–9.9 (–10.6) × (3.7–) 4–5.5 (–6.1) 

μm, ellipsoid to oblong, verrucose to rugulose-verrucose, ornamentation 

moderately developed while Gymnopilus pseudohybridus have  6–8 × 4–5 µm 

and mostly ellipsoid. 

Family Marasmiaceae is represented by genus Marasmius comprised of one 

species. i. e. Marasmius oreades. In ITS phylogram, taxa of Marasmius oreades 

clustered with 99% bootstrap value with different taxa of Marasmius oreades. 

Within the clade our specimen sorted with Marasmius oreades (HF546217) 

published from Pakistan. Morphologically our simple and the published 

taxon Marasmius oreades (HF546217) were found similar. In our study 

Gloeophyllaceae represented by genus Neolentinus, comprised of one species 

Neolentinus pellismarginatus. In ITS phylogram SUL118 was clustered together 

with 97% bootstrap value with Neolentinus lepideus (KP00 4924; LC149610) 

from Korea and Nepal. Morpho-anatomically the species was found quite 

different from latter two. Neolentinus lepideus have the following different 

features as pileus becoming broadly convex, dry, buff to pinkish and bald 

underneath with large, brownish to brown, appressed scales and spores 9-11.5 

x 3.5-4 µm, subcylindrical while Neolentinus Pellismarginatus have cap margins 

entire, composed of cottony white hairs hanging downward and erect, surface 

shiny, dry, villose to strigose to ward margins and scaly at top and oblong to 

sub-cylindrical spores measure 5.9-11.5 × 3.3-4.8 µm. 

https://en.wikipedia.org/wiki/Strophariaceae
https://en.wikipedia.org/wiki/Marasmiaceae


380 
 

Family Polyporaceae is represented by Panus comprising of one species .e. 

Panus pakistanicus nom. prov. In the ITS phylogram, SU173 (Panus sp.) was 

found clustering with an unidentified and unpublished Lentinus sp. 

(JQ428825) from India as a sister branch and separated from all other Panus 

spp. The phylogram shows that the species is more close to Panus spp. and in 

turn it is more closely related to Panus lecomtei instead of Lentinus or any other 

Panus spp. A second tree have also been generated without sequence of 

Lentinus sp. (JQ428825) as the sequence seems incomplete. The phylogram 

shows that the samples recovered in clade of Panus locemtei and Panus 

neostrigosus. Panus pakistanicus shows similarities with Panus locemtei and P. 

neostrigosus however differ as P. locemtei have large Cheilocystidia, basidioid 

to sub fusiform, lageniform or broadly clavate (12.5–) 22–44 (–59) × 7.5–15 μm 

(Pegler, 1983; Vargas-Isla et al., 2015) while Cheilocystidia in our collection is 

16.5-22 x 2.6-4.4 µm. Spores size are large in P. locemtei 3.75–6.25 × 2.5–3.75 μm 

and ovoid to ellipsoid Vargas-Isla et al., 2015 while in our collection spores 

size are-5.5 x 2.2-3.5 µm . Metuloids not found in our collection as frequently 

occur in P. locemtei. P. neostrigosus also differ from our collection in 

basidiomata color having purple at first, but soon fading to reddish brown to 

pinkish brown or orangish brown and having large Cheilo- and 

pleurocystidia 25–65 x 5–15 µm. Metuloids found in P. neostrigosus while not 

observed in Panus pakistanicus.  

In present investigation Psathyrellaceae is represented by Parasola, comprised 

of one species i.e. Parasola pseudolactea. The new species belongs to section 

Glabri of Parasola due to the absence of sclerocystidia in the pileipellis. This 

species is closely related to Parasola lactea, differing slightly in basidiospores 

shape and size. The spores of Parasola pseudolactea are mostly rounded to 

triangular, rarely ovoid to subglobose in face view and larger (14.0 × 11.3 × 

9.7) µm whereas those of P. lactea are mostly broadly ovoid to subglobose, 

rarely rounded triangular in face view, and comparatively smaller (11.68 × 

10.31 × 5.96 μm). Other related species of the new species are P. megasperma 

https://www.sciencedirect.com/science/article/pii/S1340354015000339#bib22
https://www.sciencedirect.com/science/article/pii/S1340354015000339#!
https://www.sciencedirect.com/science/article/pii/S1340354015000339#!
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and P. plicatilis. Both these species share pileus color with P. lacteaformis. 

Lamellae of P. megasperma and P. plicatilis are separated from the stipe by 

pseudocollarium, whereas in P. lacteaformis, pseudocollarium is generally 

absent.  Basidiospores are mostly ellipsoid rarely ovoid in face view and on 

average 16.5 × 10.66 × 8.5 μm in P. megasperma. Basidiospores shapes are quite 

variable in P. plicatilis, in face view mostly limonifrom-subhexagonal, rarely 

ovoid, in side view broadly ellipsoid, on average 12.41 × 8.21 × 7.14 μm (Nagy 

et al. 2010). Phallaceae represented by one genus Phallus and one species 

Phallus pseudorubicundus nom. prov. In the ITS phylogram, specimens of P. 

pseudorubicundus SUP178 and SUP1178 were clustered together with 100% 

bootstrap value in a clade including Phallus aff. rubicundus (KP012967) from 

north tropical Australia. The branch length and morphology revealed that our 

specimen is different from (KP012967). P. pseudorubicundus differ from Phallus 

rubicundus having fruiting body spike-like, about 20 cm, with a 3 to 4.5 cm 

fragile cap which is attached to the top of the stem and is smooth, covered 

with olive brown to dark brown slime while often developing a central 

perforation with a reddish hollow stem (Kuo & Methven, 2010). Further 

Spores size in Phallus rubicundus are 3.5-5 x 1.5-2.5 µ while spores size in P. 

pseudorubicundus are (2.8) 5–6.6 (-6.8) × (1.9-) 2.2-3.8 µm. 

Russula (Russulaceae) is represented by three new spp. viz; Russula 

shanglaensis nom. prov. R. submariae nom. prov. and R. mansehrensis nom. 

prov. Morpho-anatomic and molecular characterization revealed that R. 

shanglaensis nom. prov. (SUR24A, SUR24B, SUR833 and SUR433) seems an 

undescribed species. Initial blast match of the specimen is R. mustelina 

(AY061693; KT934005; JF834362) with 93% identity, 100% query cover and 0.0 

E value. Morphologically the species seems very distinctly from R. mustelina 

having cap often highly irregular, margin undulating, surface smooth to 

slightly striate or sulcate, varying from yellow to pale brown-yellow to 

mottled red and yellow or varying shades of brown, sometimes with green 

tones, Gills adnate to adnexed, free with age, not forked, white at first, then 
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yellow with age. Pileocystidia present although sometimes rare. Cystidia rare 

to numerous, 51-107 x 7-14 µm, Spores subglobose to sub ovoid to 

subellipsoid, 7-6-10.5 x 6.5-9 µm, ornamentation of low isolated warts, heavy 

ridges and fine lines, sometimes forming a broken reticulum, thin walled, 

spore print creamy to yellow. Pileus brown to yellowish white to violet 

(Thiers, 1997; Desjardin et al., 2015). Morphologically R. shanglaensis also close 

to R. aeruginea, commonly called green brittlegill however differs from R. 

aeruginea having an evenly distinctive green to grayish green cap often 

velvety, and the margin often lined by maturity, lamellae attached or running 

slightly down the stem, often forking near the stem, creamy to pale yellow 

(Kibby, 2011; O'Reilly, 2016), while R. shanglaensis can be easily distinguished 

by hemispheric to convex pileus, margins initially incurved then decurved, 

lightly depressed in the center initially pale yellow green then grayish yellow 

green at disc and pale yellow green toward the margins, often pale yellow to 

light purplish pink spots in central cap, basidiospores with basidiospores 6.7–

8 × (5.5-) 6–7 µm. R. submariae seems an undescribed species in section 

Heterophylla. In ITS phylogram, sample SUR56 clustered together with an 

undescribed uncultured strain JQ975980 and separated from all other species. 

The species separated from the relative sp. R. mariae with 64% bootstrap 

value. Morphologically R. mariae differ from R. submariae having pileus 

broadly convex to flat with a shallow depression, with a whitish bloom or 

dusting, purple to purplish red, or reddish, pinkish, or even olive, yellow, or 

brown, sometimes mottled with several of these shades, the margin usually 

lined by maturity, the skin peeling fairly easily, usually more than halfway to 

the center while Spores 6.5-8.5 x 5.5-8 µm.  

Morphologicaly Russula mansehrensis seem to be a new species. Previously 

Adamcik et al., (2016) reported Russula sp. from Batrasi, district Mansehra, 

Pakistan. R. mansehrensis showing resemblance in morphology, however lack 

of sequence in the gene bank we can’t conclude phylogenetically. In ITS 

phylogram, (Fig 95) SUR180 and SU33 are clustered together with 100% 
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bootstrap value and strongly separated from R. maculata. Present study 

suggests that at least one species of the R. maculata complex occurs in Pakistan 

as suggested by Adamcik et al (2016). Russula. Sp. from Pakistan (KU886598) 

was associated with Pinus roxberghii (Adamcik et al., 2016) as R. mansehrensis. 

All these collection have been identified as the same. So a new species is 

raised here in R. maculate complex by the name of R. mansehrensis.  

Boletaceae represented by Hortiboletus, Strobilomyces and Velloporphyrellus. 

Among them Hortiboletus in turn represented by H. cumpinus. 

Phylogenetically Sequences of SUB608, SUB1108 and an unpublished 

sequence (From Pakistan) clustered together with 100% bootstrap value 

forming their own clade and separated from other Pakistan collections of 

Hortiboletus rubellus (KJ802928; KJ802929). H. cumpinus distinguished by 

grayish reddish orange to moderate reddish orange pileus with entire whitish 

margins, no change upon bruising, spores (9.4-) 10.3-12.7 (13) × 4.3-5.4 µm, 

smooth, apiculus very short, fusiform, guttule 1-2. The most important 

features of the genus is found in pileipellis which is an irregular trichodermial 

pseudo-palisade of cylindrical, septate hypae projecting at slight irregular 

length, often with minute granular external incrustations in faint band-like 

patterns, branched or without branches. The species is completely different 

from the close matching species of Hortiboletus rubellus (KJ802928; KJ802929) 

having basidiospores 12.5–15.5 × 4.8–7.2 µm and pileipellis terminal elements 

41–45 × 19–20 µm, versiform, slightly globose, clavate to cylindrical, 

ventricose, fusoid, septate, thick walled. (Sarwar et al., 2016). Furthermore in 

H. rubellus context turns blue abruptly upon bruising while H. cumpinus are 

highely slow in this reactions and some time don’t blue upon bruising. 

Velloporphyrellus similis is a newly proposed species and first representative of 

the genus from Pakistan. The species showing morphological similarities with 

Veloporphyrellus pseudovelatus however differ based on spores size and 

molecular data. Spores size of V. similis are much wider 12-14×5-8 µm as compared 

to V. pseudovelatus having spore size are 12-16×3.4-5.5 µm (Li et al., 2014). 
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Previously only five species have been reported from this genus and this is 

the 6th species of the genus worldwide (Li et al., 2014). 

The genus Strobilomyces Berk. (Boletaceae) is characterized by coarsely to 

scaly, blackish or grayish basidiomata, wooly to shaggy stipe, with or without 

partial veil and reticulate or warty spores (Sato et al., 2011, Gelardi et al. 2012,). 

The whole genus is morphologically well delimited and immediately 

recognizable in the field due to shaggy appearance with conspicuous 

reddening or blackening of fresh tissue exposed to air (Gelardi et al. 2012). 

Index Fungorum (2011) lists 60 species names for this genus and, recently, 

approximately 39 species of Strobilomyces have been presented (Gelardi et al., 

2012; Tibpromma et al. 2017). Most species of the genus are reported from 

tropical and sub-tropical areas of Asia and Africa (Han et al., 2017). To date 

only one species of the genus Strobilomyces has been reported from Pakistan 

which is Strobilomyces strobilaceus (Scop.) Berk.  (Ahmad et al. 1997). Recently 

(Tibpromma et al., 2017) reported a new species, Strobilomyces longistipitatus D. 

Chakr., K. Das & S. Adhikari from India. Specimens of Strobilomyces 

longistipitatus from Pakistan were determined similar to the newly reported 

species from India, based on LSU phylogeny as well as important 

morphological traits. The similar morphological traits are basidiomata shape, 

spores size and ornamentation and molecular sequence data however 

variation in some morphological traits have been counted in Pakistani 

collection as compared to Tibpromma et al., 2017. These morphological 

variation are; Pileus size extend up to 60 mm while in mature specimens 

scales are erected conical and irregular. Pore angular to irregular while tube 

deep up to 10 mm. Stipe 80˗110 x 10 ˗ 17 mm, often thick at both ends, covered 

completely with wooly hairs. Stipe 80–110 mm long in our collection while 

Tibpromma et al., 2017 reported 110–200 × 17–28 mm. Basidia and cystidia 

observed short. Indian specimens have been reported associated with Abies 

densa while all collections from Pakistani regions have been associated with 

Abies pindrow. 
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In present investigation Puccinomycotina are represented by 31 species in 07 

genera and 06 families, viz; Melampsoraceae, Phragmidiaceae, Pileolariaceae, 

Pucciniaceae, Uropyxidaceae and Microbotryaceae. Family Melampsoraceae 

further represented by two species of Melampsora, Melampsora yoshinagae and 

Melampsora yukhtangiensis. Initial blast result of Melampsora sp. On 

Wickstreomia canescens (RSU-401) and Andrachni cordifolium (RSU-402) shows 

96% Identity with Melampsora euphorbiae-gerardianae  (EF192199), 95% with 

Melampsora hypericorum (KJ716353) and Melampsora euphorbiae (DQ437504). 

The ITS phylogram shows that Melampsora spp. on Wickstreomia canescens and 

A. cordifolia are more closely related then other Melampsora spp. They both 

clustered together with 100% bootstrap value. However the branch length 

shows that both are quite different from each other. Previously no sequence 

has been submitted for Melampsora yoshinagae for comparison. The species 

have been studied extensively on morphological bases. A comparative study 

(Table no. 03) has been presented for similarities and differences between 

published Melampsora spp. and Melampsora spp. under study. Many 

Differences in morphology have been found on Melampsora spp. on A. 

cordifolia and Melampsora sp. on wickstreomia. The comparative morphological 

study and phylogenetics reveal that Melampsora sp. on Andrachni cordifolia is 

new to science. 

The genus Melampsora was established by Castagne in 1843. Since then many 

species have been described. The life-cycle pattern shows variation between 

some are heteroecious and others are autoecious. The heteroecious species 

produce telia on Populus and Salix. Aecia of some species are produced on 

Allium L., Saxifraga L. and Ribes L.. The autoecious species parasitize various 

hosts in families, Apocynaceae, Euphorbiaceae, Flacourtiaceae, Guttiferae, 

Hypericaceae, Linaceae and Saxifragaceae (Bagyanarayana 1999). From Pakistan, 

ten species of genus Melampsora are reported i.e. Melampsora capraearum 

Thum., M. ciliata Barclay, M. epitea Thüm., M. euphorbiae (Ficinus & C. Schub.) 

Castagne, M. laricis-populina Kleb., M. lini (Ehrenb.) Thüm., M. populnea (Pers.) 

https://www.ncbi.nlm.nih.gov/nucleotide/145933499?report=genbank&log$=nuclalign&blast_rank=1&RID=C5C5W8AN013
https://www.ncbi.nlm.nih.gov/nucleotide/89475580?report=genbank&log$=nuclalign&blast_rank=4&RID=C5C5W8AN013
http://www.indexfungorum.org/Names/Names.asp?strGenus=Melampsora
http://www.indexfungorum.org/Names/Names.asp?strGenus=Melampsora
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P. Karst., M. populina subsp. populina (Jacq.) Lév., M. salicis-albae Kleb. and M. 

yoshinagai Henn. (Ahmad 1956ab; Ono 1992; Kakishima et al. 1993ab; Afshan 

et al. 2011, 2015). M. yoshinagai is redescribed and illustrated to update the 

record of this fungus from Pakistan. Melampsora yoshinagae was originally 

described by Arthur (1925) as Pucciniastrum wikstroemiae Arthur and has since 

been considered endemic to Hawai‘i (Stevens, 1925) until recently. Because 

only the uredinial state has been found, the rust was renamed as Uredo 

wikstroemiae (Arthur) Hirats. f. in Hiratsuka's monograph of the 

Pucciniastraceae in 1958.  The rust had been collected only rarely since the time 

of its description until it was found on W. oahuensis Rock in 1987, and still 

more recent collections have been made on W. uva-ursi A. Gray (Gardner 

1992, 1994a). Examination of fresh material revealed the presence of 

prominent capitate paraphyses, apparently not observed previously, that led 

to the reclassification of the rust as a member of the genus Melampsora.  The 

rust was referred to M. yoshinagai, a species known on other Melampsora hosts 

in Japan, Taiwan, India, and the Philippines (Gardner 1988b). Melampsora 

yoshinagae is previously reported on Wikstroemia canescens from Dunga gali 

and Kaghan by Ono (1992) and Kakishima et al., (1993ab). The description of 

the species is updated and now, it is re-described on the same host from 

Shangla, Pakistan. 

Morphological and phylogenetic differences have been observed between 

Melampsora yukhtangensis and Other Melampsora spp. such as Melampsora 

euphorbiae–dulcis, Melampsora euphorbiae and Melampsora yoshinagae as follow. 

In  Melampsora Yukhtangensis urediniospors are globular to sub globular or 

ovate, hyaline golden to hyaline gray or hyaline yellow, often found 

associated with capitate paraphysis, 16-22×21-30 µm; wall grayish brown, 

echinulated,  2-3 µm thick while in Melampsora euphorbiae–dulcis 13-24×12-22 

µm globos or ellipsoid and echinulated. In the same way in Melampsora 

euphorbiae Urediniospores are 13-22×12-20 µm globos or ellipsoid and 

echinulated while in Melampsora yoshinagae Urediniospores are 17-26×14-20 

http://www.indexfungorum.org/Names/genusrecord.asp?RecordID=16205
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µm globose, obovoid or long ellipsoid, walls 1.2-2 µm, finally echinulated. 

Melampsora yoshinagae reported on Wickstreomia canescens in this study have 

also found quite different in Urediniospore size from Melampsora 

Yukhtangensis. Urediniospores of Pakistani Melampsora yoshinagae are 12-19 × 

13-23 µm in size while that of Melampsora Yukhtangensis are 16-22×21-30 µm. 

Likewise teliospores of Melampsora yukhtangensis are 10-14 × 18-28 µm and 

thickened up to 4 µm at apex while that of Melampsora euphorbiae–dulcis is 7-

17×18-42 and not thickened at apex. In comparison teliospores of Melampsora 

yoshinagaeare are 21-47 × 8-14 µm, walls 1 µm thick however not thickened at 

apex while Melampsora yoshinagae are on Wickstreomia from Pakistan have 8-14 

× 26-46 µm, walls deep brown, smooth, 2-3 µm thick; apically up to 4 µm. in 

overall comparison it has been observed that Melampsora spp. on Wikstroemia 

canescens and on Andrachni cordifolia are more close as compared to 

Melampsora euphorbiae–dulcis and Melampsora euphorbiae. Further melampsora 

sp. on wikstreomia was identified as Melampsora yoshinagae are based on 

similar teliospores size while Melampsora sp. on Andrachne cordifolia was 

proposed as new for science.  

Phragmidiaceae is represented by Genus Phragmidium which comprised of 05 

species viz; Phragmidium rosae-moschatae, P. rubi-idaei, P. mysorense, P. 

brevipedicellatum and P. mexicanum. Phragmidium mexicanum is new record for 

the country while previously P. rosae-moschatae reported on Rosa moschata and 

R. webbiana from Murree Pakistan (Ahmed et al., 1997). It is first time reported 

from Shangla district. Phragmidium rubi-idaei has been reported on Rubus 

idaeus L. from Khanuspur (KP) and on R. niveus Thunb. From Fairy meadows 

(Northen Areas of Pakistan) (Khalid et al. 1993b; Afshan, 2008). Recently Fiaz 

(2013) reported the species from district Mansehra. It is a new record for 

district Shangla. Phragmidium mysorense has previously been reported on 

Rubus niveus Thunb. From Nathiagali and Changla Gali by Ahmad (1956a, b) 

and Khalid et al. (1993). It is first time reported from District Shangla and R. 
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lasiocarpus is a new host for this rust fungus in Pakistan. Phargmidium 

brevipedicellatum is also reported first time from Pakistan.  

Rust on wild Pistacia species are commonly known as Pistachio rust. The 

causal agents are Pileolaria pistaciae Tai & Wei, 1933 and Pileolaria terebinthi 

(DC.) Cast. 1842 (Cummins and Hiratsuka, 2003) that belong to the 

Pucciniales (Aime, 2006; Aime et al., 2006). In this study Pileolariaceae 

represented by Pileolaria pistaciae Tai & Wei. It is an autoecious macrocyclic 

fungus and one of the most important fungal pathogens of wild Pistacia 

species causing pistachio rust. Family Pucciniaceae represented by Puccinia 

and Uromyces. A total of 18 Puccinia spp. have been presented in this study. 

Among them Puccinia Pimpinella-aegopodiea nom. prov. was proposed as new 

sp. the detail comparative description of this sp. with related sp. has been 

presented (Table 04). Morphologically Pimpinella-aegopodiea on Aegopodium 

burtii shows some similarities with Puccinia pimpinellae on Pimpinella 

diversifolia DC. (Umbelliferae). However morphological comparison (Table 04) 

and phylogenetic study revealed that both the species are different from each 

other.  

Previously P. iridis reported on Iris germanica L. from Lahore and Kashmir 

Ahmad (1956a, b).  Puccina prostii Duby previously recorded on leaves of 

Tulipa stellate from Abbot Abad, Margalla Rawalpindi (Ahmad 1956a, b) and 

from Muzarabad by Gjaerum & Iqbal (1969). In present investigation this 

species is being described first time on molecular bases. Phylogenetically the 

species didn’t justifying its position in Genus Puccinia. It clustered in a clade 

comprising of Gymnosporangium clavari (HM114220) and Allodus podophylli 

(JQ423260). Based on its phylogenetics here it is proposed that the species 

may be excluded from the genus Puccinia and reclassified on molecular 

characterization.  

Wheat rust is a fungal disease that infect stems, leaves and grains. Infections 

can lead up to 20% yield loss. Puccinia triticina causes leaf rust or black rust, P. 
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striiformis causes yellow rust or stripe rust and Puccinia graminis, causes stem 

rust. These rust have heteroecious life cycle with species in the Triticeae 

having Telial/uredinial stage on primary hosts. Similar heteroecious life 

cycles occur for Puccinia striiformis and Puccinia triticina (Leonard and Szabo, 

2005).  The host range of a pathogen is defined by the plant species it can 

infect and successfully complete its life cycle (Thordal-Christensen, 

2003; Schulze-Lefert and Panstruga, 2011). Some rust species such as Puccinia 

hordei (barley leaf rust), Puccinia sorghi (maize rust) and Puccinia 

kuehnii (sugarcane rust) have restricted host ranges confined to a few species 

in one or two genera (Wahl et al., 1984). A similar limited host range is 

apparent for Puccinia triticina, which infects hexaploid wheat and other wheat 

species from the genus Triticum (Roelfs et al., 1992), as well as 

several Aegilops species (Yehuda et al., 2004; Bolton et al., 2008), as its primary 

Telial/uredinial hosts. In contrast, the host range of Puccinia graminis is large 

and includes 365 species of plants in 54 genera, while that of Puccinia 

coronata (oat crown rust) includes 290 host species belonging to 72 genera 

(Wahl et al., 1984).  

Puccinia obscura is presented here as a new record for the country while 

Clematis grata is found new host for this rust species. Previously 04 spp. of 

Puccinia have been reported on Clematis spp. from Pakistan including Puccinia 

clavate, P. rubigo-vera, P. exausta and P. wattiana. Morphologically the size of 

Urediniospores of P. obscura i.e. 22.5-33 x 15-25 um reported here is exactly as 

similar to that reported by (Hiratsuka et al., 1992). In the same way teliospores 

measurement for P. obscura were noted 28.5-45x17-22.5 um which is also 

similar to the measurement given for the same taxon as 30-48 x 14-23 um by 

Hiratsuka et al., (1992). Based on molecular characterization P. obscura 

clustered to gather with P. obscura and separated from other spp. with a little 

difference in branch length. Puccinia caricis-filicinae on carex filicinae with 

stages II and III are described in this study is a new record for the country. 

Morphological P. carex-filicinae was found little bit different in teliospores and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B92
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B88
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4263244/#B106
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Urediniospores size as given by Hiratsuka (1992) and Sawada (1943) however 

that difference is insignificant. Urediniospores of P. carex-filicinae is 20-34 x 

17.5-22.5 um while sawada (1943) reported as 26-43 × 18-27 um. Similarly the 

size of Teliospores of P. carex-filicinae is 30-45 x 11-19 um while that reported 

by Hiratsuka (1992) has 35-48 × 12-18 um. 

Haplotelium ambiens (Basionym; Uromyces ambiens) on Buxus wallichiana has 

been reported and published (Annex. 1) as a new record for the country. 

Cooke (1874) originally described Uromyces ambiens on Buxus sempervirens L. 

from the Indian Himalayas, and Sydow (1922) published a revised and 

expanded description of the type collection as Haplotelium ambiens. 

Haplotelium ambiens differs morphologically from Puccinia buxi reported on 

Buxux sp.  In U. ambiens the teliospores are dimorphic (ovate or globose to 

subglobose), non-septate, and thick-walled (up to 5 um thick on the sides), 

while P. buxi has only monomorphic teliospores that are oblong to clavate, 

one-septate, and thin-walled. 

In present study Microbotryaceae has been treated under the 

Puccinomycotina (Aime et al., 2006; 2007). The family is represented by two 

Sphacelotheca species. Previously this species has been reported as 

Microbotryum nepalnse on Persicaria nepalensis (Polygonaceae), Persicaria alata 

(Hanil. Ex D. Don) Nakain (Polygonum alatum) Batakundi Kaghan valley 

Ahmad (1956b, c); Kakishima & Ono (1993) also reported from Nathigali, 

Muzaffarabad, Kaghan, shoran on Persicaria nepalensis (Meisn.) H. Gross 

(Polygonum nepalense). First time molecular studies has been carried out on the 

specimens from Shangla district. Based on molecular phylogenetics this 

species clustered in the group of Sphacelotheca and separated with 90% 

bootstrap value from the species of the genus Microbotryum. Phylogenetic 

studies confirmed that this species completely separated from the clade of 

Microbotryum. Morphological characterization such as the presence of 

disjunctors, a primery character of the genus Spacelotheca, also present in some 

spores which supporting phylogenetics and its placement in Sphacelotheca. 
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Sphacelotheca hydropiperis described on Persicaria maculosa. Usually this species 

possesses a columella which is visible from the outside of the infected flowers 

while in our collection it is not visible. Differences in Spores size has also been 

recorded. In the original description it 9-13 × 10-15 which is contrast to our 

finding i.e. 8-11.5 × 9.5-12.5. Denchev, et al. 2012 reported Bauhinous 

tenuisporus on the same host from Mansehra, KP, Pakistan. In case of our 

specimens area of collection and elevation is highly different. Persicaria 

maculosa was recorded as a new host for the species.  

The smut fungi Ustilaginomycotina are represented by 10 species in 03 genera 

and 02 families viz; Ustilaginaceae and Urocystidiaceae. Family 

Ustilaginaceae is represented by 02 genera i.e. sporisorium and Ustilago. 

Among them Sporisorium is represented by 04 species viz; Sporisorium 

moniliferum, S. pulverulentum, S. reilianum and S. sorghi. Sporisorium 

moniliferum has been reported On Heteropogon contortus based on phylogenetics 

and morphological characterizations. Morphologically S. moniliferum has been 

confirmed by all the three kinds of analysis. The descriptions does not match 

with that described by Vanky (2012). Differences observed in spore shape and 

sterile cells profile. In our specimen spore globose broadly ellipsoidal to 

slightly irregular, (7.2) 8-10.5 × 9-11.8 µm, yellowish or reddish brown; wall 

c.1 µm thick, densely and finely echinulate while Vanky (2012) reported spore 

size as 10-13×10.5-14.5 µm. For further clarification combined phylogenetic 

analysis has been carried out of Ustilago complex, Sporisorium spp. and S. 

moniliferum (SSU4). The combined Phylogram revealed that present specimen 

is S. moniliferum. 

In the present study Sporisorium pulverulentum on Imperata cylindrica is being 

studied first time based on phylogenetic analysis and morphology. 

Sporisorium pulverulentum previously reported as S. Schweinfurthianum from 

Mansehra, Lahore,. Sargodha, Peshawar, Malir, Ladhar and Hyderabad as 

Sphacelotheca Schweinfurthianum (Ahmad 1956 b, c and Khan and Kamal 1969; 

Fiaz, 2013). This smut fungus has been studied first time based on molecular 
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bases. Results revealed from the three kinds of Phylogenetic analysis (ITS 

Data set, LSU Data set and Combined data set) that the smut fungus on the 

host Imperata cylindrical (Linn) Raeuschel is  Sporosorium pulverulentum. All 

results of the three data sets are exactly congruent with each other with more 

then 97% bootstrap value. Previously this species has been reported on 

Erianthus sp. from Assam, India as type material. Sporosorium pulverulentum 

differ from Sporosorium erianthi in spore size and sterile cells profile. In case of 

S. pulverulentum the spore size are 9-11 × 10-14 µm which is in contrast to 

Sporosorium erianthi having the spores size are 5-10 µm. Furthermore the 

sterile cells of Sporosorium erianthi are larger 12-16 as compared to the smaller 

sterile cells in Sporosorium pulverulentum. Based on ITS and LSU sequence data 

and morphological features the species is also Differ from Sporosorium 

schweinfurthianum (F. Thumen) K. Vanky. The spore size in S. 

schweinfurthianum is 10-13 × 11-14 µm while in our specimens (Sporosorium 

pulverulentum), spor seze is 9 – 11.7 × 10.5 – 14 µm. This species previously 

described on Sacccharum arundinaceum, Erianthus strictus, E. adpressus, 

Tripidium ravennae and Erianthus ravennae (Vanky, 2012). It is a new record for 

the country. 

Sporisorium reilianum on Sorghum halepense is being described first time from 

Pakistan based on Molecular characterization. It is a new report for Shangla 

district and adjacent areas. Previously (Fiaz, 2013) reported the species on 

Sorghum halepense and Z. mays. Sporisorium sorghi on Sorghum bicolor is being 

reported first time based on molecular characterization. This species has been 

reported recently from Mansehra on Sorghum vulgare (Fiaz, 2013). Our spore 

measurement is 5.5-7 × 5.5-8 (8.5) µm which is exactly matching reported by 

(Vanky, 2012).  

In present finding family Ustilaginaceae is represented by 05 species viz; 

Ustilago maydis, U. nunavutica, U. tritici, U. glomeratii nom. prov., and U. 

sanguinalii nom. prov. Ustilago maydis has been reported on Zea mays L. 

(poaceae). Previously it has been reported on Zea mayz from Quetta; Kalat; 
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Kaghan; Murree; Dir; Matiltan (swat); AJ &K ( Ahmad, 1956b, c; Malik & 

Virk,1968; Kakishima & Ono, 1993). The corn smut fungus can grow on corn 

plants as a plant parasitic smut but also as saprotrophic yeast. In the past, two 

different names were allowed for these two different developmental stages, 

Ustilago maydis for the parasitic stage while Pseudozyma prolifica for the yeast 

stage. Nowadays, only one name is allowed ("one fungus - one name"), so P. 

prolifica remains is a synonym of U. maydis. Here this fungus first time 

reported from the study area based on ITS and LSU regions. In this 

investigation Ustilago tritici has been reported on Triticum aestivum. Previously 

this species been reported from different regions of Pakistan on only 

morphological basis. Here this species analyzed first time on molecular base.  

Phylogenetically sequences of Ustilago nunavutica of specimens SSU11 and 

SSU16 clustered among themself with 68% bootstrap value while with 

Ustilago nunavutica (NR_132053) they clustered with 50% bootstrap value. The 

lower bootstrap value highly supported by morphology as given in Table. 05 

and it has been concluded that SSU11 and SSU16 and Ustilago nunavutica 

(NR_132053) are the same species. The Microscopic findings also advocates 

the phylogenetics analysis as microscopically spores size of SSU11 are (7.2–) 

7.5–10.4 (–10) ×9-13 (–14) µm while that of SSU16 are (7.4–) 7.5–11.2 × 9.6-12 (–

13) µm. spore size of these both specimens matching with spores size of 

Ustilago nunavutica (8–) 8.5–11 × (9.5–) 10–13 µm, which has been given by 

Savchenko et al., (2016). So, morphologically as well as phylogenetically 

SSU11 and SSU16 are identified as Ustilago nunavutica. See table 05 for detail 

comparison.  

In the present investigation U. sanguinalii (SSU7) has been proposed as new to 

science based on Morphological and Molecular characterization. This species 

is closely related to U. syntherismea (AY740071), however differs in spores size 

and DNA sequence data. Spore size of U. sanguinalii has been recorded as 

(6.4) 7.8-9.7 × 9.7-10.5 µm which is in contrast to spores size reported by Vanky 

(1994; 2012) for U. syntherismea as 9-12 (-13) ×10-15. Recently Fiaz (2013) also 
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reported U. syntherismea on the same host from District Mansehra, Pakistan. 

He reported the spore’s size as 9.1–11.7 × 10.1–14.5 µm which is also in 

contrast to our findings. Phylogenetically U. sanguinalii (SSU7) separated from 

all other Ustilago spp. and clustered with U. glomeratii (SSU3) however both 

are quite different in spore profile. Spore size of U. glomeratii (SSU3)   has been 

recorded as 8-10 × 10-11 µm while spore size of U. sanguinalii (SSU7) has been 

found 7-9 × 9-10 µm.  

In present study Urocystidiaceae is represented by one species i.e.  Urocystis 

narcissi On Narcissus tazetta L. (Amaryllidaceae). Previously Urocystis narcissi 

has been reported on Narcissus pallidulus Graells as U. colchici f. narcissi Gonz. 

Frag. (Fragoso 1914) and as Tuburcinia narcissi (Gonz. Frag.) Cif (Ciferri 1938) 

from Spain (Vánky 2011). Later on it was emended by Vánky (1993) as U. 

narcissi. This rare smut fungus has been collected first time after type locality. 

During present investigation first sample was collected from Kabal valley, 

Swat in February 2015 at 1000 m a. s. l while second infected sample was 

collected from Puran Valley, Shangla at 1100 m a. s. l., in March, 2015. The 

host plant N. tazettah has been reported as a new host record in Pakistan. The 

description of smut fungus on N. tazetta been reported here matching with 

description given by Vanky (2011) with some insignificant variation in spores 

size. 

Phylogenetically Urocystis narcissi sorted separate from all other species with 

56% bootstrap value  as no ITS sequence have been submitted from the type 

material up to now for comparison , which was reported from Spain. 

However in LSU phylogeny our sequence clustered with U. galanthi reported 

on Galanthus nivalis L. (Vanky, 2012) with 70% bootstrap value, however the 

sequence of U. galanthi is less than half of the length of our sequence, so we 

can’t consider it significant.  U. galanthi have only 1011 characters while 

sequence of U. narcissi have 2045 characters in aligned file. This is more than 

half of the difference in nucleotide sequence length. Morphologically U. 

narcissi is quite different from U. galanthi as in latter spore ball is 23-52 µm 
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long and having ovoid spores rarely globose , flattened on the contact side  

and measures 11.5-16.5×16.5-23.5. Previously this species has not been 

sequenced therefore no sequence was available in genebank for comparison. 
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CONCLUSION 

In the present study district Shangla has been explored for the diversity of 

Basidiomycota. About 31000 species have been described from this group 

worldwide (Kirk et al., 2008). Approximately 1500 taxa of this group have 

been reported from Pakistan (Fiaz, 3013; Hussain, 2014). As a result of present 

research 77 taxa belonging to 19 families of Basidiomycota have been studied 

and presented. The results comprised of three parts. Agaricomycotina, 

Puccinomycotina and Ustilaginomycotina. Agaricomycotina is represented by 

36 species in 14 genera and 11 families. Puccinomycotina is represented by 31 

species in 07 genera and 06 families while Ustilaginomycotina is represented 

by 10 species in 03 genera and 02 families. As a whole 31 species have been 

proposed as new to science along with two new combinations. More over 11 

species are first time reported from Pakistan while remaining 32 species have 

been reported previously from various regions of the country but here these 

are described first time from Shangla district. Our findings advocate that 

Shangla region is very rich and show a great diversity of Agaricomycotina 

followed by Puccinomycotina and Ustilaginomycotina. Among the 

Agaricomycotina the genus Amanita was found as the most frequent and 

largest genus with 15 species, followed by Agaricus and Russula with 06 and 

03 species respectively. In sub-phylum Pucciniomycotina, the genus Puccinia 

was recorded as the largest genus with 16 species followed by Phragmidium 

with 04 species. In Ustilaginomycotina, the genus Ustilago was found more 

diverse with 05 species followed by Sporisorium and Urocystis with 04 and 01 

species respectively. From the study it can be concluded that District Shangla 

which is a moist temperate region and covered by 90% of coniferous forest 

have enormous potential of fungal diversity. The area needs to be explored 

further in future for very valuable species of other groups also.  
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RECOMMENDATIONS 

 All specimens should be properly tagged and drying should be done 

with silica gel for multi-gene phylogeny. 

 For detail taxonomic and phylogenetic study research should be 

carried out genus wise or family wise. 

 Basidiomycetes should be identified based on molecular and 

morphological characterization. One of these alone would not be 

sufficient for authentic taxonomy. 

 Detail research should be carried out specially focusing on highly 

important taxa in term of food values, medicinal values, mycorrhizal 

fungi and economically important disease causing organisms. 

 More research explorations are needed to document the diversity of 

fungi in Shangla district and adjacent areas because of having ideal 

climatic conditions for the growth of these organisms. 

 Further research should be carried out to investigate the distribution 

pattern of these species to find out the endangered and endemic 

species of the area. 
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