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Chapter - 1 

Introduction  

__________________________________________________________________________ 

Fungi are extraordinarily widespread, diverse, abundant and ecologically important 

and occupy a prominent position in the biological world due to economical and 

environmental importance. Approximately 70,000 fungal species are identified while, it is 

reported that ~1.5 million fungal species are present on earth. Indeed, few works have been 

done on fungal diversity in the world (Nishida 1992; Ammirati et al., 1994). Documentation 

of fungal species in the world has been an important area of discussion and a number of 

works have concentrated on enumeration of world’s fungal diversity. Fungi are not 

considered as plants as they lack chlorophyll and so are classified in a kingdom of their own 

which include mushrooms, toadstools, mould, mildew and yeast (Crous et al., 2006). Macro 

fungi or mushrooms are unique from fungal diversity point of view as they grow prolifically 

and found in many regions of the planet (Smith, 1963). Mushrooms are considered as 

indicators of ecosystem. Some species are indicators of sensitive habitats or specific 

environmental conditions (Kosztarb, 1983). Mushrooms are major portions of minor forest 

products which grow on cellulose, the biomolecule which is found abundantly in the 
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biosphere (Chang and Miles, 1992). Mushrooms are considered as seasonal fungi and occupy 

various niches in the ecosystem. Mushrooms belong to Kingdom Fungi and are classified 

under classes of Ascomycetes and Basidiomycetes. Mushrooms are macro fungi with a 

distinctive fruiting body such as brackets, bird’s nest, jelly, boletes, corals, puffballs, 

stinkhorns and agarics. They are fleshy, leathery, sub-fleshy or woody and their fertile 

surface is found attached on lamellae or the tubes, which opens out through pores. The 

lamellate members are the agarics and the boletes and the polypores are the poroid members 

(Deshmukh, 2004).  

Macro Fungal Diversity and Identification 

The fungal diversity studies have been investigated world over and the mushrooms on 

earth is estimated to be 140,000, yet only ~10% are known (Wasser, 2002). Around 2000 

fungal species are reported to be edible, but less than 25 mushroom species are accepted as 

food globally and very few have achieved the level of commercial item. Agaricus bisporus, 

Auricularia species, Pleurotus species, Lentinula edodes, Volvariella volvacea etc are some 

of the most accepted edible mushrooms globally (Bonatti et al., 2004). It is said that one 

third of global fungal population exists in India but only 50% are characterized so far 

(Manoharachary et al., 2005). It is reported that India has about 27,000 fungal species 

(Cowan, 2001; Chang and Miles, 2004) and approximately 850 mushroom species recorded 

so far (Deshmukh, 2004). In China and Japan, the information on the applications of both 

edible and medicinal mushrooms have been passed down from one generation to the next but 

it was not so in India. Despite this shortcoming, the traditional mycological information of 

Indian ethnic groups has proven to be knowledgeable and extensive, which describes about 

283 wild mushroom species out of 2000 edible species recorded world over (Purkayastha and 
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Chandra, 1985). Macro fungi have the longest history of diversity studies of any mycota over 

the world, but are understudied. Mycologists continue to investigate the virgin, hidden and 

interesting fungal biodiversity because many macro fungi are on the verge of extinction due 

to anthropogenic factors and climate change (Swapana et al., 2008). Though indigenous 

mushroom resources are diverse in nature; morphological identification is limited for 

taxonomy (Zhang et al., 2006). Mushrooms play a vital role economically and biologically, 

so information on mushroom diversity is necessary because of the role they play to humans, 

animals and environment. They are considered as ecological indicators and used in 

reforestation programs (Wongchalee and Pukahute, 2012; Andrew et al., 2013). Mushroom 

taxonomic studies have been mainly based on the study of morphological characteristics like 

shape, size and color of caps and gills (Lee et al., 2006), which are considered unreliable 

(Lian et al., 2008) or limited. Mushroom poisoning is the outcome of misidentification and 

ingestion of a toxic wild mushroom as an edible species. The misidentification is mainly due 

to close resemblance of the poisonous mushroom species with the edible variety in terms of 

morphological traits (Berger and Guss, 2005). The use of morphological characteristics alone 

for mushroom identification is limited and not practical to have criteria to select only 

morphological traits as it is not clearly defined, which leads to constant disagreement and 

taxonomic rearrangements in fungi (Yang, 2011; Yang et al., 2012). Morphological 

characters are often influenced by environmental conditions and similarly ecological 

diversities of wild mushrooms may result in phenotypic plasticity within a few species or 

genotypes (Feng et al., 2012). Thus, the classification system for mushrooms and their allies 

is constantly relying on molecular data as morphological information is limited for fungal 
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systematics due to their evolutionary convergence, inherent simplicity, parallelisms, and 

phenotypic plasticity (Hofstetter et al., 2002).  

With the advancement of biotechnology and mushroom science, molecular tools are 

more accurate, rapid and reliable method for identification of fungi (Fan et al., 2006; Moreau 

et al., 2006; Fonseca et al., 2008). The absence of a universally accepted DNA barcode 

marker for fungi is a significant limitation for diversity studies. DNA barcoding uses target 

(500 to 800) bp sequences for identifying species of all eukaryotic kingdoms using primers 

that are applicable for the widest possible taxonomic group (Blackwell, 2011; Mora et al., 

2011; Schoch et al., 2012). Identification of mushrooms using molecular approaches has 

been widely accepted because they target the species at the DNA level. The primers ‘ITS1’ 

and ‘ITS4’ were the first PCR primers favored to work with fungal internal transcribed 

spacer (ITS) regions which code the highly variable regions i.e., ITS1 and ITS2 of the 

ribosomal operon (White et al., 1990). The ITS region is located between 18S or Small 

Subunit (SSU) and 28S or Large Subunit (LSU) in the rDNA cistron and is most commonly 

used for molecular phylogenetic studies as rRNA genes are known to be conserved at the 

species or genus level (Kim and Lee, 2000; Lee et al., 2000; Chen et al., 2004; Park et al., 

2004). The ribosomal DNA (rDNA) coding genes is successfully used in species 

identification during evolutionary, environmental and taxonomic studies of fungi (Borneman 

and Hartin, 2000; Gurtner et al., 2001; Muruke et al., 2002). Similarly, during the last 

decade, molecular approach for identification of basidiomycetes had been attempted by 

amplification and restriction of special DNA sequences by PCR and restriction fragment 

length polymorphism (RFLP). This approach has been largely followed for identification of 

eukaryotes including fungi (Hopple and Vilgalys, 1994; Wesselink et al., 2002). With the 
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recent approval of large-scale changes to the naming procedure of fungi, sequence data from 

specimens/DNA barcodes will increasingly be crucial for fungal nomenclature (Hawksworth, 

2011). The ribosomal RNA (rRNA) genes frequently used in studies of all organism groups, 

are also the most commonly sampled in fungi. The diversity of rRNA gene is a useful tool to 

study the taxonomy and phylogenetic classification in bacteria and fungi (Hur and Chun, 

2004; Lim et al., 2005). DNA barcoding refers to sequencing of a particular locus that is 

regarded to be species specific and used to identify fungi based on the DNA sequence 

information at the species level. For fungal resolution at and below the generic level, the ITS 

region of the rDNA has always been the marker of choice for ecological studies (Seifert, 

2009; Begerow et al., 2010). However, some workers (Kurzman and Robnett, 1998; Hong et 

al., 2000; Wesselink et al., 2002) have revealed that the LSU or 28S rRNA gene has variable 

regions with sequence divergence - D1, D2, and D3 which makes it sufficient to study the 

phylogeny between the fungal species.  

The recent advancement in the field of molecular biology has introduced a new 

generation markers to facilitate dissection of plant genomes more easily and efficiently. 

Several molecular techniques have already been used for studying the genetic diversity in 

mushrooms such as isoenzymes (Lan et al., 1998), AFLP (Qi et al., 2003), RFLP (Park et al., 

1996), ITS (Kindermann et al., 1998) and RAPD (Wang et al., 2003). These DNA based 

markers are versatile tools which are more advantageous over conventional phenotypic 

markers. DNA markers are known to be present in large numbers, stable across the 

developmental stages and least influenced by environmental factors, devoid of the pleiotropic 

and epistatic effects. Depending on the types of technique used, these markers are classified 

as PCR based markers and hybridization based markers. Some of the important PCR based 
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marker systems are random amplified polymorphic DNA (RAPD), amplified fragment 

polymorphism (AFLP), inter simple sequence repeats (ISSR), simple sequence repeats 

(SSR), directed amplification of mini-satellite DNA regions (DAMD), expressed sequence 

tag (EST) etc. Markers like RFLP, SSR and EST are co-dominant markers and can detect 

genetic variability at allelic level. However, the development and utilization of these marker 

systems are costly, laborious and time taking. While RAPD, ISSR, DAMD and AFLP are 

dominant marker systems, cost effective, easier to be developed and used. Therefore, for 

selecting a marker system, a number of factors like availability of equipment, time and 

expertise along with the nature of the crop, are to be taken into account (Williams et al., 

1990; Heath et al., 1993; Zietkiewicz et al., 1994; Meyer et al., 1993; Vos et al., 1995; 

Vijayan, 2005). These markers have been developed successfully and effectively utilized in 

genetic diversity analysis. The evaluation of genetic variation and diversity would encourage 

the efficient use of genetic variations in the breeding program (Paterson et al., 1991). DNA 

finger printing has become an important tool in characterization of mushrooms (Shinwari et 

al., 1994a; 1994b). Large numbers of polymorphic markers are required to measure genetic 

diversity and relationships in a reliable manner. This limits the use of isozymes or 

morphological characters which lack adequate levels and often influenced by environmental 

factors in mushrooms. Molecular genetic markers are powerful tools to examine genetic 

relationships and diversity. Efforts have been initiated for the identification of cultivars and 

assessment of genetic diversity of many edible and medicinal mushrooms like Agaricus 

bisporus, Auricularia auricula-judae, Lentinula edodes, Ganoderma lucidum, Tricholoma, 

Volvariella, Flammulina velutipes etc by RAPD, ISSR and sequence-related amplified 

polymorphism (SRAP) (Welsh and Mc Clelland, 1990; Williams et al., 1990; Zietkiewicz et 
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al., 1994; Li and Quiros, 2001; Moore et al., 2001; Staniaszek et al., 2002; Yan et al., 2004; 

Sun et al., 2006; Zhang et al., 2007a; Fonseca et al., 2008; Guan et al., 2008; Tang et al., 

2010; Tao et al., 2011; Sahoo et al., 2014; Liu et al., 2015; Dwivedi et al., 2017, Liu et al., 

2018) however, only few works have explained the estimation of genetic diversity using 

multiple markers (Qin et al., 2006; Yu et al., 2008).  

The ISSR markers are regarded as reliable and economical DNA marker system 

(Zietkiewicz et al., 1994; Tsumura et al., 1996). The ISSR markers have variable 

microsatellite regions and easy application at low cost which makes these markers highly 

useful for systematic and ecological evaluations (Reddy et al., 2002) and broadly used for 

population genetics, strain identification and genetic diversity of many edible and medicinal 

mushrooms (Yu et al., 2008; Fu et al., 2010; Tang et al., 2010; Du et al., 2011a; Shao et al., 

2011). The DAMD technique was reported first by Heath et al. (1993). The mini-satellite 

regions are DNA tandem repeat regions which exhibits high levels of variations in the 

number of repeat units. DAMD-PCR techniques uses mini-satellite core sequences as 

primers which contains hyper variable regions (HVR) or variable number of tandem repeats 

(VNTR). These tandem repeats are known to be present in diverse plants and animal species. 

Because of this, DAMD primers are fruitful as PCR primers in diverse organisms at 

relatively high stringencies (Jeffreys et al., 1985; Heath et al., 1993; Karaca et al., 2002; 

Karaca and Ince, 2008). However, there is no report of genetic diversity studies using these 

primers so far in mushrooms. The RAPD is another convenient method to evaluate the 

genetic diversity in diverse organisms including mushrooms. The use of RAPD markers has 

enabled the rapid generation of reliable reproducible DNA fragments in many mushroom 

species. The RAPD technique based on random genomic studies is therefore, reliable to 
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indicate the overall genetic variation then sequence analysis of a single region of genome 

(Achenbach et al., 1996; Akbar et al., 2011). RAPD markers have already been used for 

strain identification of several mushrooms,  discrimination of mushroom cultivars and 

helpful in protection of elite strains (Moore et al., 2001; Ravash et al., 2009; Agarwal et al., 

2013; Rehman et al., 2015). RAPD technique is still the quickest and most reliable method 

for assessing the variability at DNA level, especially being useful for intra-specific analysis. 

These markers have the advantage of amplifying both transcript/translated and non-coding 

regions of the genome. This is vital when the objective is to examine the variation within 

species genome (Williams et al., 1990; Ferreira and Grattapaglia, 1996; Ro et al., 2007). On 

the other hand, RAPD markers have limitations for its low experimental reproducibility, but 

the problem can be overcomed with the usage of many primers and more strict criteria in 

examining the results (Carvalho and Vieira, 2001). Now a day’s strain identification can be 

effectively achieved with the help of DNA marker technologies developed for this purpose 

(Bian and Song, 2005), which has also been used to study genetic diversity and population 

genetics in a variety of agricultural products (Simioniuc et al., 2002; Ferriol et al., 2003) 

including mushrooms (Zhang et al., 2007; Yu et al., 2008; Guan et al., 2008). Sequence 

related amplified polymorphism (SRAP) (Li and Quiros, 2001) and ISSR (Zietkiewicz et al., 

1994) DNA marker technologies has proved to be highly reliable and effective, especially 

when we combine the data from both marker analysis. In the past, these techniques were 

used by different workers viz., RFLP technique was used for genotyping of Agaricus 

brunnescens (Castle et al., 1987), RAPD technique was used for differentiating cultivars of 

button mushroom (Moore et al., 2001), for genotype identification of Pleurotus species used 

ITS-RFLP technique (Ma and Luo, 2002), ITS and IGS regions were used for genetic 
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diversity evaluation in Armillaria mushroom (Chillali et al., 1998) and ISSR markers in 

strain identification of Lentinula edodes (Zhang et al., 2007) and differentiation of strains in 

A. bisporus (Guan et al., 2008).  

Mushrooms are healthy and natural foods which originate from an organic farming 

system (Moore and Chiu, 2001). For sustainable mushroom cultivation and production, novel 

strains with enhanced characteristics are essential. But, mushroom strains are not so easy to 

discriminate due to absence of clearly distinguishable characters which impedes strain 

improvement and makes strain protection problematic. Molecular markers like rDNA 

sequencing, ISSR, RAPD, RFLP, SSR, SRAP, microsatellite and mitochondrial genotypes 

have all been used to discriminate mushrooms or strains of Agaricus (Moore et al., 2001; 

Nazrul and Bing, 2010; Malekzadeh et al., 2011), Auricularia (Yan et al., 2004; Tang et al., 

2010; Du et al., 2011; Du et al., 2013), Ganoderma (Rolim et al., 2011; Dwivedi et al., 

2017), Lentinula (Qin et al., 2006; Fu et al., 2010; Liu et al., 2015), Lentinus (Dwivedi et al., 

2017), Flammulina velutipes (Liu et al., 2018) and Volvariella (Sahoo et al., 2014) etc. This 

provides reliable information for strain identification and protection in mushrooms. Over the 

years, the methods for detection and assessment of genetic diversity have extended from 

study of discrete morphological to biochemical and molecular characters. Several PCR based 

markers have been applied to determine the genetic variation among populations and genetic 

resources. Molecular markers has made it possible to evaluate genetic diversity by 

recognizing the polymorphic nucleotide sequences dispersed throughout the genome and to 

determine inter- and intra-species genetic relationship (Gostimsky et al., 2005; Karakas et 

al., 2010). The ISSR and RAPD molecular markers are among the most widely used to 

assess the genetic diversity, genetic map construction, linkage analysis and DNA 
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fingerprinting in plants (Darvasi et al., 1993; Neale and Savolainen, 2004). Molecular 

markers are also used to locate drought induced genes in the genome and as these markers 

are not influenced by environment, they are often considered to be superior to morphological 

markers (Maric et al., 2004). 

Nutritional Value of Mushrooms 

The usage of mushrooms as food is probably as old as human civilization and the 

early history regarding the use of mushrooms in different countries has been reviewed by 

many past workers (Butler, 1915; Singer, 1961; Atkinson, 1961; Abou et al., 1987). The 

oriental knowledge of using mushrooms is older than the Europeans (Lambert, 1938). The 

early pre-historic man began collecting wild mushrooms by trial and error over time for 

eating purpose (Atri et al., 1997). Since time immemorial, societies around the world have 

valued wild mushrooms as a nutritious food (Breene, 1990; Chang and Miles, 1992; Manzi et 

al., 1999). Mc-Connell and Esselen (1947) reported that fresh mushroom contains 0.9% 

mannitol, 0.28% reducing sugar, 0.59% glycogen and 0.91% hemicelluloses. The first 

successful research uncovered the anti-tumour effects of the hot water extracts from some 

mushrooms (Ikekawa et al., 1969). Chihara et al. (1969) isolated anti-tumor polysaccharide 

which was named lentinan from shiitake mushroom. Carbohydrates of A. bisporus were 

reported by Crisan and Sands (1978). Mushrooms are often regarded as one of the best 

available source of vitamins especially vitamin B (Breene 1990; Mattila et al., 1994; 

Zrodlowski, 1995; Chang and Buswell, 1996; Mattila et al., 2001). The mineral content of 

wild edible mushrooms (WEM) was reported to be higher than the cultivated ones (Aletor, 

1995; Mattila et al., 2001; Rudawska and Leski, 2005). Mushrooms are regarded as 

biological response modifiers and the fourth principle form of the conventional cancer 
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treatment (Yang et al., 1993). Compounds present in mushrooms reduce blood sugar levels 

and blood pressure, reduce cholesterol and inhibit platelet aggregation (Liu, 1999; Mizuno et 

al., 1995; Zhu and Mori, 1993). Mushrooms are nature’s greatest untapped source of 

nutritious enzyme complex which enables them to develop successfully on a large variety of 

inexpensive substrates such as lignin, pectin, cellulose, hemicelluloses, and other industrial 

wastes which are not suitable even for animal feed (Bano et al., 1963). Although mushrooms 

have been appreciated for their flavor and unique taste; medicinal and tonic attributes, 

recognition of mushrooms as a good source of nutritious food and physiologically important 

source of medicinal compounds is recent (Li and Chang, 1982). Gruen and Wong (1982) 

indicated that the nutritional value of edible mushrooms is comparable with meat, milk and 

egg food sources. The world mushroom production has a market value of U.S $10 billion. 

The major exporting countries of fresh mushrooms are Netherlands, Poland, Ireland and 

Belgium. China is the largest exporter of preserved mushrooms with a market share of 

41.82%. Netherlands (25.11%) and Spain (7.37%) are the other major countries. Germany, 

U.S.A and France are the major importing countries of prepared and preserved mushrooms. 

India has the potential to be a major producer of mushroom, ranks 54th as producer and ranks 

6th as an exporter (Harsh and Joshi, 2008).  

Mushroom research gained momentum because of the role played by mushrooms in 

food industry and medicines. Mushrooms are popularly used to enhance immunity as nutrient 

supplements in the form of tablets, as anticancer drug and to fight HIV effectively (King, 

1993). Many edible and medicinal mushrooms have been traditionally used in China, Korea 

and Japan for their medicinal and tonic properties. Examples include Auricularia species 

(jelly mushrooms) which have traditionally been used to treat piles and various stomach 
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ailments; Tremella fuciformis (jelly mushroom) for maintaining healthy lung tissue; 

Hericium erinaceus (monkey head mushroom) for treating gastric ulcers; Volvariella 

volvacea (straw mushroom) for lowering blood pressure and accelerating the healing of 

wounds and Lentinula edodes (shiitake) in the prevention of rickets and lowering gastric 

acidity (Chang, 1996). Mushrooms are regarded as the most important among the 

horticultural crops in developed countries (Baruah, 2008). Mushrooms are highly popular as 

functional food and as an important source to develop drugs and nutraceuticals (Lakhanpal 

and Rana, 2005) which is responsible for the antioxidant, antimicrobial and antitumor 

properties of mushrooms (Jones and Janardhaanan, 2000). Modern pharmacological research 

confirms large parts of traditional knowledge regarding the medicinal effects of mushrooms 

due to their antifungal, antibacterial, antioxidant and anti-viral properties (Barros et al., 2007; 

Ferreira et al., 2007; Wani et al., 2010). Besides the pharmacological properties, mushrooms 

have become crucial in human diet due to rich nutritional properties like high protein, low fat 

etc (Murugkar and Subbulakshmi, 2005). The WEM are important non-timber forest 

resource used by mycophilic societies and their use has been documented in many countries 

around the world (Jones and Whalley, 1994; Roberto et al., 2006). Wild edible mushroom is 

popularly used as food and medicines in many African and Asian countries and is 

appreciated for its unique flavor and nutritional compositions (Boa, 2004). Tibuhwa (2013) 

documented the use of WEM in Tanzania and assessed its importance as a source of healthy 

food and income generation for the disadvantaged rural dwellers and reported that WEM are 

among the non-wood forest products, not well reported in many countries, badly collected, 

poorly studied and relatively underutilized in the country. There is no detailed information on 
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how much is harvested, no market orders and also lack of general awareness on income 

generation potential and its contribution to food security.  

Edible mushrooms are considered as healthy food as they are rich in proteins, fibers, 

minerals, vitamins, low/no calories and cholesterol lowering properties and the food value of 

mushrooms lies between meat and vegetables (Bano, 1976; Wani et al., 2010) apart from the 

flavor they impart. Protein content of fresh mushrooms is about twice that of vegetables and 

contains all the 9 amino acids essentials for the health of humans (Sumbali, 2005). For 

example, Ganoderma is broadly consumed around the world as a health food, being regularly 

used by many Asians for the advancement of health and longevity and as a remedy for illness 

(Jong and Birmingham, 1991; Wachtel-Galor et al., 2003). Mushrooms have been found 

effective against cancer, cholesterol reduction, skin diseases, stress, insomnia, asthma, 

allergies and diabetes (Bahl, 1983). Recently, mushrooms have gained much attention due to 

its antioxidant, hypocholesterolaemic, anticancer, antiviral, immuno-potentiating and 

hepatoprotective properties. These new compounds termed ‘Mushroom Neutriceuticals’ are 

extracted either from the fungal fruiting body or mycelium and represent a major component 

of the increasing mushroom biotechnology industry (Chang and Buswell, 1996). Mushrooms 

are considered to possess therapeutic properties and at present, over 270 mushroom species 

are reported with known therapeutic properties (Ooi and Liu, 1999). Studies on mushrooms 

have been an important area for the scientists in particular and the people in common 

because of their role in human welfare, food industry, medicines, and biodegradation (Ozturk 

et al., 2003). The existence of secondary metabolites in mushrooms like polyphenols, 

terpenes, steroids and polyketides which have antioxidant properties and pharmacological 

applications play vital role in boosting the health of consumers (Cheung et al., 2003; Barros 
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et al., 2007). Polyphenols are aromatic compounds which include complex structures like 

flavonoids and anthocyanins and show antifungal, anti-inflammatory, antioxidant, anticancer, 

antimutagenic, antimicrobial, immune modulator and many other pharmacological activities 

(Ramesh and Pattar, 2010; Keles et al., 2011). Patel and Goyal (2013) reported that 

mushrooms act as anti-cancer compounds, plays significant role as angiogenesis inhibitor, 

mitotic kinase inhibitor, reactive oxygen species inducer, anti-mitotic, topoisomerase 

inhibitor, leading to apoptosis and also checking cancer proliferation. Oxidation is an 

important process for all living organisms for the production of energy and oxygen-centered 

free radicals and other reactive oxygen species produced continuously in vivo, result in tissue 

damage and cell death. Free radicals cause oxidative damage which is related to aging, 

cirrhosis, diabetes, atherosclerosis and cancer (Halliwell and Gutteridge, 1984). Natural 

sources of antioxidants are considerably studied for their properties to protect organisms and 

cells from damage brought about by oxidative stress (Cazzi et al., 1997). Most organisms 

possess antioxidant defense and repair systems for protection against free radical damage by 

oxidative enzymes like superoxide dismutase (SOD) and catalase (CAT) and by chemical 

compounds like ascorbic acid, carotenoids, α-tocopherol, glutathione and polyphenolic 

compounds (Mau et al., 2001), yet these systems are not sufficient. Mau et al. (2004) 

described that mushrooms are rich sources of antioxidants. 

Fungi are obviously non-toxic as they have been in close human consumption by 

natives and tribals, since history (Pandey and Srivastava, 1994). The Indian subcontinent 

comprises of several eco-climatic zones and is a treasure house of fungal diversity. India is 

one of the top 10 mega diverse nations of the world fortunate to have a varied agro climate, 

abundance of agro wastes, relatively low cost labor and rich fungal diversity world, including 
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wild mushrooms. Due to diverse climatic, geographical and ecological conditions, India is 

home to a large number of fungal species. As such, explorations in Rajasthan, Indo Gangetic 

Plain, Eastern Himalayan, Western Ghats, Northwest Himalayan and Southern India have 

been carried out by a number of workers throughout the country as hotspots of mushroom 

diversity, since 1825 (Borkar et al., 2015). These factors combined make India a potential 

major producer of temperate, tropical and subtropical mushroom species. There is the need to 

investigate the Indian mushrooms for its bioactive compounds, which can possibly be used in 

the treatment of various diseases like cancer, AIDS etc. (Deshmukh, 2006). The information 

on the food value of mushrooms in India has been provided by many workers (Hira et al., 

1990; Murugkar and Subbulakshmi, 2005). In India, the nutritional contents of the different 

species of mushrooms such as Agaricus, Russula, Lentinus, Pleurotus, Volvariella, Calvatia 

etc were studied by various researchers (Murugkar and Subbulakshmi, 2005; Pushpa and 

Purushothama, 2010; Manikandan, 2011). According to Pushpa and Purushothama (2010), A. 

bisporous contains 41.06% protein, 28.38% carbohydrate, 2.12% fat, 7.01% ash and 18.23% 

fiber whereas Manikandan (2011) revealed that 33.48% protein, 46.17% carbohydrate, 3.1% 

fats, 5.7% ash and 20.9% fiber in A. bisporous. Similarly, the nutritional compositions of 

mushrooms such as L. edodes (32.93% protein, 47.6% carbohydrates, 3.73% fat, 5.2% ash, 

and 28.8% fiber), P. ostreatus (30.4% protein, 57.6% carbohydrate, 2.2% fat, 9.8% ash, 

8.7% fiber) and V. volvacea (37.5% protein, 54.8% carbohydrate, 2.6% fat, 1.1% ash, 5.5% 

fiber) were extensively studied by Manikandan (2011). Rai (1997) discussed the status of 

medicinal mushrooms, their pharmacologically active principles and mechanism of action. 

Ajith and Janardhanan (2007) and Thekkuttuparanbil et al. (2007) studied the antioxidant 

and anti-tumor activities of mushrooms found in South India. Vishwakarma et al. (2011) 
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studied and described the medicinal properties of some medicinally important wild 

mushrooms of Garhwal Himalaya, Uttarakhand, namely Ganoderma lucidum, Agaricus 

campestris, Coprinus comatus etc. Sachan et al. (2013) documented the WEM flora of 

Similipal Biosphere Reserve (SBR) of Odisha, India and their uses by the indigenous tribes 

for medicine and food. The mushrooms identified in the SBR are native to many parts of 

India which was reported by several authors in the North-Eastern hills (Verma et al., 1995; 

Singh et al., 2007); North Western Himalayas (Atri et al., 1997) and Kanyakumari district 

(Davidson et al., 2012). 

The North-Eastern region of India being the transitional zone between the Indian, 

Indo-Malayan and Indo-Chinese bio-geographical regions makes the gate way for many of 

India’s flora and fauna. Moreover, Northeast India is one of the biodiversity hotspots and is 

very rich in mushroom diversity (Verma et al., 1995). Baruah et al. (1971) reported some 

basidiomycetous mushrooms of Sibsagar district. Gogoi and Prakash (2015) reported 138 

species of mushrooms belonging to 48 genera, 23 families and 5 orders of the class 

Agaricomycetes under Basidiomycota from Hollongapar Gibbon Wildlife Sanctuary, Assam. 

Basumatary and Gogoi (2016) reported 5 wild edible macrofungi species viz., Volveriella 

volvacea, Agaricus semotus, Lentinus polychrous, Stropharia semiglobata and Termitomyces 

eurrhizus belonging to family Plutaceae, Agaricaceae, Lentinaceae, Strophariaceae and 

Tricholomataceae as most widely consumed among all the edible varieties available in 

Kokrajhar district of Assam by the ethnic community. A total of 44 macro fungal species 

were collected from various areas of Assam, viz., Nalbari, Barpeta, Jorhat, Sibasagar, Karbi 

Anglong, Kamrup, Golaghat, Goalpara, Tezpur, Tinsukia, Rangia and Nagaon (Parveen et 

al., 2017). Verma et al., 1987 described the mushroom flora of the NEH India from Manipur 
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and Meghalaya belonging to the family Auriculariaceae, Clavariaceae, Cantharellaceae, 

Tricholomataceae, Pluteaceae, Paxillaceae, Cortinariaceae, Cycoperdaceae, 

Sclerodermataceae of Basidiomycotina and fan-lily, Halvellaceae of Ascomycotina. Some 

WEM species have been reported from Manipur and Arunachal Pradesh of N.E India (Sing 

and Sing, 1993; Sing et al., 2002). In Arunachal Pradesh, different varieties of mushrooms 

were sold abundantly in the market (Angami et al., 2006).  

Singh et al. (2008) reported that species like Lentinus edodes, Lactarius piperatus, 

Auricularia auricula, Cantherallus cibarius, Schizophyllum commune, Boletus edulis, 

Volvariella volvacea, Agaricus bisporus and Pleurotus sajor-caju were prevalent in Manipur 

areas while Talukdar (2009) reported 34 species of mushrooms from Manipur. A total of 8 

WEM species namely Auricularia delicata, Cantharellus cibarius, Lactarius volemus, 

Lentinula edodes, Pleurotus citrinopileatus, Pleurotus ostreatus, Schizophllum commune and 

Termitomyces eurhizus were reported to be sold in the markets of Senapati and Kangpokpi 

districts of Manipur (Apshahana and Sharma, 2018). Murugkar and Subbulakshmi (2005) 

studied and analyzed 7 WEM commonly consumed in the Khasi Hills of Meghalaya for its 

nutritional properties. Eleven wild edible macro fungal species belonging to 9 genera and 8 

families consumed by the Khasi tribe of Meghalaya was reported by Khaund and Joshi 

(2013). Kumar et al. (2015) documented and identified a total of 77 mushroom species from 

Narpuh Reserve Forest (Block-I) of Meghalaya out of which, 44 mushroom species were 

identified up to the species level and the remaining species were identified up to the genus 

level. Kalita et al. (2016) documented wild edible macro fungi from Shyrwat and Upper 

Shillong Reserve Forests of Meghalaya where a total of 22 macro fungi were collected 

during the rainy season. Lalrinawmi et al. (2017) reported a total of 27 edible mushroom 
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species representing 18 genera, 13 families and 7 orders growing in both soil and wood from 

Mizoram. Das et al. (2017) reported 13 wild edible macro fungi belonging to 8 families 

under 8 genera from forests and local markets of Tripura, India. Das (2010) reported 126 

wild mushrooms from Barsey Rhododendron Sanctuary of Sikkim. 

 Nagaland is one of the Northeast Indian states with total geographic area of 16,579 

sq km and is bounded by Myanmar in the East, Assam in the West, Arunachal Pradesh and a 

part of Assam in the North and Manipur in the South. It lies between 93o20́  to 95o15́  E and 

25o10́  to 27o40́  N. The state fall under one agro-climatic zone of Mild Tropical Hill Zone 

and receives South West Monsoon rain in summer and North East monsoon rain in winter 

with an average recorded annual rainfall ranges between 2000-2500 mm. The temperature 

during summer ranges from 16-31oC and drops as low as 4oC during winter. Due to the 

current environmental issues like global warming, climate change, deforestation and 

unsystematic collection of wild mushrooms in forest areas, the macro fungal diversity is 

depleting at alarming rate and in the near future, the bio-resource will be lost.  

The rich biodiversity of northeastern region of India needs extensive exploration and 

this applies to Nagaland too. The rich mushroom diversity of the state needs intensive 

exploration to widen the commercial application of mushrooms as there is immense scope 

for mushroom industry in the state. The nutritional and medicinal properties of mushrooms 

can be further exploited, development of mushroom spawns, skill development trainings, 

awareness campaigns etc can all lead to cultivation, conservation, commercialization and 

development of mushroom industry in the state. Nevertheless, all the above developments 

can be achieved only when the mushroom diversity of the state is known for which proper 

documentation, identification and characterization of the wild mushrooms available in the 
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state is of utmost importance. The rich mushroom diversity provides huge socio-economic 

potential for the state. Not much work has been initiated on mushroom research in Nagaland. 

Only recently, some works have been carried out on wild mushrooms of Nagaland (Ao et al., 

2016a; Ao et al., 2016b). Due to absence of digital or conventional database/Herbarium on 

mushroom flora of the state, there is the need to explore the mushroom diversity of 

Nagaland. Therefore, the present study was undertaken for survey of different parts of 

Nagaland, India, collection, identification and documentation of mushrooms available 

especially the WEM. There is also no information available of any previous reports on 

molecular identification and characterization of any WEM species from the state. Thus, in 

this study, some popular WEM species were subjected to molecular characterization using 

ITS, 18S and 28S rRNA genes which generated the molecular barcodes for that particular 

WEM. The molecular phylogenetic studies were also carried out for the selected WEM 

species. Up until now, there is no information and records available on application of ISSR, 

RAPD and DAMD markers in genetic diversity analysis on any WEM species of Nagaland, 

as such, the objective of the present study was also to study the inter- and intra-specific 

genetic diversity of the available wild edible Lentinus species which is a very popular wild 

edible mushroom globally. Furthermore, there is very few works reported on inter- and intra-

specific genetic diversity of Lentinus at both the national and international level using ISSR, 

RAPD and DAMD markers (Dwivedi et al., 2017). Interestingly, the edibility and medicinal 

properties of few Lentinus species had already been reported by past workers like Watling 

(1993) who had reported L. tuber-regium (Fr.) Fr. and L. squarrosulus Mont. as popular food 

sources across central Africa and Isikhuemhen et al. (2012) had reported that L. squarrosulus 

is available in sub-Saharan Africa and in parts of Asia. Fangkratok et al. (2013) had reported 
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Lentinus polychrous Lev. as a wild edible mushroom available in Thailand. Therefore, in this 

study, genetic diversity assessment was conducted for three wild edible species of Lentinus 

viz. L. sajor-caju, L. squarrosulus and L. tigrinus. For genetic diversity analysis, three 

markers were used - ISSR, RAPD and DAMD. As these primers are randomly distributed 

across the genome, there are huge chances of amplifying high numbers of polymorphic bands 

(Hamada and Kakunaga 1982; Tautz and Renz 1984; Heath et al., 1993; Zietkiewicz et al., 

1994; Zhou et al., 1997). The main advantages of using these primers are that they are quick, 

highly polymorphic, randomly distributed throughout the genome and inexpensive. As the 

markers are PCR-based, therefore, require very small amount of template DNA and also do 

not require any sequence information for primer construction. The evaluation of nutritional 

values and antioxidant properties was also carried out for ten WEM species in this study. 

Hence, the present study is an important first step towards producing a checklist of 

mushrooms available in Nagaland and an insight to the nutritional qualities of some popular 

WEM species. Keeping in mind the importance of mushrooms to humans and environment, 

the present work was proposed with the following objectives – 

• To survey, document and identify the wild edible mushroom species found in 

Nagaland. 

• As Nagaland has a rich diversity of mushrooms, few popular WEM species were 

subjected to molecular phylogenetic analysis using ITS, 18S and 28S ribosomal RNA 

genes.  

• Genetic diversity assessment of three wild edible species of the genus Lentinus using 

ISSR, RAPD and DAMD markers (SPAR approach). 
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• The nutritional composition and antioxidant properties of ten popular WEM species 

were also determined as part of the research work.  

The present research work is the first of its kind for Nagaland and will play an 

important role for future researchers. Globally, mushrooms are regarded as important 

horticultural and medicinal crop. Therefore, it is the need of the hour to popularize WEM 

species as sources of healthy food because presently the world is facing food insecurity and 

many nations are going hungry facing protein deficiency. Moreover, mushrooms are in high 

demand because of their medicinal and therapeutic potential for pharmaceutical applications. 
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Chapter - 2 

Documentation of Wild Mushroom 

 

Introduction  

The fungal diversity studies have been investigated world over and the mushrooms on 

earth is estimated to be 140,000, yet only ~10% are known (Wasser, 2002). Mycologists 

continue to investigate the virgin, hidden and interesting fungal biodiversity because many 

macrofungi are on the verge of extinction due to anthropogenic factors and climate change 

(Swapana et al., 2008). Mushrooms belong to Kingdom Fungi and are classified under 

classes of Ascomycetes and Basidiomycetes. Mushrooms are macro fungi with a distinctive 

fruiting body such as brackets, bird’s nest, jelly, boletes, corals, puffballs, stinkhorns and 

agarics. They are fleshy, leathery, sub-fleshy or woody and their fertile surface is found 

attached on lamellae or the tubes, which opens out through pores. The lamellate members are 

the agarics and the boletes and the polypores are the poroid members (Deshmukh, 2004). It is 

said that one third of global fungal population exists in India but only 50% are characterized 

so far (Manoharachary et al., 2005). It is reported that India has about 27,000 fungal species 
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(Cowan, 2001; Chang and Miles, 2004) and approximately 850 mushroom species recorded 

so far (Deshmukh, 2004). Around 2000 fungal species are reported to be edible, but less than 

25 mushroom species are accepted as food globally and very few have achieved the level of 

commercial item. Agaricus bisporus, Auricularia species, Pleurotus species, Lentinula 

edodes, Volvariella volvacea etc. are some of the most accepted edible mushrooms globally 

(Bonatti et al., 2004). In China and Japan, the information on the applications of both edible 

and medicinal mushrooms have been passed down from one generation to the next but it was 

not so in India. Despite this shortcoming, the traditional mycological information of Indian 

ethnic groups has proven to be knowledgeable and extensive, which describes about 283 wild 

mushroom species out of 2000 edible species recorded world over (Purkayastha and 

Chandra, 1985).  

India is one of the top 10 mega diverse nations of the world fortunate to have a varied 

agro climate, abundance of agro wastes, relatively low cost labor and rich fungal diversity 

world, including wild mushrooms. Due to diverse climatic, geographical and ecological 

conditions, India is home to a large number of fungal species. As such, explorations in 

Rajasthan, Indo Gangetic Plain, Eastern Himalayan, Western Ghats, Northwest Himalayan 

and Southern India have been carried out by a number of workers throughout the country as 

hotspots of mushroom diversity, since 1825 (Borkar et al., 2015). The North-Eastern region 

of India being the transitional zone between the Indian, Indo-Malayan and Indo-Chinese bio-

geographical regions makes the gate way for many of India’s flora and fauna. The region 

comprises of the states- Arunachal Pradesh, Assam, Meghalaya, Manipur, Tripura, Mizoram, 

Nagaland and Sikkim. Northeast India is among the top 34 global biodiversity hotspots of the 

world and is rich in mushroom flora. The region is known for high endemism and is an 
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important sub-centre for mushroom origin, the most important macrofungi. The study on the 

taxonomy of mushrooms are gaining momentum as mushrooms are on the verge of 

extinction because of the effects of climate change and habitat destruction (Verma et al., 

1995; Bhattacharjee et al., 2015). Mushrooms have already been elaborately studied in the 

western countries, but in tropical countries like India especially the North-East India is still 

unexplored. So, it is high time for explorations to be carried out to conserve this valuable 

natural resource. Till date not much work has been initiated on mushroom research in 

Nagaland. The state of Nagaland is very rich in biodiversity including wild mushrooms. Only 

recently, some works have been initiated on wild mushrooms of Nagaland (Ao et al., 2016a; 

Ao et al., 2016b). Due to lack of digital or conventional database/Herbarium on mushroom 

flora of the state, there is the need to explore the mushroom biodiversity of Nagaland. The 

present study was thus, undertaken for survey of different parts of Nagaland, collection, 

identification and documentation of mushrooms available especially the wild edible 

mushrooms (WEM).  

Materials and Methods 

Survey Area and Sample Collection 

Nagaland is one of the North-East Indian states with total geographic area of 16,579 

sq km. Nagaland is bounded by Myanmar in the East, Assam in the West, Arunachal Pradesh 

and a part of Assam in the North and Manipur in the South (Figure 2.1). It lies between 

93o15́  to 95o15́  E and 25o10́  to 27o4ˊ N. Nagaland has a typical monsoon climate. The year 

can be divided into 4 seasons- winter (December-February), pre-monsoon (March-April), 

monsoon (May-September) and retreating monsoon (October-November). The average 
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annual rainfall is recorded to be between 2000-2500 mm. The temperature during summer 

ranges from 16-34oC and drops as low as 4o C during winter.  

The state forests types are broadly categorized into three groups based on climatic 

conditions and altitudes as Tropical, Sub-tropical and Temperate types which are further sub-

divided into 9 major types: 

1. Tropical forests - Tropical Wet Evergreen Forest, Tropical Semi- Evergreen Forest, 

Tropical Moist Evergreen Forest (up to1000m). 

2. Sub-Tropical Forests - Sub-Tropical Evergreen Broadleaved Forests, Sub-Tropical 

Mixed Deciduous Broadleaved Forests, Sub- Tropical Alpine Forests (between 1000-

1800m). 

3. Temperate Forests – Montane Wet Temperate Forests, Temperate Rhododendron 

Forests, Sub- Alpine Forests (between 1800-3848m). 

Regular explorations and collections were undertaken in forest areas of Dimapur, 

Longleng, Kohima, Mokokchung, Phek, Tuensang, Wokha and Zunheboto districts of 

Nagaland, India during each season i.e., winter, spring, summer and autumn. Mushrooms 

samples were collected on site and morphological characters like texture and fruiting body 

color; size, shape and color of the stipe, pileus and lamellae position and color; presence of 

annulus; color of spore print, type of volva, its habitat, host and location were recorded prior 

to preservation of the collected mushroom. The local markets were surveyed during the 

season of availability to gather knowledge on the wild mushroom species sold (Ao et al., 

2016a; Ao et al., 2016b). 

 

 



 

 

 

 

 

 

Figure 2.1
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Figure 2.1: shows the survey area for sample collection

 

 

y area for sample collection 
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Phenotypic identification of the collected mushroom specimen was done based on 

morphological parameters mentioned above. The specimens were maintained in 

formaldehyde solution (2%, v/v) and stored as herbarium for future references. All the 

voucher specimens were deposited in the herbarium of Department of Botany, Nagaland 

University, Lumami, India. For identification of mushrooms, standard manuals and keys 

were consulted (Crawshay, 1930; Christensen, 1943; Pegler, 1983; Roy and De, 1996; Das 

and Sharma, 2005; Das, 2009; Mortimer et al., 2014; Philips, 2006). Mycokeys at 

www.mushroomexpert.com  and www.mycokey.com  were also consulted for identification. 

Results 

 Nagaland has a forest cover of 12,489 sq. km approx. which is 75.33% of the state’s 

geographical area based on the data released by India State of Forest Report, 2017. Due to 

various anthropogenic factors, forest cover is declining in the state. This affects the 

survivability of biodiversity present. Wild mushrooms were collected in forest areas of 

Dimapur, Longleng, Kohima, Mokokchung, Phek, Tuensang, Wokha and Zunheboto 

covering an altitudinal range of 150 m ASL to 3000 m ASL. The GPS coordinates were 

recorded during field collections and is given in Annexure I. The mushroom populations 

decreased in number as the altitudinal range increased. The highest number of mushroom 

species was collected between the altitudinal range of 900 m and 1400 m ASL. 

A total of 141 mushroom species belonging to 80 genera under 44 families – 

Russulaceae, Hygrophoraceae, Amanitaceae, Polyporaceae, Boletaceae, Agaricaceae, 

Lyophyllaceae, Auriculariaceae, Dacrymycetaceae, Inocybaceae, Suillaceae, 

Ganodermataceae, Tricholomataceae, Clavariaceae, Pleurotaceae, Tremellaceae, 

Omphalotaceae, Hericiaceae, Hymenochaetaceae, Psathyrellaceae, Cortinariaceae, 
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Sclerodermataceae, Hydnangiaceae, Mycenaceae, Strophariaceae, Gomphaceae, 

Geastraceae, Phallaceae, Pyronemataceae, Leotiaceae, Xylariaceae, Clavicipitaceae, 

Schizophyllaceae, Nidulariaceae, Sparassidaceae, Physalacriaceae, Exidiaceae, Bulgariaceae, 

Entolomataceae, Hymenogastraceae, Clavulinaceae, Helvellaceae, Sarcoscyphaceae and 

Cantharellaceae have been identified correctly in the present study (Table 2.1, Figure 2.2, 

2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 2.10, 2.11, 2.12, 2.13, 2.14, 2.15, 2.16, 2.17). Out of 141 

mushroom species, only 12 species belonged to Ascomycetes class and the remaining 

mushrooms belonged to Basidiomycetes class. Thus, the field surveys revealed that the 

Basidiomycetes mushroom dominates over Ascomycetes mushroom. For identification, 

morphological observations were performed as described above and spores were collected 

through spore prints and observed under microscope. A total of 52 mushroom species were 

identified as edible, 10 mushrooms were found to be poisonous and the remaining 79 

mushrooms were found to be inedible. Schizophyllum commune, Auricularia auricula-judae, 

A. polytricha, Lactifluus piperatus, L. volemus, Sceleroderma citrinum, Termitomyces heimii, 

Tremella fuciformis, Tricholoma imbricatum, Hygrocybe conica and Agaricus moelleri was 

found to be the most abundant during the season of availability. The collected mushroom 

species were predominantly found to be parasitic, saprophytic and ecto-mycorrhizal in 

habitat.  
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Table 2.1: List of wild mushrooms collected and identified during the study 

Mushroom species Family Habitat Edibility Accession No. 

Auricularia auricula-judae (Bull.) Quél. Auriculariaceae On dead stumps and branches of sub-tropical and 
temperate trees especially Alnus. Grows on both dead and 
living trees, very common. 

Edible NUBOT-TA-AA-01 

Auricularia polytricha (Mont.) Sacc. Auriculariaceae In clusters on rotten or dead and decaying stumps and 
twigs, very common. 

Edible NUBOT-TA-AP-02 

Cantharellus cibarius (Fr.) Cantharellaceae Found under Lithocarpus in sub-tropical forests, frequent. Edible NUBOT-TA-CC-03 

Lactifluus piperatus (L.) Pers. Russulaceae Under sub-tropical semi-evergreen forests, common. Edible NUBOT-TA-LP-04 

Lactifluus volemus (Fr.) Kuntze Russulaceae Under sub-tropical semi-evergreen forests including pine, 
common. 

Edible NUBOT-TA-LV-05 

Lentinula edodes (Berk.) Pegler Omphalotaceae On trunks of Oak trees, common. Edible NUBOT-TA-LE-06 

Hericium cirrhatum (Pers.) Nikol. Hericiaceae On trunks of semi-evergreen and temperate trees, 
uncommon, vulnerable on Red Data List. 

Edible NUBOT-TA-HC-07 
 

Dacryopinax spathularia (Schwein) G. 
W. Martin 

Dacrymycetaceae On dead and decaying logs in large groups, common. Edible NUBOT-TA-DS-08 

Schizophyllum commune Fr. Schizophyllaceae On branches of dead wood and cut timber, very common. Edible NUBOT-TA-SC-09 

Rusulla senecis S. Imai Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests, frequent. 

Inedible NUBOT-TA-RS-10 

Russsula natarajanii K. Das, J.R. 
Sharma & Atri 

Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests, occasional. 

Inedible NUBOT-TA-RN-11 

Strobilomyces strobilaceus. (Scop.) Berk Boletaceae Grows in association with semi-evergreen and coniferous 
trees, uncommon. 

Edible NUBOT-TA-SS-12 

Pcynoporus cinnabarinus (Jacq.) P. 
Karst. 

Polyporaceae Grows on fallen, dead and decaying stumps of trees like 
Alnus, common. 

Inedible NUBOT-TA-PC-13 

Microporus xanthopus (Fr.) Kuntze Polyporaceae Grows on fallen branches and twigs, very common. Inedible NUBOT-TA-MX-14 

Hymenochaete rubiginosa (Dicks.) Lev. Hymenochaetaceae On old rotting tree stumps, uncommon. Inedible NUBOT-TA-HR-15 

Trametes gibbosa (Pers.) Fr. Polyporaceae On dead tree stumps, common. Inedible NUBOT-TA-TG-16 

Trametes hirsuta (Wilfen) Pilat Polyporaceae On dead tree stumps, common. Inedible NUBOT-TA-TH-17 
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Coprinus disseminatus (Pers.) J.E.Lange Psathyrellaceae In troops around the stumps of dead, decaying wood, 
frequent. 

Inedible NUBOT-TA-CD-18 

Amanita strobiliformis (Paulet ex 
Vittad.) Bertill 

Amanitaceae 
 

Under sub-tropical semi-evergreen forest trees, 
uncommon. 

Edible NUBOT-TA-AS-19 

Ganoderma lucidum (Curtis) P. Karst. Ganodermataceae On trunks and roots of Quercus species, uncommon. Inedible NUBOT-TA-GL-20 

Daldinia concentrica (Bolton) Cesati & 
de Notaris 

Xylariaceae On dead wood logs, frequent. Inedible NUBOT-TA-DC-21 

Boletus edulis Bull. Boletaceae Under coniferous and semi-evergreen forest types, 
occasional. 

Edible NUBOT-TA-BE-22 

Cortinarius purpurascens Fr. Cortinariaceae Grows in association with semi-evergreen and coniferous 
woods, occasional. 

Inedible NUBOT-TA-CP-23 

Scleroderma citrinum Pers. Sclerodermataceae On mossy or peaty ground in any forest type, common. Inedible NUBOT-TA-SC-24 

Calocera viscosa (Pers.) Fr. Dacrymycetaceae Grows on dead stumps in temperate evergreen forests, 
uncommon. 

Inedible NUBOT-TA-CV-25 

Cordyceps militaris (L.) Fr. Clavicipitaceae Grows singly on ground after parasitizing on the larvae or 
pupae of butterflies and moths, frequent. 

Inedible NUBOT-TA-CM-26 

Tricholoma imbricatum (Fr.) P. Kumm. Tricholomataceae In coniferous woods, especially with pine, frequent. Edible NUBOT-TA-TI-27 

Pleurotus pulmonarius (Fr.) Quél. Pleurotaceae In clusters on cut timber and fallen logs, frequent. Edible NUBOT-TA-PP-28 

Crepidotus mollis (Schaeff.) Staude Inocybaceae In groups or overlapping tiers on fallen branches and tree 
trunks, common. 

Inedible NUBOT-TA-CM-29 

Crucibulum laeve (Huds.) Kambly Nidulariaceae On twigs, fallen branches and other vegetable remains, 
frequent. 

Inedible NUBOT-TA-CL-30 

Auricularia mesenterica (Dicks.) Pers. Auriculariaceae On dead stumps and wood logs, frequent. Inedible NUBOT-TA-AM-31 

Leotia lubrica (Scop.) Pers. Leotiaceae In damp areas in almost all forest types, occasional. Inedible NUBOT-TA-LL-32 

Amanita vaginata (Bull.) Lam. Amanitaceae Grows singly or numerous in all forest types including 
coniferous, common. 

Inedible NUBOT-TA-AV-33 

Clavulinopsis fusiformis (Sowerby) 
Corner. 

Clavariaceae Grows in tufts on ground amongst grasses and leaf litters, 
frequent. 

Inedible NUBOT-TA-CF-34 

Clavaria fragilis Holmsk. Clavariaceae Grows in clusters on ground amongst leaf litters and in 
fields, common. 

Edible NUBOT-TA-CF-35 
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Russula cyanoxantha (Schaeff.) Fr. Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests, frequent. 

Inedible NUBOT-TA-RC-36 

Tremella fuciformis Berk. Tremellaceae On dead or fallen branches of broadleaved trees, 
common. 

Edible NUBOT-TA-TF-37 

Trametes versicolor (L.) Lloyd Polyporaceae On dead and decaying tree stumps, frequent. Inedible NUBOT-TA-TV-38 

Amanita phalloides (Vaill. ex Fr.) Link Amanitaceae Under sub-tropical semi-evergreen forests, common. Poisonous NUBOT-TA-AP-39 

Lentinus squarrosulus Mont. Singer Polyporaceae On dead stumps of trees like Oak, frequent. Edible NUBOT-TA-LS-40 

Hygrocybe conica (Schaeff.) P. Kumm. Hygrophoraceae In grass fields after fresh burning of forest, frequent. Edible NUBOT-TA-HC-41 

Russula fragilis Fr. Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests and conifers, common. 

Inedible NUBOT-TA-RF-42 

Russula nobilis Velen Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests, common. 

Poisonous NUBOT-TA-RN-43 

Russula heterophylla (Fr.) Fr. Russulaceae Found under Lithocarpus and Castanopsis in sub-tropical 
forests, occasional. 

Edible NUBOT-TA-RH-44 

Amanita cokeri E.-J. Gilbert & Kühner 
ex E.-J. Gilbert 

Amanitaceae Under sub-tropical semi-evergreen forests, uncommon. Poisonous NUBOT-TA-AC-45 

Suillus luteus (L.) Roussel Suillaceae Under coniferous especially pine, frequent. Edible NUBOT-TA-SL-46 

Hygrocybe vitellina (Fr.) P. Karst. Hygrophoraceae Amongst damp moss, frequent. Inedible NUBOT-TA-HV-47 

Xerocomellus chrysenteron (Bull.) 
Šutara 

Boletaceae Under sub-tropical semi-evergreen forests including pine, 
frequent. 

Edible NUBOT-TA-XC-48 

Suillus pictus (Peck) A.H. Sm. & Thiers Suillaceae Under sub-tropical semi-evergreen forests, frequent. Edible NUBOT-TA-SP-49 

Lichenomphalia umbellifera (L.) 
Redhead, Lutzoni, Moncalvo & Vilgalys 

Hygrophoraceae On fallen twigs in moist woods, common. Inedible NUBOT-TA-LU-50 

Laccaria tortilis (Bolton) Cooke Hydnangiaceae On bare soil in damp woods, common. Edible NUBOT-TA-LT-51 

Dacrymyces stillatus Nees Dacrymycetaceae On damp decaying wood, frequent. Inedible NUBOT-TA-DS-52 

Aureoboletus auriporus (Peck) Pouzar Boletaceae Under sub-tropical semi-evergreen forests, frequent. Inedible NUBOT-TA-AA-53 

Crepidotus applanatus (Pers.) P. Kumm. Inocybaceae On fallen branches and twigs in semi-evergreen forests, 
occasional. 

Inedible NUBOT-TA-CA-54 

Mycena erubescens Höhn. Mycenaceae Under semi-evergreen forests including pine, occasional. Inedible NUBOT-TA-ME-55 
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Crepidotus luteolus Sacc. Inocybaceae Grows on fallen branches and twigs in semi-evergreen 
forests, occasional. 

Inedible NUBOT-TA-CL-56 

Lepiota cristata (Bolton) P. Kumm. Agaricaceae Found in woods and leaf litter, very common. Inedible NUBOT-TA-LC-57 

Hypholoma capnoides (Fr.) P. Kumm. Strophariaceae Under sub-tropical semi-evergreen forests, common. Inedible NUBOT-TA-HC-58 

Agaricus moelleri Wasser Agaricaceae Under sub-tropical semi-evergreen forests, occasional. Poisonous NUBOT-TA-AM-59 

Amanita fulva Fr. Amanitaceae Under Castanopsis and Lithocarpus species in sub-
tropical forests, common. 

Inedible NUBOT-TA-AF-60 

Melanoleuca grammopodia (Bull.) 
Murrill  

Tricholomataceae Grows on leaf mulch or composted soil in fields, 
common. 

Edible NUBOT-TA-MG-61 

Aleuria aurantia (Pers.) Fuckel Pyronemataceae Grows in groups on soil amongst grasses or on bare soil 
or at roadside, common. 

Edible NUBOT-TA-AA-62 

Macrolepiota albuminosa (Berk.) Pegler Agaricaceae Grows on termite mounds in grassy fields, common. Edible NUBOT-TA-MA-63 

Termitomyces heimii Natarajan Lyophyllaceae Grows on termite mounds and clayey soil, common. Edible NUBOT-TA-TH-64 

Pleurotus ostreatus (Jacq) P. Kumm Pleurotaceae Grows in clusters on dead or leaving trees, common. Edible NUBOT-TA-PO-65 

Amanita rubrovolvota S. Imai Amanitaceae 
 

Grows in association with Castanopsis, Lithocarpus and 
Rhododendron, Quercus, etc, occasional. 

Inedible NUBOT-TA-AR-66 

Ramaria stricta (Pers.) Quél Gomphaceae Grows on ground in association with dead tree stumps, 
frequent, Vulnerable on Red Data List. 

Inedible NUBOT-TA-RS-67 

Russula sp. Russulaceae Found with deciduous and broad-leaved trees, frequent. Inedible NUBOT-TA-R-68 

Lentinus tigrinus (Bull.) Fr. Polyporaceae Grows on dead stumps of trees like Oak, frequent. Edible NUBOT-TA-LT-69 
 

Boletus sp. Boletaceae Under Castanopsis and Lithocarpus in sub-tropical 
forests 

Inedible NUBOT-TA-B-70 

Termitomyces eurhizus (Berk.) R. Heim Lyophyllaceae Grows in groups on ground near termite mounts, 
common. 

Edible NUBOT-TA-TE-71 

Lycoperdon perlatum Pers. 
 
 
 

Agaricaceae 
 
 
 

Grows in fields, roadsides, in woods and amongst fallen 
leaf litter in mixed wood and conifers, common. 
 
 

Edible 
when 
young and 
white in 
color 

NUBOT-TA-LP-72 
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Laetiporus sulphureus (Bull.) Murr. Polyporaceae Grows on dead stumps as well as living tree trunk of 
hardwoods and oaks, uncommon. 

Edible NUBOT-TA-LS-73 

Coprinus comatus (O.F. Müll.) Pers. Agaricaceae Grows singly or in clusters or lines on lawns, wood 
pieces or on ground, common. 

Edible NUBOT-TA-CC-74 

Pleurotus citrinopileatus Singer Pleurotaceae In clusters on cut timber and fallen logs, frequent. Edible NUBOT-TA-PC-75 

Termitomyces microcarpus (Berk. & 
Broome) R. Heim 

Lyophyllaceae Grows in groups on termite mounts, frequent. Edible NUBOT-TA-TM-76 

Termitomyces sp. Lyophyllaceae Grows in groups on termite mounts, frequent. Edible NUBOT-TA-T-77 

Hygrocybe miniata (Fr.) P. Kumm. Hygrophoraceae Grows in fields, woods or grassy fields, common. Inedible NUBOT-TA-HM-78 

Gloioxanthomyces nitidus (Berk. & M.A. 
Curtis) Lodge, Vizzini, Ercole & 
Boertm. 

Hygrophoraceae Grows in clusters in woods and damp soils, common. Inedible NUBOT-TA-GN-79 

Ganoderma applanatum (Pers.) Pat. Ganodermataceae 
 

On trunks and roots of trees, occasional. Inedible NUBOT-TA-GA-80 

Amanita virosa (Fr.) Bertill. Amanitaceae In mixed forests, occasional. Poisonous NUBOT-TA-AV-81 

Geastrum sp. Geastraceae In coniferous forests, occasional. Inedible NUBOT-TA-G-82 

Lactifluus glaucescens (Crossl.) 
Verbeken 

Russulaceae Under Quercus and Lithocarpus in sub-tropical forests, 
frequent. 

Inedible NUBOT-TA-LG-83 

Phallus indusiatus Vent. Phallaceae Grows singly on soil in woods, common. Unknown NUBOT-TA-PI-84 

Hygrocybe cantharellus (Schwein.) 
Murrill  

Hygrophoraceae Grows in damp soils and moss, frequent. Inedible NUBOT-TA-HC-85 

Tremella mesenterica Retz. Tremellaceae Grows on dead woods, common. Inedible NUBOT-TA-TM-86 
 

Lentinus sajor-caju (Fr.) Fr. Polyporaceae Grows on dead stumps of trees like Oak, common. Edible NUBOT-TA-LS-87 
 

Suillus sp. Suillaceae Under Castanopsis and Lithocarpus in sub-tropical 
forests 

Inedible NUBOT-TA-S-88 

Lycoperdon pyriforme Schaeff. Agaricaceae Grows on deadwood of hardwoods or conifers, found 
scattered or in dense clusters, occasional. 

Edible NUBOT-TA-LP-89 

Helvella crispa (Scop.) Fr. Helvellaceae Found in deciduous woods, uncommon. Poisonous NUBOT-TA-HC-90 
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Otidea alutacea (Pers.) Massee Pyronemataceae Found in clusters on ground in woods, uncommon. Inedible NUBOT-TA-OA-91 

Sparassis crispa (Wulfen) Fr. Sparassidaceae Found at the base of tree trunks, uncommon. Edible NUBOT-TA-SC-92 

Cookeina tricholoma (Mont.) Kuntze Sarcoscyphaceae Found in clusters on trunks or stumps with deciduous or 
coniferous trees, uncommon. 

Inedible NUBOT-TA-CT-93 

Clavulina coralloides (L.) J. Schröt. Clavulinaceae Found with deciduous or coniferous trees, uncommon. Inedible NUBOT-TA-CC-94 

Agaricus augustus Fr. Agaricaceae Found with deciduous or coniferous trees, occasional. Edible NUBOT-TA-AA-95 

Hypholoma fasciculare (Huds.) 
P.Kumm. 

Hymenogastraceae Found in dense clusters on trunks or stumps with 
deciduous or coniferous trees, common. 

Inedible NUBOT-TA-HF-96 

Flammulina velutipes (Curtis) Singer Physalacriaceae Found to grow in clusters on decaying trees, survive cold 
weather, common 

Edible NUBOT-TA-FV-97 

Mycena inclinata (Fr.) Quél. Mycenaceae Found in dense tufts or clusters on tree stumps, common. Inedible NUBOT-TA-MI-98 

Hemimycena lactea  (Pers.) Singer Mycenaceae Found in large groups in forest, occasional. Inedible NUBOT-TA-HL-99 

Russula rosea Pers. Russulaceae Found near deciduous trees like beech, frequent. Inedible NUBOT-TA-RR-100 

Russula ochroleuca Fr. Russulaceae Found with conifers, very common Edible NUBOT-TA-RO-101 

Russula puellaris Fr. Russulaceae Found with conifers, frequent. Edible NUBOT-TA-RP-102 

Lepiota felina (Pers.) P. Karst. Agaricaceae Found with conifers, uncommon. Poisonous NUBOT-TA-LF-103 

Leucocoprinus birnbaumii (Corda) 
Singer 

Agaricaceae Found in tropical areas, uncommon. Inedible NUBOT-TA-LB-104 

Lepiota lilacea Bres. Agaricaceae Found with deciduous and conifers, uncommon. Poisonous NUBOT-TA-LL-105 

Leucocoprinus brebissonii (Godey) 
Locq. 

Agaricaceae Found in deciduous woods and flowerpots, occasional. Inedible NUBOT-TA-LB-106 

Leucocoprinus fragilissimus (Berk. & M. 
A. Curtis) Pat. 

Agaricaceae Found singly or scattered, in humus or litter, in woods, 
frequent. 

Inedible NUBOT-TA-LF-107 

Scleroderma areolatum Ehrenb. Sclerodermataceae Found in moist places on ground under sub-tropical 
areas, uncommon. 

Inedible NUBOT-TA-SA-108 

Laccaria laccata (Scop.) Cooke Hydnangiaceae Found in troops in woods, common. Edible NUBOT-TA-LL-109 

Xerula radicata (Relhan) Dörfelt Physalacriaceae Found under grasses or leaf debris, common. Inedible NUBOT-TA-XR-110 

Mycena galopus (Pers.) P. Kumm. Mycenaceae Found under leaf litter, dead and old tree stumps in 
woods, common. 

Inedible NUBOT-TA-MG-111 
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Lactarius deliciosus (L.) Gray Russulaceae Found under sub-tropical semi-evergreen forests 
including pine, frequent. 

Edible NUBOT-TA-LD-112 

Pholiota aurivella (Batsch) P. Kumm. Strophariaceae Found in clusters on living and dead tree stumps of 
conifers and hardwoods, occasional. 

Inedible NUBOT-TA-PA-113 

Lactarius deterrimus Gröger Russulaceae Found under sub-tropical semi-evergreen forests, 
frequent. 

Edible NUBOT-TA-LD-114 

Arrhenia onisca (Fr.) Redhead, Lutzoni, 
Moncalvo & Vilgalys 

Tricholomataceae Found scattered in small groups on ground in litter or 
moss, occasional. 

Inedible NUBOT-TA-AO-115 

Tremella foliacea Pers. Tremellaceae Found on dead and decaying logs like Lithocarpus, 
uncommon. 

Inedible NUBOT-TA-TF-116 

Octospora rutilans (Fr.) Dennis & 
Itzerott 

Pyronemataceae Found in clusters amongst mosses, uncommon. Inedible NUBOT-TA-OR-117 

Coprinellus micaceus (Bull.) Vilgalys, 
Hopple & Jacq. Johnson 

Psathyrellaceae Found in clusters in decaying woods, common. Edible NUBOT-TA-CM-118 

Entoloma murrayi (Berk. & M.A.Curtis) 
Sacc. 

Entolomataceae Found singly or in small groups on ground in litter or 
humus with conifers and hardwoods, uncommon. 

Inedible NUBOT-TA-EM-119 

Psilocybe semilanceata (Fr.) P. Kumm. Strophariaceae Found in dense clusters in woods, common, 
hallucinogenic, common. 

Inedible NUBOT-TA-PS-120 

Bulgaria inquinans (Pers.) Fr. Bulgariaceae Found in clusters on fallen trunks like Lithocarpus, 
uncommon. 

Inedible NUBOT-TA-BI-121 

Xylaria hypoxylon (L.) Grev. Xylariaceae Found in groups under dead woods, frequent. Inedible NUBOT-TA-XH-122 

Xylaria polymorpha (Pers.) Grev. Xylariaceae Found in groups under dead or decaying woods, frequent. Inedible NUBOT-TA-XP-123 

Pseudohydnum gelatinosum (Scop.) P. 
Karst. 

Exidiaceae Found under rotting and decaying tree stumps, common. Edible NUBOT-TA-PG-124 

Phallus impudicus L. 
 

Phallaceae 
 

Found singly or scattered associated with rotting wood in 
gardens and woods, common. 

Inedible 
 

NUBOT-TA-PI-125 
 

Pholiota highlandensis (Peck) Quadr. & 
Lunghini 

Strophariaceae 
 

Found on ground among debris in forests, occasional. 
 

Inedible 
 

NUBOT-TA-PH-126 
 

Armillaria mellea (Vahl) P. Kumm. 
 

Physalacriaceae 
 

Found in dense clusters on or around tree trunks or 
stumps with deciduous or coniferous trees, common. 
 

Edible 
 

NUBOT-TA-AM-127 
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Amanita flavoconia G.F. Atk. Amanitaceae Found to grow with oaks and other hardwoods including 
conifers; growing alone or scattered, uncommon. 

Poisonous NUBOT-TA-AF-128 

Dacrymyces chrysospermus Berk. & 
M.A. Curtis 

Dacrymycetaceae Found under coniferous woods, uncommon. Inedible NUBOT-TA-DC-129 

Lepista nuda (Bull.) Cooke Tricholomataceae Found to grow under hardwoods even in gardens, 
common. 

Edible NUBOT-TA-LN-130 

Cerioporus leptocephalus (Jacq.) Zmitr. 
 

Polyporaceae 
 

Found under dead and decaying tree stumps, common. 
 

Inedible 
 

NUBOT-TA-CL-131 
 

Hericium erinaceus (Bull.) Pers. 
 

Hericiaceae 
 

Found on living deciduous trees, occasional, vulnerable 
on Red Data List. 

Edible 
 

NUBOT-TA-HE-132 
 

Crepidotus variabilis (Pers.) P. Kumm. Inocybaceae Found in groups on fallen tree trunks, twigs and dead 
stumps, frequent. 

Inedible NUBOT-TA-CV-133 

Psathyrella piluliformis (Bull.) P.D. 
Orton 

Psathyrellaceae Found in groups under dead or decaying stumps in sub-
tropical forests, common. 

Inedible NUBOT-TA-PP-134 

Sarcoscypha  sp. 
 

Sarcoscyphaceae 
 

Found on dead tree trunks and old stems, uncommon 
 

Inedible 
 

NUBOT-TA-S-135 
 

Lactarius subdulcis (Pers.) Gray 
 

Russulaceae 
 

Found in woods mostly near broad leaved trees, common 
 

Edible 
 

NUBOT-TA-LS-136 
 

Marasmiellus ramealis (Bull.) Singer 
 

Omphalotaceae 
 

Found on old stems, broken twigs, common. 
 

Inedible 
 

NUBOT-TA-MR-137 
 

Marasmiellus candidus (Fr.) Singer 
 

Omphalotaceae 
 

Found on fallen branches, amongst leaf litter, uncommon 
 

Inedible 
 

NUBOT-TA-MC-138 
 

Xeromphalina kauffmanii A.H. Sm. 
 

Mycenaceae 
 

Found in clusters on coniferous stumps and logs, 
frequent. 

Inedible NUBOT-TA-XK-139 

Agaricus xanthodermus Genev. 
 

Agaricaceae 
 

Found with deciduous or coniferous trees, meadows or 
gardens, occasional, vulnerable on Red Data List. 

Poisonous 
 

NUBOT-TA-AX-140 
 

Ductifera sucina (Möller) K.Wells 
 

Incertae sedis 
 

Found on decayed wood of hardwoods and old stems, 
uncommon. 

Inedible 
 

NUBOT-TA-DS-141 
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Figure 2.2: Wild edible mushrooms of Nagaland: 1. Aleuria aurantia, 2. Auricularia 

polytricha, 3. Auricularia auricula judae, 4. Agaricus augustus, 5. Amanita 

strobiliformis, 6. Armillaria mellea, 7. Boletus edulis, 8. Cantharellus cibarius, 9. 

Clavaria fragilis. 
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Figure 2.3: Wild edible mushrooms of Nagaland: 10. Coprinus comatus, 11. 

Coprinellus micaceus, 12. Dacryopinax spathularia, 13. Flammulina velutipes, 14. 

Hericium cirrhatum, 15. Hygrocybe conica, 16. Hericium erinaceus, 17. Lentinula 

edodes, 18. Lycoperdon perlatum. 
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Figure 2.4: Wild edible mushrooms of Nagaland: 19. Lactifluus piperatus, 20. Lentinus 

sajor-caju, 21. Lentinus squarrosulus, 22. Lentinus tigrinus, 23. Lactifluus volemus, 24. 

Laccaria tortilis, 25.  Laetiporus sulphureus, 26. Laccaria laccata, 27. Lactarius 

deliciosus. 
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Figure 2.5: Wild edible mushrooms of Nagaland: 28. Lactarius deterrimus, 29. Lactarius 

subdulcis, 30. Lepista nuda, 31. Lycoperdon pyriforme, 32. Macrolepiota albuminosa, 33. 

Melanoleuca grammopodia, 34. Pleurotus citrinopileatus, 35. Pleurotus ostreatus, 36. 

Pleurotus pulmonarius. 
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Figure 2.6: Wild edible mushrooms of Nagaland: 37. Pseudohydnum gelatinosum, 38. 

Russula ochroleuca, 39. Russula puellaris, 40. Russula heterophylla, 41. Schizophyllum 

commune, 42. Suillus luteus, 43. Strobilomyces strobilaceus, 44. Sparassis crispa, 45. Suillus 

pictus. 
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Figure 2.7: Wild mushrooms of Nagaland (Edible - 46-52; Inedible - 53-54): 46. Tremella 

fuciformis, 47. Termitomyces heimii, 48. Termitomyces eurrhizus, 49. Termitomyces 

microcarpus, 50. Termitomyces sp., 51. Tricholoma imbricatum, 52. Xerocomellus 

chrysenteron, 53. Aureoboletus auriporus, 54. Amanita fulva. 
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Figure 2.8: Wild mushrooms of Nagaland: 55. Amanita rubrovolvata, 56. Amanita 

vaginata, 57. Auricularia mesenterica, 58. Arrhenia onisca, 59. Boletus sp., 60. Bulgaria 

inquinans, 61. Crepidotus applanatus, 62. Coprinus disseminatus, 63. Clavulinopsis 

fusiformis. 
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Figure 2.9: Wild mushrooms of Nagaland: 64. Crucibulum laeve, 65. Crepidotus luteolus, 

66. Cordyceps militaris, 67. Cortinarius purpurascens, 68. Calocera viscosa, 69. Cerioporus 

leptocephalus, 70. Clavulina coralloides, 71. Cookeina tricholoma, 72. Crepidotus mollis 
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Figure 2.10: Wild mushrooms of Nagaland: 73. Crepidotus variabilis, 74. Dacrymyces 

stillatus, 75. Dacrymyces chrysospermus, 76. Daldinia concentrica, 77. Entoloma murrayi, 78. 

Ganoderma applanatum, 79. Ganoderma lucidum, 80. Gloioxanthomyces nitidus, 81. Geastrum 

sp. 
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Figure 2.11: Wild mushrooms of Nagaland: 82. Hypholoma capnoides, 83. Hygrocybe 

miniata, 84. Hymenochaete rubiginosa. 85. Hygrocybe vitellina, 86. Hemimycena 

lactea, 87. Hygrocybe cantharellus, 88. Hypholoma fasciculare, 89. Lepiota cristata, 

90. Lichenomphalia umbellifera. 

 

 



 

 

61 

 

 

 

 

 

Figure 2.12: Wild mushrooms of Nagaland: 91. Lactifluus glaucescens, 92. Leotia 

lubrica, 93. Leucocoprinus birnbaumii, 94. Leucocoprinus brebissonii, 95. Leucocoprinus 

fragilissimus, 96. Marasmiellus candidus, 97. Marasmiellus ramealis, 98. Microporus 

xanthopus, 99. Mycena erubescens. 
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Figure 2.13: Wild mushrooms of Nagaland: 100. Mycena galopus, 101. Mycena 

inclinata, 102. Octospora rutilans, 103. Otidea alutacea, 104. Pcynoporus 

cinnabarinus, 105. Phallus indusiatus, 106. Phallus impudicus, 107. Pholiota 

aurivella, 108. Pholiota highlandensis. 
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Figure 2.14: Wild mushrooms of Nagaland: 109. Psathyrella piluliformis, 110. 

Psilocybe semilanceata, 111. Russula cyanoxantha, 112. Russula fragilis, 113. Russula 

natarajanii, 114. Russula senecis, 115. Ramaria stricta, 116. Russula rosea, 117. 

Russula sp. 
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Figure 2.15: Wild mushrooms of Nagaland: 118. Scleroderma citrinum, 119. Sarcoscypha 

sp., 120. Scleroderma areolatum, 121. Suillus sp., 122. Trametes gibbosa, 123. Trametes 

hirsuta, 124. Tremella mesenterica, 125. Trametes versicolor, 126. Tremella foliacea. 
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Figure 2.16: Wild mushrooms of Nagaland (Inedible - 127-130; Poisonous - 131-135): 

127. Xeromphalina kauffmanii, 128. Xerula radicata, 129. Xylaria hypoxylon, 130. Xylaria 

polymorpha, 131. Amanita cokeri, 132. Agaricus moelleri, 133. Amanita phalloides, 134. 

Amanita virosa, 135. Agaricus xanthodermus. 
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Figure 2.17: Wild mushrooms of Nagaland (Poisonous - 136-140, Inedible- 141): 136. 

Amanita flavoconia, 137. Helvella crispa, 138. Lepiota felina, 139. Lepiota lilacea, 140. 

Russula nobilis, 141. Ductifera sucina. 
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Table 2.2: Price of some popular wild edible mushrooms sold in local markets of Nagaland 

Mushroom Species Avg. Approx. Rate per Plate/Packet (INR) 

Schizophyllum commune 
Dried- 150 
Fresh- 50 

Pleurotus species Fresh- 200 

Agaricus species Fresh- 150 

Termitomyces species Fresh- 100 

Russula species Fresh- 100 

Auricularia species 
Dried- 100 
Fresh- 50 

Lactarius species Fresh- 100 

Lentinus species Fresh- 100 

Lentinula species 
Dried- 250 
Fresh- 100 

Hygrocybe species Fresh- 100 

Source: Survey of local markets in Nagaland on the present study 
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Figure 2.18: Photo plate shows WEM species sold at local markets of Nagaland 

(Ao et al., 2016a). 
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Wild edible mushrooms (WEM) are highly coveted food resource in Nagaland. 

During the mushrooming season, the rural population throughout the state collects the 

mushrooms from the forest areas. Market surveys revealed the popularity and demand of 

WEM. The WEM are sold at the local markets at a price range of 50-250 INR per packet 

(Table 2.2 and Figure 2.18). They are sold both in fresh as well as dry form. The local 

people prepare soups, chutney, salads and various side dishes from mushrooms. Lentinula 

edodes, Lentinus squarrosulus, L. sajor-caju, L. tigrinus, Lactarius volemus, S. commune, T. 

heimii, T. microcarpus, T. eurhizus, A. auricula-judae, A. polytricha, Pleurotus ostreatus, P. 

pulmonarius etc are among the most popularly sold WEM species in the local markets of 

Nagaland every year (Ao et al., 2016a). The local people most commonly dry the 

mushrooms in order to store them for longer duration so that they can sell them at the 

markets even after the mushroom season has finished and also, there is no other method of 

processing available to the local people for storage. This is mainly because of lack of 

scientific knowledge of post harvest processing and packaging. This guarantees awareness 

programme among the local communities on collection, processing and packaging of WEM 

species in order to grab good market price. Ten WEM species were selected for the present 

work. These ten WEM are the most popular mushroom species consumed in the state and are 

also recognized popularly worldwide. Therefore, the morphological descriptions given below 

are of the ten WEM used in the present research work:  

Auricularia auricula-judae (Bull.) 

Common name: Jew’s ear; Wood ear; Jelly ear. 

Fruit body 3-8 cm normally but can be as much as 12 cm across; typically ear shaped 

with minute, greyish, downy hairs; wavy and irregular; gathered together and attached at a 
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central and lateral position; gelatinous; leathery/rubbery; bright reddish to tan with a purplish 

hint; lower surface wrinkled with folds and ridges; when dry the color changes to brownish 

black, hard and brittle. Spore print white. Found on the branches of deciduous trees 

especially Alder, and on dead and decaying logs/branches or main trunk. It is found on both 

living and dead trees. 

Auricularia polytricha (Mont.) Sacc. 

Common name: Cloud ear fungus; Hairy wood ear. 

Fruit body 1-9 cm, resupinate, gelatinous, lateral, loosely attached, sometimes a very 

short stalk present, elastic; sterile surface dark brown, hairy, silky. Hymenium smooth or 

wrinkled, brown to blackish brown. Spore print white. Found in clusters on dead or rotten 

and decaying stumps and twigs.  

Cantharellus cibarius (Fr.) 

Common name: Chanterelles. 

Pileus 3-10 cm across, pale to deep egg yellow fading with age, flattened with an 

irregular, incurved margin, later becoming wavy and lobed; depressed at the centre. Stipe 

2.9-8.0 cm × 0.5-2.0 cm, tapering towards base, color same as cap, sometimes paler, solid. 

Flesh yellowish, watery; smell faint, fragrant of apricots. Lamellae primitive or pseudo-gills, 

egg-yellow in color, decurrent, narrow, irregularly forked and vein-like. Spore print cream to 

yellowish. Found in all kinds of woods and with deciduous and coniferous trees. 

Lactifluus piperatus (L.) Roussel 

Common name: Peppery milk-cap 

Pileus 4-16 cm across, creamy white, matt and glabrous, convex with concave to 

widely funnel-shaped centre. Lamellae whitish, decurrent, radial and crowded. Stipe 3-7cm × 
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0.9-3 cm, cylindrical, white, firm, tapering towards the base. Flesh white, thick. Milk white 

in color. Spore print white. Found under deciduous and mixed forest types. 

Laetiporus sulphureus (Bull.) Murr. 

Common name: Chicken of the woods; Sulphur shelf 

Fruiting body up to 50-60 cm across, fan shaped, irregular to semicircular in over-

lapping series; bright orange-yellow to bright orange when young, fading on maturity; tubes 

up to 0.5 cm, sulphur-yellow to buff. Flesh thick, soft and watery when young, becoming 

tough on maturity. Stipe absent. Spore print white. Found on living matured and dead 

hardwoods in forests such as Quercus, Prunus, etc and occasionally also on conifers. 

Lentinula edodes (Berk.) Pegler 

Common name: Shiitake. 

Pileus 1-10 cm across, solitary, deep brownish red to tan brown, darker color at the 

centre of cap, sub-umbonate and convex. Lamellae radial, white in color, later developing 

reddish brown tints/spots. Stipe 1.5-6 cm × 0.3-0.7cm, short, color same as pileus but paler 

and tough. Volva absent. Spore print white. The mushroom grows in clusters or groups on 

decaying woods of deciduous trees like oak, beech, poplar, mulberry, Castanopsis etc. 

Lentinus sajor-caju (Fr.) Fr.  

Common name: Not available. 

Pileus 1.5-11cm across, greyish to yellowish to whitish, depressed, convex. Lamellae 

deeply decurrent, crowded, narrow. Stipe 1-3.5 cm × 0.2-0.9 cm, cylindrical, central to 

lateral, yellowish white, solid, firm, annulus present attached towards stipe apex but falls 

down on maturity. Spore print white. Habitat in groups attached to dead and dying trees. 
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Lentinus squarrosulus Mont. Singer 

Common name: Not available. 

Pileus 1.5-12 cm across, solitary, convex then later depressed, umbilicate to 

infundibuliform, whitish to yellowish. Lamellae decurrent, crowded, narrow, white to cream 

to yellowish. Stipe 2–6 × 0.4–l cm, central to excentric, concolorous with the pileus, tapering 

downward and often bent, pale yellowish to cream with sub-bulbous base. Odor mushroomy. 

Spore print pale cream to yellowish. Grows singly or more commonly in groups or clusters 

on water-soaked hardwood, logs or stumps. One variety of L. squarrosulus was also 

collected and identified during the study. 

Lentinus squarrosulus Mont. var. squarrosulus 

Common name: Not available. 

Pileus 1.5-9.5 cm across, solitary, convex then later depressed, umbilicate to 

infundibuliform, pale yellow to yellowish white, splitting at maturity. Lamellae deeply 

decurrent, crowded, unequal, narrow. Stipe 2–4 × 0.4–1 cm, concolorous with the pileus, 

tapering downward and often bent. Odor mushroomy. Spore print pale yellowish to cream.  

Lentinus tigrinus (Bull.) Fr. 

Common name: Not available. 

Pileus 1-10 cm across, fleshy, depressed when young, infundibuliform when matured, 

surface at first greyish brown than blackish brown owing to crowded, innate, fibrillose 

squamules, radially arranged, becoming pale ochraceous cream colored to almost white on 

expansion with the squamules crowded at the centre. Lamellae decurrent, crowded, 

concolourous with the cap. Stipe 1-5 cm × 0.2-1 cm, central, cylindrical, solid, whitish to 

yellowish and hairy. Spore print cream. 
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Schizophyllum commune Fr.  

Common name: Split-gill fungus. 

Fruiting bodies fan shaped, leathery, pileus greyish-white, ranging from (1-4) cm 

broad, lobed, fused with others and attached to the substratum laterally. Lamellae greyish–

violet radiating from the point of attachment and rolling back to cover the space between the 

gills, protecting the hymenium from desiccation; flesh pale and tough. Stem absent or 

rudimentary. Spore print white. Habitat on branches of dead and decaying wood and cut 

timber.  

Termitomyces heimii Natarajan 

Common name: Termite mushrooms. 

Pileus upto 10cm across, creamy, umbonate, incurved margin and smooth. Lamellae 

crowded, free, whitish, turn pinkish with age, fissile and serrulate margin. Stipe up to 10 cm 

long and -1.6 cm wide, white, cylindrical and fairly thick near the base with hollow 

pseudorrhiza. Annulus present, white in color, thick and persistent. Spore print cream to 

yellowish brown. Habitat on termite mounds or clayey soil. 

Discussion 

The wild mushrooms were found almost throughout the year but collections by the 

local people in the state were high in the months of May, June, July, August, September and 

lasts till October. The peak season for mushroom collection is end of April to July. 

Mushroom hunting is not gender oriented in the state i.e., both men and women are equally 

involved. Wild edible mushrooms are generally identified based on the indigenous 

knowledge passed on from generation to generation and unfortunately, at times; there are 

cases of mushroom poisoning due to misidentification. During various field studies, it was 
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observed that the presence and abundance of mushrooms has decreased over time due to 

anthropogenic factors like shifting cultivation, developmental activities and unsystematic 

collection of mushrooms by mushroom gatherers and climate change. For the formation of 

mushroom fruit body, climate plays an important factor and change in the distribution, 

abundance and morphology of fungi is often linked to climatic changes (Diez et al., 2013). 

Macrofungi are mostly found in the wet season than the dry season. During the present study 

too, most of the mushrooms were collected during the wet season. The dry season is mostly 

dominated by polypore and bracket fungi like Trametes gibbosa, T. versicolor, Pycnoporus 

cinnabarinus, Microporus xanthoporus, Daldinia concentrica, Ganoderma lucidum and 

Schizophyllum commune etc. During the dry season, due to decreased rainfall and increase in 

temperature and sunlight, the fleshy macrofungi are not able to withstand these conditions 

(Andrew et al., 2013). As we know that fungi helps the growth of plants by their ecto-

mycorrhizal associations with the roots of plants in the forests. Thus, measures need to be 

taken to conserve the fungal diversity including mushrooms as unsystematic collection will 

lead to extinction of these mushrooms in the forest. The research on macrofungi is of 

importance because of the role played by macrofungi in human welfare, biodegradation, food 

and medicines. Also, the presence or absence of mushrooms indicates the damage caused to 

the forest through external factors (Ozturk et al., 2003). In the present study also, it was 

observed that the population of wild mushrooms decreased in the collection areas over time 

which is a clear indication that mushrooms are useful biological indicator to assess the 

ecosystem damage. 

Wild edible mushrooms (WEM) are considered as traditionally important nutritious 

food which forms a vital part of the food culture of all tribes and is highly appreciated as a 
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delicacy in the state. Present study identified 52 species of mushrooms out of 141 species to 

be edible after due consultation of literature, manuals and information collected from the 

local mushroom harvesters. Besides, the number of medicinally important mushrooms 

available in the state is high, e.g., Auricularia auricula-judae, A. polytricha, Lentinula 

edodes, Schizophyllum commune, Trametes gibbosa, T. versicolor, Pycnoporus 

cinnabarinus, Microporus xanthoporus, Coprinus disseminatus, Daldinia concentrica, 

Ganoderma lucidum, Aleuria aurantia, Cantharellus cibarius, Hygrocybe conica, Lentinus 

squarrosulus, L. sajor-caju, Pleurotus pulmonarius, Lycoperdon perlatum, Flammulina 

velutipes, Cordyceps militaris, Tremella mesenterica, T. fuciformis etc. which are reported to 

have medicinal properties (Mizuno, 1999; Zhang et al., 1999; Chang and Miles, 2004; Wani 

et al., 2010; Ao et al., 2016a). Wild mushrooms represent one of the most important non-

wood forest resource globally and also in India. As mushrooms grow easily on low cost 

substratum in the wild, WEM can be cheap source of nutritional food and often regarded as 

‘poor man’s meat’. It is very clear that mushrooms have the capacity to provide healthy diet 

to rural tribal population in the form of cheap source of proteins, dietary fiber, low 

cholesterol, minerals and antioxidants. The demand for edible and medicinal mushrooms has 

increased over the years. Mushrooms provide the local people with seasonal food and 

alternative source of income (Sysouphanthong et al., 2010) during the mushrooming season. 

The time has arrived to identify and explore the wild mushroom diversity as this biodiversity 

plays an integral part in food security and checking environmental quality. Therefore, efforts 

need to be made to conserve and promote this valuable natural bio-resource. Due to the 

recent awareness of the nutritional and therapeutic value of mushrooms, there is consumer 
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demand for different mushroom varieties which urges the farmers to exploit different wild 

mushrooms for usage.  

Mushrooms are considered to be rich sources of proteins equivalent to animal 

proteins and hence popularly advocated as health food. Present day world is facing human 

nutritional problems especially protein deficiency and the FAO (Food and Agriculture 

Organization) has emphasized the adoption of mushrooms as an ideal food for the protein 

hungry masses of developing countries to combat protein deficiency. There is immense 

scope to popularize mushrooms as a valuable non-timer forest bio-resource which will 

provide a means of occupation to the rural people especially targeting the under privileged 

group in the society. Thus, mushrooms are essential to humans for its many uses as food, in 

pharmaceutical applications, biodegradation, bioremediation and as ecological indicators of 

climate change. The WEM available in Nagaland are under-studied and under-exploited so it 

becomes imperative to thoroughly screen and explore the potential mushrooms available in 

the state. This study promotes awareness to harvest and exploit this underutilized local 

resource, which will not only provide nutritious food but employment opportunities 

especially to the disadvantaged groups (i.e., unemployed and old people).  

Summary and Conclusion 

This chapter reports the documentation of WEM available in Nagaland. In the present 

study, a total of 52 mushroom species were identified as edible, 10 mushrooms were found to 

be poisonous and the remaining 79 mushrooms were found to be inedible. Schizophyllum 

commune, Auricularia auricula-judae, A. polytricha, Lactifluus piperatus, L. volemus, 

Sceleroderma citrinum, Termitomyces heimii, Tremella fuciformis, Tricholoma imbricatum, 

Hygrocybe conica and Agaricus moelleri were found to be the most abundant during the 
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season of occurrence. The collected mushroom species were predominantly found to be 

parasitic, saprophytic and ecto-mycorrhizal in habitat. The scope of mushroom is endless and 

it is high time to survey, collect, identify, record and conserve the macrofungal biodiversity. 

A systematic study of the wild edible mushrooms will explore the possibility for the 

scientific cultivation of mushrooms in the state. The local people can be encouraged to work 

in this field by making them aware of the nutritional and medicinal benefits of mushrooms 

and how it can be an income generator for them. This can be achieved by organizing public 

workshops, seminars, campaigns etc and through media. Thus, commercialization of 

mushrooms in Nagaland is only possible when systematic research and work is initiated in 

this field with a proper vision to improve the socio-economic status of the people. Therefore, 

there is the need to develop a viable scale of operation to sustain and enhance the production 

of mushroom spawns and develop techniques to domesticate and cultivate the WEM to meet 

the demands of both rural and urban dwellers. Moreover, a thorough screening of the wild 

mushrooms is required to study its bioactivity and medicinal properties. 

The findings of this study will be regarded as a database of wild mushrooms of the 

state and will help in future research works. Because of the alarming food crisis faced in the 

world today, nations have joined hands to overcome food insecurity. The State of Food 

Security and Nutrition in the World (SOFI) has called upon all countries and stakeholders to 

act together to end hunger and prevent all forms of malnutrition by 2030. There is the need to 

identify the rich mushroom biodiversity of the state which will help in creating strategies for 

management and conservation as various anthropogenic factors and climate change has 

affected the survivability of mushrooms in nature. For the betterment of society, WEM 

should be domesticated for sustainable and commercial production. The WEM needs to be 
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popularized as a nutritious food in order to have market acceptability which will indirectly 

help the locals to earn their livelihoods. 
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Chapter - 3 

Molecular Phylogeny and Genetic 

Diversity Analysis 

 

Introduction  

Mushroom research has gained prominence due to the role played by mushrooms in 

food and pharmaceutical industries but it is projected that only ~10% mushrooms in the 

world are so far studied (Wasser, 2002). Mushroom taxonomic studies have been mainly 

based on morphological characters like shape, size and color of caps and gills (Lee et al., 

2006), which sometimes fails to identify some mushrooms correctly. Due to inherent 

simplicity of fungi, convergent evolution, similarities and phenotypic flexibility; 

morphological information is of restricted use for proper identification and classification of 

these macrofungi and their families and therefore, needs molecular data (Hofstetter et al., 

2002). The misidentification of poisonous mushrooms to edible species is most commonly 

due to close resemblance in terms of general morphology (Berger and Guss, 2005). For 
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example, the edible Volvariella volvacea mushroom is often confused with Amanita 

phalloides, a highly poisonous mushroom as they have similar morphological appearance. 

Morphological characters are plastic in nature and influenced by environmental conditions. 

Similarly ecological diversities of wild edible mushrooms (WEM) may also lead to 

phenotypic plasticity which may or may not reflect true phylogenetic diversity (Feng et al., 

2012) in true sense. Therefore, proper characterization and identification of mushroom is of 

utmost priority to avoid identification errors and consumption of toxic mushrooms. In 

different regions of the world, distinction between edible and non-edible mushroom is mostly 

based on cultural traditions and vernacular naming systems (Tibuhwa, 2012). Though 

indigenous mushroom resources are diverse in nature, morphological identification often 

influence taxonomy (Zhang et al., 2006) leading to improper identification.  

The normal method of mushroom identification is the study of fruiting body, 

preparing cultures on various media to differentiate the mycelia belonging to diverse fungal 

species. Even though these methods are adopted routinely, however, they are time 

consuming and lack accuracy in discriminating between closely related species (Rosendahl, 

2008; Appiah et al., 2017). With the advancement of biotechnology and mushroom science, 

molecular tools are more accurate, rapid and reliable method for identification of fungi as 

compared to traditional methods (Moreau et al., 2006; Fonseca et al., 2008). The absence of 

a universally accepted DNA barcode marker for fungi in the eukaryotic kingdom is a major 

limitation for diversity studies. DNA barcoding uses 500 to 800 bp of target sequences to 

identify species of all eukaryotic taxa using primers that are applicable for the broadest 

possible taxonomic group (Blackwell, 2011; Mora et al., 2011; Schoch et al., 2012). The 

diversity of rRNA gene is a useful tool to study the taxonomy and phylogenetic classification 
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in bacteria and fungi (Hur and Chun, 2004; Lim et al., 2005). Identification of mushrooms 

using molecular approaches has been widely accepted because they target the species at the 

DNA level. The rDNA coding genes are successfully used in species identification during 

evolutionary, environmental and taxonomic studies of fungi including mushrooms (Hopple 

and Vilgalys, 1994; Wesselink et al., 2002; Borneman and Hartin, 2000; Gurtner et al., 

2001). During the last decade, molecular approach for identification of Basidiomycetes has 

been attempted by amplification and restriction of special DNA sequences by polymerase 

chain reaction (PCR) and restriction fragment length polymorphism (RFLP). The primers 

‘ITS1’ and ‘ITS4’ were the first PCR primers favored to work with fungal internal 

transcribed spacer (ITS) regions which code the highly variable regions i.e., ITS1 and ITS2 

of the ribosomal operon (White et al., 1990). The ITS region is located between 18S or Small 

Subunit (SSU) and 28S or Large Subunit (LSU) in the rDNA cistron and is most commonly 

used for molecular phylogenetic studies as rRNA genes are known to be conserved at the 

species or genus level (Kim and Lee, 2000; Lee et al., 2000; Muruke et al., 2002; Chen et al., 

2004; Park et al., 2004). This provides a great opportunity to workers to study the genome 

relationship between any two taxa (Hillis and Dixon, 1991; Salazar et al., 1999). However, 

some workers have revealed that the LSU or 28S rRNA gene has variable regions with 

sequence divergency- D1, D2, and D3 which makes it appropriate to study the phylogeny 

between the fungal species (Kurzman and Robnett, 1998; Hong et al., 2000; Wesselink et al., 

2002). Molecular identification procedures are fast, specific and sensitive for studying the 

genetic relationships among mushrooms (Singh et al., 2003; Guglielmo et al., 2008). 

Molecular methods used in the identification of mushrooms include rDNA-ITS region 

sequence analysis, internal transcribed spacer-restriction fragment length polymorphism 
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(ITS-RFLP), random amplified polymorphic DNA (RAPD) and matrix assisted laser 

desorption/ionization time of flight (MALDI-TOF) mass spectrometry (Jasalavich et al., 

2000; Adair et al., 2002; Schmidt and Low, 2005). Several PCR based markers have been 

developed and applied to assess the genetic variation among populations and genetic 

resources. 

The recent advancement in the field of plant molecular biology gave a new class of 

markers which facilitates the dissection of genomes efficiently and with ease (Vijayan, 

2005). Several molecular techniques have already been used for studying the genetic 

diversity and variation in basidiomycetes such as isozymes (Lan et al., 1998), AFLP (Qi et 

al., 2003), RFLP (Park and Ryu, 1996), ITS (Kindermann et al., 1998) and RAPD (Wang et 

al., 2003). These DNA based markers have more advantages over the conventional 

phenotypic markers and known to be stable across the developmental stages, present in more 

numbers and least influenced by environment, devoid of the pleiotropic and epistatic effects. 

Some of the important PCR based marker systems are RAPD, AFLP, inter simple sequence 

repeats (ISSR), simple sequence repeats (SSR), directed amplification of minisatellite DNA 

(DAMD), expressed sequence tag (EST) etc. Markers like RFLP, SSR and EST are co-

dominant markers and can detect genetic variability at allelic level. However, the 

development and utilization of these marker systems are costly, laborious and time taking. 

While RAPD, ISSR, DAMD and AFLP are dominant marker systems but they are cost 

effective, easier to be developed and used. Therefore, for selecting a marker system, a 

number of factors like availability of equipment, time and expertise along with the nature of 

the crop are to be taken into account (Zietkiewicz et al., 1994; Vos et al., 1995; Vijayan, 

2005). Such markers have been developed successfully and effectively utilized in genetic 
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diversity assessment of fungi including mushrooms (Tao et al., 2011; Du et al., 2013; 

Dwivedi et al., 2017). The determination of genetic diversity promotes the efficient 

utilization of genetic variations in breeding programs (Paterson et al., 1991). DNA finger 

printing has become an important tool in characterization of mushrooms (Shinwari et al., 

1994). Large numbers of polymorphic markers are required to measure genetic diversity and 

relationships in a reliable manner. This limits the use of isozymes or morphological 

characters which lack adequate levels and often influenced by environmental factors in 

mushrooms. Molecular genetic markers are powerful tools to examine genetic relationships 

and diversity. Efforts have been initiated for the identification of cultivars and assessment of 

genetic diversity of many edible and medicinal mushrooms like Agaricus bisporus, 

Auricularia auricula-judae, Lentinula edodes, Ganoderma lucidum, Tricholoma spp. etc by 

using RAPD, ISSR and sequence-related amplified polymorphism (SRAP) markers (Sun et 

al., 2006; Zhang et al., 2007a; Fonseca et al., 2008; Guan et al., 2008; Tang et al., 2010; Tao 

et al., 2011; Du et al., 2013) however, only some reports have described the estimation of 

genetic diversity using multiple markers (Qin et al., 2006; Yu et al., 2008).  

The ISSR markers have variable microsatellite regions and easy application at low 

cost which makes these markers highly useful for systematic and ecological evaluations 

(Reddy et al., 2002) and broadly used for population genetics, strain identification and 

genetic diversity of several mushrooms (Yu et al., 2008; Fu et al., 2010; Tang et al., 2010; 

Shao et al., 2011; Du et al., 2013). The DAMD technique was first reported by Heath et al. 

(1993) which use minisatellite core sequences as primers which contains hyper-variable 

regions (HVR) or variable number of tandem repeats (VNTR). These tandem repeats are 

known to be present in diverse plants and animal species but not reported in fungi or 
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mushrooms. Because of this, DAMD primers are effective as PCR primers in diverse 

organisms at relatively high stringencies (Karaca et al., 2002; Karaca and Ince, 2008). 

Besides, RAPD is another convenient method to study the genetic variations and diversity in 

various organisms including mushrooms. The use of RAPD markers has allowed the rapid 

regeneration of reliable and reproducible DNA fragments in wide varieties of mushroom 

species. RAPD markers have been used successfully for discrimination of several mushroom 

cultivars, in mushroom strain identification and protection of elite strains (Ravash et al., 

2009; Agarwal et al., 2013; Rehman et al., 2015). RAPD is still the quickest, cost effective 

and most reliable method for assessing the variability at the DNA level, especially being 

useful for intra-specific analysis. These markers have the added advantage to amplify both 

the coding and non-coding regions and this is vital when the objective of the research is to 

assess the variation in the genome at inter-specific level (Williams et al., 1990; Ferreira and 

Grattapaglia, 1996; Ro et al., 2007).  

Wild edible mushrooms (WEM) are highly popular as a great source of functional 

food in Nagaland. The ethnic people mostly collect the WEM species during different 

growing seasons for consumption as well as to sell them at the local markets. Since, the 

WEM species are identified on the traditional knowledge passed down from generation to 

generation, most of the times, wrong identification of the species leads to poisoning and 

death of consuming populace. The chapter deals with the molecular phylogenetic analysis of 

six WEM species and one variety of L. squarrosulus of Nagaland using molecular markers 

viz. ITS, 18S rRNA and 28S rRNA genes. As the genus Lentinus is an important edible 

species globally and represented by 120 species, in this study, three edible species of 

Lentinus viz., L. sajor-caju, L. squarrosulus, L. squarrosulus var. squarrosulus and L. 
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tigrinus collected from different areas of Nagaland was subjected to inter- and intra-specific 

genetic diversity assessment using ISSR, RAPD and DAMD markers (SPAR method) and 

the cumulative approach.  

Materials and Methods  

Sample collection and DNA extraction 

For the present study, samples were collected from different forest locations and a 

few from local markets of Nagaland. Sun dried or oven dried (at ±60oC) samples were used 

for isolation of genomic DNA using standard CTAB protocol (Doyle and Doyle, 1987) 

(ANNEXURE II ). The DNA samples were tested for quality on agarose gel (0.8%, w/v) and 

quantified by Thermo Scientific Multiskan Go Spectrophotometer as per the normal 

procedure. 

PCR amplification 

Fungal specific primers (ITS1F and ITS4B) and universal ITS primers (ITS5 and 

ITS4) (White et al., 1990) were used for amplifying the fungal ITS region. During the study, 

universal ITS primers (ITS5 and ITS4) gave better results and hence, were used for 

amplifying the ITS region. For amplifying the 18S rRNA region of mushroom species, NS1 

and NS2 primers were used (White et al., 1990). However, for amplification of 28S rRNA 

gene, LROR and LR5 primers were used (Vilgalys and Hester, 1990) (ANNEXURE III ). 

The PCR master mix and the thermal cycling conditions are summarized in (ANNEXURE 

IV ). The PCR amplification reaction was performed using Thermo Scientific Arktik Thermal 

Cycler. 
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Varying concentrations of DNA (20-100 ng) and MgCl2 (1-2 mM) were used for 

optimizing the PCR reaction conditions for ISSR, RAPD and DAMD primers. For PCR 

amplification reaction, 50 ng template DNA and 1.75 mM MgCl2 was observed to be ideal 

for amplification. The sequence information of ISSR, RAPD and DAMD primers used in the 

study is summarized in Annexure VI, Annexure VII and Annexure VIII . Final 

amplification reactions were performed in 20 µl volume which contained 50 ng of template 

DNA, 2 µl of 10X Taq Buffer, 1.75 mM MgCl2, 0.4 mM each dNTPs, 0.5 mM each primer 

for ISSR, RAPD and DAMD, 3 units ml-1 of Taq polymerase and sterile pure water. The 

PCR amplification reaction was performed using a thermal cycler and the cycling conditions 

is summarized in Annexure IX. The PCR amplicons were separated by gel electrophoresis 

(1.5%, w/v) with 100 bp and 500 bp ladder (Genei) as the size standard and amplification 

was repeated twice in order to confirm the results.  

Sequence analysis 

The PCR amplicons were confirmed by gel electrophoresis (1.2%, w/v) with 100 bp 

ladder (Genei) as the size standard. A commercial kit (HiPura PCR Product Purification Kit, 

Make: HiMedia, India) was used to purify the amplicons before sequencing. The successful 

PCR products were sent to SciGenom Labs Private Ltd., Cochin, India and 1st Base, 

Singapore for sequencing. Search for homologous nucleic acid sequences was performed 

using the BLAST algorithm (http://www.ncbi.nlm.nih.gov/) and the UNITE (Koljalg et al., 

2013) (https://unite.ut.ee/analysis.php#) database for fungal ITS sequences was referred to 

compare the results with those obtained from NCBI GenBank. The ITS, 18S and 28S rRNA 

target DNA sequences and those nucleotide sequences retrieved from GenBank after blasting 

were subjected to multiple sequence alignment using ClustalW algorithm (Thompson et al., 
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1994) through MEGA-X (Kumar et al., 2018) software. A separate alignment scheme was 

produced separately for each region i.e., ITS, 18S and 28S rRNA region. The DNA 

sequences were submitted at NCBI GenBank to obtain accession numbers (Table 3.1). The 

GenBank accession numbers and nucleotide sequence information is given in ANNEXURE 

V. 

Phylogenetic analysis 

The evolutionary history of the WEM species presently studied was inferred through 

the construction of phylogenetic trees using Neighbor Joining (NJ) (Kimura, 1980), 

Minimum Evolution method (ME) (Rzhetsky and Nei, 1992) and Maximum Parsimony (MP) 

(Nei and Kumar, 2000) in MEGA-X. For NJ based model, the evolutionary distances were 

computed using the Kimura 2-parameter method (Kimura, 1980) and are in the units of the 

number of base substitutions per site. For ME analysis, the evolutionary distances were 

computed using the Tamura 3-parameter method (Tamura K, 1992) and are in the units of the 

number of base substitutions per site. The ME tree was estimated using the Close-Neighbor-

Interchange (CNI) algorithm (Nei and Kumar, 2000) at a search level of 1. The MP tree was 

generated using the Tree-Bisection-Regrafting (TBR) algorithm (Nei and Kumar, 2000). In 

all the methods of phylogenetic analysis, the bootstrap consensus tree was inferred from 

1000 replicates and is taken to represent the evolutionary history of the taxa analyzed. The 

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

test (1000 replicates) is shown next to the branches (Felsenstein, 1985).
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Table 3.1: GenBank Accession Numbers of the WEM species 

WEM specimen Name of species Strain 
GenBank Accession Number 

ITS 18S rRNA 28S rRNA 

NUBOT-TA-LE-06 Lentinula edodes AO-DEBCR-1 KU343186 KT207467 KT459341 

NUBOT-TA-LS-40 Lentinus squarrosulus AO-DEBCR-2 KT207468 KT207469 KU170488 

NUBOT-TA-LS-40 Lentinus squarrosulus AO-DEBCR-3 KT207470 KT207471 KT459340 

NUBOT-TA-LS-87 Lentinus sajor-caju AO-DEBCR-4 KX342920 KX342921 KX342922 

NUBOT-TA-LT-69 Lentinus tigrinus AO-DEBCR-5 MG462731 MG722855 MG462732 

NUBOT-TA-TH-64 Termitomyces heimii AO-DEBCR-6 KT459337 KT459336 KT459338 

NUBOT-TA-SC-09 Schizophyllum commune AO-DEBCR-7 KT229567 KT253193 KT459339 

 



 

 

89 

 

Scoring and data analysis 

 Reproducible and non-ambiguous bands generated by each primer were scored 

manually as presence (1) or absence (0) across all samples and a binary data matrix was 

constructed which is used for all the analysis. Faint bands were not considered for data 

analysis. To evaluate the genetic diversity of the Lentinus species, parameters like total 

number of bands, number of polymorphic and monomorphic bands, and percentage of 

polymorphic bands were calculated from the binary data for each marker system. To evaluate 

the discriminatory power and efficiency of each of the three markers (ISSR, RAPD and 

DAMD), parameters like Polymorphic Information Content (PIC), Resolving Power (Rp) and 

Marker Index (MI) was also calculated. The PIC value was calculated by the formula, PIC = 

1 – Σpi2 where pi is the frequency of the ith allele (Roldan-Ruiz et al., 2000). The Rp of each 

primer was calculated according to Prevost and Wilkinson (1999); which is Rp = ΣIb where 

Ib (band informativeness) = 1–[2|0.5–p|], where p is the proportion of individuals containing 

the band. MI was calculated according to the formula given by Varshney et al. (2007) i.e., 

MI = EMR X PIC where EMR is the product of the total number of fragments per primer and 

the fraction of polymorphic fragments. 

 To estimate the genetic diversity and population genetic structure parameters like 

percentage of polymorphic loci (Lynch and Milligan, 1994), observed number of alleles, 

effective number of alleles (Kimura and Crow, 1964), Nei’s gene diversity (Nei, 1973) and 

Shannon index (Lewontin, 1972) were calculated using the software PopGene, version 1.32 

(Yeh et al., 1999). The estimate of gene flow (Nm) between the populations was calculated 

as Nm = 0.5 (1−Gst)/Gst (McDermott and McDonald, 1993), where Gst is the gene 

differentiation. 
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 Pair-wise similarity matrix was calculated by DICE similarity coefficient using the 

SIMQUAL module and a dendrogram was constructed using the Unweighted Pair Group 

Method with Arithmetic Average (UPGMA) with the sequential, agglomerative, hierarchical, 

and nested (SAHN) module for analysis of genetic relationships using NTSYS version 2.21 

(Rohlf, 2000) for each marker system. The degree of confidence of the dendrogram obtained 

was checked by bootstrapping using 1000 replications in FreeTree and TreeView software. 

Mantel’s correlation (Mantel, 1967) of the similarity matrices for the marker systems was 

done by using the MXCOMP module and Principle Coordinate Analysis (PCoA) was 

performed by using the EIGEN program of NTSYS version 2.21software. 

Results 

Molecular phylogenetic studies of Lentinula edodes, Lentinus squarrosulus, L. 

squarrosulus var. squarrosulus, L. sajor-caju, L. tigrinus, Schizophyllum commune, 

Termitomyces heimii 

The preliminary identification of the collected WEM was based on observation of the 

phenotypic characters which has been described in chapter 2. One different variety was 

recorded and identified as L. squarrosulus var. squarrosulus, was a matter of concern but the 

same was amicably resolved with the utilization of molecular markers that helped in 

identifying correctly and conclusively at the species level. The amplification of ITS1-5.8S 

rDNA-ITS2 regions by universal primers ITS5 and ITS4 produced DNA fragment band 

between 500-800 bp with a mean GC content of 23.2%.The amplification of 18S rRNA or 

small subunit produced amplicons between 440-533 bp with a mean GC content of 22.8%, 

using primers NS1 and NS2.  Primers LROR and LR5 for large subunit or 28S rRNA 

produced amplified PCR product between 394-947 bp with a mean GC content of 24.8%. 
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Figure 3.1 shows the representative of the PCR products photograph taken through gel 

documentation system. During the present investigation, Schizophyllum commune showed 

highest blast hit of 100% identity for ITS region and Lentinus squarrosulus showed highest 

blast hit of 100% identity for 28S rRNA using the BLAST algorithm 

(http://www.ncbi.nlm.nih.gov/) at NCBI GenBank. The blast hit for 18S nucleotide 

sequences did not give good homology with the target sequences which may be due to very 

few nucleotide sequences deposited in GenBank and also the 18S rRNA region might have 

lacked hyper variability. The phylogenetic relationship of the WEM was studied by 

constructing the phylogenetic trees using amplified sequences of ITS, 18S and 28S rRNA 

with similar sequences retrieved from NCBI GenBank after blasting. Neighbor Joining (NJ), 

Minimum Evolution method (ME) and Maximum Parsimony (MP) were used to estimate 

phylogeny of the WEM species presently studied. From the MP tree, the Consistency Index 

(CI) was calculated for ITS, 18S and 28S rRNA regions using MEGA-X software. 

Consistency Index (CI) is defined as a measure of the amount of homoplasy on a tree i.e., the 

independent evolution of the same character state and not derived from a common ancestor. 

High CI measures the overall homoplasy and is used as a standard to compare the levels of 

homoplasy (Kluge and Farris, 1969). The CI ranges between 1.0 (no homoplasy) and 0.0. 

During the present study, the CI for ITS, 18S rRNA and 28S rRNA was 0.713501, 0.859070 

and 0.743169 which indicated the low homoplasy nature of the studied WEM species. 
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Figure 3.1 shows the representative of the PCR products photograph taken through gel documentation system. The gel 

image shows the amplified PCR products of investigated mushrooms with different markers: 1- 18S rRNA gene, 2 & 3- 

ITS region, 4- 28S rRNA gene.



 

 

ITS region 

The phylogenetic tree generated from ITS sequences 

Figure 3.2. The evolutionary

method (Kimura, 1980) and the optimal tree with branch length of 2.484 was obtained. The 

tree generated revealed two major c

Figure 3.2: Consensus phylogenetic tr

Joining method. Numbers on the node of the branches are bootstrap value.
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The phylogenetic tree generated from ITS sequences using NJ method is shown in 

evolutionary distances were computed using the Kimura 2

(Kimura, 1980) and the optimal tree with branch length of 2.484 was obtained. The 

tree generated revealed two major clades and four main sub-clades. 

Consensus phylogenetic tree generated from ITS sequences using Neighbor 

. Numbers on the node of the branches are bootstrap value.

 

using NJ method is shown in 

distances were computed using the Kimura 2-parameter 

(Kimura, 1980) and the optimal tree with branch length of 2.484 was obtained. The 
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Mushroom species belonging to genera Lentinula, Termitomyces and Schizophyllum 

formed a single monophyletic clade with a bootstrap value of 79 which is again sub-divided 

into three distinct sub-clades. This is because they all belong to the order Agaricales under 

class Agaricomycetes. However, genera Lentinula and Termitomyces formed a clade together 

with a bootstrap value of 96 separated from the genus Schizophyllum which may infer that 

they share more common ancestry. It is seen that T. heimii AO-DEBCR-6 belongs to the 

cluster of genus Termitomyces with a boot strap value of 99, L. edodes AO-DEBCR-1 

belongs to the cluster of genus Lentinula with a boot strap value of 100 and S. commune AO-

DEBCR-7 belongs to the cluster of genus Schizophyllum with a boot strap value of 100. The 

genus Lentinus form a single major clade with a boot strap value of 71 which is further sub-

divided into four distinct sub-clades - L. tigrinus, L. polychrous, L. squarrosulus and L. 

sajor-caju. This is because Lentinus belong to the order Polyporales under class 

Agaricomycetes. It is observed that L. tigrinus AO-DEBCR-5, L. squarrosulus AO-DEBCR-

2, L. squarrosulus AO-DEBCR-3 and L. sajor-caju AO-DEBCR-4 belongs to the cluster of 

genus Lentinus respectively with a bootstrap value of 71.  

The ME tree generated from ITS datasets is shown in Figure 3.3. The evolutionary 

distances were computed using the Tamura 3-parameter method (Tamura K, 1992) and the 

optimal tree with branch length of 2.5002 was obtained. The tree generated showed very 

similar topology to that of NJ analysis which resolved the tree into two major clades- 

Lentinula, Termitomyces and Schizophyllum forming a monophyletic clade and the genus 

Lentinus forming the other major clade and four main sub-clades. 

 

 



 

 

 

 

Figure 3.3: Consensus phylogenetic tree generated

Evolution method. Numbers on the node of the branches are bootstr
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Consensus phylogenetic tree generated from ITS sequences using 

Numbers on the node of the branches are bootstrap value.

 

S sequences using Minimum 

ap value. 



 

 

 

 

Figure 3.4: Consensus phylogenetic tree generated

Parsimony method. Numbers on the node of the branches are bootstrap value.
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Consensus phylogenetic tree generated from ITS sequences using 

Numbers on the node of the branches are bootstrap value.

 

sequences using Maximum 

Numbers on the node of the branches are bootstrap value. 
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The MP tree generated from ITS datasets is shown in Figure 3.4. The evolutionary 

history inferred using the MP method yielded 5 most parsimonious trees of length 1630 using 

the Tree-Bisection-Regrafting (TBR) algorithm. The consistency index (CI) was 0.713501 

and the retention index (RI) was 0.866983 for all sites and parsimony-informative sites. The 

MP tree generated also resolved the studied WEM into two major clades and four sub-clades 

like the tree topologies inferred from NJ and ME analysis. The genera Lentinula, 

Termitomyces and Schizophyllum forming one monophyletic clade which is further sub-

divided into three distinct sub-clades. However, here the genus Lentinula and Schizophyllum 

form a clade together with a bootstrap value of 55 and the genus Termitomyces forms a 

separate sub-clade with a bootstrap value of 100. This may be due to the reason that the 

genus Lentinula shares common evolutionary history with both Termitomyces and 

Schizophyllum. The genus Lentinus formed the other major clade dividing into sub-clades of 

its own genus.  

All the phylogenetic trees generated are rooted to Octospora rutilans which is an 

Ascomycetes mushroom and differs from the studied WEM species which are all 

Basidiomycetes mushrooms.  

18S rRNA gene 

The 18S rRNA phylogenetic trees were constructed using amplified sequences of 18S 

rRNA sequences and similar sequences retrieved from GenBank through NCBI blast. The 

phylogenetic tree generated from 18S rRNA sequences using NJ method is shown in Figure 

3.5. The evolutionary distances were computed using the Kimura 2-parameter method 

(Kimura, 1980) and the optimal tree with branch length of 2.986 was obtained. The tree 

generated resolved into seven clades. The WEM species belonging to genera Termitomyces, 



 

 

Lentinula and Schizophyllum

However, the genus Lentinus

L. squarrosulus each formed a separate clade. Also, 

a common clade but interestingly, 

individual clades and did not cluster with its respective clade.

 

 

 

 

 

 

Figure 3.5: Consensus phylogenetic tree generated

Neighbor Joining method. Numbers on the node of the branches are bootstrap value.
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Schizophyllum formed separate clades with very less bootstrap values. 

Lentinus did not form a clade together instead the species 

each formed a separate clade. Also, L. sajor-caju and L. squarrosulus 

a common clade but interestingly, S. radiatum and L. squarrosulus

individual clades and did not cluster with its respective clade. 

Consensus phylogenetic tree generated from 18S rRNA

. Numbers on the node of the branches are bootstrap value.
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did not form a clade together instead the species L. tigrinus and 

L. squarrosulus shared 

L. squarrosulus all formed separate 

rRNA sequences using 

. Numbers on the node of the branches are bootstrap value. 
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The ME tree generated from 18S rRNA datasets is shown in Figure 3.6. The 

evolutionary distances were computed using the Tamura 3-parameter method (Tamura K, 

1992) and the optimal tree with branch length of 3.043 was obtained. The tree generated 

resolved into eight clades and was somewhat similar to the NJ tree generated. The genera 

Lentinus, Termitomyces, Lentinula and Schizophyllum all formed separate clades with low 

bootstrap value. The WEM species L. tigrinus and L. squarrosulus formed separate clades. 

However, T. heimii AO-DEBCR-6 and L. edodes AO-DEBCR-1 formed individual clades 

and did not form cluster with its own genus.  

The MP tree generated from 18S rRNA datasets is shown in Figure 3.7. The 

evolutionary history inferred using the MP method yielded 2 most parsimonious trees of 

length 1344 using the Tree-Bisection-Regrafting (TBR) algorithm. The consistency index 

(CI) was 0.859070 and the retention index (RI) was 0.854714 for all sites and parsimony-

informative sites. The tree generated resolved the studied WEM into eight clades. The WEM 

species belonging to genera Termitomyces, Lentinula, Schizophyllum and Lentinus all formed 

separate clades with bootstrap value of 60, 84, 79 and 70. However, the genus Lentinus 

separated into different clades, L. tigrinus AO-DEBCR-5 formed a separate clade of its own, 

and than L. squarrosulus and L. sajor-caju formed a clade together with low bootstrap value. 

All the phylogenetic trees generated are rooted to Xylaria polymorpha which is an 

Ascomycetes mushroom and differs from the studied WEM species which are all 

Basidiomycetes mushrooms. 

 

 

 



 

 

 

 

 

Figure 3.6: Consensus phylogenetic tree generated

Minimum Evolution method
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Consensus phylogenetic tree generated from 18S rRNA

ethod. Numbers on the node of the branches are bootstrap value.

 

rRNA sequences using 

Numbers on the node of the branches are bootstrap value. 
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Figure 3.7: Consensus 

Maximum Parsimony method
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Consensus phylogenetic tree generated from 18S rRNA

ethod. Numbers on the node of the branches are bootstrap value.

 

 

rRNA sequences using 

Numbers on the node of the branches are bootstrap value. 
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28S rRNA gene 

The phylogenetic tree generated from 28S rRNA gene sequences showed similarity 

with the tree topology generated from ITS sequences. The tree topology generated from 28S 

rRNA sequences using NJ method is shown in Figure 3.8.  The evolutionary distances were 

computed using the Kimura 2-parameter method (Kimura, 1980) and the optimal tree with 

branch length of 0.608 was obtained. The tree generated resolved into two major clades 

which further sub-divided into respective sub-clades. The first clade consisted of the 

mushroom species belonging to genera Lentinula, Termitomyces and Schizophyllum forming 

a single monophyletic clade with a bootstrap value of 97 which further sub-divided into three 

sub-clades between them. The genus Lentinula and Termitomyces formed a clade together 

with a bootstrap value of 84 while Schizophyllum formed a separate sub-clade with a 

bootstrap value of 100. Further, genus Lentinula formed two sub-clades of its own. It is 

observed that T. heimii AO-DEBCR-6 belongs to the cluster of genus Termitomyces with a 

boot strap value of 100, L. edodes AO-DEBCR-1 belongs to the cluster of genus Lentinula 

with a boot strap value of 100 and S. commune AO-DEBCR-7 belongs to the cluster of genus 

Schizophyllum with a boot strap value of 100. The genus Lentinus forms the second major 

clade with a boot strap value of 100 which is again sub-divided into sub-clades - L. tigrinus, 

L. squarrosulus, L. badius, and L. sajor-caju. It is observed that L. tigrinus AO-DEBCR-5, L. 

squarrosulus AO-DEBCR-2, L. squarrosulus AO-DEBCR-3 and L. sajor-caju AO-DEBCR-

4 belongs to the cluster of genus Lentinus respectively with a bootstrap value of 100. As 

inferred from the study, the genera Lentinula, Termitomyces and Schizophyllum will always 

form a clade together as they belong to order Agaricales and Lentinus belong to order 

Polyporales under class Agaricomycetes of division Basidiomycota of Fungi. 



 

 

 

 

 

 

Figure 3.8: Consensus phylogenetic tree generated

Neighbor Joining method. Numbers on the node of the branches are bootstrap value.
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Consensus phylogenetic tree generated from 28S rRNA

. Numbers on the node of the branches are bootstrap value.
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Figure 3.9: Consensus phylogenet

Minimum Evolution method
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Consensus phylogenetic tree generated from 28S rRNA

ethod. Numbers on the node of the branches are bootstrap value.

 

rRNA sequences using 

Numbers on the node of the branches are bootstrap value. 



 

 

 

 

 

Figure 3.10: Consensus phylogenetic tree generated

Maximum Parsimony method
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Consensus phylogenetic tree generated from 28S rRNA

ethod. Numbers on the node of the branches are bootstrap value.

 

rRNA sequences using 

on the node of the branches are bootstrap value. 
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The ME tree generated from 28S rRNA datasets is shown in Figure 3.9. The 

evolutionary distances were computed using the Tamura 3-parameter method (Tamura K, 

1992) and the optimal tree with branch length of 0.608 was obtained. The tree generated 

showed very similar topology to that of NJ analysis which resolved the tree into two major 

clades- Lentinula, Termitomyces and Schizophyllum in one clade and the genus Lentinus 

forming the other major clade. 

The MP tree generated from 28S rRNA datasets is shown in Figure 3.10. The 

evolutionary history inferred using the MP method yielded 9 most parsimonious trees of 

length 693 using the Tree-Bisection-Regrafting (TBR) algorithm. The consistency index (CI) 

was 0.743169 and the retention index (RI) was 0.921008 for all sites and parsimony-

informative sites. The MP tree generated also resolved the studied WEM into two major 

clades and four sub-clades like the tree topologies inferred from NJ and ME analysis of 28S 

rRNA and also the tree topologies inferred from ITS datasets. 

All the phylogenetic trees generated are rooted to Cookeina tricholoma which is an 

Ascomycetes mushroom and differs from the studied WEM species which are all 

Basidiomycetes mushrooms. 
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Genetic Diversity Analysis of the three edible Lentinus species 

ISSR Analysis 

Inter-specific natural genetic variation in three Lentinus species as revealed by ISSR 

markers 

 Out of 25 primers screened, 10 primers resulted clear and polymorphic bands. Figure 

3.11 shows the representative of the banding pattern. A total of 84 amplicons were produced 

out of which 79 were found to be polymorphic with an average of 7.9 polymorphic bands per 

primer and 5 were found to be monomorphic band. The percentage of polymorphic bands 

ranged from 85.71% to 100% with an average of 94.19% polymorphism among the 18 

accessions of Lentinus species belonging to L. sajor-caju, L. squarrosulus, L. squarrosulus 

var. squarrosulus and L. tigrinus respectively. Primers 807, 842 and ISSR13 yielded the 

highest number of polymorphic bands which is 10, while primer 810 yielded the lowest 

number of polymorphic bands i.e. 5. The PIC value ranged from 0.56 to 0.77 with an average 

PIC value of 0.7 per primer. The Rp values ranged from 15.8 to 22 with an average of 17.84 

per primer and the highest Rp value of 22 was observed in primer ISSR18. The MI values 

ranged from 4.18 to 6.47 with an average of 5.51 per primer and the highest MI was 

observed in primer 807. The number of observed alleles (Na) was 1.98 (±0.31) and the 

effective number of alleles (Ne) was 1.62 (±0.34). The Nei’s gene diversity (H) and 

Shannon’s index (I) among all the populations were 0.35 (±0.16) and 0.52 (±0.2) 

respectively. The total gene diversity (Ht) and Heterozygosity (Hs) within the populations 

was found to be 0.35 (±0.02) and 0.23 (±0.02). The mean coefficient of genetic 

differentiation (Gst) was found to be 0.36 while the estimate of gene flow (Nm) was found to 

be 0.91 (Table 3.2 and 3.3). 
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Figure 3.11 shows the representative of the banding pattern obtained for 18 accessions of Lentinus species with ISSR primers - 

ISSR1, ISSR2, ISSR18, 841 & 842 (L1-L6 Lentinus squarrosulus, L7-L12 L. sajor-caju and L13-L18 L. tigrinus in gel photographs 

of DAMD and RAPD also). 
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Table 3.2: Data on polymorphism obtained by ISSR primers used to assess genetic diversity 

of Lentinus species 

Sl. No. Marker 
Primer 

Name 
TB PB MB PPB PIC Rp MI 

1. 

ISSR 

ISSR1 9 9 0 100 0.72 17.8 6.04 

2. ISSR2 8 7 1 87.5 0.69 16.3 5.07 

3. ISSR13 10 10 0 100 0.74 16.4 6.21 

4. ISSR11 7 6 1 85.71 0.66 18.6 4.75 

5. ISSR18 9 8 1 88.89 0.56 22 4.18 

6. 807 10 10 0 100 0.77 15.8 6.47 

7. 810 5 5 0 100 0.74 16.8 6.22 

8. 841 9 8 1 88.89 0.67 18 5 

9. 842 11 10 1 90.91 0.67 18 5.12 

10. 834 6 6 0 100 0.7 18.7 5.88 

TOTAL   84 79 5     

AVERAGE/PRIMER    8.4 7.9 0.5 94.19 0.7 17.84 5.51 

 

Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PPB = 

Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving 

Power; MI = Marker Index 
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Table 3.3: Summary of the various genetic diversity indices analyzed in Lentinus species using ISSR marker 

Species 

Name 
N PPB 

Average 

PIC 

Average 

Rp 

Average 

MI 

Na 

(Mean±SD) 

Ne 

(Mean±SD) 

H 

(Mean±SD) 

I 

(Mean±SD) 

Ht 

(Mean±SD) 

Hs 

(Mean±SD) 
Gst Nm 

Lentinus 

squarrosulus 
6 73.05 0.51 7.91 2.96 1.68±0.54 1.47±0.38 0.27±0.21 0.41±0.31 

0.35±0.02 0.23±0.02 0.36 0.91 

Lentinus 

sajor-caju 
6 61.4 0.41 9.11 1.34 1.42±0.5 1.33±0.42 0.21±0.22 0.26±0.31 

Lentinus 

tigrinus 
6 86.21 0.63 6.85 3.06 1.57±0.4 1.4±0.38 0.23±0.21 0.34±0.3 

Lentinus 

squarrosulus

+Lentinus 

sajor-caju+ 

Lentinus 

tigrinus 

18 94.19 0.7 17.84 5.51 1.98±0.31 1.62±0.34 0.35±0.16 0.52±0.2 

 

Notes: N= No. of accessions; PPB = Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving Power; MI = 

Marker Index; Na = Observed no. of alleles; Ne = Effective no. of alleles; H = Nei’s gene diversity; I = Shannon’s Index; Ht = Total gene 

diversity; Gst = Genetic differentiation; Nm = Gene flow 
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Table 3.4: Intra-specific diversity in Lentinus squarrosulus species as revealed by ISSR, DAMD and RAPD markers 

MARKER TB 
Average No. of 
Bands/Primer 

Total 
No. of 

PB 

Average No. of 
Polymorphic 
Bands/Primer 

Total No. 
of MB 

Average 
Polymorphism 

(%) 

Average 
PIC 

Average Rp 
Average 

MI 

ISSR 76 7.6 54 5.4 22 73.05 0.51 7.91 2.96 

DAMD  67 6.7 38 3.8 29 59.39 0.41 8.63 1.81 

RAPD 48 6 40 5.0 08 82.68 0.56 7.42 2.92 

ISSR+DAMD+RAPD 191 6.82 132 4.71 59 70.92 0.49 8.02 2.53 

 

Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PIC = Polymorphic Information Content; Rp = 

Resolving Power; MI = Marker Index 
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Table 3.5: Intra-specific diversity in Lentinus sajor-caju species as revealed by ISSR, DAMD and RAPD markers 

MARKER TB 
Average No. of 
Bands/Primer 

Total No. 
of PB 

Average No. of 
Polymorphic 
Bands/Primer 

Total No. 
of MB 

Average 
Polymorphism 

(%) 

Average 
PIC 

Average Rp 
Average 

MI 

ISSR 57 5.7 35 3.5 22 61.4 0.41 9.11 1.34 

DAMD  46 4.6 32 3.2 14 70.94 0.48 7.94 1.74 

RAPD 61 7.63 40 5.0 21 69.33 0.51 7.68 2.94 

ISSR+DAMD+RAPD 164 5.86 107 3.82 57 66.2 0.45 8.28 1.94 

  

Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PIC = Polymorphic Information Content; Rp = 

Resolving Power; MI = Marker Index 
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Intra-specific natural genetic variation in three Lentinus species as revealed by ISSR 

markers 

Lentinus squarrosulus 

At intra-specific level among the 3 accessions of L. squarrosulus and 3 accessions of 

L. squarrosulus var. squarrosulus, a total of 76 amplicons were produced by 10 ISSR 

primers, out of which 54 were observed to be polymorphic with an average of 5.4 

polymorphic bands per primer and 22 were found to be monomorphic bands. The average 

polymorphism was observed to be 73.05%. The average PIC value was found to be 0.51 per 

primer. The average Rp value was found to be 7.91 and the average MI was found to be 2.96. 

The number of observed alleles (Na) was 1.68 (±0.54) and the effective number of alleles 

(Ne) was 1.47 (±0.38). The Nei’s gene diversity (H) and Shannon’s index (I) were found to 

be 0.27 (±0.21) and 0.41(±0.31) respectively (Table 3.3 and 3.4).  

Lentinus sajor-caju  

A total of 57 amplicons were produced in 6 accessions of L. sajor-caju by 10 ISSR 

primers, out of which 35 were observed to be polymorphic with an average of 3.5 

polymorphic bands per primer and 22 were found to be monomorphic bands. The average 

polymorphism was observed to be 61.4%. The average PIC value was found to be 0.41 per 

primer. The average Rp value was found to be 9.11 and the average MI was found to be 1.34. 

The number of observed alleles (Na) was 1.42 (±0.5) and the effective number of alleles (Ne) 

was 1.33 (±0.42). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 

0.21 (±0.22) and 0.26 (±0.31) respectively (Table 3.3 and 3.5). 
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Table 3.6: Intra-specific diversity in Lentinus tigrinus species as revealed by ISSR, DAMD and RAPD markers 

MARKER TB 
Average No. of 
Bands/Primer 

Total 
No. of 

PB 

Average No. of 
Polymorphic 
Bands/Primer 

Total No. of 
MB 

Average 
Polymorphism 

(%) 

Average 
PIC 

Average 
Rp 

Average 
MI 

ISSR 55 5.5 48 4.8 07 86.21 0.63 6.85 3.06 

DAMD  40 4.0 30 3.0 10 76.15 0.47 8.3 1.51 

RAPD 49 6.13 35 4.38 14 71.52 0.51 7.63 2.34 

ISSR+DAMD+RAPD 144 5.14 113 4.04 31 78.42 0.54 7.59 2.3 

  

Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PIC = Polymorphic Information Content; Rp = 

Resolving Power; MI = Marker Index 
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Figure 3.12 shows the representative of the banding pattern obtained for 18 accessions of Lentinus species with DAMD primers – 

URP1F, URP4R, URP9F, URP30F & D2. 
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Lentinus tigrinus  

A total of 55 amplicons were produced in 6 accessions of L. tigrinus by 10 ISSR 

primers, out of which 48 were observed to be polymorphic with an average of 4.8 

polymorphic bands per primer and 7 were found to be monomorphic bands. The average 

polymorphism was observed to be 86.21%. The average PIC value was found to be 0.63 per 

primer. The average Rp value was found to be 6.85 and the average MI was found to be 3.06. 

The number of observed alleles (Na) was 1.57 (±0.4) and the effective number of alleles (Ne) 

was 1.4 (±0.38). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.23 

(±0.21) and 0.34(±0.3) respectively (Table 3.3 and 3.6).  

DAMD Analysis 

Inter-specific natural genetic variation in three Lentinus species as revealed by DAMD 

markers 

Out of 25 primers screened, 10 primers resulted clear and polymorphic bands. Figure 

3.12 shows the representative of the banding pattern. A total of 85 amplicons were produced 

out of which 81 were observed to be polymorphic with an average of 8.1 polymorphic bands 

per primer and 4 were found to be monomorphic band. The percentage of polymorphic bands 

ranged from 85.7% to 100% with an average of 95.3% polymorphism among the 18 

accessions of Lentinus species belonging to L. sajor-caju, L. squarrosulus, L. squarrosulus 

var. squarrosulus and L. tigrinus respectively. Primers URP30F and URP9F yielded the 

highest number of polymorphic bands which is 13, while primer D19 yielded the lowest 

number of polymorphic bands i.e. 5. The PIC value ranged from 0.61 to 0.94 with an average 

PIC value of 0.77 per primer. The Rp values ranged from 8 to 20.86 with an average of 14.78 

per primer and the highest Rp value of 20.86 was observed in primer URP6R. The MI values 

ranged from 4.44 to 8.1 with an average of 6.27 per primer. The highest MI value was 

observed in primer D10. The number of observed alleles (Na) was 1.95 (±0.21) and the 
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effective number of alleles (Ne) was 1.52 (±0.32). The Nei’s gene diversity (H) and 

Shannon’s index (I) among all the populations were 0.31 (±0.15) and 0.48 (±0.19) 

respectively. The total gene diversity (Ht) and Heterozygosity (Hs) within the populations 

was found to be 0.31 (±0.02) and 0.15 (±0.01). The mean coefficient of genetic 

differentiation (Gst) was found to be 0.51 while the estimate of gene flow (Nm) was found to 

be 0.48 (Table 3.7 and 3.8). 

Table 3.7: Data on polymorphism obtained by DAMD primers used to assess genetic 

diversity of Lentinus species 

Sl. No. 
Marker  Primer 

Name 

TB PB MB PPB PIC Rp MI 

1. 

DAMD 

D1 8 8 0 100 0.84 12.75 7.14 

2. D2 9 8 1 88.9 0.75 15.56 5.67 

3. D10 7 7 0 100 0.94 8 8.1 

4. D17 7 7 0 100 0.76 14.57 6.46 

5. D19 5 5 0 100 0.81 14 6.89 

6. URP30F 13 13 0 100 0.77 14.62 6.55 

7. URP6R 7 6 1 85.7 0.61 20.86 4.44 

8. URP9F 14 13 1 92.9 0.75 15 6.1 

9. URP1F 8 8 0 100 0.73 17.25 6.21 

10. URP4R 7 6 1 85.7 0.75 15.14 5.46 

TOTAL   85 81 4     

AVERAGE/PRIMER   8.5 8.1 0.4 95.3 0.77 14.78 6.27 

 

Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PPB = 

Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving 

Power; MI = Marker Index 
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Table 3.8: Summary of the various genetic diversity indices analyzed in Lentinus species using DAMD marker 

Species 

Name 
N PPB 

Average 

PIC 

Average 

Rp 

Average 

MI 

Na 

(Mean±SD) 

Ne 

(Mean±SD) 

H 

(Mean±SD) 

I 

(Mean±SD) 

Ht 

(Mean±SD) 

Hs 

(Mean±SD) 
Gst Nm 

Lentinus 

squarrosulus 
6 59.39 0.41 8.63 1.81 1.45±0.5 1.3±0.38 0.17±0.2 0.25±0.29 

0.31±0.02 0.15±0.01 0.51 0.48 

Lentinus 

sajor-caju 
6 70.94 0.48 7.94 1.74 1.38±0.49 1.24±0.35 0.14±0.19 0.21±0.28 

Lentinus 

tigrinus 
6 76.15 0.47 8.3 1.51 1.35±0.48 1.26±0.38 0.15±0.21 0.21±0.29 

Lentinus 

squarrosulus

+Lentinus 

sajor-caju+ 

Lentinus 

tigrinus 

18 95.29 0.77 14.78 6.27 1.95±0.21 1.52±0.32 0.31±0.15 0.48±0.19 

 

Notes: N= No. of accessions; PPB = Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving 
Power; MI = Marker Index; Na = Observed no. of alleles; Ne = Effective no. of alleles; H = Nei’s gene diversity; I = Shannon’s Index; 
Ht = Total gene diversity; Gst = Genetic differentiation; Nm = Gene flow 
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Intra-specific natural genetic variation in three Lentinus species as revealed by DAMD 

markers 

Lentinus squarrosulus 

For intra-specific variation, the 3 accessions of L. squarrosulus and 3 accessions of L. 

squarrosulus var. squarrosulus produced a total of 67 amplicons by 10 DAMD primers, out 

of which 38 were observed to be polymorphic with an average of 3.8 polymorphic bands per 

primer and 29 were found to be monomorphic bands. The average polymorphism was found 

to be 59.39%. The average PIC value was observed to be 0.41 per primer. The average Rp 

value was found to be 8.63 and the average MI was found to be 1.81. The number of 

observed alleles (Na) was 1.45 (±0.5) and the effective number of alleles (Ne) was 1.3 

(±0.38). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.17 (±0.2) 

and 0.25(±0.29) respectively (Table 3.4 and 3.8). 

Lentinus sajor-caju  

The 6 accessions of L. sajor-caju produced a total of 46 amplicons by 10 DAMD 

primers, out of which 32 were observed to be polymorphic with an average of 3.2 

polymorphic bands per primer and 14 were found to be monomorphic bands. The average 

polymorphism was found to be 70.94%. The average PIC value was observed to be 0.48 per 

primer. The average Rp value was found to be 7.94 and the average MI was found to be 1.74. 

The number of observed alleles (Na) was 1.38 (±0.49) and the effective number of alleles 

(Ne) was 1.24 (±0.35). The Nei’s gene diversity (H) and Shannon’s index (I) were found to 

be 0.14 (±0.19) and 0.21 (±0.28) respectively (Table 3.5 and 3.8).  
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Figure 3.13 shows the representative of the banding pattern obtained for 18 accessions of Lentinus species with RAPD primers – 

OPA17, OPA1, OPA4, OPC10 & OPT6. 
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Lentinus tigrinus  

A total of 40 amplicons were produced in 6 accessions of L. tigrinus by 10 DAMD 

primers, out of which 30 were observed to be polymorphic with an average of 3 polymorphic 

bands per primer and 10 were found to be monomorphic bands. The average polymorphism 

was found to be 76.15%. The average PIC value was observed to be 0.47 per primer. The 

average Rp value was found to be 8.3 and the average MI was found to be 1.51. The number 

of observed alleles (Na) was 1.35 (±0.48) and the effective number of alleles (Ne) was 1.26 

(±0.38). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.15 (±0.21) 

and 0.21(±0.29) respectively (Table 3.6 and 3.8).  

RAPD Analysis 

Inter-specific natural genetic variation in three Lentinus species as revealed by RAPD 

markers 

Out of 25 primers screened, 8 primers resulted clear and polymorphic bands. Figure 

3.13 shows the representative of the banding pattern. A total of 68 amplicons were produced 

out of which 67 were found to be polymorphic with an average of 8.38 polymorphic bands 

per primer and 1 was found to be monomorphic band. The percentage of polymorphic bands 

ranged from 85.71% to 100% with an average of 98.21% polymorphism among the 18 

accessions of Lentinus species belonging to L. sajor-caju, L. squarrosulus, L. squarrosulus 

var. squarrosulus and L. tigrinus respectively. Primer OPA17 yielded the highest number of 

polymorphic bands which is 12, while primer OPT7 yielded the lowest number of 

polymorphic bands i.e. 5. The PIC value ranged from 0.61 to 0.84 with an average PIC value 

of 0.71 per primer. The Rp values ranged from 12.67 to 22.67 with an average of 18.01 per 

primer and the highest Rp value of 22.67 was observed in primer OPA1. The MI values 
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ranged from 4.88 to 7.14 with an average of 5.91 per primer. The highest MI value was 

observed in primer OPC10. The number of observed alleles (Na) was 1.99 (±0.12) and the 

effective number of alleles (Ne) was 1.66 (±0.29). The Nei’s gene diversity (H) and 

Shannon’s index (I) among all the populations were 0.38 (±0.12) and 0.56 (±0.15) 

respectively. The total gene diversity (Ht) and Heterozygosity (Hs) within the populations 

was found to be 0.38 (±0.02) and 0.22 (±0.02). The mean coefficient of genetic 

differentiation (Gst) was found to be 0.43 while the estimate of gene flow (Nm) was found to 

be 0.66 (Table 3.9 and 3.10). 

Table 3.9: Data on polymorphism obtained by RAPD primers used to assess genetic 

diversity of Lentinus species 

Sl. No. Marker Primer 

Name 

TB PB MB PPB PIC Rp MI 

1. 

RAPD 

OPA1 9 9 0 100 0.61 22.67 5.19 

2. OPT 6 7 6 1 85.71 0.67 19.43 4.88 

3. OPA4 9 9 0 100 0.69 19.33 5.87 

4. OPA17 12 12 0 100 0.77 15.5 6.55 

5. OPD18 9 9 0 100 0.64 20.44 5.44 

6. OPT7 5 5 0 100 0.62 20.8 5.27 

7. OPC10 9 9 0 100 0.84 12.67 7.14 

8. OPT5 8 8 0 100 0.82 13.25 6.97 

TOTAL   68 67 1     

AVERAGE/PRIMER   8.5 8.38 0.13 98.21 0.71 18.01 5.91 

 
Notes: TB = Total Band; PB = Polymorphic Band; MB = Monomorphic Band; PPB = 
Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving 
Power; MI = Marker Index 



 

 

123 

 

Table 3.10: Summary of the various genetic diversity indices analyzed in Lentinus species using RAPD marker 

Species 

Name 
N PPB 

Average 

PIC 

Average 

Rp 

Average 

MI 

Na 

(Mean±SD) 

Ne 

(Mean±SD) 

H 

(Mean±SD) 

I 

(Mean±SD) 

Ht 

(Mean±SD) 

Hs 

(Mean±SD) 
Gst Nm 

Lentinus 

squarrosulus 
6 82.68 0.56 7.42 2.92 1.59±0.5  1.42±0.39  0.24±0.21 0.35±0.3  

0.38±0.02  0.22±0.02 0.43  0.66  

Lentinus 

sajor-caju 
6 69.33 0.51 7.68 2.94 1.61±0.5  1.38±0.37  0.22±0.2  0.33±0.29 

Lentinus 

tigrinus 
6 71.52 0.51 7.63 2.34 1.51±0.5  1.32±0.38 0.19±0.21  0.28±0.3  

Lentinus 

squarrosulus

+Lentinus 

sajor-caju+ 

Lentinus 

tigrinus 

18 98.21 0.71 18.01 5.91 1.99±0.12 1.66±0.29 0.38±0.12  0.56±0.15  

 

Notes: N= No. of accessions; PPB = Percentage of Polymorphic Band; PIC = Polymorphic Information Content; Rp = Resolving Power; MI = 

Marker Index; Na = Observed no. of alleles; Ne = Effective no. of alleles; H = Nei’s gene diversity; I = Shannon’s Index; Ht = Total gene 

diversity; Gst = Genetic differentiation; Nm = Gene flow 
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Intra-specific natural genetic variation in three Lentinus species as revealed by RAPD 

markers 

Lentinus squarrosulus 

At the intra-specific level, the 3 accessions of L. squarrosulus and 3 accessions of L. 

squarrosulus var. squarrosulus produced a total of 48 amplicons by 8 RAPD primers, out of 

which 40 were observed to be polymorphic with an average of 5 polymorphic bands per 

primer and 8 were found to be monomorphic bands. The average polymorphism was found 

to be 82.68%. The average PIC value was observed to be 0.56 per primer. The average Rp 

value was found to be 7.42 and the average MI was found to be 2.92. The number of 

observed alleles (Na) was 1.59 (±0.5) and the effective number of alleles (Ne) was 1.42 

(±0.39). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.24 (±0.21) 

and 0.35(±0.3) respectively (Table 3.4 and 3.10).  

Lentinus sajor-caju  

A total of 61 amplicons were produced in 6 accessions of L. sajor-caju by 8 RAPD 

primers, out of which 40 were observed to be polymorphic with an average of 5 polymorphic 

bands per primer and 21 were found to be monomorphic bands. The average polymorphism 

was found to be 69.33%. The average PIC value was found to be 0.51 per primer. The 

average Rp value was found to be 7.68 and the average MI was found to be 2.94. The 

number of observed alleles (Na) was 1.61 (±0.5) and the effective number of alleles (Ne) was 

1.38 (±0.37). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.22 

(±0.2) and 0.33 (±0.29) respectively (Table 3.5 and 3.10).  
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Table 3.11: Summary of the various genetic diversity indices analyzed in Lentinus species using ISSR, DAMD and RAPD markers 

Markers N PPB 
Average 

PIC 

Average 

Rp 

Average 

MI 

Na 

(Mean±SD) 

Ne 

(Mean±SD) 

H 

(Mean±SD) 

I 

(Mean±SD) 

Ht 

(Mean±SD) 
Gst Nm 

ISSR 18 94.19 0.7 17.84 5.51 1.98±0.31 1.62±0.34 0.35±0.16 0.52±0.2 0.35±0.02 0.36 0.91 

DAMD  18 95.3 0.77 14.78 6.27 1.95±0.21 1.52±0.32 0.31±0.15 0.48±0.19 0.31±0.02 0.51 0.48 

RAPD 18 98.21 0.71 18.01 5.91 1.99±0.12 1.66±0.29 0.38±0.12 0.56±0.15 0.38±0.02 0.43 0.66 

ISSR+DAM

D+RAPD 
18 95.78 0.72 16.79 5.89 1.97±0.22 1.61±0.32 0.35±0.15 0.52±0.19 0.35±0.02 0.43 0.66 

 

Notes: Na = Observed no. of alleles; Ne = Effective no. of alleles; H = Nei’s gene diversity; I = Shannon’s Index; Ht = Total gene 

diversity; Gst = Genetic differentiation; Nm = Gene flow 
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Table 3.12: Genetic variations as revealed through combined RAPD +ISSR + DAMD markers among three Lentinus species  

Population  N PPB 
Na 

(Mean±SD) 

Ne 

(Mean±SD) 
H (Mean±SD) I (Mean±SD) Ht (Mean±SD) Gst Nm 

Lentinus 

squarrosulus 
6 70.92 1.57±0.51 1.39±0.39 0.22±0.21 0.33±0.31 

0.35±0.02 0.43 0.66 

Lentinus sajor-

caju 
6 66.2 1.45±0.49 1.31±0.39 0.18±0.21 0.26±0.29 

Lentinus 

tigrinus 
6 78.42 1.48±0.5 1.33±0.39 0.19±0.21 0.28±0.29 

Lentinus 

squarrosulus+

Lentinus sajor-

caju+ Lentinus 

tigrinus 

18 95.78 1.97±0.22 1.61±0.32 0.35±0.15 0.52±0.19 

 

Notes: N= No. of accessions; Na = Observed no. of alleles; Ne = Effective no. of alleles; H = Nei’s gene diversity; I = Shannon’s 

Index; Ht = Total gene diversity; Gst = Genetic differentiation; Nm = Gene flow 
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Lentinus tigrinus  

A total of 49 amplicons were produced in 6 accessions of L. tigrinus by 8 RAPD 

primers, out of which 35 were found to be polymorphic with an average of 4.38 polymorphic 

bands per primer and 14 were found to be monomorphic bands. The average polymorphism 

was found to be 71.52%. The average PIC value was found to be 0.51 per primer. The 

average Rp value was found to be 7.63 and the average MI was found to be 2.34. The 

number of observed alleles (Na) was 1.51 (±0.5) and the effective number of alleles (Ne) was 

1.32 (±0.38). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.19 

(±0.21) and 0.28 (±0.3) respectively (Table 3.6 and 3.10). 

Table 3.11 shows the summary of the various genetic diversity indices analyzed in 

Lentinus species using ISSR, DAMD and RAPD markers and the combination of all the 

three markers data (ISSR+DAMD+RAPD). The combined marker data shows average 

polymorphism of 95.78%. The average PIC value was observed to be 0.72 per primer. The 

average Rp value was found to be 16.79 and the average MI was found to be 5.89. The 

number of observed alleles (Na) was 1.97 (±0.22) and the effective number of alleles (Ne) 

was 1.61 (±0.32). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 

0.35 (±0.15) and 0.52 (±0.19). The total gene diversity (Ht) was found to be 0.35 (±0.02), 

mean coefficient of genetic differentiation (Gst) was found to be 0.43 while the estimate of 

gene flow (Nm) was found to be 0.66 respectively.  

Table 3.12 shows the genetic variations as revealed through combined RAPD +ISSR 

+ DAMD markers data among the three Lentinus species. In the 3 accessions of L. 

squarrosulus and 3 accessions of L. squarrosulus var. squarrosulus, the combined markers 

data produced average mean polymorphism of 70.92%. The number of observed alleles (Na) 
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was 1.57 (±0.51) and the effective number of alleles (Ne) was 1.39 (±0.39). The Nei’s gene 

diversity (H) and Shannon’s index (I) were found to be 0.22 (±0.21) and 0.33 (±0.31). In the 

6 accessions of L. sajor-caju, the combined markers data produced average mean 

polymorphism of 66.2%. The number of observed alleles (Na) was 1.45 (±0.49) and the 

effective number of alleles (Ne) was 1.31 (±0.39). The Nei’s gene diversity (H) and 

Shannon’s index (I) were found to be 0.18 (±0.21) and 0.26 (±0.29). In the 6 accessions of L. 

tigrinus, the combined markers data produced average mean polymorphism of 78.42%. The 

number of observed alleles (Na) was 1.48 (±0.5) and the effective number of alleles (Ne) was 

1.33 (±0.39). The Nei’s gene diversity (H) and Shannon’s index (I) were found to be 0.19 

(±0.21) and 0.28 (±0.29). The total gene diversity (Ht) was found to be 0.35 (±0.02), mean 

coefficient of genetic differentiation (Gst) was found to be 0.43 while the estimate of gene 

flow (Nm) was found to be 0.66 respectively.  

Phylogenetic analysis 

The UPGMA dendrogram constructed based on pair-wise similarity matrix was 

calculated by DICE similarity coefficient for all the three marker (ISSR, DAMD and RAPD) 

datasets. Similar tree topologies was observed for all the markers which resolved all the 

accessions of Lentinus species into two major clusters – Cluster I and Cluster II (Figure 

3.14, 3.15, 3.16). Cluster I divided into two sub-clusters - A and B. L. sajor-caju and L. 

tigrinus formed the sub-clusters - A and B which included all the 12 accessions of L. sajor-

caju and L. tigrinus. Cluster II included all the 6 accessions of L. squarrosulus and L. 

squarrosulus var. squarrosulus which also divided into two sub-clusters - C and D. L. 

squarrosulus and L. squarrosulus var. squarrosulus formed the sub-clusters.  
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Figure 3.14: UPGMA dendrogram constructed based on ISSR data for all 18 accessions 

of Lentinus from Nagaland. 

 

Figure 3.15: UPGMA dendrogram constructed based on DAMD data for all 18 

accessions of Lentinus from Nagaland. 
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Figure 3.16: UPGMA dendrogram constructed based on RAPD data for all 18 accessions of 

Lentinus from Nagaland. 

 

 

Figure 3.17: UPGMA dendrogram constructed based on pooled data (ISSR+DAMD+RAPD) 

for all 18 accessions of Lentinus from Nagaland. 
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A UPGMA dendrogram was also constructed based on pair-wise similarity matrix 

calculated by DICE similarity coefficient from pooled data of all the three markers (ISSR, 

DAMD and RAPD) i.e., concatenation. The dendrogram obtained showed similar tree 

topology given by ISSR, DAMD and RAPD markers. Figure 3.17 shows the tree 

representation from the pooled data. The UPGMA dendrogram resolved all the accessions of 

Lentinus species into two major clusters from the pooled data – Cluster I and Cluster II. 

Cluster I divided into two sub-clusters of L. sajor-caju and L. tigrinus and Cluster II included 

all the 6 accessions of L. squarrosulus and L. squarrosulus var. squarrosulus which also 

divided into two sub-clusters. 

For L. squarrosulus and L. squarrosulus var. squarrosulus, the dendrogram obtained 

by ISSR, DAMD and RAPD markers grouped the L. squarrosulus accessions (LS1-

Mokokchung, LS2-Tuensang, LS3-Wokha) in one cluster and the accessions of L. 

squarrosulus var. squarrosulus (LS4-Zunheboto, LS5-Kohima, LS6-Longleng) in another 

cluster. For L. tigrinus, the dendrogram obtained by DAMD and RAPD markers formed 

three small sub-clusters while the dendrogram obtained by ISSR marker formed a slightly 

different tree topology. However, in all the analysis the collections of Longleng and 

Tuensang (LT17 and LT18) clustered together. For L. sajor-caju, the dendrogram obtained 

by ISSR and DAMD markers grouped the L. sajor-caju collections into two clusters. The 

collections from Longleng (LX7), Mokokchung (LX9) and Wokha (LX8) resolved into one 

sub-cluster and the collections from Kohima (LX10), Tuensang (LX11) and Zunheboto 

(LX12) resolved into the other sub-cluster. However, RAPD marker resolved the tree into 

three small sub-clusters, collections from Mokokchung (LX9) and Kohima (LX10) in one 

sub-cluster, collections from Longleng (LX7) and Wokha (LX8) formed one sub-cluster and 
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collections from Tuensang (LX11) and Zunheboto (LX12) formed the other sub-cluster. The 

clustering pattern obtained from all the three markers showed the extent of genetic diversity 

present in Lentinus species; however, it may or may not be related to geographical locations. 

Nevertheless, it can be observed that the genetic diversity or genetic similarity differed from 

species to species in different geographical locations. 

Mantel’s correlation (Mantel, 1967) of the similarity matrices for the marker systems 

was done by using the MXCOMP module of NTSYS version 2.21software to test the 

Goodness-of-Fit for individual marker system used. Rohlf (1988, 2000) included a 

Goodness-of-Fit test known as cophenetic correlation in order to examine the accuracy of the 

tree that was generated by the markers data whether it represented the original data well. The 

cophenetic correlation is executed between the genetic distance datasets and one that is 

generated from the tree itself i.e., a cophenetic matrix, then the two matrices are analyzed 

using the Mantel test. If the correlation is high, then that means the tree represents the 

original data well. If the correlation is low, then that means the tree does not represent the 

original data well. Given below are the Mantel’s correlation (r) values of the three marker 

systems used in the present study to test the Goodness-of-Fit for each marker system. 

Mantel’s correlation (r) values of individual marker system is observed to be high which 

points out that the tree generated represented the original data accurately. 
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Mantel’s correlation (Mantel, 1967) for each marker system 

Marker system Mantel’s correlation (r) 
Goodness-of-Fit (Rohlf, 

1988) 

ISSR 0.88273 r≥0.9; very good fit 

r≥0.8; good fit 

r≥0.7; poor fit 

r<0.7; very poor fit 

DAMD  0.92508 

RAPD 0.82677 

* P < 0.01 

 Mantel’s correlation (Mantel, 1967) of the similarity matrices between each marker 

system was done to check the level of correlation between the marker systems. Given below 

are the Mantel’s correlation (r) values between the three marker systems. Mantel’s 

correlation (r) values displayed a significant difference in the degree of correlation which 

revealed the extent of genome coverage by the markers as each marker system targeted a 

specific region and are independent of each other. 

Mantel’s correlation (Mantel, 1967) between marker systems 

Marker system Mantel’s correlation (r) 
Goodness-of-Fit (Rohlf, 

1988) 

ISSR and DAMD 0.59659 r≥0.9; very good fit 

r≥0.8; good fit 

r≥0.7; poor fit 

r<0.7; very poor fit 

DAMD and RAPD   0.60343 

RAPD and ISSR 0.44838 

* P < 0.01 
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Discussion 

The morphological characters play a vital role in identification of mushrooms 

however, for some species, morphological characters are not enough to authenticate the 

species identity as mushrooms are polymorphic in nature. Thus, it becomes imperative to use 

molecular tools for correct identification of mushrooms. The molecular phylogenetic studies 

based on ITS, 18S and 28S rRNA genes revealed the inter-species relationships among the 

mushroom species. The genus Lentinus is known to be highly plastic and always appear in 

varying morphological characters (Abdullah, 2014). However, the utilization of molecular 

markers in the present study helped in reaffirming the identification of the WEM species 

generated by the morphological observations. Even the intra-specific relationship between 

the Lentinus species was deduced from the phylogenetic tree topologies. In the present study, 

amplification of ITS1-5.8S rDNA-ITS2 regions by universal primers ITS5 and ITS4 

produced DNA fragment band between (500-800) bp which are in consistency with Gardes 

and Bruns (1993) and Maeta et al. (2008) who proposed the expected DNA fragment size to 

be between (600-800) bp for rDNA target region. Blaalid et al. (2013) also proposed similar 

explanations that the ITS region of fungi varies between (450-750) bp approx in length with 

few exceptions. The observation of this study is in agreement with past reports where it is 

concluded that ITS region is a reliable barcode for identifying mushrooms and other fungal 

species (Schoch et al., 2012). The ITS region have always been targeted for studying the 

genetic relationship because this region has the highest degree of variation as compared to 

other nuclear rDNA regions which allows discriminating between species or strains of 

mushrooms (Bruns et al., 1991; Gardes and Bruns, 1993; Martin et al., 2004; Begerow et al., 

2010). This region has also been immensely used in fungal ecological studies for a broader 
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resolution of identity at and below the genus level (Begerow et al., 2010). The 18S rRNA 

phylogenetic trees were constructed using amplified sequences of 18S rRNA sequences and 

similar sequences retrieved from GenBank through NCBI blast. The nucleotide blasting of 

18S rRNA sequences of S. commune AO-DEBCR-7 in NCBI showed 99% identity with S. 

commune and S. radiatum but for the rest of the WEM species, the nucleotide sequences did 

not show good identity results after blasting. This confirms and is in agreement with other 

reports that the data generated from 18S rRNA is limited for accurate identity of the 

mushroom species due to very less hyper variable domains in fungi for 18S rRNA genes 

which limits its effectiveness (Schoch et al., 2012). Therefore, the trees generated by 18S 

rRNA datasets could not resolve conclusively the species identity and phylogeny. The 

phylogenetic tree generated from 28S rRNA sequences showed similarity with the tree 

topology generated from ITS sequences and was quite useful in interpreting the phylogeny 

between the mushroom species presently studied. The 28S rRNA gene has variable regions 

with sequence divergency- D1, D2, and D3 which makes it sufficient to study the 

phylogenetic relationships between the fungal species (Hong et al., 2000; Wesselink et al., 

2002). This observation is in agreement to Schoch et al. (2012) reports that 28S rRNA genes 

gives superior species resolution in some taxonomic groups but slightly inferior to the ITS 

and hence, for fungal identifications including mushrooms, a combination of two markers is 

best. The current molecular advances in multi-loci phylogeny gives stable and well defined 

phylogenetic analysis, but still there is much to be resolved. One of the major problems in 

species identity is that only a few mushroom species have been sequenced and deposited in 

public repositories like GenBank. Moreover, the target data for some mushroom species is 

totally absent in GenBank domains which lead to erroneous tree topology and inference. 
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Thus, it is advisable to use both morphological and phylogenetic species criterion together to 

define a species (Cai et al., 2011). Nevertheless, it is always better to use two or more 

markers for identification and characterization of mushrooms and other fungi for 

authentication. In Nagaland, the WEM species are generally identified by conventional 

method which many a times results in wrong identification as many mushrooms show 

variations in their morphological characters like texture, color, size, etc depending on soil 

and climatic conditions in different regions. To popularize the consumption of WEM species, 

it is important to identify conclusively. In countries like Japan and China, WEM have already 

been domesticated and commercialized but in remote regions like Nagaland, it is still under-

studied and unknown, as such WEM are available only during the mushrooming season to 

the people.  

The present work is the first attempt from Nagaland to correctly identify some of the 

popular WEM species based on the data generated by the multi-gene molecular 

characterization along with their morphological traits. The utilization of molecular markers 

for mushroom identification is highly desirable and practical because it is reliable and quick. 

The molecular phylogenetic analysis also resolved successfully the WEM species with 

respect to their infrageneric groups. The high CI values of the mushrooms species indicated 

the low homoplasy nature. In this study, the ITS and 28S rRNA datasets were observed to be 

more informative then the 18S rRNA datasets. Moreover, the molecular barcodes produced 

for each of the mushroom specimens in the present analysis will help in future research and 

conservation of these popularly consumed WEM of the region. This work will create 

awareness to researchers working in the field of fungi to make more in-depth study on wild 

mushrooms of Nagaland. As said in previous chapters, there is very few works carried out on 



 

 

137 

 

mushroom diversity of Nagaland, so proper documentation, identification and 

characterization of the macrofungal population is the need of the hour to create a database of 

the rich mushroom wealth of the state. 

Mushrooms are in high demand because of its therapeutic and pharmaceutical 

applications apart from being a popular nutritious food to humans. The information on the 

genetic diversity and variability of these mushrooms is necessary to enable their sustainable 

cultivation, utilization and conservation of the existing germplasm. ISSR and RAPD 

molecular markers are among the most widely used to examine the genetic diversity, genetic 

map construction, linkage analysis and DNA fingerprinting in plants (Darvasi et al., 1993; 

Neale and Savolainen, 2004). Mushrooms are healthy natural food which originates from an 

organic farming system (Moore and Chiu, 2001). For sustainable mushroom cultivation and 

production, novel strains with improved characters are essential. But, mushroom strains are 

not easy to discriminate due to lack of definite distinguishable characters which impedes 

strain improvement and protection problematic. These provide reliable information for strain 

protection and identification in mushrooms. Over the years, the method for detection and 

assessment of genetic diversity has extended from assessment of discrete morphological to 

biochemical and molecular traits. There are very few reports available on inter- and intra-

specific genetic diversity of Lentinus using ISSR, RAPD and DAMD markers. Dwivedi et al. 

(2017) has studied the inter- and intra-specific genetic diversity of Lentinus sp. using RAPD 

marker system. The present study is the first of its kind to use RAPD, ISSR and DAMD 

molecular markers both individually and in combination to study the extent of genetic 

diversity and variability among the natural populations of Lentinus sajor-caju, L. 

squarrosulus, L. squarrosulus var. squarrosulus and L. tigrinus respectively from North-East 
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India. The main advantages of using these primers are that they are quick, reliable, highly 

polymorphic and randomly distributed throughout the genomes. As the markers are PCR-

based, therefore, do not need any sequence information for primer construction and require 

very small amounts of template DNA. The use of these molecular markers has aided to 

evaluate genetic diversity by recognizing the polymorphic nucleotide sequences dispersed 

throughout the genome and to determine inter- and intra-species genetic relationship 

(Gostimsky et al., 2005; Karakas et al., 2010) among wild and cultivated taxa. A comparison 

of the degree of polymorphism and discriminatory efficiency of RAPD, ISSR and DAMD 

markers observed that each marker technique was able to detect genetic variation in the three 

populations of Lentinus species. 

In the present study, 28 primers (10 ISSR+10 DAMD+8 RAPD) were used to 

examine the genetic diversity within and among the populations of the three Lentinus 

species. A total of 237 bands were scored in 18 accessions of three Lentinus species, out of 

which 227 bands were polymorphic with average polymorphism of 95.78%. The average PIC 

value was found to be 0.72 per primer and the average Rp and MI value was found to be 

16.79 and 5.89 respectively (Table 4.10). The discriminatory power of a primer is a reliable 

indicator of the efficiency of that primer in genetic diversity assessment. The utility and 

efficiency of the molecular markers used in the present study was tested by comparing the 

PIC, Rp and MI values within and among the populations for their discriminatory power. The 

PIC is used to evaluate the overall utility of a marker system in discriminating the extent of 

polymorphism across the taxa (Powell et al., 1996). The PIC of each primer in all three 

marker systems was determined to assess the level of informativeness i.e., high PIC > 0.5, 

moderate 0.5 > PIC >0.25 and low PIC < 0.25 (Botstein et al., 1980; Weber et al., 2005; 
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Dwivedi et al., 2017). In the present study, the mean PIC values were observed to be high in 

all the three Lentinus species. The DAMD marker system showed a slightly higher mean PIC 

value (0.77) as compared to RAPD (0.71) and ISSR (0.7) across the 18 accessions of 

Lentinus species. The mean Rp value was higher in RAPD (18.01) as compared to ISSR 

(17.84) and DAMD (14.78) and the mean MI value was higher in RAPD (18.01) as 

compared to ISSR (17.84) and DAMD (14.78) (Table 3.2, 3.7 and 3.9). In L. squarrosulus 

species, high mean PIC value was observed in RAPD (0.56) as compared to ISSR (0.51) and 

DAMD (0.41). The mean Rp value was higher in DAMD (8.63) as compared to ISSR (7.91) 

and RAPD (7.42) and the mean MI value was higher in ISSR (2.96) as compared to RAPD 

(2.92) and DAMD (1.81) (Table 3.4). In L. sajor-caju species, high mean PIC value was 

observed in RAPD (0.51) as compared to DAMD (0.48) and ISSR (0.41). The mean Rp 

value was higher in ISSR (9.11) as compared to DAMD (7.94) and RAPD (7.68) and the 

mean MI value was higher in RAPD (2.94) as compared to DAMD (1.74) and ISSR (1.34) 

(Table 3.5). In L. tigrinus species, high mean PIC value was observed in ISSR (0.63) as 

compared to RAPD (0.51) and DAMD (0.47). The mean Rp value was higher in DAMD 

(8.3) as compared to RAPD (7.63) and ISSR (6.85) and the mean MI value was higher in 

ISSR (3.06) as compared to RAPD (2.34) and DAMD (1.51) (Table 3.6). The overall 

comparative assessment of all the molecular approaches (ISSR, DAMD and RAPD) revealed 

hyper variability in the Lentinus species. This shows the extent of genome coverage as ISSR 

markers targets the microsatellite regions, while DAMD markers target the core minisatellite 

regions and RAPD markers amplify randomly within the target genome.  

To evaluate the genetic variation within and among the Lentinus species parameters 

like number of polymorphic bands (NPB), percentage of polymorphic loci (PPB), observed 
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number of alleles (Na), effective number of alleles (Ne), Nei’s gene diversity (H), Shannon 

index (I), Total gene diversity (Ht) and Heterozygosity (Hs) within populations were 

calculated. Polymorphism is common in nature and occurs when various phenotypes exist in 

populations of a single species. It is the outcome of evolution, heritable and modified 

according to the laws of nature. Polymorphism relates to genetic variation, biodiversity and 

adaptation (Dobzhansky, 1970). The potential of species to survive environmental processes 

depends a lot on the degree of genetic variability it possess (Ayala and Kiger, 1984). The 

average polymorphism observed in L. squarrosulus populations by the three markers are 

73.05% (ISSR), 59.39% (DAMD) and 82.68% (RAPD). In L. sajor-caju populations, it is 

observed as 61.4% (ISSR), 70.94% (DAMD) and 69.33% (RAPD) and in L. tigrinus 

populations, it is observed as 86.21% (ISSR), 76.15% (DAMD) and 71.52% (RAPD). 

Among the three Lentinus species, L. tigrinus showed the highest polymorphism as 

compared to L. sajor-caju and L. squarrosulus mushrooms. Even the pooled data 

(ISSR+DAMD+RAPD) showed that L. tigrinus exhibited the highest polymorphism 

(78.42%) as compared to L. squarrosulus (70.92%) and L. sajor-caju (66.2%) mushrooms. In 

L. squarrosulus species, ISSR marker showed maximum Na (1.68±0.54), Ne (1.47±0.38), H 

(0.27±0.21) and I (0.41±0.31) as compared to RAPD Na (1.59±0.5), Ne (1.42±0.39), H 

(0.24±0.21), I (0.35±0.3) and DAMD markers Na (1.45±0.5), Ne (1.3±0.38), H (0.17±0.2) 

and I (0.25±0.29). In L. sajor-caju species, RAPD marker showed maximum Na (1.61±0.5), 

Ne (1.38±0.37), H (0.22±0.2) and I (0.33±0.29) as compared to ISSR Na (1.42±0.5), Ne 

(1.33±0.42), H (0.21±0.22), I (0.26±0.31) and DAMD markers Na (1.38±0.49), Ne 

(1.24±0.35), H (0.14±0.19) and I (0.21±0.28). In L. tigrinus species, ISSR marker showed 

maximum Na (1.57±0.4), Ne (1.4±0.38), H (0.23±0.21), I (0.34±0.3) as compared to RAPD 
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Na (1.51±0.5), Ne (1.32±0.38), H (0.19±0.21), I (0.28±0.3) and DAMD markers Na 

(1.35±0.48), Ne (1.26±0.38), H (0.15±0.21) and I (0.21±0.29). The Heterozygosity (Hs) 

within the populations was observed to be 0.23±0.02 (ISSR), 0.22±0.02 (RAPD) and 

0.15±0.01 (DAMD), and the total gene diversity (Ht) was almost similar for all the three 

marker systems i.e. 0.38±0.02 (RAPD), 0.35±0.02 (ISSR) and 0.31±0.02 (DAMD) between 

the mushroom species. The genetic variation among all 18 accessions of Lentinus species, 

the Na (1.98±0.31), Ne (1.62±0.34), H (0.35±0.16), I (0.52±0.2), Ht (0.35±0.02), Hs (0.23 ± 

0.02), Gst (0.36) and Nm (0.91) was observed for ISSR marker. While for DAMD marker, 

the Na (1.95±0.21), Ne (1.52±0.32), H (0.31±0.15), I (0.48±0.19), Ht (0.31±0.02), Hs (0.15 ± 

0.01), Gst (0.51) and Nm (0.48) was observed. For RAPD marker, the Na (1.99±0.12), Ne 

(1.66±0.29), H (0.38±0.12), I (0.56±0.15), Ht (0.38±0.02), Hs (0.22±0.02), Gst (0.43) and 

Nm (0.66) was observed. The pooled data from all the three markers showed the Na 

(1.97±0.22), Ne (1.61±0.32), H (0.35±0.15), I (0.52±0.19), Ht (0.35±0.02), Hs (0.21± 0.01), 

Gst (0.43) and Nm (0.66). All these data revealed that the three marker systems used were 

efficient in analyzing the genetic diversity of the Lentinus species.  

Gene flow is the movement of genes from one population to another. The extent of 

gene flow within the same population or between the related species determines their 

potential for genetic differentiation (Slatkin, 1985; McDermott and McDonald, 1993). 

Kumar et al. (2014) classified the estimate of gene flow (Nm) in nature as Nm < 1 – Low, 

Nm > 1 – Moderate and Nm > 4 – Extensive. Low or moderate Nm values between 

populations indicate high levels of genetic diversity. In the present study, low gene flow was 

observed for all marker systems viz. 0.91 (ISSR), 0.48 (DAMD) and 0.66 (RAPD) and also 

in combination (ISSR+DAMD+RAPD), the gene flow was low (0.66). On the other hand, 
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the relative genetic differentiation (Gst) was observed to be high viz. 0.36 (ISSR), 0.51 

(DAMD), 0.43 (RAPD) and 0.43 (ISSR+DAMD+RAPD). This revealed that the populations 

of three Lentinus species show low gene flow having higher genetic differentiation (Gst) 

indicating high genetic diversity between them. The analysis of gene flow is an essential 

factor for genetic diversity analysis. To ensure genetic sustainability, a high range of genetic 

variation and diversity within populations is beneficial as adaptability and genetic diversity 

always correlates to each other, which is crucial for conservation in nature (Gregory et al., 

2006). The UPGMA dendrogram revealed the genetic relationship among all the 18 

collections of Lentinus species. The DICE coefficient of genetic similarity ranged from 0.40 

to 0.97 (ISSR marker), 0.44 to 0.96 (DAMD marker), 0.48 to 0.92 (RAPD marker) and 0.48 

to 0.92 (pooled data) (Figure 3.14, 3.15, 3.16, 3.17) and the cophenetic correlation (Mantel’s 

test) for all the marker systems corresponded to a good fit i.e., ISSR – 0.88, DAMD – 0.93 

and RAPD – 0.83. The genetic similarity or dissimilarity varies from place to place and 

between species to species respectively. The UPGMA clustering was also confirmed by 

PCoA analysis which revealed the genetic distinctiveness of the Lentinus populations studied 

(Figure 3.18, 3.19, 3.20, 3.21). Swingland (2001) has defined the genetic diversity as the 

presence of heritable variation in populations of same species and these heritable characters 

may probably express on its own as altered morphology, anatomy, physiological behavior or 

biochemical features. The genetic diversity and variability of any species is crucial because 

this forms the basis of the evolutionary potential of that species to adapt to the ever changing 

environment, whereas the loss of genetic variation reduces the ability of any species to cope 

up (Lande, 1988; Frankham, 1996; Shah et al., 2008; Hu et al., 2010). The presence of 

genetic variability is crucial because they are the building blocks of genetic diversity and the 
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foundation for sustainability. For conservation of germplasm, the genetic diversity will be the 

determining factor; as such the need arises to characterize the genetic resources available for 

their constructive utilization in breeding programmes (Bhandari et al., 2017). The present 

study significantly revealed the existence of high genetic diversity among and within the 

Lentinus species of Nagaland which remains under-utilized. The study demonstrated that the 

use of different markers targeting various regions or parts of the genome is a useful tool in 

assessing and examining the genetic diversity and variability of any organism including 

mushrooms. Thus, the integration of the three different markers – ISSR, DAMD and RAPD, 

targeting different amplification regions in the present study, was observed to be effective in 

detecting genetic variability and diversity of the mushroom resource. Hence, the marker 

systems used were highly efficient and informative in discriminating the mushroom species. 

This study may be useful in selection of unique gene pools for biotechnological exploitation 

and innovation of Lentinus species for the improvement of society at large. This result may 

therefore be used to widen the genetic bases in order to improve the quality of cultivated 

strains. Therefore, understanding the genetic variations and diversity of any crop plant 

including edible mushrooms will play a beneficial role in food security.  

 

 

 

 

 

 

 



 

 

144 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.18: Scatter plot of the 18 accessions of Lentinus species using principle coordinate 

analysis (PCoA) based on ISSR data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.19: Scatter plot of the 18 accessions of Lentinus species using principle coordinate 

analysis (PCoA) based on DAMD data. 
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Figure 3.20: Scatter plot of the 18 accessions of Lentinus species using principle coordinate 

analysis (PCoA) based on RAPD data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.21: Scatter plot of the 18 accessions of Lentinus species using principle coordinate 

analysis (PCoA) based on pooled data of the three marker systems. 
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Summary and Conclusion 

Nagaland is home to many popular wild edible mushroom species like Lentinula 

edodes, Lentinus squarrosulus, L. sajor-caju, L. tigrinus, Schizophyllum commune, 

Termitomyces heimii, Auricularia auricula-judae, A. polytricha, Pleurotus spp. etc. This 

chapter deals with the identification and molecular phylogenetic studies of six WEM species 

and one variety of L. squarrosulus based on morphological characteristics and molecular 

markers (ITS, 18S rRNA and 28S rRNA genes) data. The combined results of morphology 

and molecular analysis authenticated the identity of all the WEM species used in the present 

study. The ITS markers complemented 100% to morphological identity indicating that ITS 

marker can be regarded as universal DNA barcode marker for identifying mushrooms. The 

use of 28S rRNA markers also helped in identification and characterization of the mushroom 

species. However, the 18S rRNA markers could not resolve species identity for some of the 

species studied. The application of molecular markers for identification of mushrooms is 

highly desirable and practical because it is reliable and quick. The molecular phylogenetic 

analysis could also resolve successfully the six WEM species with respect to their 

infrageneric groups. The high CI values of the mushrooms species indicated the low 

homoplasy nature. The ITS and 28S rRNA datasets were found to be more informative then 

the 18S rRNA datasets. Moreover, the molecular barcodes generated for each individual 

mushroom specimen in the present investigation will help in future research and conservation 

of these popularly consumed WEM of the region.  

The use of three different markers (ISSR, DAMD and RAPD) both individually and 

in combination provided a convenient method to assess the genetic variation and diversity in 

the 18 accessions of the three Lentinus species. The UPGMA dendrogram also revealed the 
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extent of genetic relationship among all the accessions of Lentinus species which was 

confirmed by PCoA analysis. Genetic variability and diversity assessment at intra- and inter- 

specific levels are vital for crop improvement because the presence of natural genetic 

variation is crucial to have opportunities for development of improved traits in crop 

production. The present study revealed the existence of high genetic diversity within the 

Lentinus species of Nagaland which remains under-utilized. All the marker systems used 

were observed to be highly efficient and informative in discriminating the mushroom 

species. Thus, this study throws light on the potential and importance of mushrooms 

especially the edible mushrooms as an economically valuable crop. Understanding the 

genetic variations and diversity of any crop plant including edible mushrooms will play a 

beneficial role in food security. 
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Chapter - 4  

Nutritional Analysis 

__________________________________________________________________________ 

Introduction  

Since the early ages, mushrooms have been regarded around the world as the most 

delectable and succulent of foods because of its unique taste and flavor. The utilization of 

mushrooms as food is probably old like the human civilization and mushrooms have been 

regarded as an important source of nutritious food to humans (Chang and Miles, 1992). 

Though around 2000 fungal species are reported to be edible, but only less than 25 

mushroom species are accepted as food globally and very few have achieved the level of 

commercial item (Bonatti et al., 2004). Agaricus bisporus, Auricularia species, Pleurotus 

species, Lentinula edodes and Volvariella volvacea are some of the most accepted edible 

mushrooms globally. Wild Edible Mushrooms (WEMs) are popularly used as food and 

medicines in many African and Asian countries and is appreciated for its nutritional 

compositions (Boa, 2004). They are known for nutritional and medicinal values and 

considered to be nutraceuticals due to its antioxidant, antitumor and antimicrobial properties 
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(Barros et al., 2007; Ferreira et al., 2007). Further, edible mushrooms are considered as 

healthy food as they are rich in proteins, fibers, minerals, vitamins, low/no calories and 

cholesterol lowering properties apart from the flavor they impart (Wani et al., 2010). Fresh 

mushrooms are considered to have protein content twice to that of vegetable protein content 

and possess all the 9 amino acids essential for the health of humans (Sumbali, 2005) and the 

food value of mushrooms lies between vegetables and meat (Bano, 1976).  

The recent demand of mushrooms as a source of bioactive compounds is due to its 

hypocholesterolemic, antioxidant, immuno-potentiating, anticancer, hepatoprotective and 

antiviral agents. This new compounds is termed as ‘nutriceuticals’ which is extractable from 

the mushroom mycelium or the fruiting body and represents a major component of the rising 

biotechnology industry of mushroom (Chang and Buswell, 1996). Mushrooms are regarded 

as functional foods because they possess therapeutic properties and at present, around 270 

mushroom species are reported to have therapeutic properties (Ooi and Liu, 1999). 

Secondary metabolites like polyphenols, terpenes, steroids and polyketides which have 

antioxidant properties and pharmacological applications in mushrooms plays vital role in 

boosting the health of consumers (Cheung et al., 2003; Barros et al., 2007). These secondary 

metabolites like flavonoids and anthocyanins show pharmacological activities like 

antimicrobial, immuno-modulatory, antioxidant, antifungal, anti-inflammatory, anticancer 

etc (Ramesh and Pattar, 2010; Keles et al., 2011).  

It has been reported that mushrooms play important role as topoisomerase inhibitor, 

reactive oxygen species inducer, anti-mitotic, mitotic kinase inhibitor, angiogenesis inhibitor, 

leading to apoptosis and also checking cancer proliferation and act as anti-cancer compounds 

(Patel and Goyal, 2013). Mushrooms are also known to cut cholesterol, fight against skin 
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diseases, diabetes, stress, insomnia, asthma and allergies (Bahl, 1983). Most organisms 

possess repair systems and antioxidant defense systems for protection against free radical 

damage by oxidative enzymes like superoxide dismutase (SOD) and catalase (CAT) and by 

chemical compounds like ascorbic acid, carotenoids, a-tocopherol, glutathione and 

polyphenolic compounds (Mau et al., 2001), yet these mechanisms are not sufficient. 

Naturally available antioxidants are studied extensively due to their properties which help 

cells from damage caused by oxidative stress in organisms (Cazzi et al., 1997). Mau et al. 

(2004) reported mushrooms as rich resources of naturally available antioxidants.  

Globally, mushrooms are one of the most abundant unused sources of enzyme 

complex and can flourish successfully on varieties of inexpensive substrates such as 

cellulose, pectin, hemicelluloses, lignin and industrial wastes not suitable even for animals 

(Bano et al., 1963). International Society for Mushroom Science (ISMS) has initiated the 

campaign to popularize mushroom consumption throughout the world. Wild edible 

mushrooms are non-wood forest resource commonly used by mycophilic societies which has 

been documented by workers around the world in many countries (Jones and Whalley, 1994; 

Roberto et al., 2005). Tibuhwa (2013) documented and studied the necessity of WEM as a 

means of income for the poor rural dwellers and as healthy food in Tanzania.  

India has suitable agro-climatic habitats which favor the growth of diverse variety of 

fungi. In India, information about the food and nutritional value of mushrooms has been 

provided by many workers (Hira et al., 1990; Murugkar and Subbulakshmi, 2005). In 

Nagaland, WEMs are considered as traditionally important nutritious food which forms an 

important part of the food culture of all the tribes in the state. A total of 52 WEM have been 

reported in this study. The local markets were surveyed to gather information on the wild 
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edible varieties sold by the locals. During the mushrooming season, WEM species like 

Auricularia auricula-judae, A. polytricha, Lentinula edodes, Lentinus squarrosulus, L. sajor-

caju, Schizophyllum commune, Termitomyces heimii etc are sold at local markets (Ao et al., 

2016a; Ao et al., 2016b). The WEM species available in Nagaland are under-studied and 

under-exploited; as such it becomes imperative to thoroughly screen and explore the 

potential mushrooms available in the state. This chapter deals with the biochemical and 

antioxidant analysis of ten popular WEMs from Nagaland, India.  

Materials and Methods 

 Sample Collection and Extraction 

The mushroom samples were collected from local markets and forest areas during the 

season of availability from different areas of Nagaland. The samples were either sun dried or 

oven dried at 70-75oC for 6-12 h. The samples were extracted according to the procedure and 

methods followed for each estimation.  

Biochemical Analysis 

Moisture content 

For calculation of moisture content, pre-weighed mushrooms were maintained in 

oven (100±5°C) for 12-48 hrs and weighed till a constant weight was achieved. The moisture 

content was estimated as given below: 

Loss in Weight 

Moisture Content (%)     =                                  X 100 

                                            Weight of Sample 

Dry matter content 

Dry matter content was taken as the final weight obtained after the sample have been 

dried in the oven at 100±5°C for 12-48 hrs and calculated using the following formula:  
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 Final Weight 

 Dry Matter Content (%)   =                                 X 100 

                                            Weight of Sample 

Total protein 

Lowry’s protocol (Lowry et al., 1951) was used for estimation of total protein 

content. Bovin Serum Albumin (BSA) used as the standard for calculating the protein in the 

samples. About 0.5 g of mushroom sample was used to get extract using 10 ml of 0.1 M 

phosphate buffer (pH 7.4). Then 5 ml of the reagent mixture which is prepared by mixing 

2%, w/v sodium carbonate (prepared in 0.1 N sodium hydroxide solution) and 1%, w/v 

copper sulphate (prepared in 1%, w/v potassium sodium tartarate solution) was added to 0.1 

ml of the sample. The solution was then incubated for 10 min at room temperature followed 

by addition of 0.5 ml of 1 N Folin- Ciocalteau reagent and incubation in the dark for 20-30 

min. The absorbance of the resulting solution was measured at 660 nm using UV-Vis 

spectrophotometer (ELICO Double Beam SL 210). 

Total carbohydrate 

  Phenol Sulphuric Acid method (Dubois et al., 1956) was followed for quantification 

of total carbohydrate. To 0.1 ml of the sample, 1 ml phenol solution (5%, v/v) and 5 ml of 

H2SO4 (96%, v/v) were added. The volume of the test sample was made up to 10 ml with 

pure water and mixed well followed by incubation for 20 min at 25-30oC in water bath. The 

absorbance of the final test solution was measured at 490 nm against glucose as standard. 

Reducing Sugar 

Reducing sugar was determined following DNS method (Miller, 1972). To 0.1 ml of 

sample extract, 3 ml of DNS reagent (Take 1 g NaOH, 19.2 g Sodium Potassium Tartarate, 

1.0 g DNS powder, 0.05 g Sodium Sulphite and 0.2 g Phenol crystals for preparing 100 ml of 
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DNS reagent) was added and the resulting mixture was kept for 5 min in a boiling water 

bath. Rochelle salt solution (1 ml, 40%) was added to the mixture and the volume of the test 

sample was made up to 10 ml with pure water. After cooling, the absorbance of the final 

solution was measured at 510 nm against glucose as standard. The amount of non-reducing 

sugar was determined as the difference between total carbohydrate and reducing sugar and 

expressed as g/100g of dry weight. 

Crude fiber 

The amount of crude fiber was estimated by the procedure of Maynard (1970) and 

AOAC (2000). The samples were treated with petroleum ether to remove fat and boiled with 

200 ml of 0.255 N sulphuric acid for 30 min. The solution was filtered through muslin cloth 

and boiled with 200 ml of 0.313 N sodium hydroxide solution for 30 min followed by 

filtration through muslin cloth and the residue washed with 25 ml of boiling 1.25% sulphuric 

acid, 50 ml of water and 25 ml of alcohol. The residue was transferred to ashing dish (pre-

weighed, W1) and dried for 2 hrs at 130±2oC, then cooled the dish in a dessicator and 

weighed (W2). The dish was heated at 660±15oC for 30 min and cooled and weighed again. 

The difference in weights represents the amount of crude fiber. The amount of crude fiber 

calculated by using the formula: 

         Loss in weight  

Crude Fiber (%) =         X 100 

                   Weight of Sample 

Ash content 

The powdered mushroom sample (about 1.0 g) was ashed in a muffle furnace in 

previously ignited and cooled crucible of known weight at 550±5°C for 1 hr. The crucible 
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and its contents were then cooled in desiccators and reweighed. The rate of the incombustible 

residue accounts for ash content (AOAC, 2000).        

          Weight of Ash 

 Ash Content (%) =         X 100 

                    Weight of Sample 

 

Determination of Antioxidant Activity, Total Phenol ic Content, Total Flavonoid 

Content 

 Preparation of Methanol Extract 

Methanolic extraction procedure was used for sample extraction. About 10 g of dried 

mushroom was grinded in liquid nitrogen using mortar and pestle. The powder was mixed 

with 100 ml of methanol and incubated for 24 hrs at 25oC under continuous stirring at 150 

rpm and the process repeated until the extraction solvent became colorless. The extract was 

then filtered on filter paper Whatman No. 4 and the filtrate was used directly for antioxidant 

analysis. 

2, 2-Diphenyl-1-picrylhydazyl (DPPH) radical scavenging assay 

The DPPH stable free radical method was used to determine the antioxidant activity 

(Aoshima et al., 2004). To 0.1 ml of mushroom methanol extract at different extract 

concentrations (10 mg/ml, 50 mg/ml, 100 mg/ml, 150 mg/ml, 200 mg/ml), 2.9 ml of DPPH 

(0.1 mM DPPH prepared in methanol) was added and vortexed vigorously. Incubation of the 

reaction mixture for 30 min was done in the dark at 30oC and the absorbance of the mixture 

was measured at 517 nm. Trolox and Ascorbic acid was used as the standard for the 

evaluation of antioxidant activity. Inhibition of free radicals by DPPH was calculated by the 

following equation: 
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DPPH scavenging effect (%) = [(Ao-A1/Ao) X 100] where Ao is the absorbance of control 

reaction and A1 is the absorbance in the presence of sample. 

Total phenolic content 

  The presence of polyphenols was determined by Folin-Ciocalteu method (Singleton 

and Rossi, 1965). To 0.1 ml of the filtered extract, 0.9 ml of sterile water and 1 ml of the 

Folin-Ciocalteu reagent were added. The mixture was incubated for 5 min followed by 2 ml 

of saturated sodium carbonate (75 g L-1) was added to the mixture. The final volume of the 

test sample was made to 10 ml with pure water. The reaction mixture was incubated in the 

dark for 90 min. The resulting absorbance of the blue colored solution was measured at 765 

nm. Quantification was done based on gallic acid standard in methanol (80%, v/v) and the 

total phenolic content of the mushroom samples were expressed as mg of gallic acid 

equivalents (GAE) per g of the sample extract. 

Total flavonoid content 

The presence of flavonoids was estimated by colorimetric method of Sahreen et al. 

(2010). To 0.3 ml of extract, 3.4 ml of methanol (30%), 0.15 ml of sodium nitrite (0.5 M) 

and 0.15 ml of aluminium chloride hexahydrate (0.3 M) were added. After 5 min of 

incubation at room temperature, 1 ml of 1 M NaOH was added to the solution. The 

absorbance of the solution was measured at 510 nm. Quercetin was used as the standard and 

the results expressed as mg of quercetin equivalents (QE) per g of the sample extract. 

Statistical Analysis 

 All the experiments were repeated thrice and the results represent the mean of three 

replicates. Data expressed as Mean ± Standard Deviation. 
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Results  

Surveys were conducted in the local markets to gather information on the WEM 

varieties sold by the locals. The WEM species like A. auricula-judae, A. polytricha, L. 

edodes, L. squarrosulus, L. tigrinus, L. sajor-caju, S. commune, T. heimii and Pleurotus sp. 

are the most common mushrooms sold in the local markets during the mushrooming season. 

Figure 4.1 shows the ten WEM species used for the nutritional analysis and the biochemical 

composition of the ten WEM species is presented in Table 4.1. The macronutrient profile 

shows that the mushrooms are nutritionally rich and possess bioactive properties like 

antioxidant ability due to the presence of phenols and flavonoids. 

The moisture content was observed to be high in all the studied WEM species which 

varied from 88.9% in A. auricula-judae to 87.3% in L. squarrosulus, 86.2% in L. 

squarrosulus var. squarrosulus, 85.1% in L. sajor-caju, 82.8% in L. edodes, 82.01% in A. 

polytricha, 81.1% in T. heimii, 80.03% in L. piperatus, 73.7% in L. tigrinus, 69.8% in S. 

commune and 49.8% in L. sulphureus. The presence of moisture provides flavor and texture 

to the mushrooms. 

The dry matter content was determined for all the studied WEM species. The dry 

matter content ranged from 50.2% in L. sulphureus to 30.2% in S. commune, 26.3% in L. 

tigrinus, 19.97% in L. piperatus, 18.9% in T. heimii, 17.9% in A. polytricha, 17.2% in L. 

edodes, 14.9% in L. sajor-caju, 13.8% in L. squarrosulus var. squarrosulus, 12.7% in L. 

squarrosulus and 11.1% in A. auricula-judae. 
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Figure 4.1 shows the ten WEM species used for nutritional analysis- 1. Auricularia auricula- 

judae, 2. A. polytricha, 3. Laetiporus sulphureus, 4. Lentinula edodes, 5. Lentinus 

squarrosulus, 6. L. squarrosulus var. squarrosulus, 7. L. sajor-caju, 8. L. tigrinus, 9. 

Lactifluus piperatus, 10. Schizophyllum commune, 11. Termitomyces heimii. 
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Table 4.1: Biochemical composition of ten popular wild edible mushrooms of Nagaland, India 

Mushroom species Moisture  
(%) 

Dry 
matter 

(%) 

Total Protein 
(g/100g DW) 

Total Carbohydrate 
(g/100g DW) 

Reducing sugar 
(g/100g DW) 

Non-reducing 
sugar (g/100g DW) 

Crude 
fiber (%) 

Ash 
(%) 

Auricularia auricula-
judae 

88.9±.02 11.1±.02 56.92±.01 18.67±.01 2.51±.01 16.16±.01 11.1±.08 3.15±.3 

Auricularia polytricha 82.01±.04 17.9±.04 42±.02 16.03±.02 4.82±.02 11.21±.02 10.45±.3 8.44±.8 

Lactifluus piperatus 80.03±.02 19.97±.0
2 

19.33±.02 9.2±.07 3.12±.02 6.08±.05 5.09±.1 5.38±.6 

Laetiporus sulphureus 49.8±.02 50.2±.02 22.73±.01 7.65±.01 4.32±.01 3.33±.01 6.09±.08 4.81±.5 

Lentinula edodes 82.8±.01 17.2±.01 43.81±.02 38.44±.01 6.19±.06 32.25±.07 3.6±.07 5.59±.3 

Lentinus sajor-caju 85.1±.02 14.9±.02 62.27±.02 6.81±.01 5.08±.03 1.73±.02 7.02±.05 8.41±.2 

Lentinus squarrosulus 87.3±.02 12.7±.02 27.86±.01 9.32±.01 6.05±.02 3.27±.02 1.71±.2 10.66±.4 

Lentinus squarrosulus 
var. squarrosulus 

86.2±.01 13.8±.01 18.77±.02 19.14±.01 5.39±.08 13.75±.06 6.1±.1 3.12±.2 

Lentinus tigrinus 73.7±.04 26.3±.04 31.85±.03 16.09±.3 5.76±.02 10.33±.2 7.09±.08 3.41±.2 

Schizophyllum commune 69.8±.02 30.2±.02 24.42±.02 5.31±.01 2.33±.02 2.98±.02 11.01±.08 6.02±.6 

Termitomyces heimii 
 

81.1±.02 18.9±.02 60.53±.01 22.74±.01 7.81±.04 14.93±.03 8.11±.04 5.66±.02 
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The total protein content was observed to be high in all the studied mushrooms. The 

highest protein content was observed in L. sajor-caju (62.27 g/100g, DW) which is followed 

by T. heimii (60.53 g/100g, DW), A. auricula-judae (56.92 g/100g, DW), L. edodes (43.81 

g/100g, DW), A. polytricha (42 g/100g, DW), L. tigrinus (31.85 g/100g, DW), L. 

squarrosulus (27.86 g/100g, DW), S. commune (24.42 g/100g, DW), Laetiporus sulphureus 

(22.73 g/100g, DW), Lactifluus piperatus (19.33 g/100g, DW) and L. squarrosulus var. 

squarrosulus (18.77 g/100g, DW). 

In the present study, the highest total carbohydrate content was observed in  L. edodes 

(38.44 g/100g, DW) which is followed by T. heimii (22.74 g/100g, DW), L. squarrosulus 

var. squarrosulus (19.14 g/100g, DW), A. auricula-judae (18.67 g/100g, DW), L. tigrinus 

(16.09 g/100g, DW), A. polytricha (16.03 g/100g DW), L. squarrosulus (9.32 g/100g, DW), 

L. piperatus (9.2 g/100g, DW), L. sulphureus (7.65 g/100g, DW), L. sajor-caju (6.81 g/100g, 

DW) and S. commune (5.31 g/100g, DW).  

The amount of reducing sugar was also determined which ranged from 7.81 g/100g, 

DW in T. heimii to 6.19 g/100g, DW in L. edodes, 6.05 g/100g, DW in L. squarrosulus, 5.76 

g/100g, DW in L. tigrinus, 5.39 g/100g, DW in L. squarrosulus var. squarrosulus, 5.08 

g/100g, DW in L. sajor-caju, 4.82 g/100g, DW in A. polytricha, 4.32 g/100g, DW in L. 

sulphureus, 3.12 g/100g, DW in L. piperatus, 2.51 g/100g, DW in A. auricula-judae and 2.33 

g/100g, DW in S. commune. The amount of non-reducing sugar was determined as the 

difference between total carbohydrate and reducing sugar and ranged from 32.25 g/100g, 

DW in L. edodes to 1.73 g/100g, DW in L. sajor-caju. 

Fiber is also a part of carbohydrate and the crude fiber content was determined for the 

WEM species. The amount of crude fiber ranged from 11.1% in A. auricula-judae to 11.01% 
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in S. commune, 10.45% in A. polytricha, 8.11% in T. heimii, 7.02% in L. sajor-caju, 6.1% in 

L. squarrosulus var. squarrosulus, 6.09% in L. sulphureus, 5.09% in L. piperatus, 3.6% in L. 

edodes and 1.71% in L. squarrosulus. 

The ash content in the studied mushrooms ranged from 10.66% in L. squarrosulus to 

8.44% in A. polytricha, 8.41% in L. sajor-caju, 6.02% in S. commune, 5.66% in T. heimii, 

5.59% in L. edodes, 5.38% in L. piperatus, 4.81% in L. sulphureus, 3.41% in L. tigrinus, 

3.15% in A. auricula-judae and 3.12% in L. squarrosulus var. squarrosulus. Determination 

of ash content is a vital part of nutritional analysis as it is the first step in the preparation of a 

sample for mineral elements analysis. 

The total phenolic and flavonoid content was also determined during the study and 

the results are shown in Figure 4.2. The presence of phenolic compounds like phenolic acids 

and flavonoids indicates antioxidant activity of the compound. In the present study, the 

phenolics ranged from 18.7g GAE/100g, DW in L. squarrosulus to 17.4g GAE/100g, DW in 

T. heimii, 17.2g GAE/100g, DW in L. sajor-caju, 16.4g GAE/100g, DW in S. commune, 

16.1g GAE/100g, DW in L. sulphureus, 10.2g GAE/100g, DW in L. edodes, 10.1g 

GAE/100g, DW in L. tigrinus, 9.9g GAE/100g, DW in A. polytricha, 8.1g GAE/100g, DW 

in L. piperatus, 7.7g GAE/100g, DW in L. squarrosulus var. squarrosulus and 7.3g 

GAE/100g, DW in A. auricula-judae.  

The flavonoid content were lower as compared to phenolics and ranged from 9.3g 

QE/100g, DW in L. sulphureus to 6.6g QE/100g, DW in L. sajor-caju, 5.6g QE/100g, DW in 

S. commune, 4.7g QE/100g, DW in T. heimii, 4.5g QE/100g, DW in L. squarrosulus, 3.7g 

QE/100g, DW in L. tigrinus, 3.2g QE/100g, DW in L. edodes, 2.1g QE/100g, DW in L. 

piperatus, 1.8g QE/100g, DW in A. polytricha, 1.7g QE/100g, DW in L. squarrosulus var. 

squarrosulus and 1.5g QE/100g, DW in A. auricula-judae. 
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Figure 4.2: Total phenolic (TPC g GAE/100g DW) and flavonoid (TFC g QE/100g DW) 

content of the ten popular wild edible mushrooms- a. Auricularia auricula-judae, b. A. 

polytricha, c. Lactifluus piperatus, d. Laetiporus sulphureus, e. Lentinula edodes, f. Lentinus 

sajor-caju, g. L. squarrosulus, h. L. squarrosulus var. squarrosulus, i. L. tigrinus, j. 

Schizophyllum commune, k. Termitomyces heimii. 
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Figure 4.3: The scavenging effect (%) of the ten wild edible mushrooms at different extract 

concentrations against Trolox and Ascorbic acid on DPPH radicals. 
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Figure 4.4: The comparison of the IC50 values between the ten wild edible mushrooms, 

ascorbic acid and trolox - a. Auricularia auricula-judae, b. A. polytricha, c. Lactifluus 

piperatus, d. Laetiporus sulphureus, e. Lentinula edodes, f. Lentinus squarrosulus, g. L. 

squarrosulus var. squarrosulus, h. L. sajor-caju, i. Schizophyllum commune, j. L. tigrinus, k. 

Termitomyces heimii, l. Trolox, m. Ascorbic acid. 
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The antioxidant capacity of the WEM species was determined by DPPH scavenging 

assay. Lower absorbance of the samples during the reaction indicated higher free radical 

scavenging activity. The IC50 value of the mushroom samples was calculated to study the 

inhibition ability of each mushroom against DPPH free radicals. IC50 is the quantity of 

sample required to scavenge 50% of the DPPH radicals. The lower the IC50 value higher is 

the capacity of the samples to inhibit the free radicals. The IC50 value of the mushroom 

species ranged from 47.5 μg/ml in L. tigrinus to 82.6 μg/ml in L. squarrosulus, 95.1μg/ml in 

L. sulphureus, 107.2 μg/ml in T. heimii, 130.1 μg/ml in A. polytricha, 137.4 μg/ml in L. 

edodes, 137.9 μg/ml in L. sajor-caju, 153.1 μg/ml in S. commune, 157.7 μg/ml in L. 

piperatus, 187.8 μg/ml in A. auricula-judae and 212.8 μg/ml in L. squarrosulus var. 

squarrosulus against Trolox (111.1 μg/ml) and Ascorbic acid (7.6 μg/ml) as standard. The 

scavenging percentage (%) of the ten WEM species at different extract concentrations 

against trolox and ascorbic acid is shown in Figure 4.3. The comparison of the IC50 values 

between the ten wild edible mushrooms, ascorbic acid and trolox is shown in Figure 4.4. 

Discussion 

It was observed that all the studied WEM species are nutritionally rich. The present 

study revealed the nutritional compositions of these species, but there are wide variations in 

the macronutrient profiles even within the species. In mushroom, this phenomenon is 

common. In the past, similar reports have been published by many workers in different 

mushroom species (Rudawska and Leski, 2005; Kalac, 2009; Pushpa and Purushothama, 

2010). The differences in the nutritional compositions of mushrooms is related with factors 

like different species, mycelium and fructifications, developmental stage, storage conditions, 

climatic conditions in different regions of the world, soil conditions, level of pollution, metal 



 

 

165 

 

accumulations, processing and cooking conditions etc which overall affects the nutritional 

composition of mushrooms (Vetter, 1993; Barros et al., 2007; Kalac, 2009). During the 

present investigation, L. squarrosulus and L. squarrosulus var. squarrosulus collected from 

different locations showed variations in their macronutrient compositions and the remaining 

mushrooms also showed variations in their nutritional profiles when compared to data 

reported from different workers which supports the findings of other workers that soil 

conditions and environmental factors play a vital role in the nutritional composition of 

mushrooms (Beelman and Edwards, 1989; Vetter, 1993; Rudawska and Leski, 2005; Barros 

et al., 2007; Kalac, 2009). During their study, Pushpa and Purushothama (2010) and 

Manikandan (2011) have reported variations in the nutritional compositions of A. bisporus. 

It has been observed that the nutritional values of the mushrooms are directly related 

to moisture content and environmental conditions (Colak et al., 2009; Kalac, 2009). Moisture 

content was found to be high for most of the studied WEM species. This high moisture 

content makes the mushrooms easily perishable and susceptible to microbes and enzyme 

activity apart from the taste and flavor they impart. The very high moisture content of fresh 

mushrooms makes them not suitable to be kept for long duration as high water activity 

enhances the microbial growth (Brock et al., 1986; Heleno et al., 2009). Because of the 

unique flavor of mushrooms, it stimulates the human appetite. Young mushrooms contain 

higher moisture content then as compared to fully matured ones. The dry matter content was 

also determined from the final weight obtained after the WEM samples have been oven dried 

at 100±5°C for 12-48 hrs. The dry matter content ranged from 50.2% in L. sulphureus to 

11.1% in A. auricula-judae. 
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Protein is an essential component of dry matter of mushrooms. In this study, the 

protein content of dried mushrooms was observed to be richer than carbohydrate which is 

similar to previous reports (Manzi et al., 1999; Manzi, et al., 2004). Edible mushrooms 

collected from the wild are considered nutritionally richer i.e., richer source of proteins and 

lower fat content than commercial mushrooms (Barros et al., 2008). Some workers have 

reported that the protein content depends on the genetic makeup of the mushrooms and the 

chemical and physical differences during growth (Sanmee et al., 2003). The protein content 

of mushrooms is generally regarded to be higher than green vegetables (Jonathan, 2002). 

Verma et al. (1987) reported that mushrooms are important for vegetarians because they 

contain some essential amino acids which are found only in animal proteins. Bioactive 

proteins also known as fungal immuno-modulatory proteins is a new class of bioactive 

compounds isolated from mushrooms which has shown potential application in metastasis 

and suppressing tumor invasion (Lin et al., 2010). Because of high protein content in 

mushrooms, the FAO of the UN has emphasized to adopt mushroom as an ideal food to 

combat protein deficiency in the world.  

In the present study, carbohydrate is found as another abundant macronutrient. 

Studies have reported edible mushrooms to be rich source of carbohydrates which range 

from 28.38% to 82.8% (DW) (Ragunathan et al., 1996; Thatoi and Singdevsachan, 2014). A 

considerable part of carbohydrates occur in the form of polysaccharides represented by 

starch, glycogen and fibers which is necessary for proper functioning of the alimentary tract 

(Manzi et al., 2001). Polysaccharides are the most potent mushroom derived substances and 

the main polysaccharides present in mushrooms are β-glucans which constitutes around half 

of the fungal cell wall mass. β-glucans are responsible for antioxidant, anti-tumor, anti-
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cancer, anti-cholesterolemic, immuno-modulating and neuroprotective activities of many 

mushrooms (Zhang et al., 2007; Khan et al., 2013).  Lentinula edodes mushroom showed 

very high carbohydrate content (38.44g/100g, DW) when compared to the remaining 

mushroom species. From this particular mushroom, an anti-cancer compound named 

Lentinan is extracted and is in high demand due to its pharmaceutical applications. A. 

polytricha and A. auricula-judae are also medicinal mushrooms that are popularly known for 

their anti-tumor, anti-coagulant, hypoglycemic properties, etc (Wasser 2002; Reza et al., 

2012; Choi et al., 2018).  

Fiber is also a part of carbohydrate and very significant amounts of crude fiber was 

observed during the study for all the WEM species. The presence of fibers is an important 

characteristic in mushrooms as fibers are necessary in maintaining healthy and balanced diet 

in humans. Cheung (1998) reported that edible mushrooms are ideal choice of food for the 

treatment of atherosclerosis due to fiber content. He also concluded that the addition of 

edible mushrooms into the human diet had a hypocholesterolemic effect due to dietary fibers 

such as glucans which can increase intestinal motility, reduce bile and cholesterol absorption.  

Ash is defined as the inorganic residue or substance resulting from the incineration of 

dry matter or oxidation of the organic matter in the powdered sample. Even though minerals 

represent only a very small proportion of dry matter, sometimes less than 7% of the total, 

they play a crucial role from a physicochemical and nutritional point of view. In the present 

study, the highest ash value was observed in L. squarrosulus (10.66%) and ranged from 

10.66% to 3.12%. Similar ash values in the studied WEM species have been reported by 

some previous workers (Ayaz et al., 2011; Johnsy et al., 2011; Usha and Suguna, 2014; Enas 

et al., 2016). The value of ash content is important because it determines the minerals present 
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in the food. The minerals like K, P, Na, Ca, Mg represent the major constituents and Cu, Zn, 

Fe, Mo, Cd represent the minor constituents in mushrooms (Bano et al., 1981; Bano and 

Rajarathanum, 1982; Chang, 1982). It is reported that K, P, Na and Mg comprise about 56 to 

70% of the total ash content in mushrooms while potassium alone forms 45% of the total ash 

(Li and Chang, 1982). The mineral content of mushrooms varies from species to species, age 

and diameter of fruiting body and also depends on the type of the substratum (Demirbas, 

2001). It is reported that the mineral content of WEM is higher than cultivated mushrooms 

(Mattilla et al., 2001; Rudawska and Leski, 2005). 

Generally, the presence of phenols and flavonoids indicates mushrooms as 

biologically active compounds which exhibit antioxidant, anticancer, anti-inflammatory, 

immuno-modulatory, anti-tumor, anti-viral, hypocholesterolemic and hypoglycemic 

properties and plays a significant role in pharmacology. The highest phenolic content was 

observed in L. squarrosulus (18.7g/100g, DW) and the lowest in A. auricula-judae (7.3 

g/100g, DW). The flavonoid content was found to be lower as compared to phenolic content 

in the present study which ranged from 9.3 g/100g in L. sulphureus to 1.5 g/100g in A. 

auricula-judae. In mushrooms, the antioxidants present are mainly phenolic compounds than 

tocopherols, ascorbic acid and carotenoids, and are thus regarded to possess antioxidant 

activity. Therefore, the results showed that the presence of phenolics and flavonoids is a 

useful indicator for possessing antioxidant activity in mushrooms and also that phenolic 

compounds play a vital role in the maintenance of human health.  

The antioxidant activity of the ten WEM species was tested using DPPH scavenging 

assay. The methanolic extracts of the mushrooms at different extract concentrations showed 

significant antioxidant activity and hence, are sources of rich natural antioxidants. Trolox 
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(111.1 µg/ml) and Ascorbic acid (7.6 µg/ml) was used as reference antioxidant compound 

during the experiment. The IC50 values of L. tigrinus, L. squarrosulus, L. sulphureus and T. 

heimii were lower than that of trolox (111.1 µg/ml); however, the IC50 value of ascorbic acid 

(7.6 µg/ml) was lower than all the mushroom species studied. Nevertheless, the mushroom 

species studied were able to scavenge the DPPH radicals showing strong antioxidant activity. 

Among the 10 WEM species, L. tigrinus (47.5 µg/ml, IC50) exhibited the highest scavenger 

of DPPH radicals followed by L. squarrosulus (82.6µg/ml, IC50). Oxidation is a necessary 

mechanism for living organisms to produce energy; however oxygen-centered free radicals 

produced in vivo continuously, result in tissue damage and cell death. Free radicals cause 

oxidative damage which leads to aging, cirrhosis, diabetes, atherosclerosis and cancer 

(Halliwell and Gutteridge, 1984). The current interest in natural antioxidant substances is due 

to restriction in the applications of synthetic antioxidants like BHA (2-tert-butyl-4-

methoxyphenol), BHT (butylated hydroxytoluene) etc. (Branen, 1975). Antioxidants play a 

significant role in maintaining human health due to their ability to scavenge free radicals in 

the bodies reducing oxidative damage (Elmastas et al., 2007; Ferreira et al., 2007) and 

mushrooms are rich sources of antioxidants (Puttaraju et al., 2006; Oyetayo, 2007). The 

antioxidant potential, phenolic and flavonoid content of various mushrooms have been 

reported by many workers (Ramesh and Pattar, 2010; Keles et al., 2011; Boonsong et al., 

2016; Sanchez, 2017) and it is said that the antioxidant potential of mushrooms is higher than 

most vegetables and fruits (Sanchez, 2017). Thus, antioxidant supplements or foods 

containing antioxidants may be utilized to help the human body fight against oxidative 

damage. 
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There has been tremendous progress in mushroom cultivation and research because 

of its immense nutritional and medicinal properties. Mushrooms are known to man since 

time immemorial. The health benefits of consuming mushrooms and mushroom products 

have been reported by many workers around the world (Chang and Miles, 2004; Ferreira et 

al., 2007). These WEM are healthy food supplements required to maintain balanced diets as 

it contains macro as well as micro nutrients and functional minerals. Recently, mushrooms 

are popularly advocated as a low caloric diet food especially for cancer, diabetic and cardiac 

patients. Mushrooms are also gaining importance as a protein supplementary food especially 

for the people living in under developed countries. Present day world is facing human 

nutritional problems especially protein deficiency, and the State of Food Security and 

Nutrition in the World (SOFI) has called upon all countries and stakeholders to come 

together to fight hunger and check all forms of malnutrition by 2030 as the present scenario 

is that the population of undernourished people is increasing alarmingly in the world. 

Moreover, the world is in demand for cheaper and abundant source of natural antioxidants 

which can be provided by mushrooms. Therefore, mushrooms should be promoted as healthy 

food supplements i.e. as neutraceuticals worldwide to overcome malnutrition and provide 

immunity to the body.  

Summary and Conclusion 

This chapter reports the biochemical and antioxidant analysis of ten popular WEM 

from Nagaland. In this study, biochemical analysis including phenolics, flavonoids and 

antioxidant activity was done for the ten mushroom species. High moisture content was 

observed during the study which ranged from 88.9% in A. auricula-judae to 49.8% in L. 

sulphureus and the content of dry matter ranged from 50.2% in L. sulphureus to 11.1% in A. 
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auricula-judae. Total protein content was observed to be high in all the studied mushrooms 

and ranged from 62.27 g/100g (L. sajor-caju) to 18.77 g/100g (L. squarrosulus var. 

squarrosulus); the total carbohydrate content ranged from 38.44 g/100g (L. edodes) to 5.31 

g/100g (S. commune); reducing sugar content ranged from 7.81 g/100g (T. heimii) to 2.33 

g/100g (S. commune). The crude fiber content ranged from 11.1% in A. auricula-judae to 

1.71% in L. squarrosulus and the ash content ranged from 10.66% in L. squarrosulus to 

3.12% in L. squarrosulus var. squarrosulus. The highest phenolic content was recorded in L. 

squarrosulus (18.7 g/100g) and lowest in A. auricula-judae (7.3 g/100g). The flavonoids 

ranged from 9.3 g/100g in L. sulphureus to 1.5 g/100g in A. auricula-judae. All the studied 

mushroom species exhibited significant antioxidant activity against DPPH free radicals and 

the highest antioxidant activity was observed in L. tigrinus (47.5 µg/ml, IC50). The study 

concludes that mushrooms can be advocated as healthy food supplements to enhance the 

immune system and as defensive mechanism against diseases. 

The findings of present study reflect that all the WEMs are nutritionally very rich 

exhibiting significant antioxidant activity. As WEM are easily accessible source of rich 

natural antioxidants and promising nutritious food, this study brings to light the scope of 

mushroom cultivation and production which is eco-friendly and cost-effective. This can be a 

means of income generation especially to the rural poor. Training and awareness campaigns 

should be organized for the rural communities to promote the mushroom industry. This will 

help in alleviating poverty which will indirectly play a role in achieving food and nutrition 

security. Moreover, a thorough screening and exploration of the wild mushrooms is required 

to study its medicinal properties and bioactivity. The present work also create awareness to 

conserve and manage this natural resource as the present environmental crisis like climate 
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change and global warming adversely affects the survivability of mushrooms which require 

specific micro-climatic conditions for its growth. It is necessary to remember that the 

nutritional and medicinal value of mushrooms is most likely to be vanished at this rate if the 

wild mushroom species are not documented and studied. Even the unsystematic collection of 

mushrooms in forest areas by the mushroom hunters and deforestation has led to decline in 

the macrofungal population. Therefore, measures must be taken to conserve this precious 

natural resource which has immense health and medicinal benefits.  

Mushrooms have the solution to some extent on many of the present day problems 

like food quality, unemployment, environmental pollutions and pharmaceutical applications. 

Mushrooms as food and medicines are solutions to many health problems. Thus, mushrooms 

are a boon to mankind and should be exploited judiciously for the improvement of society. 
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Chapter - 5 

Summary 

 

Nagaland has a forest cover of 12,489 sq. km approx. which is 75.33% of the state’s 

geographical area. The state has a rich biodiversity of wild mushrooms but is under studied. 

There is the need to identify the rich mushroom biodiversity of the state which will help in 

creating strategies for management and conservation as various anthropogenic factors like 

deforestation and unsystematic collection in forest areas by the mushroom hunters, and 

climate change has affected the survivability of mushrooms in nature.  

During the present research work, surveys were undertaken in different districts of 

Nagaland. The wild mushrooms were collected between the altitudinal ranges of 150 m ASL 

to 3000 m ASL. The mushroom populations reduced in number with the increase of altitude 

and the highest number of mushrooms was collected between the altitudinal range of 900 m 

and 1400 m ASL. A total of 141 mushroom species belonging to 80 genera under 44 families 

have been identified correctly. The Basidiomycetes mushrooms dominated over 

Ascomycetes mushrooms. A total of 52 mushroom species were identified as edible, 10 
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mushrooms were identified to be poisonous and the remaining 79 mushrooms were found to 

be inedible. The collected mushroom species are predominantly found to be parasitic, 

saprophytic and ecto-mycorrhizal in habitat. Though mushrooms are found round the year, 

the peak season of collection is April to July. Mushrooms are mostly found in the wet season 

than the dry season and during the present research work, most mushroom species were 

collected during the wet season. The dry season is dominated mostly by polypores and 

bracket fungi like Trametes gibbosa, T. versicolor, Pycnoporus cinnabarinus, Microporus 

xanthoporus, Daldinia concentrica, Ganoderma lucidum and Schizophyllum commune etc. 

During the study, it was observed that the population of wild mushrooms decreased in the 

collection areas over time which is a clear indication that mushrooms are very valuable 

biological indicator to assess the ecosystem damage. The presence of both micro- and macro-

fungi in the nature is significant because of the role they play in recycling of nutrients, 

biodegradation; and as food to humans and animals and also to pharmaceutical industries. 

The market surveys during the research work revealed that WEM are highly coveted 

food resource and forms a vital part of the food culture of all the tribes of Nagaland. The 

WEM species like Lentinula edodes, Lentinus squarrosulus, L. sajor-caju, L. tigrinus, 

Lactifluus volemus, S. commune, Termitomyces heimii, T. microcarpus, T. eurhizus, 

Auricularia auricula-judae, etc. are the popular wild edible varieties sold at local markets. 

The tribal population throughout the state collects the mushrooms from the wild and sells in 

the market during the season of availability. Besides, the number of medicinally important 

mushrooms available in the state is also high. For sustainable and commercial production, 

the WEM species need to be domesticated and popularized as nutritious food in order to have 

market acceptability which will indirectly help the ethnic people to earn their livelihoods.  
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The morphological characters play a significant role in the identification of 

mushrooms however, for some species, morphological characters are not sufficient as 

mushrooms are polymorphic in nature. Thus, it becomes imperative to use molecular tools 

for correct identification of mushrooms. During the present study, identification and 

molecular phylogenetic studies based on ITS, 18S and 28S rRNA genes were carried out for 

six popular WEM species viz. L. tigrinus, L. squarrosulus, L. squarrosulus var. squarrosulus, 

L. sajor-caju, L. edodes, S. commune and T. heimii. The combined results of morphology and 

molecular analysis authenticated the identity of all the WEM species used in the study. The 

ITS markers complemented 100% to morphological identity indicating that ITS marker can 

be regarded as universal DNA barcode marker for identifying mushrooms which is in 

agreement to past reports. The use of 28S rRNA markers also helped in identification and 

characterization of the mushroom species. However, the 18S rRNA markers could not resolve 

species identity for some of the species studied. The present work is the first attempt from 

Nagaland to correctly identify some of the popular WEM species based on the data generated 

by the multi-gene molecular characterization along with their morphological traits. The 

molecular phylogenetic studies also resolved successfully the studied WEM species with 

respect to their infrageneric groups. The high Consistency Index (CI) values of the 

mushroom species indicated the low homoplasy nature. The ITS and 28S rRNA datasets were 

observed to be more informative than the 18S rRNA datasets. The current molecular 

advances in multi-loci phylogeny gives stable and well defined phylogenetic analysis, but 

still there is much to be resolved. One of the major problems in species identity is that only a 

few mushrooms have been sequenced and deposited in public repositories like GenBank. 

Moreover, the target data for some mushroom species is totally absent in GenBank domains 
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which lead to erroneous tree topology and inference. Therefore, it is always better to use two 

or more markers for identification and characterization of mushrooms for authentication. 

Moreover, the molecular barcodes generated for each individual mushroom specimen in the 

present investigation will help in future research and conservation of these popularly 

consumed WEM of the region. 

Mushrooms are in high demand because of its therapeutic and pharmaceutical 

applications apart from being a popular nutritious food to humans. The information on the 

genetic diversity and variability of these mushrooms is necessary to enable their sustainable 

cultivation, utilization and conservation of the existing germplasm. The present study is the 

first of its kind to use RAPD, ISSR and DAMD molecular markers both individually and in 

combination to study the degree of genetic variability present among the natural populations 

of Lentinus sajor-caju, L. squarrosulus, L. squarrosulus var. squarrosulus and L. tigrinus 

respectively from Nagaland. A comparison of the degree of polymorphism and 

discriminatory efficiency of RAPD, ISSR and DAMD showed that each marker technique 

was able to detect genetic variation in the three populations of Lentinus species. In the 

present study, 28 primers (10 ISSR+10 DAMD+8 RAPD) were utilized to evaluate the 

genetic diversity within and among the populations of the three Lentinus species. A total of 

237 bands were scored in 18 accessions of three Lentinus species, out of which 227 bands 

were polymorphic with average polymorphism of 95.78%. The average PIC value was 

observed to be 0.72 per primer and the average Rp and MI value was observed to be 16.79 

and 5.89 respectively. The discriminatory power of a primer is a reliable indicator of the 

usefulness of that primer in genetic variation and diversity analysis. The utility and efficiency 

of each molecular markers used in the present study was tested by comparing the PIC, Rp 
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and MI values within and among the populations for their discriminatory power. The overall 

comparative assessment of all the molecular approaches (ISSR, DAMD and RAPD) revealed 

hyper variability in the Lentinus species. This shows the extent of genome coverage as ISSR 

markers targets the microsatellite regions, while DAMD markers target the core minisatellite 

regions and RAPD markers amplify randomly in the targeted genome. The average 

polymorphism observed in L. squarrosulus populations by the three markers are 73.05% 

(ISSR), 59.39% (DAMD) and 82.68% (RAPD). In L. sajor-caju populations, it is observed 

as 61.4% (ISSR), 70.94% (DAMD) and 69.33% (RAPD) and in L. tigrinus populations, it is 

observed as 86.21% (ISSR), 76.15% (DAMD) and 71.52% (RAPD). Among the three 

Lentinus species, L. tigrinus showed the highest polymorphism as compared to L. sajor-caju 

and L. squarrosulus mushrooms. Even the pooled data (ISSR+DAMD+RAPD) showed that 

L. tigrinus exhibited the highest polymorphism (78.42%) as compared to L. squarrosulus 

(70.92%) and L. sajor-caju (66.2%) mushrooms. In L. squarrosulus species, ISSR marker 

showed maximum Na (1.68±0.54), Ne (1.47±0.38), H (0.27±0.21) and I (0.41±0.31) as 

compared to RAPD Na (1.59±0.5), Ne (1.42±0.39), H (0.24±0.21), I (0.35±0.3) and DAMD 

markers Na (1.45±0.5), Ne (1.3±0.38), H (0.17±0.2) and I (0.25±0.29). In L. sajor-caju 

species, RAPD marker showed maximum Na (1.61±0.5), Ne (1.38±0.37), H (0.22±0.2) and I 

(0.33±0.29) than ISSR Na (1.42±0.5), Ne (1.33±0.42), H (0.21±0.22), I (0.26±0.31) and 

DAMD markers Na (1.38±0.49), Ne (1.24±0.35), H (0.14±0.19) and I (0.21±0.28). In L. 

tigrinus species, ISSR marker showed maximum Na (1.57±0.4), Ne (1.4±0.38), H 

(0.23±0.21), I (0.34±0.3) as compared to RAPD Na (1.51±0.5), Ne (1.32±0.38), H 

(0.19±0.21), I (0.28±0.3) and DAMD markers Na (1.35±0.48), Ne (1.26±0.38), H 

(0.15±0.21) and I (0.21±0.29). The Heterozygosity (Hs) within the populations was observed 
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to be 0.23±0.02 (ISSR), 0.22±0.02 (RAPD) and 0.15±0.01 (DAMD), and the total gene 

diversity (Ht) was almost similar for all the three marker systems i.e. 0.38±0.02 (RAPD), 

0.35±0.02 (ISSR) and 0.31±0.02 (DAMD) between the mushroom species. The genetic 

variation among all 18 accessions of Lentinus species, the Na (1.98±0.31), Ne (1.62±0.34), H 

(0.35±0.16), I (0.52±0.2), Ht (0.35±0.02), Hs (0.23 ± 0.02), Gst (0.36) and Nm (0.91) was 

observed for ISSR marker. While for DAMD marker, the Na (1.95±0.21), Ne (1.52±0.32), H 

(0.31±0.15), I (0.48±0.19), Ht (0.31±0.02), Hs (0.15±0.01), Gst (0.51) and Nm (0.48) was 

observed. For RAPD marker, the Na (1.99±0.12), Ne (1.66±0.29), H (0.38±0.12), I 

(0.56±0.15), Ht (0.38±0.02), Hs (0.22±0.02), Gst (0.43) and Nm (0.66) was observed. The 

pooled data from all the three markers showed the Na (1.97±0.22), Ne (1.61±0.32), H 

(0.35±0.15), I (0.52±0.19), Ht (0.35±0.02), Hs (0.21±0.01), Gst (0.43) and Nm (0.66). All 

these data revealed that the three marker systems used were efficient in assessing the genetic 

variation and diversity of the Lentinus species. In the present study, low gene flow was 

observed for all marker systems viz. 0.91 (ISSR), 0.48 (DAMD) and 0.66 (RAPD) and also 

in combination (ISSR+DAMD+RAPD), the gene flow was low (0.66). On the other hand, 

the relative genetic differentiation (Gst) was observed to be high viz. 0.36 (ISSR), 0.51 

(DAMD), 0.43 (RAPD) and 0.43 (ISSR+DAMD+RAPD). This revealed that the populations 

of three Lentinus species show low gene flow having higher genetic differentiation (Gst) 

indicating high genetic diversity between them. The assessment of gene flow is a crucial 

factor for genetic diversity analysis. The UPGMA dendrogram also revealed the degree of 

genetic relationship among all the 18 accessions of Lentinus species. The genetic similarity 

or dissimilarity varies from one place to the other and between species to species. The use of 

three different markers (ISSR, DAMD and RAPD) both individually and in combination 
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provided a convenient method to assess the genetic variation and diversity in the 18 

accessions of the three Lentinus species. Genetic variability and diversity assessment at intra- 

and inter- specific levels are vital for crop improvement because the presence of natural 

genetic variation is crucial to have opportunities for development of improved traits in crop 

production. This study reveals the presence of high genetic diversity within the Lentinus 

species of Nagaland which remains under-utilized. The study demonstrated that the use of 

different markers targeting various regions of the genome is a useful tool in assessing and 

examining the genetic diversity and variability of any organism including mushrooms. 

Hence, the integration of the three different markers – ISSR, DAMD and RAPD, targeting 

different amplification regions in this study was observed to be effective in detecting genetic 

variability and diversity of the mushroom resource. Thus, all the marker systems used were 

highly efficient and informative in discriminating the mushroom species. This study may be 

useful in selection of unique gene pools for biotechnological exploitation and innovation of 

Lentinus species for the improvement of society at large. This result may also be utilized to 

widen the genetic bases in order to improve the quality of cultivated strains.  

Nutrition is the most important reason for all the societies of the world. During the 

present study, nutritional analysis was performed for ten popular WEM species of Nagaland. 

The macronutrient profile showed that the mushrooms are nutritionally very rich and possess 

bioactive properties like antioxidant ability due to the presence of phenols and flavonoids. 

The moisture content was high in all the studied WEM species which ranged from 88.9% in 

A. auricula-judae to 49.8% in L. sulphureus. The presence of moisture provides flavor and 

texture to the mushrooms. The dry matter content ranged from 50.2% in L. sulphureus to 

11.1% in A. auricula-judae. Young mushrooms contain higher moisture content then as 
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compared to fully matured ones. Protein is an essential component of dry matter of 

mushrooms. In this study, the protein content of dried mushrooms was richer than 

carbohydrate. The highest protein content was observed in L. sajor-caju with 62.27 g/100g 

and lowest in L. squarrosulus var. squarrosulus (18.77 g/100g, DW). In the present study, 

the total carbohydrate content ranged from 38.44 g/100g, DW in L. edodes to 5.31 g/100g 

DW in S. commune. The content of reducing sugar ranged from 7.81 g/100g, DW in T. 

heimii to 2.33 g/100g, DW in S. commune and the crude fiber ranged from 11.1% in A. 

auricula-judae to 1.71% in L. squarrosulus. The presence of fibers is an important 

characteristic in mushrooms as fibers are necessary in maintaining healthy and balanced diet 

in humans. The ash value ranged from 10.66% in L. squarrosulus to 3.12% in L. 

squarrosulus var. squarrosulus. The highest phenolic content was observed in L. 

squarrosulus (18.7 g/100g, DW) and the lowest in A. auricula-judae (7.28g GAE/100g, 

DW). The highest flavonoid content was observed in L. sulphureus (9.32 g/100g, DW) and 

the lowest in 1.46 g QE/100g, DW in A. auricula-judae. The antioxidant ability of the ten 

WEM species was determined by DPPH scavenging assay. The methanolic extracts of the 

mushrooms at different extract concentrations showed significant antioxidant activity and 

hence, are sources of rich natural antioxidants. L. tigrinus (47.5 µg/ml, IC50) and L. 

squarrosulus (82.6 µg/ml, IC50), exhibited the highest inhibition ability of DPPH radicals 

when compared to the remaining mushroom species studied. The results showed that the 

presence of phenolics and flavonoids is a useful indicator for possessing antioxidant activity 

in mushrooms. Recently, natural antioxidant supplements are gaining popularity due to 

restriction in the utilization of synthetic antioxidants. As WEM are easily accessible source 

of rich natural antioxidants and promising nutritious food, this study brings to light the scope 
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of mushroom cultivation and production which is eco-friendly and cost-effective. At present, 

wild mushrooms represent an abundant and precious non-wood forest resource globally. 

Moreover, the world is in demand for cheaper and abundant source of natural antioxidants 

which can be provided by mushrooms. The FAO (Food and Agriculture Organization) has 

emphasized the adoption of mushrooms as an ideal food to combat protein deficiency in the 

world. Because of the alarming food crisis faced in the world today, the State of Food 

Security and Nutrition in the World (SOFI) has called upon all countries and stakeholders to 

come together to end hunger and fight all forms of malnutrition by 2030. 

The WEM available in Nagaland are under-studied and under-exploited so the time 

has arrived to identify and explore the wild mushroom biodiversity. It is essential to 

thoroughly screen and explore the potential mushrooms available as sustainable development 

of mushroom industry in Nagaland is only possible when systematic research and work is 

initiated in this field with a proper vision to improve the socio-economic status of the people. 

The present study demonstrates the potential and importance of mushrooms especially the 

edible mushrooms as an economically valuable crop. The findings of this study may be 

regarded as a database of wild mushrooms of the state and will be helpful to future 

researchers. This study also promotes awareness to utilize this underutilized local resource, 

which will not only provide nutritious food but employment opportunities especially to the 

disadvantaged groups (i.e. unemployed and old people). Efforts need to be made to conserve 

and promote this valuable natural bio-resource as the present environmental crisis like 

climate change and global warming adversely affects the survivability of mushrooms which 

require specific micro-climatic conditions for its growth. It is necessary to remember that the 

nutritional and medicinal value of mushrooms is most likely to be vanished at this rate if the 
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wild mushroom species are not documented and studied. Therefore, measures must be taken 

to conserve this precious natural resource which has immense health and medicinal benefits. 

Understanding the genetic variations and diversity of any crop plant including edible 

mushrooms will play a beneficial role in food security.  

Mushrooms have the solution to some extent on many of the present day problems 

like food quality, unemployment, environmental pollutions and pharmaceutical applications. 

Mushrooms as food and medicines are solutions to many health problems. Thus, mushrooms 

are a boon to mankind and should be exploited judiciously for the improvement of society. 
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Annexure - I 
GPS Coordinates from Collection Sites 

LOCATION LATITUDE (N) LONGITUDE (E) ELEVATION 

Mokokchung 

N 26o16.010' E 094o28.350' 
1180 m 

N 26o16.004' E 094o28.371' 
1148 m 

N 26o16.007' E 094o28.359' 
1152 m 

N 26o16.017' E 094o28.387' 
1150 m 

N 26o13.562' E 094o28.636' 913 m 

N 26o15.091' E 094o28.323' 1014 m 

N 26o15.111' E 094o28.326' 1011 m 

N 26o15.018' E 094o28.296' 1019 m 

N 26o15.399' E 094o24.447' 1566 m 

N 26o14.991' E 094o28.282' 1080 m 

N 26o14.860' E 094o28.242' 856 m 

N 26o15.018' E 094o28.260' 873 m 

N 26o12.448' E 094o28.327' 966 m 

N 26o24.021' E 094o31.176' 1044 m 

N 26o23.218' E 094o32.560' 1114 m 

N 26o07.463' E 094o30.114' 1300 m 

N 26o19.193' E 094o30.484' 1320 m 

Tuensang 

N 26o11.957' E 094o44.628' 2109 m 

N 26o11.965' E 094o44.625' 2106 m 

N 26o11.956' E 094o44.731' 2155 m 
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N 26o11.962' E 094o44.667' 2103 m 

N 26o11.018' E 094o44.714' 2099 m 

N 26o11.173' E 094o44.621' 2084 m 

N 26o12.609' E 094o45.661' 1951 m 

N 26o12.609' E 094o45.794' 2014 m 

N 26o12.518' E 094o45.794' 2034 m 

N 26o12.459' E 094o55.298' 2037 m 

N 26o12.359' E 094o56.067' 1559 m 

N 26o12.532' E 094o56.435' 1463 m 

N 26o12.123' E 094o44.960' 2179 m 

N 26o12.122' E 094o44.944' 2179 m 

N 26o12.110' E 094o44.949' 2184 m 

N 26o12.096' E 094o44.935' 2181 m 

N 26o12.087' E 094o44.907' 2191 m 

N 26o12.098' E 094o44.875' 2175 m 

N 26o12.450' E 094o55.290' 
2054 m 

N 26o12.350' E 094o56.060' 
1626 m 

Longleng 

N 26o28.340' E 094o48.541' 
1093 m 

N 26o29.247' E 094o49.107' 
1305 m 

N 26o29.560' E 094o49.485' 
1138 m 

N 26o28.900' E 094o48.179' 
1155  m 

 

 

N 26o52.230' E 094o19.194' 532 m 

N 25o59.421' E 094o21.384' 389 m 
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Zunheboto 

N 26o59.244' E 094o20.373' 634 m 

N 26o16.020' E 094o28.386' 1165 m 

N 26o12.214' E 094o28.477' 920 m 

N 26o12.439' E 094o28.311' 966 m 

N 26o12.364' E 094o28.371' 1021 m 

N 26o15.126' E 094o28.557' 976 m 

N 26o15.034' E 094o29.151' 941 m 

N 26o15.043' E 094o29.178' 934 m 

N 26o15.165' E 094o28.471' 1041 m 

N 26o11.568' E 094o29.201' 1496 m 

N 26o06.584' E 094o23.414' 466 m 

N 26o12.437' E 094o25.211' 424 m 

N 26o06.573' E 094o28.517' 1108 m 

N 26o06.584' E 094o23.326' 461 m 

Kohima 

N 25o39.309' E 094o06.191' 1444 m 

N 25o59.557' E 094o15.517' 1103 m 

N 25o36.296' E 094o02.129' 2659 m 

N 25º36.448' E 094º00.034' 2680 m 

N 25º38.517' E 094º04.233' 2255 m 

Wokha 

N 26o06.062' E 094o16.393' 1685 m 

N 26o15.060' E 094o05.230' 
250 m 

N 26o05.277' E 094o15.323' 1374 m 

N 26o05.582' E 094o17.349' 1959 m 
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Dimapur 

N 25o51.467' E 093o45.131' 165 m 

N 25o53.549' E 093o41.202' 175 m 

N 25o41.377' E 093o31.583' 199 m 

Phek 

N 25o41.375' E 094o25.200' 1828 m 

N 25o32.360' E 094o20.113' 1792 m 

N 25o34.274' E 094o14.161' 1726 m 

N 25o35.461' E 094o17.585' 2237 m 
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Annexure - II 

CTAB DNA Extraction Protocol (Doyle and Doyle, 1987) 

Chemical reagents: 

CTAB reagent Chloroform (C) 

β-Mercaptoethanol Isoamyl alcohol (I) 

NaCl Isopropanol 

EDTA.Na2 Ethanol 

Tris-Phenol (P) RNase 

Tris-HCl TE Buffer 

Agarose Ethidium bromide 

TAE Buffer TBE Buffer 

 

Preparation of CTAB DNA Extraction Buffer for 100 ml 

1.4 M NaCl 
Dissolve 8.18 g NaCl or take 28 ml from 5 M NaCl 

solution 

100 mM Tris-HCl Take 5 ml from 2 M Tris-HCl/ pH 8.0 

20 mM EDTA.Na2 Take 4 ml from 0.5 M EDTA.Na2/ pH 8.0 

2% CTAB 
Add 2.0 g of CTAB reagent to the buffer solution after it 

is autoclaved 

0.2% β-Mercaptoethanol 
Add 20 µl of β-Mercaptoethanol to 10 ml of CTAB 

buffer solution before addition of the sample 
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DNA Extraction Procedure: 

1. Weigh 0.5 g of dried mushroom sample and then grind the sample into a fine powder 

in liquid nitrogen using a mortar and pestle. Then add the powdered sample in pre-

warmed 2% CTAB buffer (10ml). 

2. The sample solution is incubated in a water bath at 60oC for 1 hr with timely mixing 

by inversion in between. 

3. After incubation, the sample is centrifuged at 10,000 rpm for 10 mins. 

4. The resulting supernatant is collected in fresh centrifuge tubes and RNase (20 mg/ml) 

treatment is performed (6-10µl of RNase to each centrifuge tube and incubation at 

37oC in water bath for 45 minutes). 

5. Then the supernatant is treated with equal volumes of C: I (24:1). The sample mixture 

is mixed for 10 mins after which centrifugation is performed at 10,000 rpm for 10 

mins. 

6. After centrifugation, the upper aqueous phase is collected in fresh centrifuge tubes 

and treated with equal volumes of P: C: I (25: 24: 1) and mixed for 10 mins. 

7. The mixture is then centrifuged at 10,000 rpm for 10 minutes. 

8. After centrifugation, the upper aqueous phase is again collected in fresh centrifuge 

tubes and Step 5 is repeated if the supernatant is not clear. 

9. Then equal volumes of chilled isopropanol is added to the supernatant to precipitate 

DNA and incubated at -20oC for 5 mins. 

10. Then centrifugation is performed at 14,000 rpm for 10 minutes.  

11. After centrifugation, the supernatant is decanted slowly without disturbing the DNA 

pellet formed at the base of the centrifuge tube. 
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12. Then the DNA pellet is washed in 500-1000 µl of 70% chilled ethanol and 

centrifuged again at 14,000 rpm for 5 mins. 

13. After that, the ethanol solution is decanted slowly and the DNA pellet is air dried for 

20-30 mins to remove ethanol but the pellet should not be over dried. 

14. Then 50-200 µl of TE buffer is added to resuspend the DNA pellet. 

15. Finally, the DNA sample is tested qualitatively on 0.8% agarose gel electrophoresis 

and quantified by Thermo Scientific Multiskan Go Spectrophotometer. 
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Annexure – III 

Primers Used in the Study 

PRIMER 
NAME 

SEQUENCE BASES REGION 

ITS1F CTT GGT CAT TTA GAG GAA GTA A 22 

ITS 
ITS4B CAG GAG ACT TGT ACA CGG TCC AG 23 

ITS5 GGA AGT AAA AGT CGT AAC AAG G 22 

ITS4 TCC TCC GCT TAT TGA TAT GC 20 

NS1 
GTA GTC ATA TGC TTG TCT C 

19 

18S rRNA gene 

NS2 
GGC TGC TGG CAC CAG ACT TGC 

21 

LR0R ACC CGC TGA ACT TAA GC 17 

28S rRNA gene 

LR5 TCC TGA GGG AAA CTT CG 17 
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Annexure - IV 
PCR Protocol Used for Amplification of ITS, 18S and 28S rRNA gene 

PCR master mix composition 

COMPONENTS 
INITIAL 

CONCENTRATION 
25 µl 

FINAL 
CONCENTRATION 

PCR buffer with 25 mM 
MgCl2 

10 X 2.5 µl 1 X 

dNTPs 10 mM 0.5 µl 0.2 mM 

Forward primer 10 mM 0.5 µl 0.2 mM 

Reverse primer 10 mM 0.5 µl 0.2 mM 

Template DNA >1000 ng 2 µl 50-100 ng 

Taq polymerase 3 U 0.2 µl ≤1 U 

Pure water  18.8 µl  

Formula to calculate: 

Initial concentration X Initial volume = Final concentration X Final volume 

    N1 X V1 = N2 X V2 

PCR cycle conditions: 

1. Initial Denaturation  -  95oC, 5’ 

2. Final Denaturation  -  95oC, 1” 

3. Primer Annealing  -  55oC for ITS  

-  54oC for 18S 

- 52oC for 28S  

4.  Primer Extension  - 72o C, 1’ 

5.  Final Extension  - 72o C, 10’ 

6. 4o C     ∞  

 

35 cycles 50” 
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Annexure - V 

Internal Accession Nos., Genbank Accession Nos. and Sequences of the Gene 

GenBank 
Accession 
Number 

Organism Name & 
Accession No 

Nucleotide Sequence 

KU343186 Lentinula edodes strain AO-
DEBCR-1 internal transcribed 
spacer1, partial sequence; 5.8S 
ribosomal RNA gene, complete 

sequence and internal 
transcribed spacer 2, partial 

sequence. 
(NUBOT-TA-LE-06 ) 

 

GCGGAGGGTACTGCGGAGGACATTATTGATTTTTTGGTGGTGGATTGTTGCTGGCCTTTGG
GTATGTGCACATCCTCCTCTGATTCTATTCATCCACCTGTGCACTTTTTGTAGGAGTTCTTT
CATCAGGTTTTGAACAGGTGCTCATTACGAGTTAACTTGGGAAGGACTAGTTGAAAAGAC
TTCTATGTTCTTATAAACTATTGAAGTATGTTATAGAATGATTTTGTTATT GGGACTTTATT
GACCCTTTAAACTTAATACAACTTTCAGCAACGGATCTCTTGGCTCTCCCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCAAATCTTTG
AACGCACCTTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTTGAGTGTCATTAAATTCT
CAACTTTATAAGTTTTTGCTTATTAAAGCTTGGATATTGGAGGTTTGCAGGGGTTTTTTCA
CCCCTTCTTAATTTGTTAGTGGAACCCTGGTTTGGTGGTTTATCACCCTGGGGTTGATACT
AATTAGCGTTTTGGATGAAGAATTACAAAAAAAGAGAGACA ( 590 bp) 

KT207468 Lentinus squarrosulus strain 
AO-DEBCR-2 internal 

transcribed spacer1, partial 
sequence; 5.8S ribosomal RNA 
gene, complete sequence and 
internal transcribed spacer2, 

partial sequence 
(NUBOT-TA-LS-40) 

CCGGTAAGCTACTGCGGAGACATTATCGAGTTTTGAAACGGGTTGTAGCTGGCCTTCCGA
GGCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGTTTCAGGAGC
TTCGAAAGCGAGAAAAGGGCCTTCACGGGCTTTTTCCTGGCTAATTTTTACTGGGCCTAAC
TTTTCATAACAACCCCTTTATAAATTATCAAATGGTGTATGGCAATGTACCCCACCTATAT
ACACTTTTCACCACCGAACCCCTGGCTCCCCCCACCAATAAAAAACCCACCAAATGGCAA
AAATAATGGTGATTTGCAAAATTCATGGAACCTCCAAACCTTTGAACCCCCCTTGCCCTCC
TGGGAATTCCAAGAACCAGGCCGGTTTAATGGCCTGGAATTTCCCACCCAACCGGGTTCT
TAAGGGAACTTGCTTAGGCTTGGACTTGGAGGTTCTTGTCGGCTTGCTTCAATGTCAAGTC
GGCTCCTCTTAAATGCATTAGCTTGGTTCCTGTGCGGATCGGCTCACGGTGTGATAATTGT
CTACGCCGCGACCGTTGAAGCGTTTTTAAGCCAACCTCCAATCCTCCTTTTCCAGACCAAA
ACCTCCAACTCCGGCCTCAATCAAGGAAGGCTACCCGCTGAACTTAAACAAACAATAAGC
GGAAGGAA (675 bp) 

KT207470 Lentinus squarrosulus strain 
AO-DEBCR-3 internal 

transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA 
gene, complete sequence; and 
internal transcribed spacer 2, 

CCGTCAGCTACTGCGGACGACATTATCGAGTTTTGAACGGGTTGTAGCTGGCCTTCCGAG
GCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGTTTCAGGAGCT
TCGAAAGCGAGAAAGGGGCCTTCACGGGCTTTTTTCTTGCCTAGTTGTTACTGGGCCTACG
TTTCACTACAAACACTTATAAAGTATCAGAATGTGTATTGCGATGTAACGCATCTATATAC
AACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAAAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTT
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partial sequence 
(NUBOT-TA-LS-40) 

 

GGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTCAACCTAACGGGTTCTTAA
CGGGACTTGCTTTAGGCTTGGACTTGGAGGTTCTTGTCGGCTTGCTTCAATGTCAAGTCGG
CTCCTCTTAAATGCATTAGCTTGGTTCCTGTGCGGATCGGCTCACGGTGTGATAATTGTCT
ACGCCGCGACCGTTGAAGCGTTTTTATAGGCCAGCTTCTAGTCGTCTCTTTACGAGACAAT
AATCATCGAACTCTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAAT
AAGCGGAGGAA (679 bp) 

KX342920 Lentinus sajor-caju strain 
AO-DEBCR-4 internal 

transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA 
gene and internal transcribed 
spacer 2, complete sequence; 
and large subunit ribosomal 
RNA gene, partial sequence 

(NUBOT-TA-LS-87) 

TTTGGGGACTGCGGAGGACATTATCGAGTTATTGAAACGGGTTGTAGCTGGCCTTACGAG
GCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGTTTCAGGAGCT
TCGAAAGCGGAGGGCCTTTGCGGGCTTTTCGTTATTAGTTGTGACTGGGCTCATGTCCACT
ACAAACTCTTATAAAGTAACAGAATGTGTATTGCGATGTAACGCATCTATA TACAACTTTC
AGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTC
CGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTCAACCTGACGGGTTCTTAACGGAGC
TTGGTTCAGGCTTGGACTTGGAGGCTTGTCGGCTTGCTTTGTCGAGTCGGCTCCTCTCAAA
TGCGTTAGCTTGGTTCTTTGCGGATCGGCTCACGGTGTGATAATTGTCTACGCCGCGACCG
TTGAAGCGTTTGAATGGGCCAGCTTATAGTCGTCTCCATCGCGAGACAACATTTCATCGA
ACTCTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCCGGAG
GAAGAAAAC (678 bp) 

MG462731 Lentinus tigrinus strain AO-
DEBCR-5 internal transcribed 
spacer 1, 5.8S ribosomal RNA 
gene, and internal transcribed 

spacer 2 region 
(NUBOT-TA-LT-69 ) 

GGAAAGGGGTCGGAGGCGCGGGAAGGATCATTATCGAGTTTTGAAACGGGTTGTAGCTG
GCCTTCCGAGGCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGT
TTCAGGAGCTTCTATAGCGTTTCTTACGCTGGAGTTGTGACTGGGCCCACGTTTACTACAA
ACTCTTACAAGTATCAGAATGTGTATTGCGATGTAACGCATCTCTATACAACTTTCAGCAA
CGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATCATCGAATCTTTG
AACGCACCTTGCGCTCCTTGGTACATGCCTGTTTGAGTGTCATGAAATTTAATGGGACTTG
CTTAAGGCTTGGACTTGGAGGCTTTTGTCGGCTTGCTTCTCCTCTCAAATGCATTAGCCTT
GGTTCTTTGCGGAGGCTCACGGTGTGATAATTAGCGTTTTATTCTAATCGTCTCCTTGCGA
GACAAGCATTCATCGAACTCTGACCTCAAATA (517 bp) 

KT459337 
 

Termitomyces heimii strain 
AO-DEBCR-6 18S ribosomal 

RNA gene, partial sequence; 
internal transcribed spacer 1, 

5.8S ribosomal RNA gene, and 
internal transcribed spacer 2, 
complete sequence; and 28S 
ribosomal RNA gene, partial 

sequence 
(NUBOT-TA-TH-64 ) 

TGGCTACCGGAAGGATCATTATTGAATTTAAACCCTGGTTGGGTTGTTGCTGGCCTCTAGG
GGCATGTGCACGCCTGCCACCGTTTTCAACCACCTGTGCACCTTTTGTAGACTTTGGATAT
ATACCGTTCGAGGGTCAAACCCCCTCCTCGGTTTTGAGGGCTTGCTGTGCTGCAAAGTTCG
GCTTCCCTTGCATTCCCAGTCTATGCATCTTCTTATACCCCGTAATGAATGTATTAGAATGT
TTTTTTATTGGCCTTTTTAGTGCCTTTAATCAAATACAACTTTCAGCAACGGATCTCTTGGC
TCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGT
GAATCCTCCAATCTTTGAACGCACCTTGCGCTCCTTGGTATTACGAGGAGCATGCCTGTTT
GAGTGTCATTAAATTCTCAACCTTTACCAGCTTTTGCGAGTTGGTTTAGGCTTGGATGTGG
GGGTTTTTGCAGGCTTCTTAAGAAATCAGCTCCCCTTAAATGCATTAGTGGAAACCTTTGT
TGGCCTGTTCCTGGTGTGATAATTATCTACATCGTGCGCAGTCAACTTTATTCTAATGGGG
TTTTCTGCTTCTAACTCGTAATTCCTCTTTGTTGAGGAAGACGCTTTTTACCATTTTACCTC
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AAATCAGGTAGGACTACCCGCTGAAATTAAAATATCTTATGCGGCAGGAAAAGGACCAC
AAGGGTTTTCCCGTTTCCCTTTTACTTTAAACCCCCGGGGGG (779 bp) 

KT229567 Schizophyllum commune 
strain AO-DEBCR-7 internal 

transcribed spacer 1, partial 
sequence; 5.8S ribosomal RNA 
gene and internal transcribed 
spacer 2, complete sequence; 

and 28S ribosomal RNA gene, 
partial sequence 

(NUBOT-TA-SC-09) 

CCGTCAGGAGACTGCGGACGACATTACGAATCAACAAGTTCATCTTGTTCTGATCCTGTG
CACCTTATGTAGTCCCAAAGCCTTCACGGGCGGCGGTTGACTACGTCTACCTCACACCTTA
AAGTATGTTAACGAATGTAATCATGGTCTTGACAGACCCTAAAAAGTTAAT ACAACTTTC
GACAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCCCTTTGGTATTC
CGAGGGGCATGCCTGTTTGAGTGTCATTAAATACCATCAACCCTCTTTTGACTTCGGTCTC
GAGAGTGGCTTGGAAGTGGAGGTCTGCTGGAGCCTAACGGAGCCAGCTCCTCTTAAATGT
ATTAGCGGATTTCCCTTGCGGGATCGCGTCTCCGATGTGATAATTTCTACGTCGTTGACCA
TCTCGGGGCTGACCTAGTCAGTTTCAATAGGAGTCTGCTTCCAACCGTCTCTTGACCGAGA
CTAGCGACTTGTGCGCTAACTTTTGACTTGACCTCAAATCAGGTAGGACTACCCGCTGAAC
TTAAGCATATCAATAAGCCGGAGGAAAC (634 bp ) 

KT207467 Lentinula edodes strain AO-
DEBCR-1 18S ribosomal RNA 

gene, partial sequence 
(NUBOT-TA-LE-06 ) 

AGGGCGCAGATCTAGTATAAACAATTTGTACTGTGAAACTGCGAATGGCTCATTAAATCA
GTTATAGTTTATTTGATGATACCTTGCTACATGGATAACTGTGGTAATTCTAGAGCTAATA
CATGCATTCAAGCCCCAACTTCTGGAAGGGGTGTATTTATTAGATAAAAAACCAACGCGG
CTCGCCGCTCACTTGGTGATTCATAATAACTTCTCGAATCGCATGGCCTTGTGCCGGCGAT
GCTTCATTCAAATATCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTTT
CAACGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACC
ACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGA
CAATAAATAACAATATAGGGCTCTTTCGGGTCTTATAATTGGAATGAGTACAATTTAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCCA (528bp) 

KT207469 Lentinus squarrosulus strain 
AO-DEBCR-2 18S ribosomal 

RNA gene, partial sequence 
(NUBOT-TA-LS-40) 

 

GGGTCGAAGTCTAGTATAGCAAGTTTGTACTGTGAACTGCGAATGGCTCATTAAATCAGT
TATAGTTTATTTGATGGTACCTTGCTACATGGATAACTGTGGTAATTCTAGAGCTAATACA
TGCAATCAAGCCCCGACTTCCGGGAGGGGTGTATTTATTAGATAAAAAACCAACGCGGTT
CGCCGCTCCATTGGTGATTCATAATAACTTCTCGAATCGCATGGCCTTGCGCCGGCGATGC
TTCATTCAAATATCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTTTCA
ACGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGACA
ATAAATAACAATATGGGGCTCTTTCGGGTCTCATAATTGGAATGAGTACAATTTAAATCTC
TTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCCA (526 bp) 

KT207471 Lentinus squarrosulus strain 
AO-DEBCR-3 18S ribosomal 

RNA gene, partial sequence 
(NUBOT-TA-LS-40) 

GGGTCGCCTGTCTAGTATAACAGTTTGTACTGTGAAACTGCGAATGGCTCATTAAATCAGT
TATAGTTTATTTGATGGTACCTTGCTACATGGATAACTGTGGTAATTCTAGAGCTAATACA
TGCAATCAAGCCCCGACTTCCGGGAGGGGTGTATTTATTAGATAAAAAACCAACGCGGTT
CGCCGCTCCATTGGTGATTCATAATAACTTCTCGAATCGCATGGCCTTGCGCCGGCGATGC
TTCATTCAAATATCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTTTCA
ACGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGACA
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ATAAATAACAATATGGGGCTCTTTCGGGTCTCATAATTGGAATGAGTACAATTTAAATCTC
TTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCCA (527 bp) 

KX342921 Lentinus sajor-caju strain 
AO-DEBCR-4 18S ribosomal 

RNA gene, partial sequence 
(NUBOT-TA-LS-87) 

GAAAAACATGTCTAGTATAACAGTTTGTACTGTGAAACTGCGAATGGCTCATTAAATCAG
TTATAGTTTATTTGATGGTACCTTGCTACATGGATAACTGTGGTAATTCTAGAGCTAATAC
ATGCAATCAAGCCCCGACTTCCGGGAGGGGTGTATTTATTAGATAAAAAACCAACGCGGT
TCGCCGCTCCATTGGTGATTCATAATAACTTCTCGAATCGCATGGCCTTGCGCCGGCGATG
CTTCATTCAAATATCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTTTC
AACGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGAC
AATAAATAACAATATGGGGCTCTTTCGGGTCTCATAATTGGAATGAGTACAATTTAAATC
TCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCAAAGTTTA (533 bp)  

MG722855 Lentinus tigrinus strain AO-
DEBCR-5 18S ribosomal RNA 

gene, partial sequence 
(NUBOT-TA-LT-69 ) 

TGGGAATGGCTCATAAATCAGTTATAGTTTTATTTGATGGTACCTTGCTACATGGGTAACT
GTGGTATTTCTAGAGCTAATACATGCAATCAAGCCCCGACTTCCGGGAGGGGTGCTTTTAT
AGATAAAAAAACCAACGCGGTTCGCCGCTCCATTGGTGATTCATAATAACTTCTCGAATC
GCATGGCCTTGCGCCGGCGATGCTTCATTCAAATATCTGCCCTATCAACTTTCGATGGTAG
GATAGAGGCCTACCATGGTTTCAACGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAG
GGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAAT
CCCGACACGGGGAGGTAGTGACAATAAATAACAATATGGGGCTCTTTCGGGTCTCATAAT
TGGAATGAGTACAATTTAA ( 440bp) 

KT459336 Termitomyces heimii strain 
AO-DEBCR-6 18S ribosomal 

RNA gene, partial sequence 
(NUBOT-TA-TH-64 ) 

 

AAGTCTAGTATAACAAATTTGTACTGTGAACTGCGAATGGCTCATTAAATCAGTTATAGTT
TATTTGATGGTACCTTGCTACATGGATAACTGTGGTAATTCTAGAGCTAATACATGCAATC
AAGCCCCGACTTCCGGAAGGGGTGTATTTATTAGATAAAAAACCAACGCGGCTCGCCGCT
CCCTTGGTGATTCATAATAACTTCTCGAATCGCATGGCCTTGCGCCGGCGATGCTTCATTC
AAATATCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCATGGTTTCAACGGGT
AACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAA
GGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGACAATAAAT
AACAATATAGGGCTCTTTCGGGTCTTATAATTGGAATGAGTACAATTTAAATCCCTTAACG
AGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCAAA (521 bp) 

KT253193 Schizophyllum commune 
strain AO-DEBCR-7 18S 
ribosomal RNA gene, partial 

sequence 
(NUBOT-TA-SC-09) 

TGTAGTCATTAGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTATAAACAAGTTTGTA
CTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAATTTATTTGATGATACCTTGCTACA
TGGATAACTGTGGTAATTCTAGAGCTAATACATGCAATCAAGCCCCGACTTCTGGAAGGG
GTGTATTTATTAGATAAAAAACCAACGCGGCTCGCCGCTCACTTGGTGATTCATAATAACT
TCTCGAATCGCATGGCCTTGCGCCGGCGATGCTTCATTCAAATATCTGCCCTATCAACTTT
CGATGGTAGGATAGAGGCCTACCATGGTTTCAACGGGTAACGGGGAATAAGGGTTCGATT
CCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT
TACCCAATCCCGACACGGGGAGGTAGTGACAATAAATAACAATATAGGGCTCTTTCGGGT
CCTATAATTGGAATGAGTACAATTAATACCTACGAGTTATGG (525 bp) 

KT459341 Lentinula edodes strain AO- GNANNTNAGGTAAGACTAACAGGATTCCCCTAGTAACTGCGAGTGAAGAGGGAAAAGCT
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DEBCR-1 28S large subunit 
ribosomal RNA gene, partial 

sequence 
(NUBOT-TA-LE-06 ) 

 

CAAATTTAAAATCTGGCAGTCTCTGATTGTCCGAGTTGTAATTTAGAGAAGTGTTACCCGT
GTTGGACCGTGTACAAGTCTCCTGGAATGGAGCGTCATAGAGGGTGAGAATCCCGTCTTT
GATACGGATCCCAATGCATTGTGGTACACTCTCGAAGAGTCGAGTTGTTTGGGAATGCAG
CTCTAAATGGGTGGTAAATTCCATCTAAAGCTAAATATTGGGGAGAGACCGATAGCGAAC
AAGTACCGTGAGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGT ACGTGAAA
TTGCTGAAAGGGAAACGCTTGAAGTCAGTCGCGTTGGTCAGGGATCAGCCTTCCTTATGG
TTGGTGCATTTCCTGATTAACGGGTCAACATCAGTTTTGATCAGTGGATAAAAGCTTGAGG
GATGTGGCATCTTCGGGTGTGTTATAACCTCTTGTTATATACATTGATTGGGACTGAGGAA
CTCAGCACGCCGCAAGGCCGGGTTTTTAACCACGTTCGTGCTTAGGATGTTGGCATAATG
GCTTTAATCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGCCTGCGAGTGTTTG
GGTGGAAAACCCGAGCGCGTAATGAAAGTGAAAGTTAGGATCTCTGTCGTGGAGAGCAC
TGACGCCCGGCCCAGACCTTTTGTGACGGTGCCGCGGTTGAGCATGTATGTTGGGACCCG
AAAGATGGTGAACTATGCCTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCG
TAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGGGCGAAAGACTAATCG
AACCATCTAGTAGCTGGTTCCTGCCGAATTTCCCCTCAGGAAA (942 bp) 

KU170488 Lentinus squarrosulus strain 
AO-DEBCR-2 28S ribosomal 

RNA gene, partial sequence 
(NUBOT-TA-LS-40) 

TAGTAGAACTAACAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTA
AAATCTGGCGGTCTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGCTGGACC
GTGTATAAGTCTCTTGGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGACACGGA
CTACCAGTGCTTTGTGATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAA
TGGGTGGTGAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACC
GTGAGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCTGA
AAGGGAAACGCTTGAAGTCAGTCGCGTCTGCCGGAACTCAGCCTTCCTTTTGGTTGGTGC
ACTTTCTGGTAGACGGGCCAGCATCGATTTTGACCGTAGGATAAGGGCTGGAGAAATGTG
GCACCTTCGGGTGTGTTATAGTCTTCAGTCGCATACTACGGTTGGGATCGAGGACCGCAG
CGCGCCGCAAGGCAGGGGTTCGCCCACTTTCGCGCTTAGGATGCTGGCATAATGGCTTTA
AACGACCCGTCTTGAAACACGGACCAAGGAGTCTAACAAACCTGCGAGTGTTTGGGTGGA
AAACCCGAGCGCGTAATGAAAGTGAAAGTTGAGACCTCTGTCGTGGAGGGCATCGACGC
CCGGACCTGACGTTCTCTGACGGATCCGCGGTAGAGCATGTTTGTTGGGACCCGAAAGAT
GGTGAACTATGCCTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCGTAGCGA
TTCTGACGTGCAAATCGATCGTCAAATTTGGGTATAGGGGCGAAAGACTAATCGAACCAT
CTAGTAGCTGGTTCCTGCCGAATTTCCCCTTCAGGAAA   (936 bp) 

KT459340 Lentinus squarrosulus strain 
AO-DEBCR-3 28S large 

subunit ribosomal RNA gene, 
partial sequence 

(NUBOT-TA-LS-40) 

GTGTTGTTACCCGCTCGAACTTAAGCATATCAATAAGCGGAGGAAAAGAAACTAACAAG
GATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTAAAATCTGGCGGTCTT
TGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGCTGGACCGTGTATAAGTCTCTT
GGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGACACGGACTACCAGTGCTTTGT
GATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGGGTGGTGAATTCC
ATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGATG
AAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCTGAAAGGGA AACGCTTG
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AAGTCAGTCGCGTCTGCCGGAACTCAGCCTTCCTTTTGGTTGGTGCACTTTCTGGTAGACG
GGCCAGCATCGATTTTGACCGTAGGATAAGGGCTGGAGAAATGTGGCACCTTCGGGTGTG
TTATAGTCTTCAGTCGCATACTACGGTTGGGATCGAGGACCGCAGCGCGCCGCAAGGCAG
GGGTTCGCCCACTTTCGCGCTTAGGATGCTGGCATAATGGCTTTAAACGACCCGTCTTGAA
ACACGGACCAAGGAGTCTAACAAACCTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGTA
ATGAAAGTGAAAGTTGAGACCTCTGTCGTGGAGGGCATCGACGCCCGGACCTGACGTTCT
CTGACGGATCCGCGGTAGAGCATGTTTGTTGGGACCCGAAAGATGGTGAACTATGCCTGA
ATAGGGTGAAGCCAGAGGAAACTTGGTGGAGGCTCGTAGCGATTCTGACGTGCAAATCG
ATCGTCAAATTTGGGTATAGTAGCGCGAGAACGACGCGCGATNANTCC (947 bp) 

KX342922 Lentinus sajor-caju strain 
AO-DEBCR-4 28S large 

subunit ribosomal RNA gene, 
partial sequence 

(NUBOT-TA-LS-87) 

TTAACGGGAAAGAACTACAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCA
AATTTAAAATCTGGCGGTCTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGC
TGGACCGTGTATAAGTCTCTTGGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGA
CACGGACTACCAGTGCTTTGTGATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGC
TCAAAATGGGTGGTGAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACA
AGTACCGTGAGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT
TGCTGAAAGGGAAACGCTTGAAGTCAGTCGCGTCTGCCGGAACTCAGCCTTCCTCTCGGT
TGGTGCATTTCTGGAGACGGGCCAGCATCGATTTTGACCGTCGGAAAAGGGCTGGGGAAA
TGTGGCACCTTTTGGTGTGTTATAGTCTTCAGTCGCATACGGCGGTCGGGATCGAGGAAC
GCAGCGCGCCTCAAGGCAGGGGTTCGCCCCTTTCGCGCTTATGATGCTGGCATAATGGCT
TTAAACGACCCGTCTTGAAACACGACCAAGGTGTCTAAAAACCTGCTAGTGTTCCGTGTA
AACCCGAGCGCGAATAAAGTGACAGTGAGACCTCTTCGTGAGGCATCGACCCCGGACAG
ACGTTTCTGACGATCCGCACAGAGCTGCTTGTGAGACCCCAAGATGGGAAGTATACTCAT
AGGTGAAGCACAGGAACTCTGTGGAGCCCGTATTATTCTGAGTGCAATCCTCACCAATTT
GGTATGGGGCGAAGATAATTTACCTCTAGCTTGGTTCTGCTTATTTTCTTTAAAAAAATTT
TTTTATATTTTATTTTTAATTTTTTCTTT ( 928 bp) 

MG462732 Lentinus tigrinus strain AO-
DEBCR-5 28S ribosomal RNA 

gene, partial sequence 
(NUBOT-TA-LT-69 ) 

AGAGGATCAAAACGTGATGGATGGCTCGATTAGTCTTTCGCACTATACCCAAATTTGACG
ATCGATTTGCACGTCAGAATCGCTACGAGCCTCCACCAGAGTTTCCTCTGGCTTCACCCTA
TTCAGGCATAGTTCACCATCTTTCGGGTCCCAACAAACATGCTCTACCGCGGATCCGTCAG
AGAACGTCAGGTCCGGGCGTCGATGCCCTCCACGACAGAGGTCTCGACTTTCACTTTCATT
AGCGGCTCGGGTTGCCAGACCGAGGACTCTTGGTTTATTAAACACCTTGACGCGTGTTGG
AGGCGGTGCCTTGGGGCAATCGTACAAACAGGGAAACAGGGGAGTGGGGCAATCGATTA
GGGGTAAATGGCACAACTGATTTCGGAGAGAA (394 bp) 

KT459338 Termitomyces heimii strain 
AO-DEBCR-6 28S large 

subunit ribosomal RNA gene, 
partial sequence 

(NUBOT-TA-TH-64 ) 

GAAACTAACAAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTAAA
ATCTGGTAGTCTCTGGCTGCCCGAGTTGTAATCTAGAGAAGCATTATCCGCGCTGGACCGT
GTATAAGTGTCCTGGAATGGACCATCATAGAGGGTGAGAATCCCGTCTTTGACACGGACT
CCCAGGGCTTTGTGATGTGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATG
GGTGGTAAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCGT
GAGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTACGTGAAAT TGCTGAAA
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GGGAAACGCTTGAAGTCAGTCGCGTTAGCTGGGGATCAACCTTGCTTTTCTGCTTGGCTTA
CTTCCCAGTTGACGGGTCAGCATCAGTTTTGACCAATGGATAAAGGCTAGGGGAATGTGG
CACCTCCGGGTGTGTTATAGCCCTTGGTCATATACATTGGTTGGGACTGAGGAACTCAGC
ACTTGTGCTTAGGATGCTGGCATAATGGCTTTAAGCGACCCGTCTTGAAACACGGACCAA
GGAGTCTAACATGCCCGCGAGTGTTTGGGTGGAAAACCCGAGCGCGTAATGAAAGTGAA
AAGTTGAGATCCCTGTCGTGGGGAGCATCGACGCCCGGACCAGACCTTTTGTGACGGATC
CGCGGTAGAGCGTGTATGTTGGGACCCGAAAGATGGTGAACTATGCCTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGTAGCGATTCTGACTTGCAAATCGATCGTCGAA
TTTGGGGATAGGGGCGAAAGATTAATCGAACCTTCTAATAGCTGGTTCCTGCCGAAGTTT
TCCC  (915 bp) 

KT459339 Schizophyllum commune 
strain AO-DEBCR-7 28S 
large subunit ribosomal RNA 

gene, partial sequence 
(NUBOT-TA-SC-09) 

ANGTGGATAAGACTAACAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAA
ATTTAAAATCTGGCGGTCTCCGGCCGTCCGAGTTGTAATTTAGAGAAGCGTTATCCGTGCT
GGACCGTGTATAAGTCTCCTGGAATGGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGAC
ACGGACTACCAGTGCATTGTGATGCGCTCTCGACGAGTCGAGTTGTTTGGGAATGCAGCT
CAAAATGGGTGGTAAATGCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACA
AGTACCGTGAGGGAAAGATGAAAAGAACTTTGGAAAGAGAGTTAAACAGTA CGTGAAAT
TGTCGAAAGGGAAACGGTTGCAGTCAGTCGCGTCCGCCGGGGATCAACCTTGCTTTTGCT
TGGCGTATTTCCCGGTGGATGGGTCAGCATCAGTTTTGACCGCAGTTGAAAGGCTGGAGG
AATGTGGCACCTTCGGGTGTGTTATAGCCTCCTGTCATATGCTGCGGTTGGGACTGAGGA
ACTCAGCACGCCGCAAGGCCGGGATTCGTCCACGTTCGTGCTTAGGATGCTGGCATAATG
TCTGTAACCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATGCACGCGAGTGTTTG
GGTGGCAAACCCGAGCGCGTAATGAAAGTGAAAGTTGAGACCTCTGTCGTGGAGGGCAT
CGACGCCCGGACCAGAACTTTTGGGACGGATCCGCGGTAGAGCGTGTATGTTGGGACCCG
AAAGATGGTGAACTATGCCTGAATAGGGCGAAGCCAGAGGAAACTCTGGTGGAGGCTCG
TAGCGATTCTGACGTGCAAATCGATCGTCGAATTTGGGTATAGGGGCGAAAGACTAATCG
AACCATCTAGTAGCTGGTTCCTGCCGAATTTCCCCTTCAGGAAA (940 bp) 
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Annexure - VI 

Sequence Information of ISSR Primers Used in the Study 

PRIMER NAME SEQUENCE BASES 

ISSR1 (CTC)4 SC 14 

ISSR2 BDB (ACA)5 15 

ISSR13 GAG AGA GAG AGA GAG AC 17 

ISSR11 AGA GAG AGA GAG AGA GGT 18 

ISSR18 VHV GTG TGT GTG TGT GTG T 16 

807 AGA GAG AGA GAG AGA GT 17 

810 (GA)8  T 17 

841 (GA)8  YG 18 

842 (GA)8  YC 18 

834 AGA GAG AGA GAG AGA GYT 18 
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Annexure - VII 

Sequence Information of DAMD Primers Used in the Study 

PRIMER 
NAME 

SEQUENCE BASES 

D1 ATC CAA GGT CCG AGA CAA CC 20 

D2 GTG TGC GAT CAG TTG CTG GG 20 

D10 GGA CAA GAA GAG GAT GTG GA 20 

D17 CTC TGG GTG TCG TGC 15 

D19 CCC GTG GGG CCG CCG 15 

URP30F GGA CAA GAA GAG GAT GTG GA 20 

URP6R GGC AAG CTG GTG GGA GGT AC 20 

URP9F ATG TGT GCG ATC AGT TGC TG 20 

URP1F ATC CAA GGT CCG AGA CAA CC 20 

URP4R AGG ACT CGA TAA CAG GCT CC 20 
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Annexure - VIII 

Sequence Information of RAPD Primers Used in the Study 

PRIMER NAME SEQUENCE BASES 

OPA-1 CAG GCC CTT C 10 

OPA-4 AAT CGG GCT G 10 

OPA-17 GAC CGC TTG T 10 

OPT-6 CAA GGG CAG A 10 

OPT-7 GGC AGG CTG T 10 

OPT-5 GGG TTT GGC A 10 

OPD-18 GAG AGC CAA C 10 

OPC-10 TGT CTG GGT G 10 
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Annexure - IX 
PCR Protocol Used for ISSR, RAPD and DAMD Markers 

PCR master mix composition 

COMPONENTS 
INITIAL 

CONCENTRATION 
20 µl 

FINAL 

CONCENTRATION 

PCR buffer 10 X 2 µl 1 X 

 MgCl2 50 mM 0.7 µl 1.75 mM 

dNTPs 10 mM 0.8 µl 0.4 mM 

Forward primer 10 mM 1 µl 0.5 mM 

Template DNA >1000ng 2 µl 50-200 ng 

Taq polymerase 3 U 0.2 µl ≤1 U 

Pure water  13.3 µl  

 

Formula to calculate: 

Initial concentration X Initial volume = Final concentration X Final volume 

    N1 X V1 = N2 X V2 

PCR cycles were performed in the following conditions: 

1. Initial Denaturation  -  94oC, 4’ 

2. Final Denaturation  -  94oC, 1’ 

3. Primer Annealing -  (30-55)oC, 50” 

4. Primer Extension  -  72o C, 1’ 

5. Final Extension  -  72o C, 7’ 

6. 4o C    ∞ 

35 cycles 
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Lumami, February 28 - March 01, 2017. 

10. Presented a paper at the International Conference on ‘Natural Resources Management 

and Technology Trends’ at Department of Life Sciences, Manipur University, 

Imphal-795003, India, March 27-29, 2017. 

11.  National Seminar on ‘Chemistry in Interdisciplinary Research’ at Department of 

Chemistry, Nagaland University, Lumami from March 16-17, 2017. 

12. Presented a paper on the topic ‘Wild Edible Mushrooms of Nagaland, India’ at the 

National Symposium on Mushrooms: Trends and Innovations in Mushroom Science 

from 27-28 April 2017 at ICAR-Directorate of Mushroom Research, Solan. 

13. Resource person in workshop program on ‘Mushroom Cultivation’, organized by 

Department of Botany, Fazl Ali College, Mokokchung, June 10, 2017. 

14. Short-Term Skill Development Training Programme in Biotechnology for Students of 

North-East India on ‘Orchid Propagation’ organized by DBT Sponsored Institutional 

Biotech Hub & Department of Botany, Nagaland University, Lumami jointly 

sponsored by Biotech Park, Lucknow, UP & Institutional Biotech Hub, Nagaland 

University, Lumami, November 16- December 15, 2017. 

15. Hands on training on ‘Genomics and Gene Expression Analysis, held at Department 

of Botany, Nagaland University, Lumami, July 18-23, 2018. 

16. Skill and Entrepreneurial Development of the Tribal Youth under the theme ‘Value-

additions to Rich Bio-Resources with Special Reference to Medicinal and Aromatic 

Plants’organized by Adavance Level Institutional Biotech Hub, Department of 

Botany, Nagaland University, Lumami in collaboration with Biotech Park, Lucknow, 

UP sponsored by the National Academy of Sciences, India, July 25-28, 2018. 

 

***********  

 


