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ABSTRACT

Members of the genus Pleurotus are macro fungi belonging to the phylum
Basiomycetes. They are important source of food and medicinal compounds among
many local communities. Limited studies have been done to identify and characterize
Pleurotus species based on genetic characteristics in different parts of the world.
However, no previous studies have been undertaken to understand the genetic
characteristics of the wild species in Kenya. A total of 71 samples of wild Pleurotus
species were randomly collected from Kakamega Forest, Arabuko Sokoke Forest and
Mount Kenya Forest. Thirteen samples of commonly cultivated Pleurotus species were
obtained from Jomo Kenyatta University of Agriculture and Technology. Genetic
variability and phylogenetic relationships were evaluated using amplified fragment
length polymorphic markers and ITS sequences of the ribosomal DNA respectively.
Five primer combinations used generated 330 polymorphic loci across 84 samples. The
mean diversity estimate between the wild (0.27) and cultivated (0.24) species was small
and is not statistically significant. However, diversity was great within (89%; P>0.001)
than among populations. Phylogenetic analysis revealed Pleurotus ostreatus, Pleurotus
eryngii, Pleurotus sp. ‘Florida’ and Pleurotus sp.YL005 as part of diversity of
Pleurotus species in Kenya. The broad diversity within populations suggests the

possibility of obtaining commercially suitable wild species for cultivation.

Xi



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background information

Pleurotus species commonly known as oyster mushrooms are distributed all
over the world and usually grow on hardwood in terrestrial ecosystems (Vilgalys and
Sun 1994). Similar to other white-rot fungi, they are important agents of
biodeterioration, due to their ability to break down plant materials, especially cellulose
and lignin (Carlile and Watkinson, 1994; Buswell et al., 1996). They have high
commercial value, and thus they have been widely cultivated (Cohen et al., 2002;
Stamets, 2000). Consumption of wild Pleurotus species is common among the diets of
many rural communities during the rainy seasons whereas, urban dwellers have great
preference for cultivated species. Consumption of Pleurotus species has increased due
to their high nutritional composition, taste and aroma. A recently published FAO study
recommends consumption of edible mushrooms to supplement carbohydrate rich diets
common among many developing countries (FAO, 2006).

Many members of the genus Pleurotus are found distributed worldwide in
nature. A few of them have been domesticated and are under commercial production.
The commonly cultivated species include Pleurotus sajor-caju, Pleurotus cystidiosus,
Pleurotus eryngii and Pleurotus tuberregium (Chang and Miles, 1989a). Production of

Pleurotus species is increasing due to their ability to grow fast on a wide range of agro-



wastes. Production of Pleurotus species is gaining popularity and it is the second most
produced mushroom in the world market after Agaricus species (Chang, 1999).

Growth of mushroom industry requires new strains with better characteristics.
Farmers require mushroom varieties with fast maturity period, increased resistance to
both pests and diseases and high yield. Kenya’s rich mushroom biodiversity has great
potential to provide new mushroom strains with desirable characteristics for commercial
cultivation. The exact characterization and identification at the species level is thus an
important step in systematically utilizing the full potential of fungi in specific
applications (Lieckfeldt et al., 2001). Many Pleurotus species have been identified and
characterized in the past using morphological features. The previous studies on
Pleurotus species in Kenya have also been based on morphological characteristics.
However, morphological features in Basidiomycetes fungi are influenced by
environmental factors and often fail to detect variations among species and strains that
are closely related.

Molecular markers have been used to discriminate mushroom lineages at the
species level. They are more stable, reproducible and are not affected by environmental
factors hence provide more information on genetic characteristics of any species.

Identification and characterization of local strains of Pleurotus species using molecular



tools is necessary in selecting new strains for commercial cultivation. Morphological
characters alone used in the past are often inadequate for exact strain identification and
in resolving the systematics and evolutionary relationships within Basidiomycetes
fungi. Molecular genetic data is therefore useful for establishing a reliable taxonomic
scheme for Pleurotus taxa. The aim of this study was to evaluate variability and

relatedness of the wild Pleurotus species collected from different parts of Kenya.

1.2 Problem statement

In recent times, edible mushrooms have assumed greater importance in the diets
of both rural and urban dwellers in Kenya, unlike previously when consumption was
confined to rural communities (Wambua, 2004). Increase in demand for edible
mushrooms has resulted in setting up of several mushroom units in different parts of the
country. Currently the mushroom production stands at slightly over 500 tons per annum
with the production of Pleurotus species being the second most produced after Agaricus
(Concern/GTZ/MOA., 2005). The total annual mushroom production in Kenya is low
and hardly enough to meet the local demand. Rural communities therefore, rely on the
collection and consumption of wild species during the rainy seasons. Unfortunately, the
seasonality of wild edible mushrooms makes them unreliable source of nutrition.
Similarly, lack of clear-cut identification and limited information on their genetic

diversity limit their exploitation for commercial production and breeding purposes.



1.3 Justification of the study

Increased productivity of mushroom industry in Kenya requires new mushroom
species with improved characteristics such as high yields and increased resistance to
pests and diseases. Characterization and identification of wild species is likely to
provide strains with desired characteristics. Accurate taxonomic identification and
phylogenetic classification is therefore necessary for selecting strains with potential for
commercial production and breeding purposes. Molecular markers including rapid
amplified polymorphic DNA (RAPD) markers, amplified fragment length polymorphic
markers (AFLP), restriction fragment length polymorphic (RFLP) markers and
microsatellite have all been employed to discriminate different kinds of organisms
including mushrooms (Barroso et al., 2000; Vos et al., 1995). AFLP markers have
proved to be more reliable compared to other molecular tools for genotyping mushroom
lineages. AFLP technique has been successfully applied to discriminate the genomes of
Pleurotus ostreatus (Meng et al., 2003), Tricholoma matsutake (Chen et al., 2003),
Lentinula edodes (Zhuo et al., 2006), Agaricus bisporus (Gu et al., 2003) G. lucidum
(Zheng et al., 2007). Similarly, the internal transcribed spacer (ITS) region of the
ribosomal DNA (rDNA) has also been widely used for the phylogenetic identification
of mushrooms at both the species and genus level (Sanchez-Ballesteros et al., 2000).
Different regions of rDNA also evolve at variable rates and this makes them suitable

for investigating fungal relationships at different taxonomic levels (Bruns et al., 1991).



1.4 Research hypothesis

Wild Pleurotus species in Kenya have broad genetic diversity suitable for commercial

cultivation.

1.5 Objectives

1.5.1 General objective

To determine the genetic potential of wild Pleurotus species in Kenya for commercial

cultivation.

1.5.2 Specific objectives

To examine genetic variability and phylogenetic relationships of the wild Pleurotus
species collected from different parts of Kenya using AFLP markers and ITS sequences

of the ribosomal DNA.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Description and classical taxonomy of Pleurotus species

Pleurotus is a genus of gilled mushroom with wide cap shaped like an oyster
shell. Members of the genus Pleurotus form basidia and they usually have a mycelial
thallus (Hawksworth et al., 1995). The systematic position of Pleurotus has been much
debated with several species being placed in the former Polyporaceae, tribus Lentineae
and the latter in the Tricholomataceae, tribus Resupinateae (Singer, 1951; Corner,
1981). Some mycologists have also placed Pleurotus in the family Pleurotaceae,
irrespective of sporeprint color and other micro-morphological characters. Current
taxonomic classification places Pleurotus species in the phylum Basiomycetes, order

Agaricales and family Tricholomataceae (Bernardo, 2004; Hawksworth et al., 1995).

Figure 1. Pleurotus species growing on dead trunk of wood
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2.2 World distribution of Pleurotus species

Pleurotus species are distributed throughout the world as shown in Table I. To
date, approximately 70 species of Pleurotus have been recorded and new species are
discovered more or less frequently although some of these are considered identical to
previously recognized species (Singer, 1986). Pleurotus pulmonarius and Pleurotus
cystidiosus are known to be distributed in tropical and subtropical region, while
Pleurotus eryngii are collected in Europe, Africa and most of Asia except Korea and
Japan, where the mushroom is commercially cultivated (Walser et al., 2003; Zervakis et
al., 1994; Zervakis and Balis, 1996; Vilgalys and Sun, 1994; Lindequist et al., 2005;
Lieckfeldt et al., 2001; Kues, 2000; Kues and Liu, 2000; Kalac and Svobod, 2005;
Cohen et al., 2002; Borchers et al., 1999). Pleurotus ostreatus is the most important
commercial mushroom species within the genus Pleurotus and it is widespread in
temperate areas (Chang, 1999). The species is quite adaptable to a range of climates and
substrate materials, making it one of the most preferred edible mushrooms to many

farmers.

Table 1. Worldwide distribution of some commonly cultivated Pleurotus species

Europe Asia N.America S.America Africa Australasia
P.ostreatus + + + + + +
P.pulmonarius + + + _ _ +
P.populinus + _ + _ _ _
P.djamor _ + + + + +
P.eryngii + + _ _ + _
P.tuber-regium + _ + +

Source: Zervakis and Baﬁs, (1996); +present;-a_bsent



2.3 Nutrient composition

Pleurotus species have been used as human food for centuries due to the variety
of flavours and textures they can provide. Nutritional composition of Pleurotus species
compared to other commonly consumed mushroom species is illustrated in Table 2.
Pleurotus species are rich in protein and low in fat, and carbohydrates. They also

contain vitamins like riboflavin and thiamine that are necessary for good health.

Table 2. Nutritional composition of some commonly consumed mushroom species

Auricularia Lentinus Volvariela Pleurotus
Nutrient composition species species species species
Crude protein (Yow/w) 7.7 12.7 21.2 30.4
Fat (%w/w) 0.8 2 10.1 2.2
Carbohydrate (%ow/w) 87.6 79.6 58.6 57.6
Thiamine (mg/100g of d.wb) 0.2 7.8 1.2 4.8
Riboflavin (mg/100g of d.wb) 0.9 4.9 3.3 4.7

Source: Crisan and Sands (1978)

2.4 Medicinal value

The consumption of Pleurotus species has several positive effects on the
general human health because of a number of health promoting substances they possess
(Kdes and Liu, 2000). Many Pleurotus species have yielded potential biologically
active compounds that exhibit anticancer activity in vitro or in animal models (Borchers
et al, 1999). These compounds include hemicellulose, polysaccharides,
lipopolysaccharides, peptides, proteins, glycoproteins, nucleosides, triterpenoids,
complex starches, lectins, lipid derivatives and other metabolites (Kalac and Svobod,

2005; Lindequist et al., 2005).



2.5 Role in environmental management

Many basidiomycetes have the capability to produce simultaneously the
hydrolytic and oxidative enzymes which are needed to degrade complex lignocellulosic
substrates (Kirk et al., 2008; Buswell et al., 1996). Great diversity within Pleurotus
species suggests variability in terms of yield and Biological Efficiency (BE) (Buswell et
al., 1996). Pleurotus species can therefore be used to profitably manage the agricultural
waste materials left after harvesting and at the same time used as important source of

food.

2.6 Life cycle and growth of Pleurotus species

The development of fruiting bodies is a highly organized process, which
requires the coordination between genetic, environmental and physiological factors
(Kues, 2000). Formation of various tissues within the developing primordium alternate
between light and dark phases (Boulianne et al., 2000; Walser et al., 2003) This
promotes the elongation of the stripe and the expansion of the cap, giving rise to a fully
developed fruiting body (Moore et al., 1979; Kiies and Liu, 2000).

During fruit body formation, nuclear fusion and meiosis occur only in the
specialized basidia. Haploid nuclei migrate into a tetrad of basidiospores, external to the
basidium. Each Basidium has commonly four monokaryotic basidiospores. These
spores germinate into homokaryotic hyphae (Stamets, 1993; Kang, 2004). A single
basidiospore germinates to be a mass of homokaryotic mycelium, each cell of which

contains a single haploid nucleus (Chang and Miles, 1989b). The homokaryotic mycelia
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continue to grow until the hypha fuse with the other hyphae which have compatible
mating type. After fusion between compatible homokaryotic hyphae, reciprocal nuclear

migration occurs and a heterokaryotic mycelium is formed.

2.7 Mating system and gene flow potential

Members of the genus Pleurotus are heterothallic (self-sterile) and sexual
reproduction is governed by the mating type genes (Eugenio and Anderson, 1968b).
The spore gets off the gill and away from the mushroom cap. Once the spores have
cleared the bottom of the cap, air currents carry them away. When the spores are a few
millimetres away from the cap they can be picked up by the faster winds and carried
considerable distances thus enabling them to cross with the same species (Perberdy et
al., 1993; Terakawa, 1957).

Mating type genes prevent mating between genetically identical cells. They have
a bifactorial tetrapolar incompatibility mating systems which has two unlinked mating
type factors designated as A and B (Eugenio and Anderson, 1968a). Factor A controls
nuclear pairing, clamp cell formation, coordinate cell division and clamp cell septation
whereas factor B is responsible for the control of nuclear migration, septa dissolution
and clamp cell fusion. Two monokaryotic mycelia are compatible if they have different
alleles at both loci. Multiple allelism for mating type genes was also reported by
Terakawa (1957). Because of this multiple allelism of mating type, the out breeding
potential is estimated close to 100% in nature and the inbreeding potential can be as low

as 25% (Eugenio and Anderson, 1968a)
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2.8 Molecular systematic

Most taxonomic and phylogenetic studies of Basidiomycota have been based on
the analysis of morphological characters. Recently, relationships among species in
several genera of Basidiomycota have often been established by amplification of
nuclear sequences by Polymerase Change Reaction (Pringle et al., 2000; Bos, 1996).
Investigations have mainly focused on nucleotide sequences of the internal transcribed
spacer (ITS) located between the nuclear rDNA 18S and 28S subunit genes, and made it
possible to determine the relationships between fungal species from the genus Pleurotus
(Molcalvo et al., 1995). Ribosomal RNA genes exist in genomes as multiple copies

arranged in tandem repeats along one or more chromosomes (Figure 2).

[TSI ITS2
18S rDNA 5.8S DNA 258 tDNA

Figure 2. A schematic representation of the location of ITS region.

Several features of rDNA make it appropriate for systematic and phylogenetic
studies. First, this region of the genome is well characterized and conserved. Many
primers already are available to amplify regions of the rDNA repeat that would supply
sequence data for a wide range of taxa (White et al., 1990). Second, substantial research
has been done on rDNA from many fungi, so ample datasets are available for reference.
Additionally, different regions of rDNA evolve at variable rates, which can be used to

investigate fungal relationships at different taxonomic levels (Bruns et al., 1991).
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2.9 Biogeography and speciation

The information on phylogeny and biogeography provides a framework for
understanding the relationship among different components of evolution at the species
level, including geographic variation, genetic isolation mechanisms, and morphological
evolution (Avise, 1989). Speciation in many mushroom groups is often associated with
tremendous levels of genetic divergence that suggest an ancient origin for some species.
Because of their ephemeral fruiting patterns, the ranges and distributions of most

mushroom species are poorly known (Vilgalys and Sun, 1994).

2.10 Characterization techniques

2.10.1 Morphological tools

Macrofungi have been traditionally characterized based on their micro and
macroscopic features. Macroscopic descriptions are based on the size, shape, color and
texture of the pileu. Other descriptors include the size of lamellae (height, thickness,
breadth, and width), shape (attachment), color and texture; Stipe size including length,
width, texture, color and cuticle (aculopellis) feel Color (Kirk et al., 2008).
Unfortunately, the phenotypic approach has been largely criticized for its lack of
standardized and stable terminology and for its high subjectivity to environmental

conditions (Brasier, 1997).

12



2.10.2 Molecular tools

Perspectives for fingerprinting the genomes of mushrooms have recently arisen
from molecular markers based on the polymerase chain reaction. These procedures have
provided novel and very powerful reproducible and reliable DNA fingerprinting
methods, (Vos et al., 1995). Molecular markers such as rapid amplified polymorphic
DNA (RAPD) markers, restriction fragment length polymorphic (RFLP) markers,
microsatellite and mitochondrial genotypes have all been used to discriminate

mushroom species (Barroso et al., 2000).

2.10.2.1 Random amplified polymorphic DNA markers

Random amplified polymorphic DNA (RAPD) has been successfully applied in
the determination of genetic diversity in several mushroom breeding materials intended
for crossing (Khush et al., 1991). This is because RAPD technique is simple and
efficiency, and it requires no prior sequence knowledge (Karp, 1997a). However, the
RAPD technique has proved not to be reproducible especially between laboratories as it
is highly influenced by experimental conditions (Jones et al., 1997b; Virk et al., 2000;
Staub and Serquen, 1996). The preferential amplification of DNA fragments also masks
relatedness between taxa or populations and limit reproducibility (Mueller and

Wolfenbarger, 1999).
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2.10.2.2 Restriction fragment length polymorphic markers

Restriction fragment length polymorphic markers (RFLPs) have been used for
analysis of genetic diversity of fungal species because of their specificity and
codominant nature (Chyi et al., 1992). However, the RFLP analysis generates relatively
small numbers of polymorphisms and is therefore not suitable for studying new or
alternative crops such as wild mushrooms where little prior data is available (Pradhan et

al., 1992; Lanner et al., 1997).

2.10.2.3 Amplified fragment length polymorphic markers

Amplified fragment length polymorphic (AFLP) is a highly accurate method to
detect polymorphisms among individuals, populations, and independently evolving
mushroom lineages (Mueller and Wolfenbarger, 1999). The visible polymorphism of
AFLP fragments is primarily generated through variations in restriction enzymes sites,
and the incorporation of PCR allows for rapid and efficient marker generation. AFLP
technique has widely been used to study many mushroom lineages including Pleurotus

ostreatus (Zhuo et al., 2006 Zheng et al., 2007).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Sample collection

Samples of Pleurotus species growing on either tree barks or other substrates
(wood, soil or leaf litters) were randomly collected from Arabuko Sokoke Forest,
Kakamega Forest and Mt. Kenya Forest in Kenya (Table 3). Each collection site
constituted a population. Individual sample in each population was collected 10-20 m
apart to avoid sampling the same individual several times. Similarly, populations were
over 300km apart. Thirteen samples were obtained from Jomo Kenyatta University of

Agriculture and Technology (JKUAT).

Table 3. Wild and cultivated of Pleurotus species used in this study

Sample identification codes

ASO1 AS32 AS66 AS70 KK14 KK53 KK94 MK95
ASO3 AS33 AS67 AS80 KK15 KK65 MKO7 KK12
ASQ6 AS34 ASG68 AS83 KK21 KK73 MK10 KK14
ASQ8 AS35 AS69 AS86 KK23 KK76 MK11 KK15
AS13 AS39 AS29 AS87 KK38 KK77 MK16 KK21
AS17 AS40 AS32 AS89 KK42 KK78 MK20 KK94
AS18 AS4A1 AS33 AS90 KK43 KK79 MK27 MKO7
AS24 AS51 AS34 AS96 KK44 KK82 MK31 MK10
AS26 AS52 AS35 AS96 KK45 KK84 MKS36 MK11
AS28 AS54 AS39 KKO05 KK47 KK91 MK71 MK16
AS29 AS55 AS40 KKO07 KK50 KK53 MK®88 MK20
AS41 AS51 AS41 KK12 93JK 75JK 74JK 48JK

72JK 30JK 92JK 19JK 22JK 25JK 04JK 46JK

AS, MK, KK represent species from Arabuko Sokoke, Mt. Kenya and Kakamega
Forests. JK represents cultivated species obtained from JKUAT

15



3.2 Preparation of tissue cultures

The young and healthy fruit bodies of Pleurotus species were prepared by
breaking either the cap or stem to expose the interior tissue, followed by excising and
inoculating small tissue fragments using a sterile scalpel in petri dishes containing
potato dextrose agar as described by Stamets (2000). A total of 84 samples formed
mycelium after incubation at 25-28°C for 5 days. Mycelia were sub cultured after every
10 days until pure cultures were obtained. The cultures were then preserved at 4°C as

stock cultures.

3.3 Isolation and visualization of genomic DNA

3.3.1 DNA isolation

Total genomic DNA was extracted following the cetyltrimethyl ammonium
bromide method (Doyle and Doyle, 1988). Mycelium (0.1g) of each sample was
collected using sterile scalpel from the agar medium and put into 1.2 ml tubes and then
ground into fine powder for 5 min using a 2000 Geno/Grinder (Troemner, Inc., Beirut,
Lebanon). The crushed mycelia were resuspended in 0.5 ml extraction buffer (100 mM
Tris-HCI [pH 8], 2% [wt/vol] CTAB, 50 mM EDTA, 0.7 M Nacl, 1% [vol/vol] B-
mercaptoethanol and 1% [w/v] PVP) and incubated for 1 hr at 65°C. Solution (0.5ml) of
chloroform-isoamyl alcohol (24:1 vol/vol) was added into the mixture of extraction
buffer and the two phases were mixed several times by inverting tubes gently. The

resulting emulsion was centrifuged at 4500 x g, 20°C, for 5 min using Beckman
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Coulter, Allegra™ 25R Centrifuge (Beckman Coulter, Inc., CA, USA). The upper
aqueous phase was mixed with 50pL of NaAC and 400uL of isopropanol in 1.2 ml
tubes. Samples of DNA were left to precipitate for 12h at 4°C and centrifuged at 3500 x
g, 20°C for 5 min. The supernatant was discarded and pellets air- dried on a clean paper
towel in the hood for 1 h before washing two times with an equal volume of 70%
ethanol. Pellets of DNA were then resuspended in a low-salt TE buffer (Tris-HCI pH
8.0, EDTA 0.5M) and incubated at 37°C for 30 min with 2uL of DNAse-free RNAseA

(10 mg/ml). Purified DNA was then stored at 4°C.

3.3.2 Gel electrophoresis

Quiality and quantity of DNA was confirmed using agarose gel electrophoresis.
Solution of 1% agarose was prepared by melting 1.0 g agarose in 100 ml of 1x TBE
(0.1M Tris-HCI pH 8.0; 0.1M Boric acid; 0.5M EDTA) buffer in a microwave for 2
min. The solution was allowed to cool for 5 min minutes then 1 pl of ethidium bromide
was added and stirred to mix. The gel was cast using a supplied tray and comb and
allowed to set for of 30 min at 25°C on a flat surface. DNA sample was mixed with 2 pl
Ix loading buffer and loaded alongside 5 pl of 1kb ladder into the separate wells. DNA
samples were run in the gel for 1hr at 80V after which the gel was photographed using
UVP Bioimaging Camera (SFC Inc., CA, USA). Purified DNA was diluted to
200mn/pL using NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific Inc.,

Wilmington, USA).
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3.4 AFLP analysis
3.4.1 Template preparation and adaptor ligation

AFLP analysis was carried out following the standard procedure described by
Vos et al. (1995) and adapted in the AFLP® Plant Mapping protocol of the Applied
Biosystems Inc. (Forster City, CA, USA). The suitability of the restriction enzymes
used to cut the genomic DNA was initially tested. The genomic DNA was digested with
Msel (frequent-4-base cutter-TAA) and EcoRI (rare-6-base cutter-AATTC) restriction
enzymes supplied by Applied Biosystems (Forster City, CA, USA) separately and then
in combination. A restriction-ligation enzyme master mix was prepared by combining
0.5 ul of T4 DNA ligase (1 U/ul in 10 mM Tris-HCI (pH 7.5), 1 mM DTT, 50 mM KCl,
50% (v/v) glycerol) with 4.5 ul adapter/ligation solution (EcoRI/Msel adapters, 0.4 mM
ATP, 10 mM Tris-HCI (pH 7.5), 10 Mm Mg-acetate, 50 mM K-acetate). The genomic
DNA (5.5ul) was incubated for 2.5 hr at 37°C with 0.5 pl of EcoRI/Msel (1.25 U/ul
each in 10 mM Tris-HCI (pH 7.4), 50 mM NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1
mg/mL BSA, 50% glycerol (v/v), 0.1% Triton® X-100), and 5 pl of 5% reaction buffer
(50 mM Tris-HCI (pH 7.5), 50 mM Mg-acetate, 250 mM K-acetate). The adapter pairs
were first annealed to make them double stranded by heating the tubes in a water bath at
95°C for 5 min. The tubes were then left to stand at 25°C for 10 min. This reaction
mixture was incubated at room temperature overnight. The restriction-ligation products
were diluted by adding 189 pL of low TE buffer (0.1 mM EDTA, 15mM Tris-HCL) to

11 pL of the reaction mixture in a 1.5 ml micro-centrifuge tube to give the appropriate
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concentration for subsequent PCR. An aliquot (5 pl) of each digested products was run
on 1.5% agarose gel in 1x TBE buffer to check for complete digestion of DNA samples.

A 1kb DNA size marker was used to check the size of the DNA.

3.4.2 Pre-selective amplification

Amplification of the adapter-ligation restriction products was performed for
subsequent selective amplification using pre-selective primers provided by Applied
Biosystem, USA. Diluted restriction-ligation reaction product (4.0 pl) was mixed with
1.0 ul AFLP pre-selective primer pairs and 15 pl core mix from AFLP ligation and
preselective amplification module P/N 402004. PCR amplification was carried out at
initial hold-time of 2 min at 72 °C followed by 20 cycles of 20 s at 94 °C, 20 cycles of
30 s at 56 °C and 20 cycles of 2 min at 72 °C and a further hold time of 30 min at 60°C
using Applied Biosystem GeneAmp 9700 thermo cycle machine (Applied Biosystem,
CA, USA). The pre-selective amplification reaction products were verified by mixing
10 pl of each pre-selective amplification product with 2 pl of 1x loading dye and run on
1.5% agarose gel in 1x TBE buffer at 90 VV/cm for 45 min. The gel was stained with 1
ugl/100ml ethidium bromide and photographed using UVP Bioimaging Camera (SFC

Inc., Osaka, Japan).

3.4.3 Selective amplification

Selective AFLP amplification was performed following the method described by

Vos et al. (1995). Pre-selective amplification product (10 pl) was diluted with 190 pl
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low salt TE (Tris-EDTA) buffer. The selective PCR amplification was performed using
various combinations of two AFLP primers specific for EcoRIl and Msel primer
adapters. A total of 14 primer pairs; ECOR1-AAC/Msel-CTC, EcoR1-ACA/Msel-CAT,
EcoR1-AT/Msel-CTG, EcoR1-AGG/Msel-CTG, EcoR1-AGG/Msel-CAT, EcoR1-
AG/Mse-C, EcoR1-AT/Mse-CTA, EcoR1-AG/Mse-CAT, EcoR1-TA/Mse-C, EcoR1-
ACA/Mse-CTC, EcoR1-ACA/Mse-CTG, EcoR1-ACA/Mse-CTA, EcoR1-AGG/Mse-
CTC and EcoR1-AGG/Mse-CTA were screened on eight samples for protocol
optimization and to identify the primer pairs that produced the most polymorphic
fragments. The diluted pre-selective amplification product (3 pl) was mixed with 1 pl
fluorescently labeled EcoRI primer, 1 pl of Msel primer and 15 pl of AFLP core mix.
Amplification of selective reaction product was performed on a Applied Biosystems
GeneAmp 9700 thermocycler (ABI, Forster City, CA, USA) with the following
parameters; an initial two minutes at 94 °C followed by one cycle of 94 °C for 20 s, 66
°C for 30 s and 72 °C for 2 min. This cycle was repeated eight times with a lowering of
the annealing temperature of 1 °C per cycle. This was followed by 20 cycles of 94 °C
for 20 s, 56 °C for 30 s and 72 °C for 2 min and a further hold time of 30 min at 60 °C.
The selective PCR product was prepared by adding 12 ul of Gene Scan 500 LIZ internal
size standard supplied by Applied Biosystems Inc. (Forster City, CA, USA) to 1 ml
deionised formamide HiDi. Loading buffer (9 lu) was added to 1 pl of the selective
amplification products in a MicroAmp PCR Plate and resolved in ABI capillary
electrophoresis system (ABI Inc., Forster City, CA, USA) and analyzed on ABI 3130

genetic analyzer (Forster City, CA, USA).

20



3.5 DNA amplification and sequencing

DNA (2 pl) isolated from 12 strains of Pleurotus species were mixed with 18 pl
Accupower PCR Premix cat. #K-2016 (Bioneer Inc. Daejeon, South Korea) and
amplified using forward ITS-1 (5-TCCGTAGGTGAACCTGCGG-3") primers and reverse
ITS-4 (5 -TCCTCCGCTTATTGATATGC-3’) primers. PCR was performed using
GeneAmp 9700 Eppendorf thermocycler (Applied Biosystem Inc., CA, USA) with the
following program: 95°C for 1 min, 35 cycles at 94°C for 30 s, 60°C for 30 s and 72°C
for 2 min, and a final elongation at 72°C for 10 min. PCR products were treated with
ExoSAP-IT (USB Corporation, Cleveland, OH, USA) and examined on a 1.6% (w/v)
agarose gel stained with ethidium bromide. For sequencing, an ABI PRISM 3.1 BigDye
Terminator kit (Perkin Elmer, USA) was used and the electrophoresis was carried out
on an ABI PRISM 3700 Genetic Analyzer. Sequencing was carried out for both strands

using the forward and reverse primers used for initial amplification.

3.6 Sequence editing and alignment

Resulting sequences with readable chromatograms were assembled and edited
using DNA Baser Version 3 (DNAStar, Inc. Madison, USA). However, unreadable
chromatograms characterized by a more or less sudden overlapping of sequence peaks
starting at certain given positions in the sequence could not be assembled together in the
DNA Baser program. It was therefore not possible to edit these chromatograms

manually and to reconstruct complete sequence hence they were removed from the
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analyses. Each unique ITS sequences were first used as a query to retrieve closely
related sequences from the GeneBank.

The unique ITS and the retrieved sequences were aligned using CLUSTALW
multiple alignment program available at http://www.ebi.ac.uk/Tools/msa/clustalw2. The
aligned sequences were visually checked, adjusted and then analyzed using MEGA
v5.05. In this analysis, because of the inclusion of divergent sequences and the
differences in length among the aligned DNA sequences, a large number of gaps (i.e.
insertions and deletions) were introduced in the aligned dataset. As a result, the gaps

were treated as missing data.

3.7 Data analysis

Genotypes were scored for presence (1) and absence (0) of AFLP bands using
GeneMapper Software version 4.0 (Applied Biosystem Inc., Forster City, CA, USA).
Only sharp and precise bands were scored to generate a data matrix. Category bins were
created to group peaks based on the sizes of the allele. A threshold peak height was set
at 50 -500 relative fluorescent units (Palsson et al., 1999). Bands present in all
accessions were not scored. Distance matrices for all pairs of genotypes were
constructed from the AFLP data matrix using the Euclidean distance method (Kaufman
and Rousseeuw, 1990).

The AFLP data set was subjected to Nei’s gene diversity index (H) to quantify
variability within the population and to investigate genetically close populations. Allele

frequency-based Nei’s genetic distance and unweighted pair group method of arithmetic
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averages (UPGMA) clustering methods were employed using tools for population
genetic analysis (TFPGA) software version 1.3 (North Arizona University, Arizona,
USA) (Miller, 1997). Cluster analysis was performed using the genetic distance
matrices generated by the Euclidean distance method to reveal the patterns of genetic
relationships among genotypes. The results of cluster analysis were presented in the
form of dendrograms to infer relationships among genotypes.

Neighbor-Joining (NJ) and Maximum Parsimony (MP) analyses were performed
as described by Tamura et al. (2011). NJ and MP analyses were performed using
MEGA software version. 5.05 developed by Arizona State University, USA (Tamura et
al., 2011). Support for phylogenetic groupings was assessed by bootstrap analysis
(1,000 replicates) with random addition of sequences during each heuristic search
(Felsenstein, 1985). Only significant bootstrap replication frequencies above 50% were
indicated. Other indices for the generated topology, including tree length, a consistency
index as well as retention index were calculated. The database search of sequences for a
possible match to the ITS sequences was performed using the basic sequence alignment
Basic Local Alignment Search Tool (BLAST) program run against the GenBank
database (http://www. ncbi.nlm.nih.gov/blastn) on 5" October, 2011. Additional four
sequences were included as reference ITS sequences. The four reference sequences
were chosen based on their comparable sequence lengths to the 12 sequences of ITS and

in several cases the availability of two or more strains for the same species.
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CHAPTER FOUR

4.0 RESULTS

4.1 AFLP polymorphism

A total of 643 AFLP loci were generated from 84 samples of Pleurotus species using
five primer combinations (Table 4). The primer combinations used produced 330
polymorphic loci across all the species accounting for 51% of the total scorable loci
(Table 4). The number of scorable loci generated by each AFLP primer pair varied
from 20 to 228. The number of polymorphic loci for each primer pair varied from 16 to
116. The loci ranged in size from 51 to 497 bp as generated by GeneMapper version
4.1. The number of loci varied for different primer combinations. The primer
combination of 5’Eco +AGG- Mse +CTC 3’ gave the smallest number of both scorable
(20) and polymorphic (16) loci, respectively while 5’Eco +AAC- Mse +CTG 3’ gave
the highest number of both scorable (228) and polymorphic (116) loci. Five primer pairs
used generated an average of 7 scorable and 4 polymorphic loci across all the 84 species

studied.

Table 4. AFLP primers and polymorphism

Primer pair Total number of loci Polymorphic loci Polymorphism (%)
E-AAC/M-CTC 228 116 52

E-ACA/M-CAT 115 102 89

E-AT/M-CTG 160 40 25
E-AGG/M-CTG 20 16 80

E-AGG/CAT 120 56 47

Total 643 330
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4.2 Genetic diversity of Kenyan Pleurotus species

The genetic diversity among the studied Pleurotus species was very small as
revealed by the estimates of Nei’s unbiased genetic diversity in Table 5. The genetic
diversity values ranged from 0.27 to 0.24 between species obtained from Arabuko
Sokoke and Mt. Kenya. Cultivated species had similar levels of genetic diversity with
the wild species from Mt. Kenya. The same order of gene diversity was revealed by
Shannon’s information index (1) and heterozygosity values in which wild species from
Arabuko Sokoke was the most heterozygous (H=0.26) while both the JKUAT and Mt.
Kenya population had the least heterozygosity values (H=0.23 ) each. The percentage
polymorphic loci were also in close agreement with the diversity estimates. Wild
species from Arabuko sokoke had high diversity estimates and percentage polymorphic
loci. The observed number of alleles (na) and the effective number of alleles (ne) were
also high in populations with high diversity (Arabuko Sokoke) and low in those with
low diversity (JKUAT and Mt. Kenya). Nei’s unbiased diversity values among the
studied species were very small. This was the case with Shannon Information Index,

percentage polymorphic loci and heterozygosity values.
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Table 5. Genetic diversity estimates among 4 populations of Pleurotus species

Population Sample H
ID size na ne h | % loci

AS 34 1.98 1.42 0.27 0.41 99.1 0.26
KK 25 1.88 1.39 0.25 0.39 92.1 0.25
MK 11 1.73 1.37 0.24 0.37 83.1 0.23
Mean 23 1.86 1.39 0.25 0.39 91.43 0.25
JKUAT 13 1.72 1.37 0.24 0.35 82.1 0.23

na= Observed number of alleles; ne= Effective number of alleles; h = Nei's
unbiased measure of genetic diversity; | = Shannon's Information index; % loci =
Percentage polymorphic loci; H-mean heterozygosity. JKUAT represents
population of cultivated species. Populations of wild species are represented by AS-
Arabuko Sokoke, KK-Kakamega, MK-Mt. Kenya

4.3 Analysis of Molecular Variance

Summaries of analyses of molecular variance (AMOVA) are represented in
Table 6. Of the total observed allele frequency variations, the majority was found from
within populations (89 %). The remaining 11% could be attributed to frequency
variations among populations. The contributions from each of these sources were
significantly greater than 0, indicating statistically significant (P<0.001) genetic
differentiations within rather than among populations. The degree of gene
differentiation among populations in terms of allele frequency (Fst) was also

moderately low (0.125).
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Table 6. Summary results of AMOVA

Source of variation ~ Variance components 9% variation P-values Fq

Among population 6.611 11% <0.001
Within Population 52.848 89% <0.001 0.125
Total 59.459 100%

4.4 Cluster analysis

A dendrogram based on Nei’s genetic distance (D) is illustrated in Figure 4. The
dendrogram clustered 71 wild and 13 cultivated Pleurotus species into 3 major clades
Clade I and 11 consisted mainly of wild species (KK, MK, AS) with bootstrap values of
38% and 67% respectively. The cultivated species (JK) formed a distinct cluster with a
bootstrap support of 66%. Distribution of the wild species within each cluster did not

correspond to their geographical origin.
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Figure 3. Dendogram of clustering analysis of 84 Pleurotus species.

KK(blue) AS(red) MK(pink) and JK(green) represents species from Kakamega,
Arabuko Sokoke, Mt. Kenya and cultivated species from JKUAT respectively
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4.5 Internal transcribed spacer sequence data

The phylogenetic relationships based on the ITS sequences was obtained by the

neighbor joining (NJ) tree (Figure 4).

ear 3IMK
50KK
Pleurotus_sp.Florida'(AY 368662)
60| Pleurotus_eryngii(EU233964)
72K

4| Pleurotus_ostreatus(JF758887)
Pleurotus_sp.YLO05(FJ687276)

49

100

Clade | ‘ 20MK
28AS
6 71IMK
{— 30AS
Clade Il 92AS
L 92JK
5KK
62
300K
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—

0.1
Figure 4. Neighbor-joining tree of 12 Pleurotus species based on ITS sequences
AS, KK and MK represent species collected from Arabuko Sokoke, Kakamega
and Mt. Kenya respectively. JK are cultivated species obtained from JKUAT.
Phylogenetic tree revealed little genetic differences within the species studied;
indicating that these species were very similar. Two clades were identified within 12

Pleurotus species with clade | consisting of 50KK, 28AS, 20MK, 31MK, 72JK whereas

clade 11 consisted of 5KK, 7KK, 39AS, 52AS, 71MK, 31MK and 92JK, 30JK. Species
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in clade | grouped with the reference strains with well supported bootstrap value
(100%).

Sequences (Appendix 1) for a possible match to the rDNA ITS sequence of 12
strains of Pleurotus species yielded 1098 hits on the query sequence in the nucleotide
databases at the NCBI. The highest match was Pleurotus sp. ‘Florida’ (AY368662),
ITS-1, 5.8 S, and ITS-2 nuclear rDNA sequence. The score for this match is 1110 bits
with an E value of zero. The alignment (Appendix 2) of 604 total nucleotides showed
88% minimum and 100% maximum identities. The identified sequences had associated
species identification in the GenBank database, belonging to Pleurotus ostreatus

(JF75887), Pleurotus eryngii (EU233964), and Pleurotus sp. YL0O05 (FJ687276).
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CHAPTER FIVE

5.0 DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS

5.1 General discussions

The five AFLP primer pairs (E + ACA/M + CTC, E + AT/M + CAT, E +
ACA/M + CTA, E + ACC/M + CTC, and E + AT/M + CTC) used revealed 330
polymorphic loci. This confirmed the suitability of AFLP markers to evaluate genetic
variability in mushroom lineages at species level (Terefework et al., 2001). The use of
AFLP markers in assaying genetic variations among Basidiomycetes fungi has been
widely reported in many mushroom lineages (Mueller and Wolfenbarger, 1999). The
used primer pairs can be good candidate primer combinations to verify genetic diversity
of other Pleurotus species.

Closely related or similar Pleurotus species were distributed across Kakamega
(KK), Mt. Kenya (MK) and Arabuko Sokoke (AS) Forests (Figure 3). Close similarity
within and among the populations (Table 5) suggested the likelihood of a small degree
of variability in terms of growth characteristics, colour, size, Biological efficiency (BE)
and susceptibility to both pests and diseases. Minimal gene flow events could be
responsible for the observed low genetic variations within the wild species. Similar
studies reported low levels of variations in species with a restricted distribution, or those

that have long been cultivated for commercial purposes, or in populations with just a
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few individuals, or in species that reproduce exclusively asexually (Old et al., 1984;
Burdon and Roelfs, 1985).

The cultivated species (JK) formed a distinct cluster with a few species
distributed within the wild populations. Production of many cultivars from limited
number of elite lines could be responsible for low diversity observed within the
cultivated species. Distribution of a few cultivated species within the populations of
wild species could be due to human-mediated spore dispersal following the increased
setting up of several mushroom units in many parts of the country.

The identification of Pleurotus ostreatus, Pleurotus eryngii, Pleurotus sp.
‘Florida’ and Pleurotus sp. YLOO5 as part of the genetic diversity of Pleurotus species
in Kenya suggests that efforts to domesticate wild genotypes could save local farmers
from the burden of importing similar species. Close similarity between the wild and
cultivated species also indicated close phylogenetic relationships between the wild and
cultivated species. It therefore implies that the wild species have great potential for

commercial cultivation.

5.2 Conclusions

Wild Pleurotus species from different parts of Kenya are similar to the
cultivated species. However, diversity within species is high. The high genetic diversity
within populations can be used for selection of more commercially suitable Pleurotus

species. AFLP markers revealed polymorphism across the 84 samples used. AFLP
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markers and rDNA ITS sequence analysis showed that the wild and cultivated Pleurotus

species were closely related.

5.3 Recommendations

More analysis of multiple additional genes from larger collections of wild and
cultivated Pleurotus species from different locations in Kenya is needed to fully
understand their diversity and molecular phylogeny. Conservation of wild Pleurotus
species is also necessary to maintain the genetic diversity of this species in nature.

Selection of commercial mushrooms from the wild population is also possible.
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APPENDICES

Appendix 1: Sequence alignment of ITS region from 12 strains of Pleurotus species

Sequence alignment from genotypes of Pleurotus species Sequence alignments were

performed using the Clustal W algorithm (Higgins et al.,

European Molecular Biology Laboratory (EMBL-EBI).

1991) available at

aligned across all genotypes are indicated with asterisk.
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CIAGT-CTITTCRACCACCTIGIGRA-ACTTTITGATAG-ATCIGIGRAGICG
ACTAGT-CTTITCRACCRACCIGIGA-ACTTTITIGATAG-ATCTIGIGARGICG

CIAGT-CTTTCRARCCACCTIGIGA-ACTTITGATAG-ATCTGIGRAGICE
ACTAGT-CTITCRAACCACCTGTGRA-ACTTTTGATAG-ATCTGIGRAGTCG

CTAGT-CTTTCRRCCACCTGTGA-ACTTTITGATAG-ATCTGIGRAGTCG
ACTAGT-CTTITCAACCACCTGTGA-ACTTTTGATAG-ATCTGTGRAGTCG

CTAGT-CTTTCRRCCACCTGTGA-ACTTTITGATAG-ATCTGTGRAAGTCG
ATGCGTGCTATTGATGA———GTGATRATTATCACATCATGOGCAGAGET
ATIGCGIGCTATTIGATGA-——GIGATRATTATCACATCATGCGCAGRGET
ATGCGIGCTATTGATGRA-——-GIGATRATTATCACATCATGCGCAGRGET
ATGCEIGCIATIGATGE———GIGAT AR TTATCACATCATGOGCAGAGET
ATGCETGCTATTGATGA———-GTGATAATTATCACATCATGCGCAGAGET
ATGCGTGCTATTGATGA———GTGATAATTATCACATCATGCGCAGAGET

ATGCETGCTATTGAT G- ——GTGATARTTARCACATCATGOGCARRGECR
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TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG
TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG
TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG
TCICTCARGICGT -CAGACTIGEI TGLTGEEATTTARRCGICICGEIGIG
TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG
TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG
TCTCTCARGTCGT-CAGACTTGGET TGCTGEGATATARACGTICICGEIGIG
TCTCTCARGTCGT-CAGACTTGGET TGCTGEGATATARACGTICICGEIGIG
TCTCTCARGTCGT-CAGRCTTGGET TGCTGEGATITARACGICICGEIGIG

A-TGAGRAGTCCTGCTRAATGCATITARGAGGA--—-
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CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRRCGEATCTICTIG-GCTCTCGCATCGAT GARGRRCGCAGCGRRAT LG
CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRACGEATCICITG-GCICICGCATCRAT GRAAGRACGCAGCGRARATGCG
CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRACGGATCICTIG-GCTCTCRCATCGAT GRAGARCECAGCGRARTGCG
CRACGEATCICITG-GCICICGCATCGAT GARARRCGCAGCGRRAT GG,
CRAGGGECECARGETGCGTITCARR--GATTCGAGATICACTGRATT-CIG
CRAGGGECECARGETGCGTITCARR--GATTCGAGATICACTGRATT-CIG
CRAGGGECECARGETGCGTITCARR--GATTCGAGATICACTGRATT-CIG
CRAGGGECECARGETGCGTITCARR--GATTCGAGATICACTGRATT-CIG
CRAGGERCGCARGGTGCGTICARR - GATTCGAGATTCACTGAATT-CTG
CRAGGGG-GCARGEEGGGTTCCARR-ARTCCARRRT-CRATTRAATT-CIG
CRAGGEECGCARGEEEEETICAARL -GATTCRARRTTCAGRGATTTGCRG
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TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TAAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGAATCTTIGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TRAGTAATGTGA--—-ATCGCAGARTTCAGT GART -CATCGARTCTITGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
TRAGTAATGTGA--—-ATTGCAGARTTCAGT GART -CATCGARTCTTITGA
CRATTCACATTA-CITATCGC--ATTTCGCTGCGTICTIC--ATCGATGE
CRATTCACATTA-CITATCGC--ATITCGCTGCGITCTIC--ATCGRTIGE
CRATTCACATTA-CITATCGC--ATTTCGCTGCGTICTIC--ATCGATGE
CRATTCACATTA-CITATCGC--ATTTCGCTGCGTICTIC--ATCGATGE
CRATTCACATTA-CITATCGC--ATTTCGCTGCGTICTIC--ATCGATGE
CCATTTACCTTARCTAATC-C--ARTTCCCTICCTICCIC--CTCCRTGE
CRATTCACATTARCTARTCGC--ATTCCCCTCCTTICTIC--ATCARTGE
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ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT-—--GCGCCCCTIGRTATTCCGAGGGECATGCCTGITTIGAGT
ACGCACCTT---GLGCCCCTTGGETAT TCCRAGGEECATGLCTGTTTGAGT

GAGAGCCA--AGRGATCCGTIGITG-—-ARAGTTGTA-TTATGETITATA
GAGAGCCA--AGRGATCCGTIGITG-—-ARAGTTGTA-TTATGETITATA
GAGAGCCA--AGRGATCCGTIGITG-—-ARAGTTGTA-TTATGETITATA
GAGAGCCA--AGRGATCCGTIGITG-—-ARAGTTGTA-TTATGETITATA
GAGAGCCA--AGAGATCCGTIGITG-—-ARAGTTGTA-TTATGETITARR

Ci CCC--RARARATCCCTIGEIT---ARAGTTGGRAATAATGTTTAATA
AAGRGACACARGATATCCGTIGRAG-—-ARAGTGETAATTATGETTARTA
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GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GTCATTARATTC-TCRARATCACTTTGETTICTTITCCRAATTGTGATGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARRTCACTTTGETTICTTITCCAATTGTGRATIGTTIG
GICATTARATTC-TCARATCACTTTIGEITICTITITCCAATIGTGATIGITIC
GECACARGECCCATTARRTGRCATTCGTAGACATACATITGEGEIGTGIA
GECACARGECCCATTARRTGRCATTCGTAGACATACATITGEGEIGTGIA
GECACARGECCCATTARRTGRCATTCGTAGACATACATITGEGEIGTGIA

GECACRAGGCCCATTRARTGACATTCOTAGACATACATITGGGEIGTIGIA
GECACAAGGCCCATTARATGACATTCGTAGRCATACATTTGRGEIGTGTA
GEOCCARGECC-ATTARATGACCTTTCTARRACTTCCTTIGRGEEEGGTA
GECACAAGGCCCATTARATCACTTTCGTARRCATACATTTGRGEIGTGTA
* % * * khkx kh kk % EIE T T
GATTGTIGEEEGCTGCTGECCTIGACAGETCRGCTCCTCTTARATGCATT
GATTGTIGEEGGCTGCTGECCTIGACAGETCGGCTCCTCTTARATGCATT
GATTGTIGGEEGGCTGCTGECCTIGACAGETCRGCTCCTICTTARATGCATT
GATTGTIGGEEGGCTGCTGECCTIGACAGETCRGCTCCTICTTARATGCATT
GATIGIIGEEGGECTGCTGECCTIGACAGETCEECTCCICTTARRTGCATT
GRTIGIIGEEGGCTGCTGECCTIGACAGETCGGCTCCICTTARRTGCRTT
GATIGTIGEEGGCTGCTGECCTIGACAGETCGECTCCTICTTARRTGCRTT
GATIGTIGEEGGCTGCTGECCTIGACAGETCGECTCCICTTARRTIGCRTT

GATTGITGEEEGCTIGCTGEC

CTIGACAGGTCGGCTCCICTTARATGCATT

AGTARRTAGA--CTIGCG—-—-TAGTCACACCGAGACGTITTARATCCCAGT
AGTARRTAGA--CTGCG----TAGTCACACCGAGACGTITTARATCCCAGT
AGTARRTAGA--CTGCG----TAGTCACACCGAGACGTITTARATCCCAGT
AGTARATAGR--CTGCG----TAGTCACACCGAGACGTTTARATCCCAGT
AGTARATAGA--CTGCG----TAGTCACACCGAGACGTTTARR CCC &C
RAGETARATAGR--CTGCG———-TAGTCRACACCGRAGACGTITTAR--TCC
BGTRARATAGRA--CTECGE-——TAGTCACACCGRAGACGTTTARTTCCC C“
* * % ITTT] * ok k% % * ok ok % %

AGC--AG-—-GARCTICTCATTGCCICTIGOGCATGATGIGATARTTATCAC
AGC--AG-—-GRCTICTCATTGCCICTIGCGCATGATGTIGATAATTATCAC
AGC--AG---GRCTTCTCATTGCCICTGOGCATGATGT GATARTTATCAC
AGC--AG---GRCTTCTCATTGCCICIGCGCATGATGT GATARTTATCAC

GC--AG---GACTICTCATTGCCTCTGCGCATGATGT GATARTTATCAC
AGC--AG---GRCTTCTCATTGCCTCTGCGCAT GATGT GATRARTTATCAC

AGC--AG---GACTICTCAITGCCTCIGCGCATGATGIGATARTTATCAC 524
GC--RAG---GACTICTCATIGCCICTIGOGCATGATGIGATRAATTIATCAD 524

RAAC--AG-——GRCTICTCATTGCCTCTIGCGCATGATGTGATARTTATCAC

CCAAGTCTGACGACTTGACGACTICACAGATC-TATCARARGT -TCAC
ARCCARGTCTGRACGACTTGACGACTICACAGATC-TATCARRRGT -TCAC

CCAAGTCTGACGACTTGACGACTICACAGATC-TATCARARGT -TCAC
AR CCARGTCTGRACGACTTGACGACTICACAGATC-TATCARRRGT-TCAC
AR CCALGTCTGACGACTTGACGACTICACAGATC-TATCARRRGT-TCAC
ARAC-RRATCTGRACACTTGR-GACTICRCAGATC-TATCARRRGT-TCAC
AR CCRLGTCTGRCCACTTGRCGACTICRACAGATC-TATCARRRGT -TCAC
* % % TS *h * kH ® kk ok ko ok kh ok khkk

47

522
515
515
515
515
515
509
526



PFleurotus_ostreatus_JF7
Pleurctus sp.YL0OOS_FJe2
72

Pleurotus_eryngii EU233964
Pleurotus sp.'Florida' RY36866
28R5

J1ME

50K

20ME

32R5

927K

SEK

300K

THE

T1MKE

3925

5 —_—
T

o
=]}
-

[

a7
6

o
=}
-
£

Fleurcotus _ostreatus JE7
Fleurctus sp.YLOOS _FJ&E
72

Fleurotus_eryngii EU233964
PFleurotus_ap.'Florida'_AY36S66
28R5

31ME

SOEE

20ME

S2R5

927K

SEK

30TK

TEK

T1ME

3525

SERET_
727

a7
a_

-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
---TCATCRATAGCACGCATGAATAGAGT CCAGCTCTCTRATCGTCCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
-—-TCATCAATAGCACGCATGRATAGAGTCCAGCTCTCTAATCGTICCGE
---TCATCRATAGCACGCATGAATAGAGT CCAGCTCTCTRATCGTCCGE
AGGTGGETTGAARG-ACTAGTGAAGCGTGCACRT GCCCCTAGAGECCAGE
AGGTGGETTGAARG-ACTAGT GAAGCGT GCACRT GOCCCTAGAGGCCAGCA
AGGTGGETTGAARG-ACTAGTGAAGCGTGCACRT GCCCCTAGAGECCAGE
AGGTGGETTGAARG-ACTAGT GAAGCGT GCACRT GOCCCTAGAGGCCAGCA
AGGTGGETTGAARG-ACTAGTGAAGCGTGCACRT GCCCCTAGAGECCAGE
AGGTGGETTGAARG-ACTAGT GAAGCGT GCACRT GOCCCTAGAGGCCAGCA
AGETGETTGARAG-ACTAGTGRARGCETGCACAT GCCCCTAGRGECCAGT,
*

* * okE k% HEEE * & *E & EEkE * ok kEE

AGGRCRATTTGACARTTTGACCTCA————— BATC 600
AGGACRATTTGACRRTT-GACCTCA————— BRTC 333

FEACRRTTTGACRATTTGRACCTCA————— RATC 600
AGGRCRATTTGACARTTTGACCTCA————— RATC 600
AGGRCRATTTGACRRTTTGACCTCA————— RATC 800
AGGRCRATTTGACRRTTTGRACCTCA————— RATC 3533
AGGRCRATTTGACARTTTGRACCTCA————— RATC 600
AGGRCRATTTGACARTTTGACCTCA————— RATC 600
AGGRCRATTTGACARTTTGACCTCA————— BRTC 3338

B-—-CRRACTCCATAGT--GRATTCATTARTGAIC 593
A-—-CRRCTCCATAGT--GRATTCATTRATGATC 593
A-—-CRACTCCATAGT--GRATTCATTRARATGATC 593
A-—-CRACTCCATAGT--GRATTCATTRRATGATC 593
A-—-CRACTCCATAGT--GRATTCATTRRTGATC 593
A---CR-CTCCATAGT--GRATTCATTRARATGATC 5Ea
A-—-CRACTCCATAGT--GRATTCATTRARTGATC a04

* & * * K & & EE L] LR
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Appendix 2: Blast search results for 12 Pleurotus species

'.'-'EJ'K‘J-r gk | JETSEE6T7.1] Fleurotus ostreatus strain pl.nl037 1685 ribo=zomal
BNA gene, partial sequence; internal transcribed spacer 1, 5.83 ribosomal
BNA gene, and internal transcrikbed spacer 2, complete sequence;

and 283 ribo=omal ENA gene, partial ssquence Length=E655

Jocore = 1110 bits (€01}, Expect = 0.0 Identities = €01/601 [(100%), Gap=s =
o0/ E01 [0%) trand=Flus=/Elu=

Guery 1 TEARTTCACTATEEACITCIT I GECCITAGEEECATGTGCACECTITCACTAGICITIT E0
frrrrrrrerrrnrrrrrrrrrrrnrrrnrrnnrrrrrrrrrrrnrrrrrrrnrrnnnn
Ibjet 24 TEARTTCACTATEEAGITGITEIGECCITAGEEECATGTGCACECTITCACTAGICITIT 53

Query €1 A AT GAACTTITGATAGAT CIGIAAGTCGICICICAAGTOFTCAGACTTGET 120

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
Jbjct 54 AR AT GAACTTITGATAGAT CIGIARACTCGICICICAAGTOFTCAGACTTGET 153

Guery 121 TECIGEGATTTARACCICICEEICLGACTACECAGTCIATTITACTITACACACCOCARATE 180

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjet 154 TECIGEGATITIARACCICICGETCTGACTACECAGTICIATTTACTTACACACCOCARATE 213

Query 181 TATGEICTACGRATGICATTITAATGEECCTIGIGOCITTAAACCATRAATACARCTTITCAAC 240
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
dbjet 214 TATGICIACGAATGICATITTAATGEECCITGIGOCITTAAACCATAATACARCTITCAAC 273

Query 241 ARMCGEATCICITGECICICGCATCGATGANRACGCAGCCGARRTEOGATARCGTAATEIGA 300

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjet 274 ARCEEAICICITGECICICGECATCCATGAARRACECAGCGARATEOCATAACTRATEIGE 2233

Guery 201 ATTECAGAATTCRCTGAATCATCCAATCITIGARCECACCTITEOEOOCCITEETIATTOOE 2E0
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjet 234 ATTECAGRATTCRGIGAATCATCCRATCITIGRRCECACCTITEOEOOCCITEEIATITOOE 2353

Guery 361 AFEEECATECCIGITIGAGIGICATTAAATICICARACTCACTTITGEITICITTICOCAATT 420

trrrnrrrerererrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
dbjet 354 AGFEECATECCIGITIGAGIGICATTAAATICICARACTCACTTITGEITICITIOCAATT 453

Query 421 GIEAIGIIIGEATITGITGEGEECIGCIGEFOTITRACAGEICGECTCCICITARARATECATT 460

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bject 454 CGIEATCITTGEATTCITGEEEECIGCIGEOITEACAGEICEEITOCTCITARRTECATT 512

Query 4981 AFCAGEACTITCICAITECOCICTGOGCATCGATCTGATAATTATCACTCATCARTRECACES 540
frrrrrrrerrrnrrrrrrrrrrrnrrrnrrnnrrrrrrrrrrrnrrrrrrrnrrnnnn
Ibjet 514 AGCAGEACTITCICATITECCICIGOECATGATCIGATAATTATCACTCATCARTRAGCACES 573

Guery 5491 AIGAARTAGAGICCAGCICICIAARTCOGICCEAAGEACAATTTGACRATTTGACCTICARAT €00

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
Fbjoct 574 ATGAATAGAGTCCAGCICICIAATCGTICOOFAAGGACAATTTGACAATTTGACCTCARAT £33

fuery €01 © €01

|
3bject €234 T £324
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EE.!l.E‘J-r gb | AY3EAEEZ .1 Fleurotus sp. "Florida®" =traim A3T 2161 183 ribo=omal
BNA gene, partial segquence; internal transcribed spacer 1, 5.83 ribosomal

BNA gene and internal transcribed spacer 2, complete

sequence; and large subunit ribosomal BNA gene, partial sequence

Length=E€38

Jocore = 1110 bits (€01}, Expect = 0.0 Identities = E01/€01 [100%), Gap= =
0/€E01 (0%} Strand=Flus/Minus=

Guery 1 TCARRT T CARRT TR CCI TFOEGACGATIAGAGAGCIGEACICIATTCATFOEIGCTIA €0

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
Jbjoct €04 TCARATTGICARATTEICCITGCGRACGATTAGAGAGCTGEGACTCTATTCATEOGTIECTIA 545

Guery €1 TTGATGACGIGATARTTATCACATCATGCGCACGAGECAATGAGARCTOCTGCTARATGCATT 120
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjct 544 TTGATGACTGATRATTATCACATCATGCECACACGECARTGACGARCTOCTGCTARTECATT 485

Query 121 TRRGRGEAGCOGRCCIGICARGECOCAGCAGOCCOOCRACRATCOCRARCATCACARTTEEAR 180
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
dbjct 4084 TAAGAGGAGCCGACCIGICAAGECCAGCAGOCCOCAACAATCCARRCATCACARATTGGAR 425

Query 1081 AGAAARCCARAGTGAGITIGAGRATTITAATGEGACACTCARAACAGECATEOOOCTOGEAATAC 240

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
Jbjoct 424 AGARARCCARACTGAGITIGAGRATITAATGACACTCAAACAGECATEOOOCTOGEAATAC 3ES

Guery 241 CRAEGEECECRAAGEIGCOGITCARAGATTCETGATTICACIGAATTCTIGCAATTCACATTA 200
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjet 264 CRREEEECECARGETGCGITCARRGATTCGATGATTCACTGAATTICIGCAATTCACATTA 305

Query 301 CITATCGECATTICECIGCEITCITCATCEATEOGACGAGOCARGRERATOOGTITEFITEAARE 260D

frrrrrrrerrrnrrrrrrrrrrrnrrrnrrnnrrrrrrrrrrrnrrrrrrrnrrnnnn
dbjet 304 CITATCGCATTITICECIGCGITCITCATCGATEGOGAGAGCCAAGAGATCOGTITGITGAAAG 245

Guery 361 TIGIATTAIGEITTATAGFCACRRGECCCATTARATGACATTCOGTAGACATACATTITEEE 420
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bject 244 TICIATTATGCITTATAGECACRAGECCCATTARATEACATTCCTAGACATACATTTEEE 185

Guery 421 CGICIGTAACTARRTACGACTECCTACTCACAOCEAGACCITTARRTOCCAGCAROCRARACTC 480
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjet 184 GICIGTAAGTARRTACGACTGOGTAGTCACACCGAGRCGITTAARTOCOCAGCAROCRRGTC 125
Guery 481 TEACGACTIIGAGRGACGACTTCACAGATCTATCARRAGTITCACAGEIGEITGARAGACTA 540
trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
dbjet 1249 TEACGACITGAGAGACGACTITCACAGATCIATCARRAGTITCACAGEICGEITGARAGACTA €5
Guery 541 CGIEAARGCEIECACATGCCOCCTAGAGECCACCARCARCTCCATACTGAATTCATTAATGAT £00

trrrnrrrerrrerrrerrrerrrerrrrrrerrrerrrerrrrrrrerernrrrnrrnn
3bjct €4 GIGARGCCIGCACATEOCCTAGACGEOCAGTRACARCTOCATACT GAATTCATTAATGAT 5

Guery €01

Fbice 4
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r

J1ME

BENAE gene,
BENA gene,

gk |EUZ2335€4.1| Fleurotus eryngii isclate DZ2308.1 183 ribosmomal

partial sequence; internal transcribed spacer 1,
and internal transcribed spacer 2, complete sequence;

and large subunit ribo=somal BRNA gene, partial segquence Length=E&07

Jocore

Gap=s =
Query
Fbjot
duery
Fbjct
Husry
3bjct
Query
Fbjot
duery
Fbjct
Query
3bjct
fuery
3bjct
duery
Fbjot
Query
3bjct
fuery
3bjct
duery

Sbjos

= 1099 bit=s (535}, Expect = 0.0 Identities = 539/601 [99%]}.

oS eni
1
7

€1

207
3EL

SET

487
541
547
€01

€07

(0%} Jtrand=Plu=,/Elu=

TERATT AT AT GEACT TG T I GO TAGEEECAT T GCACECTITCACTAGTICITT
AR RE RN RN NN R R RN RN R RN RN R RN RN R RN R RN R RN RN RN
TERATTCACTATGEAGT TG I TG I EECCITAGEEECAT T GCACECTITCACTAGICITT

AR A T I AR T T I T AT AGAT CI T ERRAGTI O T I I CARGT CET CAGATTITEET

terrererrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
A AT I AT TITGATAGAT L TR AT CFT I C I CARAGT O CAGACTTGET

T EEEAT AT AR A T T O T I GACT ACECACT CTATTITACTTACACACCOCAR AT

terrereen reerenrrrrrrrerrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
T EEEAT I T AR R T T T T AT ACECACT CTATTTACTTACACACOOCARATE

TR T A GAAT T CATTTAAT GO CITEIGCCTAT AR ACCATARTRACRRACTTTCAAT
AR RE RN RN NN R R RN RN R RN RN R RN RN R RN R RN R RN RN RN
TATEI T A GAAT I CATTTAATGEECCITEI GO CTATARACCATAATACRACTTTCAAT

AR AT I I T I I AT C AT GARGA A CAG O AR ATEOCGATAAGTAATGTIGA

terrererrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
A AT I I T I I AT AT AN A CAGCCAR ATEOGATAAGTAATGIGA

AT A TT AT AR T AT CCAAT I TIGAACCCACCITEOEOCCCITEETATTICOCE
tEorerenrrrerrenrrrrerrerrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
AT ACE R TT AT GAAT CATCEAAT I TIGAACGCACCTTEOEOCCCITEETATTICCE

AGEEECAT I GITIGAGT I CATTAAARTICICAARCTCACTTTGEITICITI OCAATT

AR RE RN RN NN R R RN RN R RN RN R RN RN R RN R RN R RN RN RN
AGEEECATEFC I GITIGAG TG I CATTAAATICICAARCTCACTTTGEITICITI CCAATT

FLEAT I T FRAI T I T eI eI GO ITEACAGEIOEECIOCICITARAT GOATT

terrererrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
GEIEAT I I T GRAI I I I GG IEEOTIGACAGEFICOGECIOCTICITARATGCATT

A AT T I AT T GO I I GO CAT AT T GATARTTATCACTCAT CAATAGCACED
terrererrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrenrrerrrrren
A AT T I AT T GO I I GO CAT AT GATAATTATCACTCAT CAATRAECATED

ATEARAT ARG AT I TAAT O OO AAGGACRATTTGACAATTTGACTT CAMAAT

AR RE RN RN NN R R RN RN R RN RN R RN RN R RN R RN R RN RN RN
ATGARATAGAGT CCAGCI CICTAAT O T OO AAGEACAATTTGACAATTTGAOCT CARAAT
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20A3> gbh|EU2335%€4.1| PFleurotus eryngii i=solate D2308.1 1683 ribosomal BENA
gene, partial sequence; internal transcribed spacer 1, 5.83 ribosomal

BNA gene, and internal transcribed spacer 2; complete segquence;

and large subunit ribo=somal BENA gene, partial sequence Length=E&07

Joore = 1095 bit=s [595), Expect = 0.0 Identitie= = 55B8/55% (95%), Gaps=
1/599 [0} Strand=Flus/Elu=

Juery 2 AATTC-CIATGEACITIGITECI GO T ACGEECATCIGCACCOTTCACTAGTCITICA EL
LErrr rrerererrrrrrrerrrerrrrrrerrrrrrrnrrrrrrrerernrrrnrrnn
3bjet 5 AATTCRCTATGEACTTGITECI RO T ACGEECAT T GCACCOTTCACTAGTCITTCA EB

Query €2 ACCACCIGIGARCTITTGATAGAT CIGTGAAGTCEICICICARGT OFICAGACTIGEITE 121

trrrrrrrerrrrrrrerrrrrrrrrrrrrrrnrrnrrrrrrrnrrrnrrrerrrnnnnn
dbjct €5 ACCACCIGIGARCTITTGATAGAT CI GTGAAGT CEICICICAAGT OFICAGACTTIGEITG 128

Guery 122 CIGEEAITIARACGICICGEIGIGACTACEAGCTICIATITTIACITACACACCOCARATCETA 161
trrrnrrrerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrerernrrrerrnn
Sbjet 125 CIGEEAITTAAACCICICGEIGIGACTIACGCAGTCIATTITACITACACACCCOCARRATCTA 168

Query 182 TEICIACGAATGTCATTTAATGEECCTITCTECCTATARACCATRAATACAACTTTCAACAR 241
trrrnrrrerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrerernrrrerrnn
3bject 18% TGEICTACGAATGTCATTTAATGEEEOCITCGTECCTATARRACCATRAATACAACTTTCAACAR 248

Query 242 CEERATCICITGECICICECATCGATGAACGARCECAGOGARARATEOFATAAGTAATEIGAAT 301

trrrrrrrerrrrrrrerrrrrrrrrrrrrrrnrrnrrrrrrrnrrrnrrrerrrnnnnn
dbjet 24% CEEATCICITGECICICECATCGATGAAGAAMCGCAGCGARAATEOGATAAGTAATEIGAAT 308

Guery 302 TECAGAATTCAGIGAATCATCGRATICITTEACECACCITIEOEOCOCTTRETATTOORAE  3EL
trrrnrrrerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrerernrrrerrnn
Sbjet 205 TECAGAATTCACGTGRATCATCGRATCITIGACECACCITGCGOCOCITGETATTOCOGAE 3ER

Query 2362 GEECATGCCICITIGAGTCGICATTAAATTCTAAACTCACTTITGSRITICITICCAATTET 421

trrrnrrrerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrerernrrrerrnn
3bjct 265 GEECATGCCICITIGAGCTGICATTARATTCTCAARCTCACTTTEEITICITICCARTTET 428

Query 4222 GRIGITTGEAITCITGEEEECTIGCIGECOCTIGACAGEIOGECICOCTCITARRTECATTAE: 4681
trrrrrrrerrrrrrrerrrrrrrrrrrrrrrnrrnrrrrrrrnrrrnrrrerrrnnnnn
dbjct 425 GATGIITGEATIIGITGEEEECIGCIGECCTITGACAGEICGECICCTCITARATECATTAG 4686

Guery <902 CRGEEACITCICATITGOCICIGCOGCATGATCIGATARTTATCACICATCAATAGCROGCAT 541
trrrnrrrerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrerernrrrerrnn
Sbject 48% CAGEARCITCICATTGCOCICIGCGCATGATCIGATARTTATCACTICATCAATAGCACOECAT 548

Query 542 GRATAGAGTCCAGCICICIARTCCTCOCGCARCERCAATTTCEACRATTTGACTTICARATE E€00

trrrrrrrerreerrrrrrrerrrerrrrrrerrrrrernrrrrrrrerernrrrnnrn
3bjct 54% GAATRGACTCCAGCTCICTAATCCTCOCGCARCEACRATTTCACRATTTCGACTTCARATC £07
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T1ME> gb|EJEETEZTE.Ll| PFleurotus sp. YLO0S 1853 ribosomal BNA gene, partial
sequence; internal transcribed spacer 1, 5.83 ribo=somal BNA gene, and
internal transcribed spacer 2, complete sequence; and 283 ribosomal

BENA gene, partial segquence Length=647

Jocore = 704 bits (3681}, Expect = 0.0 Identities = 541/€13 [(BB%) . Fap=
22/€13 (5%} Ftrand=Plus/Minn=

Juery 1 TCARTTCICARRTT CICCITEOEEACCATTAGAGRECTGGACTCTATICATEOETGCTAT O
frrnrrrerrrrnrrrrrrrrrrrrrrrnrrrnrrnrrrrrrrnrrrrrrrrnrnnnnn
Ibjct €35 TCAATTGICARATTGICCITGCEEACGATTAGAGAGCTGEACTICTATICATECOETIECIAT STE

wusry €1 TEATGACIGATARTTATCACAT CATEOCCARGECAATGAGAACGT OCIGCTAATECATTIT 120

frrnrrreerrrerrrrrrrerrrerrrrrrerrrrrrrnrrrrrrrreennnrrrnnrn
Fbjoct 575 TEATGAGIGATAATTATCACATCATGOGCARGECAATGAGAAGTCCIGCTAATGCATTIT S16

Fuery 121 ARGRGEAGCCEACCICTCAACGECOCAGCAGOOCCCARCAATCOCARRCATCACARTTE a2 160
ftrrnrrreerrrerrrerrrerrrerrrrrrrerrrrrrnrrrrrrrreennerrrnrn
3bjct 515 ARGRGERGCCOCACCTCTCAAGECOCRGCAGCCOCCCARCRATCOCARACRTCACARRTTECARE 456

Fuery 181 a22:220CARA-TERATTTGAARRRTTAATCGAC-CICCRAACCAGE-ATEECOCCTOOGRATE 2237
frerrrer rer reeer rr reenrr ne rew orew orew orer orerenr rennd
IFbjct 455 GRARCCARAGTGRAGITIGAGRAATITAATG ACACTCARARC-AGECATECOCCCTCOEGERATA 358

wusry 230 ACCRRGEEE-GCRAGGEEEEEITCCARARATOCARTRAT-CAATTARTICTGOCATITACT 2535

frnrrrree reeerr rorere e rrrore v ne rorrrreeer oree na
Fbjct 357 —COCAARGEEECECAAGEIGOGITC-AAAGATTCFATGATTCACTGAATICIGCAATTCACE 340

wuery 29€ TIARCTAATC-CRATTCOCOCITCCITCOCICCICCATGCCAARACOCRRRR-ATCOOCTIZET 2352
fer e rer e rer rerorer e re e vr e reroreer e
3bjct 235 TIA-CITATCECATTTICGCIGCEITCITCATCGATEIGACGAGOC-RAGAGATCOORTITC-T 282

Fuery 2354 T-ARRGITGGAATAARTG-TITAARTAGECCCRAGECC-ATTAAATEROCTITTC-TRAARACT 409

I I I T T A
bjct 282 TGARRGITGIATTA-TGGITTAA-AGECACRRCECOCATTAAATEACATT-CGTAGR-CA 227

wusry 4210 TOC-TITGEEFIGEEELAAGTARARTACGACTEGTAGTCACACCGAGROGITIAR-TOC-A 4€E€
I rrreererr o rrrrerrrerrrrrrrerrrrrrnrrrrrrrreeener e
Ibjct 226 TARCATTIGEECICIG-TAAGTARATACGACTGCGTACTCACACCCAGACGITIARATCCCA 1€8

wuery 49€7 GCARCARR-TUTCARC-ACTITG-CGAGA-GAOTCACAGATCIATCRARACTTCRACAGEIE 522
Pernr re reeer rorrrer reer rrrrrrrerrrrrrrrrrrreernerrrnnn
3bjct 167 GCARCCARGTCICGA-CGACTTGRACGAGACEACTTCACAGATCTATCRARRACTTCACAGETE 109

Juery 523 GITERARGACTACGTGRAAGCEIECACATEOCOCTAGREECOCAGCRAACR-CTCCATAGIGAR SBL

frrnrrrnerrrrnrrrerrrrrrrrrrrnrrrnrrnrrrrrrrnnrr rereenrennnn
bjct 108 GITGRAAGACTAGTGAAGCGIGCACATGCCOCTAGAGECCAGCARCRRCTCCATAGIGRAR 45

wuery SHZ TICATTRATIGAIC 554

rrrnrrrrerrenn
Fbjct 48 TTCATTAATGATC 3E
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2 0MF> gk |EU2335€4.1| PFleurotus eryngii isoclate D2308.1 183 ribosomal BHA
gene, partial ssquence; internal transcribed spacer 1, 5.3 ribosomal

PFNA gene, and internal transcribed spacer 2, complete sequence;

and large subunit ribosomal BNA gene, partial sequence Length=€607

Joore = 1075 bit= (582}, Expect = 0.0 Identities = 590/59%4 [59%)., Gap=
0594 (0%} Strand=Flus=;/Elu=

Query € ACTATEEAGITCITECIGEOCICIAGEEERAIGTECACECTTICACTAGICITICARCCAT  E5
terrrrrrrrnnrrrrrrrrrrrrrrrrrrrerrrrrrrnrnnnrrrrrrrrrrrrre
dbjct 14 ACTATEGAGITGITECIGECCICIAGEEECAIGT GCACGCTITCACTAGICITICARCCAC 73

Query €€ CLGEIGAACTTITGATAGAT CIGIGAAGT CGICICICAAGTOGTCAGACTTGEITGCIGEE 125

terrrrrrrrnnrrrrrrrrrrrrrrrrrrrerrrrrrrnrnnnrrrrrrrrrrrrre
bjct T4 LI GAACTTITGATAGAT CIGIGAAGT CGICICICAAGTOGTCAGACTTGEITGCIGEE 133

Query 126 ATTTARRCGICICEEIGIGACTACCCAGTCTATTTACTITACACACOOCARRTETATEICT 165

PR rrrree reeerererrrrrrrrrrnnrrrrrrrrrrrrre
Sbjet 1234 ATTTAAACCTCICEEIGIGACTACECAGTTATTTACTITACACRCOOCARATETATETICT 152

Query 10E ACARATETCATTITAATGERECOCITGIGOCTATRAAACCATRATACARCTTTCAACRROGEAT 245
e rrrrrrrreenrrrrrrrrererrrrrrrerrrrrrrrrrrRrrrrrrrrrrrnnnn
Jbjet 154 ACGRATGICATITAATGEECCITELGCCTATAAACCATAATACRRACTTTCARACRROGEAT 253

Guery 24€ CICITGECICICECATCCATGARRRRCECAGCCGARATEOGATARGTARTGIGARTTIGCAE 205

PR rrrrrre ererrrerererrrrrrrnnnrrrrrrrrrrrrre
Sbjot 254 CICITGECICICECATCGATGARGAACGCARCGARRTEOGATAAGTAATCFIGAATTECAE 313

Query 230€ ARTTCAGTCEARTCATCERATCITTCGRACECACCITECEOOCOCITEETATTIOCGRAEEEECE 2E5
terrrrrrrrnnrrrrrrrrrrrrrrrrrrrerrrrrrrnrnnnrrrrrrrrrrrrre
Sbject 214 ARTTCAGTGAARTCATCOGAATCTITTGAACECACCTITEOROCCCTITEETATTCOCOEAEEEECA 372

Query €€ TEOCIGITIGACGIGICATTAARATTCTCARMTCACTTTEEITICITTICOCAATICIGATET 425

terrrrrrrrnnrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnnnnrrrrrrrrrrrrre
Jbjet 374 TECCIGITIGAGIGICATTARATTCICAAMTCACTTITGEEITICITICCAATTICIGATGT 433

Query 42€ TIEEATITGITGEEEECIGCIGECCITGACACGICEECIOCICITARARTECATTARCAGEAE 465

terrrrrrrrnnnrrrrrrrrrrrrrrrrrmrrrrrrrrrrnnnrrrrrrrre reee
Sbjot 434 TIGERAITGITIGEEEECIGCIGECOCITGACARETOGECIOCICITARATECATIAGCAGERE 453

Guery 40€ CITCICATTGECCICIGOECATGATCTICGATAMTTATCACTCATCARTAGCACGCATEAATA 545
terrrrrrrrnnrrrrrrrrrrrrrrrrrrrerrrrrrrnrnnnrrrrrrrrrrrrre
3bjet 454 CITCICATIGCCICIGCGCATGATCIGATAATTATCACTCATCRATAGCACGCATGAATA 552

Query 54€ GRETCOCAGCICICIAATCETOCGCAAGERCARTTTCGACARTTTIGACCTICRARATC 555

terrrrrrrrnnrrrrrrrrrrrrrrrrrrrerrrrrrrrrnnerrreeeenn
Jbjet 5549 GREFTCOCAGCICICTAATCGFTCCGCAAGERCARTTTGACARTTTGACCTCARATC €07
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SO0EE> gk |EUZ335€4.1| PFleurotus eryngii isoclate DZ2308.1 183 ribosomal BNA
gene, partial sequence; internal transcribed spacer 1, 5.83 ribo=somal

RNA gene, and internal transcribed spacer 2, complete segquence;

and large =ubunit ribo=omal BENA gene, partial ssgquence Length=E07

Joore = 1105 bits (598}, Expect = 0.0 Identities = E00/601 (954}, Gap=
/€01 (0%} Ferand=Elus=/Elu=

suery 1 TEAATTCACTATGEACTTCITGCI GEOCITRAGEEECAT I ECACECTTCACTACGTICITT 0
frrrrrrerrrrrrrrrrerrrrreenrrrrrrerrrerrrrrrrrrrrrrrnrrrern
3bjet 7 TEAARTTCACTATGEAGTIGITGC I RECCTTAGEEECAT GIGCACECTTICACTAGTICITT  EE

Juery €1 AR AT GIGARCTITIGATAGATCIGTEARAGT CEFICICICARGT OGTCAGACTIGET 120

frrrrrrerrrrrrrrrrerrrrreenrrrrrrerrrerrrrrrrrrrrrrrnrrrern
dbjct €7 AR AT I GARCTITIGATAGATCIGTRAGTICEFICICICARACGT OGICAGACTIGET 126

Query 121 TGECIGEEATATAAACGICICGEEIGIGACTIANGCAGTCTATITACTITACACACOOCARATE 160

FETRrrrer reernrrrerrrereenrrrrrrerrrerrrrrrrerrrrrrnrrrrnnn
3bject 127 TECIGEGATTIARACCTCICGETCIGACTACGCACTCTATTITACITACACACCOOCARATE  1BE

wuery 181 TATGICIACGAATCEICATTITAATEEGECCTITCIGCCTATARACCATRATACAACTTTCARS 240
frrrrrrerrrrrrrrrrerrrrreenrrrrrrerrrerrrrrrrrrrrrrrnrrrern
3bject 187 TAIGICIACGAATGICATITAATEEECCTITGIGCCTATARACCATRATACAACTTTCARC Z24€

Juery 2491 AAMGEEATCICITGECICICECATCGATIGAARACECAGCGARATEOGATAAGTARATETIGA 300

FEERTRrnneer e e ernrrereenrrrernl
Fbjot 247 AACEEATCICITGECICICECATCGATGAMBACGCAGCGARATGOGATAAGTAATGIGA 306

suery 2301 ATTECAGAATTCRCTGAATCATCOZRAATCTITGAACECACCITEOGOCOCOCTITEETATTIONE 260
frrrrrrerrrrrrrrrrerrrrreenrrrrrrerrrerrrrrrrrrrrrrrnrrrern
3bjct 207 ATTECAGAATTCRACTEAATCATCERATCITIGAACECACCITECOEOCOCTTGETATTONEG  3EE

Juery 261 AGEEECATECCTCITIGAGIGICATTAAATICICARACTCACTITGEITITCITICOCAATT 420

frrernrerrerrrerrrerrrerrrerrrerrrrrrrrrrrrrrrrrnrrrnrrrnnn
dbjct 2367 AGEEECATGCCTIGITIGAGIGICATTAAATICICAAACTCACTITGEITITCITICCAATT 426

wuery 4921 GIEATGITIGEATITGITGEERECIGCIGRITITEACAGEICEECICOCICITARARTGCATT 460

frrrrrrerrrrrrrrrrerrrrreenrrrrrrerrrerrrrrrrrrrrrrrnrrrern
Fbjot 427 GIGAIGITIIGFATIGITGGEFECIGCIGEOITGACAGETIOGECICCICITARATECATT 46E

suery 49081 AGCAGEACTITCICATITGCCICIGCOGCATGATGTGATAATTATCACTCATCAATAGCACES 540
frrrrrrerrrrrrrrrrerrrrreenrrnrrrerrrerrrrrrrrrrrrrrnrrrrrn
3bjct 487 AGCAGEACTITCTCATITECCTICIGCECATGATGTGATARTTATCACTCATCAATAGCROED S54E

suery 5491 ATGRATAGAGTCCAGCICICIARTCOGICCGARAGEACRATTTGACRATITGACTTCARART €00

frrernrerrerrrerrrerrrerrrerrrerrrrrrrrrrrrrrrrrnrrrnrrrnnn
dbjct 547 ATGAATAGAGICCAGCICICIAATCGICCGAAGEACARATTITGACARATTITGACCTCARAT €E0E

Query €01 C© €01

|
Fbjct €07 C €07
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QEJ'K‘:-r gk |AY3EAEEZ .1 Pleurotus =p. "Florida' =train A3T 2181 183 ribo=somal
BRNA gene, partial sequence; internal transcribed spacer 1, 5.83 ribosomal

BNi gene and internal transcribed spacer 2, complete

sequence; and large subunit ribosomal BENA gene, partial sequence Length=E38

Goore = 1110 bits (€01}, Expect = 0.0 Identitie=s = E01/€01 (100%), Gaps =
0/E01 (0%} Strand=FPlus=/Minu=

Guery 1 TCARAT T CARATTCICCI TGO ECACCGATTACGACAGCIGEGACTICIATTCATEOCIECTA €0
rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
3bjct E04 TCARATTCTCARRTTCTCOCITECCEGACGATTAGAGAGCTGEACTCTATTCATEOCTECTA 545

Query EL TTGATGAGIGATARTTATCACATCATGCGCACAGECARATGAGRACTOCTGCTARTGCATT 120

rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
Jbjct 5494 TIGATGAGTGATARATTATCACATCATGCGERGAGECARTGAGRAGTCCTIGCTARTECATT 485

Guery 121 TARAGAGGAGOCGACCIGICAAGECCAGCAGOCOCCAACAATCCARRCATCACRATTEGAA 180
rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
3bjct 484 TARGAGGAGCCGACCIGICAAGECCAGCAGCCOCCAACAATCCARRCATCACARTTECAA 425

Guery 181 AGRRMCCAARCTCAGITIGACGARTTTAATECACTCARACACECATEOOCCTCOCGEAATAC 240
frrnrrrerrrrrrrrrrrrrrrerernrrmrrrrrrrrrrrrrrerrrrrernrrrn
3bjct 424 AGRRROCAARRCTCAGITIGAGARTTTAATECACTCARRCACECATEOOCCTCOGEAATAC 365

Query 241 CRAEEEECECARGEIGCGITCARAGATTICETIGATTICACTGAATTICIGCARATTCACATTA 200

frrnrrrnrrrnrrrrrrrnrrrerrrnrrrrnrrrrrrrrrrrrrerrrrrrrrrrnnn
dbjct 2364 CAAGEEECECAAGEIGCGITCARRGATTCETGATTCACTGAATTCIGCAATTCACATTA 305

Guery 2301 CITATCGCAITICGECIGOGITCITCATCGATGOGAGAGCCARGREATOOGITCITGARARGE 260
rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
3bjct 2304 CITATCOGCAITICECIGOGITCITCATCERATEOCACAGCCAAGRAGATCOOCGITCITGARAAE 245

Query 2€1 TICIATTATGCITIATAGECACRRGECCCATTARRTCGACATTCOCTACGACATACRTTICEE 420

rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
Jbjct 2494 TICIATTATGGITTATAGECACRRGECCCATTARRTGEACATTCETAGACATACATTTIEEE 185

Guery 421 GIEIGIAAGTARATAGACTGOGIAGICACANCGAGACGITTARRTCOCCAGCARCCARGTC 480
rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn
3bjct 184 GICICLAAGTARARTACACTGCCTAGICACACCGAGACCITIARATCOCCAGCARCCARGTC 125

Guery 4981 TGEACGACITGAGAGACGACTTCACAGATCIATCARARAGTITCACAGETIGEITICGARAGACTA 540
rrrnrrrerrrrrrrrrrrrrrrerernrrrerrrrrrrrrrnrrrerrrrreenrrrn

3bjct 124 TGERCEACITGAGRGACGACTTCACAGATCTATCARRACGTTCACREETGEITCGARRAGATTA £S5

Query 541 GIEAAGCGTECACATGCOCCTAGAGECCARCARCRRCTCCATACGTGAATTCATTAATGAT E£00

frrnrrrnrrrnrrrrrrrnrrrerrrnrrrrnrrrrrrrrrrrrrerrrrrrrrrrnnn
dbjct E4 GIGAAGCEIGCACATEOCCCTAGAGEROCARRACAACTCCATAGT GAATTCATTAATGAT S

Guery €01

Fbjot 4
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35R3> gb | AY3EAEEZ .1 Fleurotus sp. "Florida" strain A3I 21681 1685 ribo=somal
BNA gene, partial sequence; internal transcribed spacer 1, 5.83 ribo=somal

BNA gene and internal transcribed spacer 2, complete sequence; and large
=subunit ribosomal BENA gene, partial ssquence Length—=E38

Jocore = 613 bits (440}, Expect = 0.0 Identities = SEESEZZ [(91%), Gap= =
237623 (4%} Fetrand=Flus=s/Minu=

Guery 1 TCARATTETCARATTET O CITECGEACEATIACGACGAGTTEEACT CTATTCATGOGTGCIA  E0
frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
3bjct E04 TCARARTTGTCARRTTCTOCITECEGACGATTAGRGRGCTGEACTCIATTICATEOETIGCTA 545

Guery E1 TITGATGAGIGATAATTAACACATCATGOCCRAAGECARTGAGARGTOCTGCTARTGCATT 120

frrnrrrerrrerrrer rerrreeerer ey rrerrrerrrrrrrerrreenrnrrnn
Jbjct 5494 TIGATGAGTGATAATTATCACATCATGOGAGAGECAATGAGRAGTOCTGCTAATECATT 485

Query 121 TRAGAGGAGCCOGACCIGICAAGGCCCAGCARCOCCCRARACCARATOCARRCATCARAATTEE 160

Frrnrrrerrrerrrnrrrerrr venn e rerrerer rerprrrerrreey reeena
3bjct 484 TARGRGGEAGOCGACCIGICAAGE-CCAGCAGOOCOCAR-CRAATCOCRRRCATCACRRTTEE 427

Query 181 22:222:220CRARRCEGAGTGITAGAARATTIAA-CCRACOCTCARRCREECATGOOCOOOGA 235
fer reeeenenr reer re re rreenre rore o rreeprrrerrrnbbbnn onn
Ibjct 4926 ARRGRARCCARRGTGAGI-TT-GAGRATTTRATGACACTCARRCRGECATECOCCICE- 371

Guery 2490 GRATCACCARGEEEOGCAACGEEEEEITCAARAGATTCARAGTARTTCAGRAGATTITIECAGCA 255

P rrerrrrrrrrrrrrr rorerr reeererr v rrrrr v re ronn
Jbjct 370 GRAT-ACCAAGEEECECAAGETGCEITC-ARMRATTCOGA-TGATTCACTGAATTCIGCA 315

Guery 2300 ATTCACATTAARCTAATCGCATTOCCOCTICCITICITCATCAATECARGACGACACRREATAT 2355
frrnrrrer rer rerrrerr vore r o reerereer e rerr ovovenenr n
3bjct 214 ATTCACATT-ACTTATCGCATTTOGCIGOGTIICITCATCGATEOGAGAG-C-CRAGAGAT 258

Query 260 COFITGEGAAGARARGTGEIAATTATGEITARTAGECACRARAGECCOCATTARAAGATCACTITIC 415

rrrnn 1 frerrr rr prerererr ropeeerrrrrrrRbRrE B e one rnel
dbjct 257 COGIT-GITGARRGITGI-ATTATGGITIATAGECACAAGECCCATT-AA-ATGACATTIC 202

Guery 4920 CGLARRCACTTACARTITGEREEFICGIGTAACTARATRACGACIGOGEFTAGTCACACOERAGACE 475

Per rer rrereer rrrrrerrrnnrnrrrerreerer rererrreeernnrrnn
Fbjct 201 GIAGACA—TACATTIT —GEEFIGIGIAAGCTRAATAGACTGCGIAGTCACACCOGAGACE 147

Guery 4980 TITAATTCCCACCARCCAACTCTCEACCACTIGACGRCGACEACTTCACRAGATCTATCRARARAE 535
PEEnr rerer rernrrrerrreer rerrrererrrerrrrrrrerrreenrnrrnn
3bject 14€ TITARATCCCRAGCARCCAACTCTCGACGACTIGACGRCGACGACTTCACRAGATCTATCARRAE A7

Guery 540 TIDCACAGGIGEITEAAAGACTAGIGAAGCCIGCACATECCOCTAGRGEOCAGCARCRATT 555

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
dbjct BE T ACRGEIGEITGARRGACTAGT GARGOFIGCACATROOCCTAGAGEOCAGCARCARCT 27

Query €00 OCOCATAGTGAATTCATTAATEATC €22

ftrrnrrrerrrrrrrnrrrrrn
3bjct 2E CCATAGCTGAATTCATTAATGATC 4
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BNA gene, partial sequence; internal transcribed spacer 1,

gh|AY3EAEEZ_ 1| Fleurotus sp. "Florida® straim A3I 21681 1683 ribosomal

BiA gene and internal transcribed spacer 2, complete
sequence; and large subunit ribosomal BENA gene, partial sequence

5.683 ribo=omal

= 1110 bit=s (€01}, Expect = 0.0 Identities = E01/601 (1008}, Gap=s =

Length=E€38
Jcore

ofE01 [O%)
Guery 1
3bjct €04
Query €1
3bjct 544
Guery 121
3bjct 484
Guery 181
dbject 424
Guery 241
3bjct 2E4
Guery 301
3bject 204
Query 361
dbjct 244
Query 421
3bjct 184
Guery 481
3bjct 124
Guery 541
dbjct E4
Guery €01
3bjct 4

Ftrand=Flus/Minus=

TCARAT T L AR AT T IO CI TR EEACCATIAGAGAGCT FEACT CTATTCAT GOGTGCTA

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
TCARATT T CARATT T I TEOEEACGATIAGAGAGCTGEACT CTATTCAT GO GITA

TR GAGT AT AATTAT CACATCAT GO AFAGECARATGAGA AT CCTGCTAATGCATT

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
TR AT AT AR TT AT A A TCA TR ACACECART CAGAACTCCTGITAATGCATT

TAR AR A T T AR GO A G A GO OO AR TR A TOCA R R CATCRCRATTEERAR
frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
TAR AR ORI T CAR GO TR G A GO CA R TR R TOCA R R CATCRCRATTEERR

AGARRCCARAGTGACTTIGAGAATTTAATGACACTCARRCAGECATEGOCOCT OGGAATAC

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
AGAAA A T CACT I TGAGAATTTAAT GACACT CARACAGECATGOCOCT CEGAATAC

A O AT I T AR AGATT ORI GATTCACT GAAT TCT GCARTTCACATTA

frrrrrrrrrenrrrrrrrerrrerrrnrrrrrrrrrerrrerrrerererererrrn
CAAGEEECECARGET GO T T CARACATT T GATT CACT GAATTCI GCARTTCACATTA

CITAT AT T T O T G I T I T AT AT CAGACOCA R A GATCOCTT CITGAR RS

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
CITAT AT T T I GG IT I T AT AT O CAGRACOCARCA GATCCETT CITGARRE

TIGIATTATGEITTATAGECACARGEOCCATTARATGACATTCGTAGACATACATTITGES
frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
TIGIAI AT GG I AT A CACA RGO CATT AR A TGACATTCGTAGACATACATTIGER

GGG ARG AAAT AR TGO AT AT CCAGACGTTTAAATCCCAGCARCCARGETC
frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
GGG AAGTAAAT AR TGO AT CACA M GAGACGTTITAAATCCCAGCARCCARGETC

AR T T ACAC A AT TCAC ARG AT AT CA R A AT TCACAGET GET TGARAGATTE

frrnrrrerrrrrrrrrrrrrrrerererrrrrrerrrerrrrrrrerrrnnrnrrnn
AR T TG ACGAC A EACTTCACR AT CTAT CA R R AT TCACAGETCETTGARRAGACTR

GIGAA T CCACAT RO T AGACEOC AR ACR A CTOCATAGTGAATTCATTAATGAT

frrrrrrrrrrerrrrrrrrrrrrrrrrrrmrrrrrrerrrerrrrrrrerererrrn
GIGAAGCGTGCACATGCCCCTAGAGECCAGAACAR T CCATACGTGAAT T CATTAATGAT
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S0JE> gk |AY3EAEEZ .1 Fleurotus sp. "Florida" strain A3I 21681 1683 ribo=omal
RNA gene,partial sequence; internal tran=scribed spacer 1, 5.83 ribo=somal

BNA gene and internal transcribed spacer 2, complete

sequence; and large subunit ribosomal BENA gene, partial sequence

Length=€&38

Goore = 1110 bits (€01}, Expect = 0.0 Identities = E01/601 (100%), Gaps =
/€01 (0%} Strand=Flus/Minu=

Fuery 1 TCARATT I CAAATT T CCITGOGRACGATIAGAGAGCTGEACTCTATTCATEOFIGCTA €0

frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
Fbjoct €04 TCARARTTGEICARATTGICCITGOGRACGATIAGAGAGCTGGACTCIATTCATGOGIECTA 545

suery E1 TTGATGACT GATARTTATCACATCATECGCACACGECARATCAGARCTOCTGOTARTGCATT 120
frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
3bjct 544 TIGATGAGTGATRAATTATCACATCATGOGCAGRACGECARTGAGRRGTCCTIGCTARTECATT 485

suery 121 TARRGRGEAGCCERCCIGICARGECCAGCAGOOCOCCRACARTCCRARCATCACRRTTEEAA 160
frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
dbjct 4904 TAAGAGGAGCCGACCIGICAAGECCAGCAGINCCCAACAATCCARRCATCACARARTTGGAA 425

Query 101 AGARRCCARAAGTGAGITIGAGRATTITAATGEGRCACTCARACAGECATEOCOCCTIOGEAATAC 240

frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
Fbjoct 424 AGARRCCARAAGTGAGITIGAGRATTITAATGEGRCACTCARACAGECATEOOCCTOGEAATAC 365

suery 241 CAREEEECECARCGCEIECOCITCARRGATTCETCGATTCACIGAATTCTIGCAATTCACATTA 200
frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
3bjct 264 CRRGEEECECARGEIECGITCARRGATTCETGATTCACTGAATTICTGCAATTCACATTA 2305

suery 201 CITATCECAITTCECIGOGITCITCATORATEOCGRAGAGOCARGRERATOOGTITEFITERARAE 260

trrernrerrrenrrerrrerrrerrrrrrerrrrrrrrrrrrrrrrrrnrrrnnrnnn
dbjct 2304 CIIATCGCAITITCECIGCGITCITCATCGATCGCGAGAGCCARAGAGATOCOGTITGITGARAAG 245

guery 2361 TIGLATTAIGGIITATAGERCACRRAGECOCCATTARATGEACATTICCTAGACATACATITEEE 420
frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
Ibjct 244 TICTATIATGCIITATAGECACRAGECCCATTAARTGEACATTCCTAGACATACRTITEEE 185

suery 4921 GICLETAAGTARRTACGACTGCOCTAGTCACACCGAGROCTITITARARTOCCAGCARCOCARETS 480
frrrrrrerrrerrrrrrrrrrrererrrrrrrerrrerrrnrrrrrrrrrrenrrrnn
3bjct 1084 GICTETAAGTARARTACGACTGCOCTAGTCACACCGAGACGTITTARRTOCCAGCARCOCRARAETC 125
suery 4981 TGERACEACITGAGRGACGACTTCACAGATCTATCARRAGTTCACREETGEITGARAGACTA 540
frrernrerrrenrrerrrerrrerrrrnrerrrrrrrrrrrrrrrrrrnrrrnrrrnn
dbjct 124 TGEACGACITGAGAGACGACTTCACAGATCTATCARRAGTTCACREETGEITGARAGACTA €5
Juery 541 GIEARGCGIGCACATGEOOCCTAGAGEOCAGCARCRRCTCOCATACGTGAATTICATTIARTGAT €00

frrrrrrerrrrrrrerrrrrrrererrrrmrrrrrerrrrrrrerrrrrrrnrrrnn
Fbjct €4 GIEAAGCGTECACATEOOCCTAGAGECCAR R ACARCTOCATAGTGAATTCATTAATGAT S

Fuery E01

Sbjct 4
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TEI‘J—I- gk | JET58887 .1 Fleurotus ostreatus strain pl.n0d37 183 ribosomal
FWA gene, partial sequence; internal transcrikbed spacer 1, 53.083 ribosomal
FWA gene, and internal transcribed spacer 2 complete seguence;

and 283 riko=zomal BME gene, partial =seguence Length=E5%

Joora = 1110 bits=s (€01}, Expect = 0.0 Identities = E€01/€601 (1008}, Gap=

ofEnl

(0%} Strand=Plus/Minu=

Query 1 TCARATTGTCARRTT ST CCITECGEACGATIAGAGAGCTGEACTCTATTCATGCOGTGCTA
AR R R R RN R R R R NN NN AR
Sbjct 625 TCARATTETCARATTGTCCITGCGERCGATIAGAGAGCTGEACTCTATTCATGOGTGCTA
fuery €1 TTGATGAGTGATAATTATCACATCATECGCAGAGECARTGAGAAGTCCTGCTARTGCATT
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Skjct 565 TIGATGAGTGATAATTATCACATCATGCGCACACECARTGAGAASTCCTGCTAATGCATT
fuery 121 TAAGAGGAGCCGACCIGTCAAGGCCAGCAGICCCCARCARTCCARACATCACARTTEEAR
trrrrrrerrrrrrrrernrrrrrrern RN rrrrrrrrrrrrrrrrrrerrrrrenn
Skjct 505 TARGAGGAGCCGACCIGTCARGECCRGCAGICCCCARCARTCCARRCATCACARATTGGERR
Guery 181 AGARRCCRRAGTGAGTTTGAGAARTTTAATGACACTCARACAGECATGOCCCTCGEARTAC
trrrrrrerrrrrrrrrrnrrrrrrernrrrrrrrrrrrrerrrrrrrrerrrrrenn
Skjct 445 AGARACCRRAGTGAGTITGAGAATTTAATGACACTCARACAGECATGOCCCTOGGARTAC
fuery 241 CAAGGEGCECARGSTECGTTCARAGATTCERATGATTCACTGARATTCTGCAATTCACATTA
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Skjet 205 CARGGEECECAAGGEIGCETICAAAGATTCRIGATTCACTGAATTCIGCARTTCACATTA
Guery 201 CITATCGCATTICGCIGCGTTCITCATCGATGCERAGAGCCARGAGATCCGTTGTTGARRG
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Skjct 225 CITATCGCATTTCGCIGCSITCITCATC@ETGCEAGAGCCARGAGATCCGTTGTTGARRG
fuery 261 TTGTATTATGGITTARRGGCACAAGEOCCATTARRTGACATTCSTAGACATACATTICES
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Skjct 265 TIGTATTATGGTITAAAGGCACAAGECCCATIARATGACATTCSTAGACATACATTTCERG
Guery 421 CGIGIGTAAGTAAATAGACTECETAGTCACAICGAGACGITTARATCOCCAGCARCCARGTC
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Sbjot 205 GIGLGTARGTARATAGACTGCGTAGTCACA I CGAGACGTTTARRATCCCAGCRRCCARGTC
Guery 481 TGACGACTTGAGAGACGACTTCACAGATCTATCARRAGTTCACAGSTESTTGARAGACTA
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Sbjct 145 TGACGACTTGAGAGACGACTTCACAGATCTATCARRAGTTCACAGSTGETTGARRAGACTR
fuery 541 GUGARGCETGCACATECOCCCTAGAGEOCASARACARCTCCATAGTGARTTCATTAATGAT
trrrrrrerrrrrrrrernrrrrrrernrrrerrrrrrrrrrerrrrrrrrerrrrrenn
Sbjct B85 GIGAAGCETGCACATGCCCCTAGAGECCAGTAACARCTCCATACTEAATTCATTAATGAT
Query €01 © E&01
|
Skjecs 25 2 C© 25
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