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Lentinus squarrosulus is a popular mushroom in Nigeria used for traditional medicine apart from food. The
identification of those high-quality fungal species is not only necessary but has great economic significance as it
will allow product distributors to verify the material they are selling. Hence, this study investigated the
morphological and molecular relationship among L. squarrosulus samples from differentlocations in Ibadan. Ten
samples of L. squarrosuluswere collected from nine different natural habitats in Ibadan, Oyo State, Nigeria, from
which pure cultures were prepared. Isolation of DNA was done from fruiting bodies of fresh samples evaluated.
Ten primers were designed from ITS sequences of the Family Agariceae and used for the study. The ten
mushrooms evaluated in the study showed diverse morphological features such as colour of cap and pileus, size
of stipe and pileus. A total of 50 amplicons were generated of which 31 bands (62%) were polymorphic. The
RAPD variety-specific products were generated in some of the genotypes evaluated which can serve as unique
identifiers. The study showed mean values for marker gene diversity of 0.27, Polymorphism Information
Content (PIC) of 0.25 and 63.81% polymorphism. Both morphological and molecular analyses revealed two
clustered groups. Number and types of samples in each group were not the same in both studies. The presence
of unique band pattern among sampled fungi evaluated showed the discriminating power of the primer Ast-Fin
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the study.
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INTRODUCTION

Mushrooms are macrofungi which can either be
hypogeous or epigeous with distinctive fruiting
body (Chang and Miles, 1992). They are cultivated
worldwide for their nutritional attributes,
medicinal values and industrial applications (LLim
et al., 2004; Mata et al., 2005). Lentinus squarosulus is
a popular mushroom used for traditional medicine
in Nigeria and are edible due to the presence of
proteins, lipids, fats, minerals, dietary fiber and
vitamins (Fasidi and Kadiri, 1991; Chang and
Miles, 2004; Okhuoya ez al., 2005). The species of
L. squarosulus species belongs to the Phylum-
Basidiomycota, Class- Basidiomycetes, Order-
Agaricales, Family- Agaricaceae (Boer ¢zal., 2004).

Itis commonly known as shiitake with tilted scales
which includes the wood decaying species,
characterized by decurrent lamellae,
homoiomerous context, dimitic sporocarp tissues
and hyaline elliptical spores (Yu e al., 2011). The
protein content of this fungus has been reported
to be double that of Irish potatoes and six times
that of orange while its essential amino acid
content exceeds that of kidney beans (Atikpo ezal,

2008). They are one of the higher valued non-
timber forest products in Nigeria providing locals
with seasonal food, medicine and an alternative
income (Akpaja e al, 2003; Stamets, 2005;
Ayodele et al., 2009; Sysouphanthong ez al., 2010).
The identification of mushroom in Nigeria has
been by morphological examination which has led
to erroneous identifications probably due to
difficulties in distinguishing between genetically
related species. Morphologically, mushrooms
belonging to the same and even different genera
may look similar and may need a more
sophisticated tool to clarify.

Since indigenous mushroom resources are diverse
and morphological identification are not sufficient
for taxonomy (Collard ez al., 2005; Urbanelli ¢z al.,
2007; Dentinger ef a/ 2011), which may also be
misleading because of environmental effect, a
more reliable tool for characterization of
mushrooms is therefore necessary. Through the
advent of molecular marker technology, it is now
possible to determine fungi based on their
molecular data. The molecular markers, PCR
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(Polymerase Chain Reaction) and non-PCR based
are widely used for mushroom identification and
characterization (Das ez al, 2013). Recently, the
Internal Transcribed Spacer (ITS) of nuclear
DNA has been proposed as the official bar coding
marker for molecular identification of fungi
(Henrion ez al., 1992; Bellemain ez al., 2010). The
ITS regions of fungal ribosomal DNA (tDNA)
are highly variable sequences of great importance
in distinguishing fungal species. Hence the study
aimed at investigating the morphological and
molecular relationship among L. squarrosulus
samples from differentlocations in Ibadan.

MATERIALS AND METHODS

Sample Collection and Morphological
Characterization

Ten samples of L. squarrosuluswere collected from
nine different locations in Ibadan, Oyo State,
Nigeria during the rainy seasons between May and
July 2015 (Table 1). The samples were identified at
the Mycology unit, Department of Botany,
University of Ibadan, Ibadan, Nigeria, and were
taken to International Institute of Tropical
Agriculture (IITA) for further evaluations. The
mushroom samples were characterized
morphologically using the procedure described by
Jonathan and Fasidi (2003)

Pure Culture Preparations

Pure cultures of L. squarrosulus were prepared
according to the modified method of Adenipekun
and Fasidi (2003). Pure and fresh cultures of the
fungi were obtained by regular sub-culturing on
Potato Dextrose agar.

DNA Isolation

The fungal DNA isolation from fruiting bodies
of fresh samples of L. squarrosulus were carried
out using the QIAamp DNA Mini kit according to
the method of Magdum (2013) with
modifications. Approximately 50 mg of fresh
mushroom samples were cut into small pieces and
homogenized with homogenization buffer (50
mM Tris, 10 mM EDTA and 50 mM glucose).
After homogenization, DNA was extracted using
DNA extraction buffer- 100 mM Tris, 10 mM
EDTA, 250 mM NaCl and 1% Sodium Dodecyl
Sulfate adjusted to pH 8.0. Proteinase-K was
added and incubated in dry bath at 60 °C for 1 h.
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After centrifugation at 3,000 rpm for 5 min,
supernatant was treated with equal volume of
phenol:chloroform:isoamyl alcohol (25:24:1),
incubated at 37 °C for 10 min and centrifuged at
8,000 rpm for 6 min. The phenol:chloroform step
was repeated and supernatant was collected. The
DNA was precipitated using equal volumes of
chilled isopropanol. The precipitate was washed
with 70% ethanol and pure ethanol, dried, and re-
suspended in 50 pl sterile water until needed.
Resulting DNA samples were quantified by
Nanodrop ND 1000 spectrophotometer
(Thermo Scientific Inc., Wilmington, Delaware,
USA) and qualitatively checked on 1.5% agarose
gel which was visualized in a Gel Documentation
System LG 2020 (Hangzhou Langqi, Inco,
China).

Primer used

The I'TS sequences of the Agariceae family and of
other species were investigated. Available
nucleotide sequences ranging from 2 to 5 kb were
downloaded from Gene Bank data base for primer
design which resulted in the consideration of ten
(10) primers (Len-E Vol-EF, Ama-E Ast-I Ter-R,
Rus-R, Vol-R, Len-R, Vol-R and Rus-F (Henrion
etal.,1992; Dentinger et a/2011) for PCR detection
of L. squarrosulus species. The closely related
rDNA ITS sequences were retrieved from the
DNA database using the BLAST program to
verify the specificity of the primer pairs. The
primer pairs were tested for sensitivity with total
genomic DNA from 10 samples of fungi in PCR
and a DNA fragment (approximately 300 bp)
from the rDNA ITS gene was amplified.
Diagnostic PCR was performed under the
conditions mentioned below. The FASTA format
of all those sequences was arranged in a file and
then the sequences were aligned according to
nucleotide homology using Cluster W software
program.

PCR Reactions

Polymerase chain reaction was performed using
the following: 10x PCR buffer 2.5 ul , dNTPs
(25 mM of each) 2.0 ul, MgCl, (25 mM) 2.0 ul,
forward primer (10 pm/pL) 1.0 pl, reverse primer
(10 pm/ ul) 1.0 pl, DNA template 10 ng for each
sample, Taq Polymerase (2U/ ul) 0.5 pl, and
DNase free water was used to adjust the volume to
25 pl. Amplification reactions were performed in
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the Corbett RG 6000 thermocycler using the
following conditions: complete denaturation (94
°C for 5 mins), 10 cycles of amplification (94 °C
for45s,32°C for 45 sand 72 °C for 45 s) followed
by 30 cycles of amplification (94 °C for 30's, 34 °C
for 30 s and 72 °C for 30 s) and the final elongation
step (72 °C for 5 min). Electrophoresis of
amplified products were run with 1x TAE buffer
at 90 v for 1 h, visualized in the UV trans-
lluminator and photographed in Gel Doc system
(UVdoc H06, Cambridge).

Analysis of Molecular Data

Gel profiles were analyzed based on the presence
or absence of individual bands, “1” indicating
band presence while “0” indicating band absence.
The genetic distance was calculated by the
frequency similarity. The matrix of genetic
distance was used for grouping the mushroom
samples based on the dendrogram constructed by
NTSYSpc version 2.02 (Rohlf, 1998). The optimal
tree is drawn with the sum of branch length equal
to 1.4246. The tree was drawn to scale, with
branch lengths in the same unit as those of the
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evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances
were computed using the Maximum Composite
Likelthood method and are in the unit of the
number of base substitutions per site.
Phylogenetic tree was generated on the basis of
neighbour-joining method. The average number
of alleles, gene diversity and polymorphic
information content (PIC) values for markers
were determined using PowerMarker version 3.25
(Liu and Muse, 2005).

RESULTS

The ten mushrooms collected from nine locations
around University of Ibadan axis were identified
as L. squarrosulus (Table 1). These fungi showed
diverse morphological features such as colour of
cap and pileus; size of stipe and pileus (Plates 1-
10). Samples 1, 2, 5 and 6 possess whitish cap with
short pileus, samples 8 and 10 had whitish pileus
and long stipe. On the other hand, sample 4
possesses brown cap with short pileus, 9 had a
brown pileus and long stipe while 3 and 7 had
whitish cap with long pileus (Table 1).

Table 1: Provenance and Morphological Features of Lentinus squarrosulus Studied.

ID Location DOC Morphological features IS

1 Botany Department, Ul 14/04/2015 Whitish cap, stipe is short L. squarrosulus
2 Jaja Clinic, Ul 21/05/2015 White cap, stipe is short L. squarrosulus
3 Bodjja, Ibadan 15/06/2015 Whitish cap, pileus is long L. squarrosulus
4 Botanical Garden, Ul 07/07/2015 Brownish cap, Pileus is short L. squarrosulus
5  Nursery Farm, UI 26/06/2015 Whitish cap, pileus is short L. squarrosulus
6 Moniya, Ibadan 17/07/2015  White cap, pileus is short L. squarrosulus
7  Botanical Garden, Ul 07/07/2015 Whitish cap, Pileus is long L. squarrosulus
8  Sanyo, Ibadan 22/07/2015 Whitish pileus, stipe is long L. squarrosulus
9  Zoological garden, UL~ 22/07/2015 Brownish pileus, stipe is long L. squarrosulus
10  Alumni centre, UI 06/08/2015 Whitish pileus, stipe is long L. squarrosulus

Abbreviations: ID- Sample Identity; DOC- Date of collection; UI- University of Ibadan;
IS- Identity of sample from Herbarium, UL
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Plate 9: Zoological garden fence, Ul Plate 10: Alumni centre, Ul

Plates 1-10: Growth Forms of Lentinus squarrosulus from the Field locations
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Evaluation of Marker Performance

Genomic DNA was successfully isolated from all
the ten samples and the DNA regions were
amplifed. The PCR products from the amplified
DNA in the study were 1,100 bp in size on 1.5%
agarose gels, gave sharp and distinct bands which
were used to construct a phylogenetic tree (Figure
2). A total of 50 amplicons were generated of
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which 31 bands (62%) were polymorphic among
the 10 primers used in the study. The highest
number of bands was observed with primer Ter-R
(10 bands) while Vol-I gave the least number of
bands (2 bands) when evaluated with the sampled
fungi. The Ast-F primer assay generated variety-
specific products in some of the genotypes (Plate
11).

Plate 11: Gel Electrophoregram of Primer Ast-I with the Ten Samples of L. Sguarrosulus
(M = DNA Ladder, C = Negative control, 1-10 = Samples)

The gene diversity values ranged from 0.11 to 0.44
with a mean value of 0.27 for markers used.
Markers Len-R had the lowest values while marker
Rus-R had the highest value. Only one marker
Rus-R showed high heterozygosity. The
Polymorphic Information Content (PIC) value

ranged between 0.10 and 0.37 with a mean value
of 0.25 among primers used. The total number of
alleles amplified was 22. Although, average
percentage polymorphic band was 63.81%, both
gene diversity and PIC values were however low
(0.27 and 0.25 respectively) (Table 2).
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Table 2: List of Primers Used for the Study, their Sequences, Band Parameters and Gene Diversity

Primer Primer sequence Nb Npb Ppb GD PIC
(%)
Len-'F  5-GGA AGT AAA AGT CGT AAC AAG G-3 5 4 80 033 0.16
Vol-F 5 _TCC TCC GCT TAT TGA TAT GC-3 2 1 50 0.11 037
Ama-F  5-GTAAGTGCCGAATTCGAAATAACTGAATGGGA -3' 2 100 036 0.10
Ast-F 5-AGGGCTGTGGGATCCTCATTCAGGTCTATCACCTC - 6 4 66.67 018 025
3
Ter-R  5-TCCTCCGCTTATTGATATGC -3’ 10 4 40 027 032
Rus-R  5- GGAAGTAAAAGTCGTAACAAGG -3’ 7 5 7143 044 029
Vol-R  5--TCC GTA GGT GAA CCT GCG G-3' 6 4 66.67 027 034
Len-R  5--TCCTCC GCT TAT TGA TAT GC-3' 4 2 50 0.11 033
Vol-R 5 - GATGCCAGAC -3' 3 1 3333 042 022
Rus-F. 5'- GAGAGCCAAC -3' 5 4 80 0.18  0.10
Mean 5 31 6381 027 0.25

Abbreviations: Nb- Number of bands amplified; Npb- Number of polymorphic bands;

Ppb-

Percentage polymorphic bands; GD- Gene diversity; PIC- Polymorphic information content.

Cluster Analysis

The ten samples used in the morphological study
were displayed on a dendrogram (Figure 1) on
which all samples belonged to a single cluster at
0.18 similarity coefficient. However, when the
dendrogram is truncated at 0.20 similarity
coefficient, two major clusters were identified
(Clusters I and II). Cluster I consists of seven
samples (1, 2, 3, 4, 5, 6, 7) with four sub-clusters.

Three out of the four sub-clusters consists of two
tied samples each (1&2, 5&6 and 3&7) at 1.00
(100%) similarity coefficients which means they
were morphologically similar. The remaining sub-
cluster consists of only one sample (4) clearly
identified at 0.71 similarity coefficient. The second
cluster consists of three samples (8, 9 and 10)
distributed in two sub-clusters.
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Figure 1: A UPGMA Dendrogram of the Ten Samples of L. squarrosulus Developed from the

Morphological Data

The first sub-cluster consists of two tied samples
(8&9) at 1.00 (100%) similarity coefficient while
the second sub-cluster consists of only one
sample (9) which was clearly distinguished at 0.84
similarity coefficient. On the other hand, data
generated from molecular analysis of the samples
classified all the ten samples into one big cluster
(Figure 2) at 0.50 similarity coefficient but when
truncated at 0.55 similarity coefficient, two main
clusters (clusters I and IT) were identified. The first
cluster consists of five samples (1, 3, 4, 8 and 10)

clearly distinguished at various levels of similarity
coefficient. However, samples 1 and 3 appeared
closer than any other samples at similarity
coefficient of 0.88.  Cluster II also consists of
five samples (2, 6, 9, 5, and 7) which were also
clearly identified at various levels of similarity
coefficient with samples 6 and 9 having a higher
similarity (0.94) than others The highest
similarity (0.94) was observed between samples 6
and 9 followed by the similarity (0.88) between
samples 1 and 3 (Figure 2).
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Figure 2: A UPGMA Dendrogram of the Ten Samples of L. Sguarrosulus Developed from

Molecular Data (1-10 = Samples).

DISCUSSION

With increasing demand for edible and medicinal
fungal materials, the shortage of Nigeria edible
and medicinal wild fungi has led to adulterants or
substitutes for those precious fungi being sold
fraudulently for high profit (Okhuoya ez a/ 2010).
Identification of those high-quality fungal species
is not only necessary but has great economic
significance as it will allow product distributors to
verify the material they are selling (Osemwegie e a/
20006). The variation in the number of bands
amplified by different primers was influenced
greatly by wvariable factors such as primer
structure, template quantity and less number of
annealing sites in the genome. This is similar to
the findings of (Das ef /. (2013) who reported
variations in the number of bands amplified by
different primers.

The length of the amplified DNA varied with
primers used in the study. Similar length sizes have
been recorded in 10 species of ectomycorrhizal
fungi (Akpaja et a/ 2003). Molecular technology

has been reported to greatly enhance detection
sensitivity, as well as simplify and expedite the
identification of organism (Collard e# al, 2005).
The presence of unique band pattern among
sampled fungi evaluated with markers showed the
discriminating power of the primers used in the
study. This may be used as DNA fingerprints for
variety identification and would be of immense
use for the establishment of proprietary rights and
the determination of variety purity. Several
markers, including random amplified
polymorphic DNA (RAPD), arbitrary primed
PCR (AR-PCR), restriction fragment length
polymorphism (RFLP), PCR-RFLP and DNA
sequencing, have been used for the authentication
of biological materials (Lakra e al, 2007,
Bellemain eza/2010).

Several authors have reported the discriminating
advantage of molecular techniques over
morphological evaluations. This is due to the fact
that morphological features were prone to
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environmental manipulations while molecular
particles which include DNA are not affected
directly by the environment (Collard ez a/., 2005).
Although, both morphological and molecular
clustering revealed two groups, yet there were
remarkable differences in the types and number of
fungi samples in each group when compared
clustering between morphological and molecular
studies. Several studies have shown that
morphological based grouping did not match
molecular relationship among the species in most
cases (Sambrook ef al, 2001; Stajic et al., 2005;
Tang et al., 2005). The result from the phylogenetic
tree indicated that the samples are related species
which is similar to results of restriction fragment
length polymorphism (RFLP) amplification of
the ITS region among different geographical
fungal isolates within a species reported by
Urbanelli, ez a/(2007).

CONCLUSION

From the results obtained, we can conclude that
Lentinus squarrosulus are higher fungi and all of the
ten random primers used in this study could be
used as markers distinguishing the L. squarrrosulus.
The polymorphic rates of some of the primers
were almost alike, except for three primers (Len I,
Ama I and Rus F) which have low value. The
findings from this study showed that the use of
RAPD marker could establish a relationship
among L. squarrosulus samples based on gene
diversity and polymorphism
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