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The purpose of this study was to determine the mating type system and initiation of fruiting body
development of a medicinal mushroom Phellinus linteus from Cambodia. The evidence of fungal
crossing analysis revealed that Cambodian P. linteus was a heterothallic basidiomycete and had a
bipolar mating system. Clamp connection and peg cells formed on the dikaryons were possibly
regulated by A and B genes. Initiation of the fruiting body was observed first on the Malt Extract Agar
(MEA). In addition, we also found that fruiting bodies rapidly initiated on wood blocks. Unfortunately,
their fruiting body initials were arrested before the stage of fruiting body maturation. Hence, a
mushroom cultivation approach was chosen for observing the proper fruiting body development. The
results showed that most mushroom spawns inoculated by dikaryons had initiated the small size (1.5to
4.0 cm in diameter) fruiting bodies with a semicircular-shape. Fruiting body was not form in the

mushroom spawns inoculated by monokaryons.
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INTRODUCTION

Mushroom production worldwide exceeds more than 10
million metric tons per year. Some mushrooms are
medicinally important because they produce substances
that express potential medicinal benefits. These medi-
cinal mushrooms are now particularly interesting because
they indeed have been shown to have profound health
promoting benefits. Several articles have dis-cussed the
medicinal efficacy and active biological compounds
(Chang, 1999; Wasser, 2002; Zhang et al., 2007;
Firenzuoli et al., 2008; Song and Van Griensven, 2008).
Most researchers have focused on any existing thera-
peutic effects of extracted medicinal mushrooms. The
biological components such as polysaccharides, peptides
and anti-oxidants have been determined and docu-

mented (Shon and Nam, 2001; Wasser, 2002; Zhang et
al., 2007; Song and Van Griensven, 2008). Most
medicinal mushrooms are collected from forests.
Medicinal mushrooms have not been successfully
cultivated on farms because they have high host
specificity (Fisher and Binder, 2004; Hiroto et al., 2006).
Phellinus linteus (Berk et W.Curt.) is among the most
important medicinal mushrooms. It is called Sangwhang
in Korea but is unlike Ganoderma lucidum. The biological
compounds in P. linteus have been used for medical
purposes such as antitumor, anticancer, arthritis, anti-
liver damage, antiviral and antibacterial activities (Han et
al., 1999; Li et al., 2004; Kim et al., 2004; Matsuba 2007;
Ohno et al., 2007; Jung et al., 2008; Song and Van

*Corresponding author. E-mail: Prayook.s@msu.ac.th; prayooks@hotmail.com. Tel: +66-43-754321-40 Ext. 1123. Fax: +66-43-

754245.




2886 Afr. J. Microbiol. Res.

Griensven 2008; Shnyreva et al., 2010). P. linteus is
distributed throughout North America, Europe, Japan,
China, Korea and Southeast Asia (Dai and Xu, 1998).
DNA sequence analysis of this species has been
determined, and 99% of the DNA sequences were
homologous to another P. linteus type (Lee at al., 2005).
Species classification of Phellinus spp. was elucidated by
Internal Transcription Spacer (ITS), nuclear large subunit
rDNA (nuc-Is-rDNA), small subunit mitochondrial ribo-
somal locus (mt-SSU), RAPD, and RFLP (Park et al.,
2001; Wagner and Fischer, 2002; Fischer and Binder,
2004; Rizzo et al., 2003; Lee et al., 2006). Fischer and
Binder (2004) focused on species recognition, geo-
graphic distribution, host-phathogen relationships and
genetic relationship of various Phellinus species; litter
details of fruiting body development, mating type system
and cultivation of Phellinus spp. are available (Hansen,
1979; Fisher, 1995; Mallett and Myrholm, 1995). The
mating type gene is a crucial gene for fruiting and
basidiomycete development, particularly in the excellent
basidiomycetous models; Coprinopsis cinerea,
Shizophylum commune, Lentinus endodes, Ustilago
maydis and Plerotus ostreatus (Raper, 1866; Kles, 2000;
Kothe, 2001). Kothe (2001) described that mating type
genes are traits for any breeding program and more
understanding of mating type genes can be used in
mushroom breeding programs. Based on the mating
system, an estimated 85 to 90% of all basidiomycetous
species is heterothallic and requires mating. The
heterothallic species are controlled by one or two mating
type loci, whereas 10 to 15% of the basidiomycete
species are assumed to be homothallic, namely, fruiting
body formation without mating (Whitehouse, 1949;
Quintanilha and Pinto-Lopes, 1950). Mallett and Myrholm
(1995) reported the mating type system of Phellinus
tremulae, and found that it was a heterothallic and had a
tetrapolar mating system while, another white rot fungus
(Ganoderma boninense) had a tetrapolar mating system
with multiple alleles determined by a mating test (Piotti et
al., 2002). Currently, Cambodian P. linteus has a high
risk of extinction due to several factors such as
deforestation, poor forest management, forest fire,
indiscriminate harvesting and climate change. Moreover,
there is no report on the achievements of Cambodian P.
linteus cultivation.

In this study, we determined the mating type system,
clamp cell formation, initiation of fruiting body on artificial
medium and natural wood blocks which provided host
parasite-specificity and mushroom cultivation.

MATERIALS AND METHODS
Study samples

Cambodian P. linteus samples were kindly provided by Dr. Frankie
Chan from the Thai-Korea Phellinus Research Center. Culture and
maintenance of the Cambodian P. linteus strain was performed at
the Department of Biology, Faculty of Science, Mahasarakham
University, Thailand.

Culture and isolation

The grained fruiting bodies of Cambodian P. linteus were placed
over aluminum foil to collect the dark brown basidiospores. The
basidiospores were scraped from the aluminum foil into H.O, and a
series of dilutions were placed on malt extracted with 1% agar
(MEA). An antibiotic (Ampicillin) was required. Following 1 to 2 days
of growth at 37°C and 12 h/dark and 12 h/light rhythm, colonies
were inspected under a stereo microscope. A small agar piece of
each single geminated spore (ca.1x2 mm?) was transferred to a
new MEA plate for full growth, and each monokaryons was named
as M1, M2, M3, M4, M5 and M6 and preserved for further study.

Mating type compatibility test

Monokaryons (M1, M2, M3, M4, M5 and M6) were crossed among
population samples. All crosses were conducted on MEA plates
with ~ 1 cm distance between monokaryons. Inoculated MEA
plates were kept in a black box with moisture tissue papers and
incubated at 37°C for three days. The dikaryotic formation in a
genetic cross could be observed by vigorous and full growth of
mycelium. Complete and incomplete dikaryotic formation was
examined under compound microscopy for the presence of clamp
cells. The clamp cells (diakaryons) were represented as positive (+)
and no clamp cells (heterokaryons) as a negative (-). Monokaryotic
and dikaryontic mycelium were also observed by scanning electron
microscopy (SEM).

For SEM, samples were fixed in 2.5% glutaradehyde: 1%
Osmiumtetroxide: 0.2 M phosphate buffer, (pH 7.2), at room
temperature for 2 to 4 h, and then washed with the same buffer
three times, and dehydrated by an acetone series (20%, 40, 60, 80
and 100) and then left to air dry. Gold coated sample films were
determined by a SEM (JSM 6460 LV).

Initiation of fruiting body test on MEA plate and wood blocks

A plug (~1.0 x1.0 cm?) of dikaryotic and monokaryotic mycelium
were taken from dikaryotic or monokaryotic plates and transferred
to new MEA plates. The experiment was designed as three
replicates, (6 monokaryons X 3 = 18 MEA plates and 5 dikaryons X
3 = 15 MEA plates). Thirty three inoculated MEA plates were
incubated at room temperature (28 to 30°C), for 12 h/dark and 12
hilight rhythm or until fruiting initially appeared. ~1.5 x1.5 cm? of a
plug of dikaryotic and monokaryotic mycelium taken from the same
preserved culture plates, were inoculated in each of the 250 ml
flasks containing the MEA medium. Three Shorea (Shorea obtusa)
wood blocks (1x1x2 cm) were placed on and close to the edge of
each 250 ml flasks and stainless steel nets were used to support
wood blocks. The experimental design of wood blocks was the
same as the MEA experiment. All inoculated flasks were also
incubated at room temperature. Fruiting body initials were observed
and photographed by digital camera.

Cultivation of fruiting body

Monokaryons (M1, M2, M3, M4, M5 and M6) and dikaryon (Di2)
were chosen for making the starters by inoculating 5 mycelial plugs
on sough grain contained in sterilized bottles and then incubating at
37°C for 2 weeks. The monokaryotic and dikaryotic mycelium were
homogenously grown with sorghum grains or until the sorghum
grains became white. They were then transferred into the 500
sterilized mushroom spawns (1.0 liter of cylindrical plastic bags),
containing 93% rubber tree powders, 3.2% rice bran, 2.6%
molasses, 0.2% MgSo, and 1% CaCosz. 300 sterilized mushroom
spawns were inoculated by dikaryon (Di2) and another 200



sterilized mushroom spawns were inoculated by monokaryons as
controls. They were then closed with cotton plugs and incubated at
room temperature until the mycelium fully grew into mushroom
spawns. The cotton plugs were removed, and all inoculated
mushroom spawns were developed in a mushroom house with
controlled environmental conditions (temperature; 24 to 28 °C,
humidity; 80 to 90%).

RESULTS

Mating type system and initial fruiting body formation
tests

Six monokaryons were cultured and the morphological
characters were observed by Compound microscopy and
SEM. The size of the monokaryotic hyphae varied from
1.2 to 1.8 um diameter (Figure 1B, C and D). Septum
formation appeared but without clamp cells. It was found
that the monokaryons grew well on Malt Extract Agar
(MEA) medium and fully grew on agar plates within 5 to 6
days (Figure 1A). Monokaryons were intra-crossed on
MEA plates (Table 1). Under compound microscopy each
cross was determined by the presence of clamp cells. It
was found that many clamp cells formed on crosses (M1x
M2), (M2 x M3), (M2 x M4), (M2 x M5) and (M2 x M6),
and were assigned as dikaryons Dil, Di2, Di3, Di4 and
Di5, respectively. The clamp and peg cells were formed
at the septum area. The tips of the clamp cells were
fused with peg cells that emerged from lateral hyphae.
The results of SEM showed that a bulge was generated
from the hyphal surface indicating clamp cell formation
initiation, whereas, arches were not placed directly on the
level surface of hyphae but were placed somewhat above
the hyphal surface and septum formation was apparent.
From observations, indicating that the peg cells were
generated prior to camp cell fusion, there were unfused
clamp cells numerously distributed on hyphae, while, the
fused clamp cells were rarely present (Figure 1F, G, H, J,
K and L). 14 other crosses (M1 x M3), (M1 x M4), (M1 x
M5), (M1 x M6), (M3 x M1), (M3 x M4), (M3 x M5), (M3 x
M6), (M4 x M1), (M4 x M3), (M4 x M5), (M4 x M6), (M5
xM1) and (M5 xM6) showed failed clamp cell formation
(Table 1).

These crosses were observed at the initiation of fruiting
bodies on MEA medium plates but they could not initiate
the fruiting body. Five crosses (Dil, Di2, Di3, Di4 and
Di5) formed the fruiting body initials after 2 weeks of
inoculation (Figure 1E). Morphological characters of
fruiting body initials were sponge-like and always initially
formed on the edge of plates (Figure 1lI). Fruiting body
was not formed in 14 crosses. Genetic crossing analysis
suggested that this mushroom was heterothallic, thereby
requiring the mating of another compatible strains and
had a bipolar mating type system or unifactorial.

Initiation of fruiting body on wood blocks

Mycelium fully grew and covered the medium surface and
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the wood blocks within a week. 15 flasks were inoculated
by dikaryons, where they formed the fruiting body initials
on wood blocks and inoculums after two weeks (Figure
2D, E and F). No fruiting body was formed on the wood
blocks in 18 flasks inoculated by monokaryons (Figure
2A, B and C). The fruiting body initials that formed on
MEA plates were slightly different from the fruiting body
initials that developed on the wood blocks. However, they
did not successfully form any mature fruiting body on
either the MEA plates or the wood blocks. Therefore,
initiation of mature fruiting body development needs to be
elucidated. Subsequently, a mushroom cultivation ap-
proach was provided to observe the mature fruiting body
development.

Development of fruiting body on mushroom spawns

Monokaryons were also inoculated on mushroom spawns
as controls. Dikaryon (Di2) was chosen as the first priority
for mushroom cultivation because numerous fruiting body
initials were developed on the MEA plate and wood block
experiments. We found that 97% (291/300) of inoculated
mushroom spawns had fruiting body initials present. 3%
(9/300) of inoculated mushroom spawns were contami-
nated during fruiting body development. 94% (188/200) of
controls did not have the initiation of fruiting body while
other mushroom spawns were infected by unusual fun-
gus. Fruiting bodies varied in size, the size of the
basidiocarps was 1.5 to 4.0 cm in diameter, and many
fruiting bodies were formed at the bottom of the
mushroom spawn (Figure 3D). Unfortunately, the fruiting
bodies were arrested before fruiting body maturation,
even though, those mushroom spawns had prolonged
incubation for more than three months, but no fruiting
body appeared.

DISCUSSION

It is generally known that most medicinal mushrooms are
collected from nature. Several reports have also
mentioned that medicinal mushrooms cannot be
cultivated or form the fruiting body on the artificial
substrates because fungi display host specificity or host-
parasite specificity (Chang, 1991; Kies and Lui, 2000,
Hiroto et al., 2006). However, several fungi easily grow
on artificial substrates, for example, Agaricus bisporus,
Agarius  subrufescens, Asterophora lycoperdoides,
Favolus arcularius (Fr.) Ames Pleurotus spp, L. edodes
and C. cinerea (Chang and Miles, 1989; Kies and Lui,
2000; Kerrigan, 2005). Additionally, several plant phato-
genic fungi (G. lucidum, L. endodes, Lentinus spp.) are
successfully cultivated on mushroom farms (Chang and
Miles, 1989). Most studies of the Phellinus mushrooms
were focused on the biologically active compounds and
pharmacodynamic effects under animal and cellular
experiments (Han et al., 1999; Li et al., 2004; Kim et al.,
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Figure 1. Dikaryotic hyphae and various phenotypes of the clamp cells. A fully grown monokaryotic mycelium is shown
on a MEA plate (A). Monokaryotic mycelium was photographed by compound microscopy, 100 X (B). A high resolution
of monokaryotic mycelium was observed by SEM; (C) and (D). Dikaryotic mycelium formed the fruiting body initials on
MEA plate (a head arrow) (E and I). Clamp cells observed by compound microscopy (F and G). Clamp cells were
present (H). Clamp cells were determined by SEM ( J, K and L).

2004; Matsuba, 2007; Ohno et al., 2007; Jung et al.,
2008; Song and Van Griensven, 2008; Shnyreva et al.,
2010). The vegetative compatibility, mating type system
and development are the basic information required for
supporting mushroom cultivation but they have to date
received little attention. Here, we determined the mating
type system, and also observed fruiting body
development of Cambodian P. lintues. From our genetic
analysis, results suggested that Cambodian P. lintues

was a heterothallic basidiomycete, and it functioned as a
bipolar mating type system because monokaryotic
crosses (M1xM3), (M1xM4), (M1xM5), (M1xM6),
(M3xM4), (M3xM5), (M3xM6), (M4xM5), (M4xM6) and
(M5xM6) did not form clamp connection, indicating that
they have the same mating type genes. Most
basidiomycetes required mating or were heterothallic,
and found that most Phellinus mushroom were unifac-
torial or had a bipolar mating type system and only few



Table 1. Intra-crossed monokaryons
determined on six crosses.
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among population. Clamp cell formation was

Monokaryotic clone number

M1
M2
M3
M4
M5
M6

+ o+ o+ I+
1
"
1
1

+, Clamp cell formation represents a positive; -, failure clamp cell formation represents a negative;

=, no crossed.

Figure 2. Monokaryon grown on Shorea wood blocks in 250 ml flask, containing MEA. No fruiting body initial was formed
(A, B and C). Dikaryotic mycelium inoculated on the surface of the MEA medium, prepared in 250 ml flasks and fruiting
body initials were formed on the wood blocks and inoculums (D, E and F).

taxa of Phellinus were homothallic (Hensen, 1979;
Fisher, 1994,1995). For example, P. tremulae was hete-
rothallic and had a tetrapolar mating system (Mallett and
Myrholm, 1999). The clamp connection and sub-apical
peg cells which appeared on the hyphae during dikaryotic
formation were possibly controlled by A and B genes
which have been known as A- and B-factors (Rapper,
1966). Clamp cell formation specifically occurred in both
typical mushrooms C. cinerea or C. lagopus and S.
commune are regulated by A and B mating type genes
(Pardo, 1996; Casselton and Olesnicky, 1998; Kothe,
2001; Kues, 2002; James et al., 2006). Since the deve-
lopment of molecular techniques, the function of A and B
mating type genes of basidiomycetes, such as C.

cinerea, S. commune, Coprinus disseminatus and
Pholiota nameko, have become clearer (Pardo, 1996;
Fowler, 2001; Aimi et al., 2005; James et al., 2006).
Mating type A genes regulate clamp cell formation,
septation and nuclear synchronization, while mating type
B genes control fused clamp cells and peg cell formation
(Pardo, 1996; Kues, 2002; Balayan, 2006; James et al.,
2006). Our study reveals that Cambodian P. linteus
carries mating type A genes and functions in compatibility
systems, whereas B genes may also exist, but it was not
implicated in compatibility system of this fungus, similar
to the mating type system of C. disseminatus (James et
al., 2006). During peg cells formation on the hyphal
surface near the septum positions indicate that peg cells



2890 Afr. J. Microbiol. Res.

Figure 3. Fruiting body grown on mushroom spawns. Fruiting bodies have various shapes and size.
A fruiting body developed on mushroom spawns after 45 days (A) and fruiting body developed on
the top of mushroom spawns (B and C). A fruiting body was formed on the bottom of mushroom
spawn (D) and fruiting body grew on an opened area of a mushroom spawn (E).

are individually regulated by the B gene, according to the
function of mating type B genes in model mushrooms C.
cinerea and S. commune (Fowler, 2001; Kothe, 2001;
Kles et al., 2002; Balayan, 2006; James et al., 2006).
We also have additional data that confirmed that mating
type A gene is located on the chromosomal DNA of
Cambodian P. linteus. Mitochondrial Intermediate Pepti-
dase gene (mip) can be amplified from the DNA of
Cambodian P. linteus by degenerated primers (MIPF1
and MIPR2); a partial 300 bp of mip gene was
reproduced (Prayook et al unpublished; James et al.,
2004a). A mip gene is linked to A mating type locus, ~ 1
kb distant between mip gene and A mating type locus of
various basidiomycetes (James et al., 2004a). Initiation of
fruiting body was demonstrated in both MEA and wood
blocks. A wood block experiment was assigned based on
the knowledge of fungal host specificity and also the
understanding that most medicinal mushrooms are plant
pathogenic fungi. Commonly, Phellinus spp. specifically
attaches the hard wood trees. Our results revealed that
fruiting body initials were developed on wood blocks, and
showed that its morphological characters were different
from the fruiting bodies grown on MEA plates. We found
that their fruiting body initials were stopped at early
fruiting body maturation, even though both experiments
were prolonged in incubation, meanwhile, mushroom
cultivation was provided to observe the manner of fruiting
body development. Methodology of G. lucidum and L.
edodes cultivation was used as guidance in this study
(Chang, 1991). G. lucidum and L. edodes are white
rotting fungi and behave as plant pathogenic fungus, like
Phellinus. For Cambodian P. linteus cultivation herein, we

found that the mycelium fully grew on the mushroom
spawns for a month, in contrast to G. lucidum mycelium
which fully grew on its mushroom spawns within 10 to 20
days, indicating the speed of mycelial growth depending
on a unique species. We also found that monokaryotic
mycelium had slow growth compare to dikaryotic
mycelium. The fruiting body initials were formed on
opened mushroom spawns (Figure 3A, B, C, D) and on
the bottom of the mushroom spawns (Figure 3D). The
fruiting bodies were various forms in shape. Some fruiting
bodies were similar to native basidiocarps of Cambodian
P. linteus. However, the cultivation of Cambodian P.
linteus was difficult due to rapidly decreasing moisture
and nutrition involving the mushroom spawns, even
though, 80 to 90 % of moisture content was given daily,
and temperatures from 24 to 28°C were used in this
cultivation which are relatively similar to the optimal
temperatures (21 to 27°C) of G. lucidum (Adaskaveg,
1986). Stopping of fruiting body development on
mushroom spawns may be due to limited water, minerals
and nutrition in contrast with behavior of Phellinus
mushrooms which are tree parasite in nature. However,
this study is valuable in providing guidance for
commercial medicinal mushroom production for further
study.

Conclusion

Cambodian P. linteus is a popular medicinal mushroom
and is found in Cambodia where it commonly grows on
hard wood, and to date there has been no report on the
achievement of cultivation. Here, we studied the biologi-



cal information of this fungal species for supporting the
success of cultivation. Cambodian P. linteus was a
heterothallic mushroom that requires mating with other
compatible strains and also had a bipolar mating type
system or unifactorial system. Clamp and peg cell
formation may be influenced by A and B genes. Fruiting
body initials were developed on MEA plates and on wood
blocks. Interestingly, the fruiting bodies were able to form
on the mushroom spawns; unfortunately, their fruiting
bodies stopped at early stage of fruiting body
development.
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