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Abstract 
 
Lentinula edodes or better known as Shiitake mushroom contains β-1,3;1,6-glucan as part of the cell 
wall components and studies have shown that it has the ability to enhance the immune system and 
work as anticancer. The aim of this study was to create potential strain of L. edodes with the high 
content of β-1,3;1,6-glucan, which has the potential for biotechnological purposes. L. edodes spores 
were irradiated with gamma ray (Ɣ-rays) and incubated, which formed monokaryon mycelium (MM). 
Compatible mating of mutated monokaryon formed mutant line dikaryon mycelium (MLDM) that was 
selected for genotypic and phenotypic comparisons with the wild-type line dikaryon mycelium 
(WLDM). The concentration of β-1,3;1,6-glucan was measured using a commercial β-Glucan 
Megazyme Assay Kit (Yeast & Mushroom). Three MLDM (A37, A26, and C07) with 38.8, 36.0 and 
34.5% (w/w) of 100 mg, respectively, significantly produced higher amount of β-1,3;1,6-glucan in 
comparison with WLDM (20.2% (w/w) of 100 mg). 
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INTRODUCTION 
 

L. edodes fruit body contains 88-92% water, lipids, proteins, 

carbohydrates, vitamins and minerals (Solomon, 2004). The ratio of 

these components is different, depending on parameters used such as 

the substrate, cultivation method, temperature, humidity, darkness 

ratio and fruiting condition (Mata et al., 2016), thus affecting the 

production of bioactive compounds and nutrition value of the 

mushroom. Dried L. edodes contains 58-60% carbohydrates, 9-10% 

fibres, 20-23% proteins, 3-4% lipids and ash 4-5%, and it is different 

as compared to the raw L. edodes. L. edodes is well-known with the 

higher source of vitamins especially vitamin B12 (Bisen et al., 2010) 

and D2 (Hiroki et al., 2014). Furthermore, water soluble 

polysaccharides, known as lentinan have the ability to act as 

anticancer (Wang et al., 2017). 

It is well known that mushroom cell wall is mainly composed of 

two types of polymers, which are β-glucan and chitin (Shida et al., 

1981; Du et al., 2014). However, mushroom cell wall consists  of 

three layers: heteropolysaccharide and β-1,3;1,6-glucan as outside 

layer, β-(1-6)-glucan with a small number of β-(1-3) branches as 

middle layer, and the inner layer that consisted of β-glucan and chitin 

(Bak et al., 2014). The production of β-glucan is affected by potential 

interferences agents that presented during fermentation (Crognale et 

al., 2007). 

A previous study showed that the L. edodes has the bioactive 

compound of the β-glucans (specifically β-1,3;1,6-glucan) 

(Sahasrabudhe et al., 2016). However, the β-glucans produced are low 

in solubility, thus chemical modification is done to improve the bio-

viability of the polysaccharide. Improvement in the functional 

properties of β-glucan is done by using the chemical and physical 

crosslinking reactions (Hatada et al., 1995). β-glucans can be 

modified chemically to obtain various derivatives for medicinal and/or 

potential industrial uses (Synytsya & Novák, 2013). A previous study 

reported that the modification in the β-glucan chemical structure could 

affect the bioactive properties either negatively or positively (Zeković 

et al., 2005; Makkar et al., 2007).  

The existence of β-glucan in the cell wall of microorganisms 

(yeast, bacteria and fungi) and plants has been reported by (Roemer & 

Bussey, 1991). Two classes of alkali-insoluble β-glucan are existed in 

Saccharomyces cerevisiae, the first is (1-3)- β-glucan which makes up 

25% of the dried cell wall and the second is (1-6)- β-glucan which 

makes up to 7% of the dried cell wall (Pérez & Ribas, 2013). Usually, 

bacteria have different branching classes of β-glucan which are (1-4)-

β-glucan and (1-6)-β-glucan (17). The (1-3)- β-glucan is considered as 

the most common cell wall component in fungi(Roemer & Bussey 

1991). In plants, β-glucan has been found as (1-3)-β-glucan callose of 

cell wall (Roemer & Bussey, 1991).  

There are various techniques that have been applied to produce  

fungal mutants, for example, mating between monokaryon hyphal 

(Fukuda et al., 1995), fusion of protoplast between two cells (Yan et 

al., 1996) and transformation of genes (Godfrey et al., 1994). 

However, the biggest problem in getting the compatible types of 
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mating in fungi is the low regeneration of protoplast (Kawasumi et al.,

1988). 

The mutation by Ɣ-ray has the ability to alter the bases of DNA 

sequence without changing the genomic sequence of the organism 

(Sato et al., 2006; Lee et al., 2015). Several studies have shown the 

changes of specific genes in fungi upon radiation with the Ɣ-rays such 

as filamentous fungi (Zolan et al., 1988; Boominathan et al., 1990). In 

this study, Ɣ-ray was used to induce mutation in L. edodes in order to 

get mutants with high content of β-1,3;1,6-glucan, enabling them to 

have a great prospect in the biotechnology industry. 

EXPERIMENTAL 

Sample preparation and single spore isolation  
Fruit bodies were collected from Kundasang Sabah, Malaysia. 

After that, the spore print was made from the cap. The spores were 

scraped and diluted with 100µL of distilled water, then exposed to Ɣ-

ray with Caesium-137 (by Malaysian Nuclear Agency). Different 

doses of strength (0, 100, 200, 300, 400, 500, 600 and 700 Gy) were 

used whereas the dose rate was fixed at 13.1 Gy.min-1. The spores 

were germinated on freshly prepared potato dextrose agar (PDA) 

(OXOID, USA), where the media were prepared according to 

manufacturing manual (39g of powder was dissolved in one litre of 

distilled water and autoclaved at 1.05 bar for 15 min at 121°C). Next, 

single spore was isolated using cylinder puncher (0.7 mm). Then, 

monokaryon mycelium was isolated from germination of single spore

and prepared for mating test (Kaur & Sodhi, 2015). 

Mating test 
The mating was carried out by the subculture of two different 

monokaryon mycelium (MM) on the same PDA plate. By using three 

different groups of spores, 108 crossings were achieved.  

Extraction and measuring of β-glucan 
Polysaccharides extraction was carried out by using boiling 

technique from dried mycelium (DM) (Szwengiel & Stachowiak, 

2016). The concentration of β-1, 3;1,6-glucan was determined as 

described in manual β-Glucan Assay Kit (Yeast & Mushroom) 

(Megazyme). Calculation of the total glucan was done using the 

equation below:  

Total glucan = ɑ-glucan +β-glucan 

DNA extraction and purification 
Genomic DNA (gDNA) was extracted from  L. edodes mycelium 

as previously described by (Singh et al., 2016), where 0.5g of freshly 

collected DM was used for gDNA extraction. Purified gDNA was 

quantified using (NanoDrop 1000) THERMO SCIENTIFICCO. and 

validated using 1% agarose gel electrophoresis.  

ISSR-PCR amplification 
Ten ISSR primers were optimized and used for the detection of 

polymorphisms (Table 1). The ISSR-PCR analysis was carried out 

using 4 µl of DNA (50 µg/ml), 1 µl of dNTPs (10 mM), 2 µl of 

forward and reverse primers (10 mM), 1.5 µl of MgCl2 (25 mM), 0.1 

µl of Taq DNA polymerase (1.25 units), 5 µl of 5X Reaction Buffer, 

and 11.4 µl of nuclease-free water (Sigma). The PCR program was as 

follows: 2 min at 94°C, followed by 30 amplification cycles (1 min at 

94°C, 50 sec for primer annealing temperature, and followed by 1 min 

at 72°C) and 5 min at 72°C as final extension. The amplified products, 

which were in 1.5 % agarose gel electrophoresis, were used for PCR 

products detection (Rashid et al., 2013; Zhao et al., 2016).  

Mutants selection of L. edodes  
Mutant line dikaryon mycelium (MLDMs) were selected based on 

the changes or presence of ISSR-DNA bands while the growth 

performance of mushrooms was compared to wild-type line dikaryon 

mycelium (WLDM). Growth performance assay was carried out as 

described previously by (Ibrahim et al., 2017). All data was analysed 

with ANOVA using SPSS v.22.  

Table 1. List of ISSR Primers and melting temperature. 

Notes: B = C, G, T; D = A, G, T; H = A, C, T; R = A, G; V = A, C, 
G; Y = C, T 

RESULTS AND DISCUSSION 

Growth performance of single spore 
The irradiated spores did not show any differences in growth 

performance after 14 days of germination. The Ɣ-rays did not affect 

the growth performance of MM isolated from spores.   

Mating of MM 
In this study, 15 MLDM were successfully produced by crossing 

108 irradiated MM. Compatibility test was carried out by observing 

the migration of MM to each other on PDA plate, as well as by using 

the microscope to observe the formation of clamps (Figure 1). The 

compatible mating had a higher number of clamps formation as 

compared to incompatible mating. Normally, compatible mating 

would produce 5-6 number of clamps/HPF whereas incompatible 

mating would only produce 0-2 number of clamps/HPF. (Lee et al.,

2000) suggested that the higher number of clamps would increase the 

formation of fruit body. Besides, incompatible mating would grow 

and form an atypical circle (butterfly-like), producing two different 

circles, and thus, reducing the chances of mating and the formation of 

clamps (Figure 2). 

Fig. 1 Observation of clamps formation. The left pictures show the low 
clamps formation of incompatible mating, the right pictures show the 
high clamps formation of compatible mating. (The blue arrows refer to 
the clamps in right and hocking of mycelium in left). The clamps were 
observed at 40X magnification power. Unlike the incompatible mating, 
compatible mating showed higher number of clamps. 

Primer no. Primer sequencing (5’-3') Tm (⁰C) 

IS1 (CAC)7T  (22 mer) 45 

IS 10 BDBT(CCT)6  (18 mer) 63 

IS11 HVH(TCC)6  (20 mer) 45 

IS 12 (AG)8T  (19 mer) 45 

IS 13 (AG)8G (17 mer) 45 

IS 14 (GA)8T  (17 mer) 45 

IS16 (GA)8A  (17 mer) 45 

(TG)8A  (17 mer) 45 

IS 47 (ACC)6  (18 mer) 45 

IS 72 5’ (GTC)5 3’  (15 mer) 45 
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Fig. 2 Macroscopically observation for mating. (A) The morphology of 
compatible mating of monokaryon mycelia (no separation of mycelia 
was observed in the compatible mating culture), (B) Incompatible 
mating of mycelia (distinct “butterfly” morphology was observed due to 
the rejection of two mycelia at the mid line which would prevent mating, 
(A1) Continuous sub-culturing formed a typical circle, and the last (B1) 
Continuous sub-culturing formed an atypical circle (butterfly 
phenomena). The sub-culture was done by using freshly prepared PDA 
and 0.7mm cylinder puncher. 

Growth performance 
WLDM has slower growth performance as compared to the 15 

isolated MLDM. The growth performance of shiitake was 8.4 cm/14 

days, while certain potential mutant lines (MLDM) showed faster 

growth performance in comparison with WLDM. The faster growth 

performance of some MLDM was due to the effects of Ɣ- rays which 

produced some changes in the genetic materials of the mushroom (Fu 

et al., 2008). Besides, previous study has also shown that the growth 

performance of L. edodes was associated with the cell wall content, 

especially laccase and cellulose although the expressions of both these 

enzymes were not similar at the same time (Synytsya & Novák, 

2013).  

Fig 3  Electrophoresis result of ISSR-PCR. The PCR products were run 
with 1.5% agarose gel, after mixing 20 µl of products with 5µl 6X blue 
dye (PROMEGA). The results were determined by observing the bands 
(presence, absence and shifting). 

Observing the phenotypic and genotypic variation of DM 
Genetic variation was determined by observing the presence, 

absence and shifting of bands of ISSR-PCR products (Figure 3). 

According to (Malekzadeh et al., 2014), ISSR primers were powerful 

enough for the detection of polymorphism among closely related 

genotypes which could be used for fingerprinting and legal ownership. 

It has been used as a molecular tool to identify the genotype variation 

in different strains of button mushroom (Agaricus bisporus) and this 

method could compare the differences between WLDM and MLDM 

by observing the existence of specific bands from different primer 

combinations. The results have shown that all 15 MLDM were 

different in comparison with WLDM (Figure 2). Interestingly, 

phenotypic variations of some MLDM which showed the fluffy and 

rigid DM (mutant B12, B01, C07, A12 and A37) were different from 

the WLDM (Figure 4). Study on irradiated Pleurotus Ostreatus which 

produced fluffy mycelium did not affect the growth performance in 

comparison with wild mycelium (Sharma & Sharma, 2014). 

Furthermore, mycelium rigidity was due to the change in the lignin 

composition of mycelium which affected the mycelium structure 

(Saidu et al., 2015). 

Fig. 4 Phenotypic variation. All DM at 25 days after subculture, some of 

the WLDM showed phenotypic differences in comparison with WLDM.  

B12, B01, C07, A12, and A37 were shown to be rigid, fluffy and white 

mycelium in comparison to WLDM. 

Determination of β-1,3;1,6-glucan  
Dried metabolites were extracted from dried mycelium to 

investigate the effects of ɣ-rays on the production of β-1,3;1,6-glucan. 

The findings showed noteworthy results by comparing the 

concentration of β-1,3;1,6-glucan from three of the MLDM, which 

were 38.8, 36.0 and 34.5 % w/w of 100 mg dm, whereas the WLDM 

produced 20.2 % w/w of 100 mg dm (Table 2). Recent study has also 

shown similar results for the wild-type   L. edodes (Sari et al., 2017). 

Exposing the Ɣ- rays to 2.0 KGy could soften cell wall structure by 

changing the activity of several enzymes of the fruit body, either by 

decreasing (negative effects) or increasing (positive effects) the 

concentration of β-1,3;1,6-glucan, and thus, affecting its production 

(Jiang et al. 2010). Our results showed the highest amount of β-

1,3;1,6-glucan in A37 mutant (positive effects) with 38.8 % w/w of 

100 mg dm, while the lowest amount was in A35 mutant which 

produced 13.3 % w/w of 100 mg dm (negative effects).  

CONCLUSION 

Three L. edodes mutants (A37, A26 and C07) were successfully 

mutated to produce a higher amount of β-1,3;1,6-glucan (at least 1.5 

times more) compared to the wild-type strain via Ɣ-ray radiation.  We 

proposed that it was easier, faster and cheaper to use Ɣ-rays in order 

to produce new mushroom breed with higher amount of desired active 

compound (in this case β-1,3;1,6-glucan) for future purposes. 
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Table 2. Total glucan concentration of Lentinus edodes mutants and 
wild lines. 
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