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ABSTRACT 

 
Interspecific hybrids of Pleurotus florida PF-5 (MTCC 1801) and Pleurotus sajor-caju PSC-
3 (ATCC 62887) were developed using electrofusion. A concentration of 2mM vanillin and 
1000ppm carbendazim were selected as screening markers for the hybrids of the two 
Pleurotus spp. The electrofusion using an exponential decay was best with 1000 V (2 
pulses with an interval of 5 sec). With square wave discharge, maximum regenerants 
were obtained with 2 pulses at a pulse voltage of 300V at an interval of 30 seconds. 
Maximum regeneration efficiency was 14.2 per cent on  generation Minimal Medium. 11 
hybrids were selected and characterized on the basis of morphological and biochemical 
characters. Isozyme analysis and molecular characterization of hybrids along with the 
parents using RAPD-PCR suggested that the fusants obtained were hybrids with both 
parental and non-parental characters. Cropping trials of the hybrids showed that the 
spawn run period varied from 19 days (PFPS-131) to 42 days (PSPF-95). Two hybrids, 
PSPF-47 and PSPF-101 were found to give significantly higher yield (88.8% and 82.2%, 
respectively) than the parent strains while two hybrids, PFPS-54 and PFPS-168 gave 
considerably lower spore mass and lower spore count as compared to parent strains.  
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INTRODUCTION 

 

Pleurotus spp. known as oyster mushroom is 
widely appreciated for its unique flavor, 
texture, color, high shelf life and poor 
substrate specificity. In terms of nutritional 
value, this mushroom has high protein, fiber, 
vitamin and mineral content1.  Pleurotus is a 
source of enzymes and other industrial 
products and is therapeutically important as 
antiviral, antitumor, antibiotic, antibacterial, 
hypocholesterolemic and immunomodulatory 
agent2-3. The phytochemical analysis of 
varieties of mushrooms also showed their 
medicinal attributes, through the evaluation of 
various mushroom derived compounds like 
polysaccharides, triterpenoids, lectins, 
steroids, proteins and protein bound 
polysaccharides, which may effect antiviral, 
antibacterial, antiparasitic, antitumor, 
antihypertensive, antiobese, antithrombotic, 
antifibrotic, antiatherosclerosis, 
hepatoprotective, antidiabetic and 
antiinflammatory properties4. It has many 
advantages as a cultivated mushroom 
including rapid mycelial growth, high ability for 
saprophytic colonization, simple and 
inexpensive cultivation techniques and several 
kinds of species available for cultivation under 
different climatic conditions. Pleurotus is 
heterothallic (self-sterile) and sexual 
reproduction is governed by the mating type 
genes. But during the past decades, drastic 
climatic changes leading to temperature 
variations have led to a fall in productivity of 
most of the crops including mushrooms. This 
has led to huge economic losses to mushroom 
breeders throughout the World.  Strain 
improvement of existing edible mushrooms 
with the latest research methods and 
technologies will no doubt act as a boost for 
the breeders to enhance upon the quality traits 
of these ‘nature’s trash burners’.It has long 
been established that parasexual hybridization 
is one of the ways to combine genetic 
characters across the species barrier. Various 
methods have been employed for strain 
improvement in edible fungi. Cross 
hybridization between monospores, mutations, 
transformation using gene gun etc. have been 
used in the development of hybrids in edible 
fungi 5-7. Fusion of protoplasts is a versatile 
technique to induce or promote genetic 
recombination in a variety of prokaryotic and 

eukaryotic cells8.  Protoplast fusion has been 
successfully used to produce heterokaryons 
between strains that are incompatible when 
conventional methods are used because it 
breaks down the barriers to genetic exchange 
imposed by conventional mating systems and 
therefore has great potential for genetic 
analysis and for strain improvement9.  Inedible 
mushrooms, a lot of research has been 
performed on the optimization of a practical 
protoplast fusion approach, to combine 
incompatible strains of different edible fungi so 
as to produce intraspecific, interspecific, 
intergeneric and even interorder hybrids10-

12.Current research was planned to develop 
interspecific hybrids of two species of Pleurotus 
namely P. florida and P. sajor-caju through 
protoplast fusion to improve the existing strains 
in terms of yield and fruiting characteristics. 
Pleurotus spp. is a temperate to subtropical 
mushroom and has been recommended by 
Punjab Agricultural University, Ludhiana for 
cultivation during the winter months from 
October to March in Punjab, India. 
Recommended species include P. florida (a 
temperate specie) isolated in USA, having 
relatively smaller sized white fruit bodies 
preferred over P. sajor-caju (a high yielding 
subtropical wild specie) isolated from India 
and having larger sized dull grey fruiting 
bodies with thick fleshy texture.  
 

METHODS 

 
(i) Cultures used and culture media 
Ten strains of P. florida and thirteen strains of 
P. sajor-caju were evaluated for their mycelial 
extension rate by measuring radial growth on 
potato dextrose agar medium. Three strains of 
P. florida; and three strains of P. sajor-caju 
showing fast radial growth (in mm) were then 
evaluated in a cultivation trial in order to 
assess their yield performance and finally P. 
florida PF5 (MTCC 1801) and P. sajor caju 
PSC-3 (ATCC 62887) were used for further 
studies. 
 
(ii) Selection of markers 
Screening was done by amending Mushroom 
Minimal Medium (MMM) with different 
concentrations of vanillin (2mM, 5mM and 10 
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mM) and carbendazim (100, 250, 500, 750 
and  1000ppm). Their effect was seen on 
radial growth of the selected strains for 6 
days. 
 
(iii) Protoplast isolation and fusion 
Protoplasts were isolated according to the 
method of Anne and Peberdy13. The 
conditions for protoplast production were 
optimized for age of culture, buffer, enzymes, 
osmotic stabilizer and time of incubation14. 
The obtained protoplasts were purified and the 
viability of the isolated protoplasts was tested 
by the fluorescein diacetate (FDA) test15. 
Electrofusion was optimized for different 
values of voltage, capacitance, resistance, 
distance between the electrodes in the 
cuvette, number of pulses, pulse length and 
pulse interval in BIORAD Gene Pulser X 
CellTM. An aliquot of the fused protoplast 
sample (appx. 200 fused protoplasts/ml) was 
spread-plated on regeneration medium and 
checked for regeneration by subjecting the 
fused protoplasts to selection pressure using 
2mM vanillin and 1000ppm carbendazim. Two 
regeneration media viz Regeneration Malt- 
Yeast- extract Glucose medium (Glucose 
10.0g/l, Yeast extract 4.0g/l, Malt extract 
10.0g/l and  Agar  20.0g/l dissolved in 0.6M 
Sucrose as osmotic stablizer in 0.2M 
Phosphate Buffer of pH 5.8) and 
Regeneration Minimal Medium (Ammonium 
Chloride 1.5g/l, Glucose  20 g/l, Thiamine-HCl  
0.120g/l,  KH2PO4  0.5 g/l,  MgSO4 .7H2O and  
Agar  20.0g/l dissolved in 0.6M Sucrose as an 
osmotic stablizer in 0.2M Phosphate Buffer of 
pH 5.8).  Regeneration frequencies were 
taken as the ratio of the number of colonies 
developed to the number of protoplasts 
added. The colonies obtained after 7-12 days 
of incubation were counted and transferred to 
PDA slants. The purity of the protoplast 
suspension was always checked by using a 
control plate, on which a suspension of 
protoplasts initially lysed with distilled water, 
was plated in similar way. 
 
(iv) Screening and characterization of 
hybrids  
Out of the numerous regenerants obtained on 
Regeneration minimal medium (RMM), about 
150 random hybrids were transferred to fresh 
medium for further screening and 
characterization on the basis of radial growth 

and morphology of mycelium on PDA medium 
and endoglucanase enzyme activity16. Eleven 
interspecific hybrids were selected on the 
basis of variations in these 
characteristics.Isozyme analysis was carried 
out for three different enzymes as native 
PAGE using 2.5 per cent stacking gel and 12 
per cent resolving gel. Mycelial cultures were 
raised in liquid Complete Yeast extract 
Medium (CYM), extracted in 0.1 M phosphate 
buffer containing 0.1% Triton X-100 and crude 
extract was taken for isozyme analysis of 
alcohol dehydrogenase17 (EC 1.1.1.1),  malate 
dehydrogenase18 (EC 1.1.1.37) and  
peroxidase19 (EC number 1.11.1.x). 
 
(v) Molecular Characterization of fusants 
using RAPD-PCR.  
Pure mycelial cultures of Pleurotus hybrids 
and their parent strains were raised in liquid 
CYM for 4-5 weeks at 25±2°C. DNA extraction 
was carried out by CTAB method20. The 
extracted DNA was assessed in terms of both 
quality and quantity using 0.8% agarose gel 
electrophoresis. Genomic DNA was amplified 
through polymerase chain reaction (PCR) 
using random primers. Fifteen random 
decamer primers (Operon Technologies) were 
used for RAPD analysis. PCR product was 
resolved by running 1.5% agarose gel at 
5V/cm for 2-3 hrs. The gels were visualized 
under UV light and photographed using UV 
gel documentation system (BIORAD). The 
RAPD band size was determined on the 
position of bands relative to the ladder (1Kb). 
The amplified bands were recorded as 1 
(band present) or 0 (band absent) in a binary 
matrix.Computer software programme 
Numerical Taxonomic and Multivariate 
Analysis System (NTSYS-PC) VERSION 
2.02E21 was used for estimation of genetic 
similarities among the lines using SIMQUAL 
mode of NTSYS and the similarity matrix 
values based on Jaccard coefficient of 
similarity were used to generate a 
dendrogram22. Clustering was done by 
Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) using SAHN 
module of NTSYS version 2.02E. 
 
(vi) Cultivation of hybrids 
Spawn was prepared on sterile wheat grains 
in glass bottles for hybrids and parents and 
these were then cultivated on wheat straw as 
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substrate in polythene bags according to 
Garcha and Khanna23. On formation of 
pinheads, the polythene bags were torn open 
and watered twice daily. Basidiocarps were 
harvested when their margins started rolling 
inwards. Yield and morphology of 
basidiocarps was recorded.Screening for low 
spore mass producers Basidiospores of 
hybrids as well as parent strains of Pleurotus 
were collected in an indigenously constructed 
glass apparatus consisting of an inverted 
glass jar, petriplate, a curved needle and black 
paper. A fresh healthy basidiocarp was taken, 
one square inch of fruit body was carefully cut, 
cleaned with 70 per cent alcohol and was 
attached to the curved needle under aseptic 
conditions in the laminar flow chamber. The 
entire set was incubated at 25±2°C. After 24 
hrs the black paper got coated with white 
powdery spores. Then the jar was replaced 
with sterilized lid of petriplate. The density of 
spore prints for different cultures was recorded 
in triplicate.For estimating the spore count, 
one square cm of black paper coated with 
spores was carefully cut and aseptically 
transferred to 10 ml water blanks. The test 
tube was shaken to obtain a uniform 
suspension. A small volume of this 
suspension was taken on haemocytometer 
and the number of spores per ml of sample 
solution were counted. Statistical Design: The 
days required for complete spawn run, 
average weight of fruit bodies and percentage 
biological efficiency of all the hybrid strains 
were evaluated and compared to one another 
using completely randomised design. The 
spore count and radial growth of all the strains 
was compared using randomised block design 
with three replications being treated as blocks. 

All data were analysed using CPCS I 
Statistical Software. The analysis of variance 
(ANOVA) was used to determine the 
significance of main effects at P < 0.05 among 
treatments. 
 

RESULTS 

 

(i) Selection of strain  
Three strains of P. florida; PF-5, PF-42 and 
PF-43 and three strains of P. sajor-caju ; PSC-
3, PSC-11 and PSC-16 showing fast radial 
growth on PDA medium were selected and 
subjected to cultivation trials. Maximum 
biological efficiency was obtained in PF-5 
(53.2%) for P. florida and in PSC-3 (51.7%) for 
P. sajor-caju (data not shown). These six 
strains were then screened for selectable 
nutritional and resistance markers.  Vanillin 
was used at three different concentrations of 
2mM, 5mM and 10mM. No growth was 
obtained in any strain at the 5 and 10 mM 
concentrations. The growth of all the three 
strains of P. florida was inhibited even at 2mM 
concentration but P. sajor-caju PSC-3 strain 
showed mycelia extension on PDA medium 
supplemented with 2mM vanillin indicating its 
potential to utilize lignin breakdown product, 
vanillin at this concentration. The screening of 
the strains for resistance to carbendazim 
showed that P. florida strains were resistant 
and strain PF-5 showed maximum resistance 
upto 1000ppm of carbendazim but the growth 
of all the strains of P. sajor-caju was arrested 
at this concentration. From these experiments, 
2mM vanillin and 1000ppm carbendazim were 
used as selectable/resistant markers for PF-5 
and PSC-3, respectively (Table 1). 

  
Table 1 

Selection markers, protoplast yield and protoplast regeneration  
for  Pleurotus  florida (PF-5) and P. sajor-caju (PSC-3) 

 
Strain Resistant/Nutritrional Markers Protoplast 

Yield* (log10/ml) 
Regeneration of fusants 
(%) after Electrofusion 

Vanillin Carbendazim RMM RMYG 

PF-5 - 1000ppm 7.209 14.2 11.4 

PSC-3 2mM - 7.223 
     Protoplasts obtained under optimized conditions: 3days old mycelia culture; a combination of 0.5% driselase, 0.1% chitinase  
     and 0.1% lyticase in 0.6M MgSO4.7H2O as osmotic stabilizer in 0.2M phosphate buffer (pH5), after 12 hours of incubation at  
     25°C; RMM: Regeneration Minimal Medium; RMYG: Regeneration Malt Yeast Glucose Medium 
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(ii) Protoplast isolation, fusion and 
regeneration 
Strains PSC-3 and PF-5 were used for 
optimization of protoplast isolation and fusion. 
For both PF-5 and PSC-3, an incubation 
temperature of 25ºC, 3-4 days old mycelial 
culture, 0.6M MgSO4.7H2O prepared in 0.2 M 
phosphate buffer gave the maximum 
protoplast yield (7.209 log10/ml and 7.223 
log10/ml) after 6 and 12 hours of incubation, 
respectively. The viability of the protoplasts 
was tested by Fluorescein diacetate (FDA) 
test which showed that more than 90% of the 
protoplasts recovered after 6-12 hours of 
incubation with lytic enzyme solution were 
viable.For electrofusion studies, a voltage of 
2600 V, 2500V, 1500V, 1000V, 400V, 200V 
and 65V was applied for exponential decay 
pulse from capacitance discharge system. 
Pulses of 2500V, 300V and 200V were given 
for square wave pulse from capacitance 
discharge system. The decay in voltage was 
observed and recorded for various 
combinations as given in Table 2. It was found 
that on plating the fused protoplasts on 

regeneration media, regenerants were 
obtained on selective regeneration media by 
applying 2 pulses at 1000V (at a pulse interval 
of 5 sec), 2 pulses at 400V (at a pulse interval 
of 5 sec) and 2 pulses at 200V (at an interval 
of 60 sec) when the distance between the 
cuvettes was 2mm. With square wave 
discharge, regenerants were obtained with 2 
pulses at a pulse voltage of 300V at an 
interval of 30 seconds and 4 pulses of 200V at 
intervals of 5 sec each. It was found that on 
selective RMM prepared in 0.6M sucrose in 
0.2M phosphate buffer and amended with 
2mM vanillin and 1000ppm carbendazim (in 
order to generate selection pressure), a 
regeneration efficiency of 14.2 per cent was 
obtained while on RMYG medium, it was 
11.4% (Table 1). When spread plated on 
selective regeneration medium electrofused 
protoplasts produced very small, dull and 
fragile colonies started appearing after 5-6 
days after incubation (Figure 1). Protoplasts 
that lack the ability to regenerate presumably 
either lack nuclei or were damaged at some 
point during or after the enzyme treatment. 

  
 Table 2 

Effect of various parameters on electrofusion of protoplasts of P. florida and P. sajor-caju 
  

Sr. 
No 

Type Voltage 
(V) 

Capacitance 
(µF) 

Resistance 
(Ω) 

Cuvette 
(mm) 

No. of pulses Pulse 
length (m/s) 

Pulse 
Interval (s) 

Voltage(V)  
(Post-
decay) 

Regeneration 

1 ED 2600 25 800 4 1 12 - 2488 - 

2 ED 2500 25 200 4 1 1.0 - 2261 - 

3 ED 1500 25 200 2 1 1.0 - 1304 - 

4 ED 1000 25 200 2 2 1.0 5 978 + 

5 ED 400 25 200 2 2 1.0 5 309 + 

6 ED 200 25 200 2 2 1.0 60 182 + 

7 ED 65 25 200 2 6 1.0 60 52 - 

8 SW 2500 25 200 2 4 1.0 5.0 2389 - 

9 SW 300 10 200 2 2 1.0 30.0 276 + 

10 SW 200 10 200 4 4 1.0 5.0 177 + 

-: No regenerants obtained, +:Regenerants obtained, ED: Exponential Decay, SW: Square Wave Discharge
. 
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Hybrid Protoplast Regeneration 
 

 
 

Figure 1 
Regenerated colonies of hybrids obtained from 

 Electrofused  protoplasts  after 7 days of incubation 
 
 (iii) Screening and Characterization of 
hybrids.  
The fusants obtained after interspecific fusion 
between the protoplasts of P. florida and P. 
sajor-caju were named as PFPS (Table 3). 
These interspecific hybrids were screened on 
the basis of radial growth, morphology and 
extracellular endoglucanase activity.  Initial 
screening was done on the basis of variations 
in mycelial growth and morphology. Based on 
radial growth on PDA, two slow growing 

putative hybrids (PFPS-3 and PFPS-95) and 
two fast growing hybrids (PFPS-131 and 
PFPS-168) were selected. Hybrid PFPS-47 
was slow growing and showed sparsely 
distributed mycelium, hybrid PFPS-54 showed 
mycelial growth with striations as in citrus while 
strain PFPS-101 showed very fast but much 
suppressed growth (Figure 2). The hybrids 
were also tested for their ability to produce 
extracellular β-1, 4 endoglucanase enzyme 
activity (data not shown). Hybrid PFPS-170. 

 
Table 3 

Characterization of Pleurotus hybrids selected after electrofusion. 
 

Sr. No Criteria for selection Strain Character 

1 Morphology PFPS-47 Sparse mycelium 

2 PFPS-54 Mycelial growth with 
striations as in citrus 

3 PFPS-101 Very suppressed and 
very fast growth 

4 Radial Growth PFPS-3 Slow 

5 PFPS-95 Slow 

6 PFPS-131 Fast 

7 PFPS-168 Fast 

8 β-1,4 Endoglucanase 
activity 

PFPS-30 High 

9 PFPS-32 High 

10 PFPS-90 High 

11 PFPS-170 Very high 

12 Parent Strains PF-5 Control 

13 PSC-3 Control 
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Petriplates showing different rates of radial growth and  
different morphology in mycelia of hybrids 

 

 
 

Figure 2 
(a) PFPS-47: sparse mycelium, (b) PFPS-101: Very suppressed and very fast growth, (c) 

PFPS-54: mycelium showing striations as in citrus (d) P. sajor-caju (e) P. florida 
 
showed an endoglucanase enzyme activity of 
1.28 IU (µg of reducing sugar 
produced/min/ml of enzyme extract) followed 
by hybrid PFPS-32 (0.74 IU), PFPS-90 (0.70 
IU) and PFPS-30 (0.65 IU) which was 
significantly different from the enzyme 
activities of the parent strains. Thus, based on 
the radial growth, colony morphology and 
endoglucanase enzyme activity, eleven 
putative interspecific hybrids between P. 
florida and P. sajor-caju were selected. These 
were PFPS-3, PFPS-30, PFPS- 32, PFPS-47, 
PFPS-54, PFPS-90, PFPS- 95, PFPS-101, 
PFPS-131, PFPS-168 and PFPS-170. 
 
(iv) Isozyme analysis of hybrid fusants.  
Isozyme analysis was carried out for Alcohol 
Dehydrogenase (ADH), Malate 

Dehydrogenase (MDH) and Peroxidase (PO) 
as native PAGE. A single band was obtained 
for ADH at Rm values of 0.34 for parents and 
hybrids PFPS -30, PFPS-47, PFPS-54 AND 
PFPS-95. A large variation was found in the 
bands obtained for isozymes of malate 
dehydrogenase. Bands were obtained at Rm 
values corresponding to seven isozymes 0.40, 
0.42, 0.48, 0.56, 0.63, 0.86 and 0.92 while 
only singe band at Rm value of 0.42 was 
obtained for the parents. Three isozymes 
corresponding to Rm values of 0.53, 0.80 and 
0.93 could be observed for peroxidase in case 
of hybrids while only two bands were obtained 
in parents (Rm value 0.53 and 0.93). Table 4 
shows the bands obtained in each hybrid 
strain and in parent strains. 

 
 
  
 
 
 
 
 
 
 
 
 



Int J Pharm Bio Sci 2014 Oct; 5(4): (B) 507 - 519 

 

 

This article can be downloaded from www.ijpbs.net 

B - 514 

 

Table 4 
Isozyme analysis of Alcohol Dehydrogenase, Malate Dehydrogenase and Peroxidase for   

interspecific hybrids and parents of P. florida (PF-5) and P. sajor-caju (PSC-3). 
 

Strain 
 

Relative mobility (Rm) Values 

ADH MDH PO 

Interspecific Hybrids 

PFPS-3 0 0 0.53 

PFPS-30 0.34 0.56, 0.92 0.53, 0.93 

PFPS-32 0 0 0.53, 0.80 

PFPS-47 0.34 0.56 0.80, 0.93 

PFPS-54 0.34 0.56 0.53 

PFPS-90 0.34 0.48, 0.86 0.53, 0.80 

PFPS-95 0 0.48, 0.63 0.53, 0.80 

PFPS-101 0 0.40, 0.48, 0.63 0.53, 0.93 

PFPS-131 0 0.48, 0.63, 0.92 0.53, 0.80 

PFPS-168 0 0 0.53, 0.93 

PFPS-170 0 0.48 0.53 

Parents 

PSC-3 0.34 0.42 0.53, 0.93 

PF-5 0.34 0.42 0.53 

                            ADH: Alcohol Dehydrogenases; MDH: Malate Dehydrogenase; PO: Peroxidase 

 

(v) Molecular Characterization of hybrid 
fusants.  
Among the 15 random primers used, 13 
confirmed reproducible amplification. DNA 
amplified with the primers showed varied 
banding pattern with a lot of polymorphism 
(Table 5). Primer Opn 10 amplified the lowest 
number of scorable bands (8) while primers 
Opa 1 and Opn 13 amplified the highest 
number of scorable bands (22). Most of the 
bands were polymorphic indicating high 
genetic variability. In total the13 primers 
yielded 207 scorable bands ranging from 100 
bp to 1000 bp for various genotypes. The 
minimum value of similarity for any individual 
primer (Opn12, Figure 3) was 11.1% while the 

maximum similarity was 100% but the 
combined effect of all the primers on all the 
strains indicated that there was no 100% 
similarity between any 2 strains.  The 
dendrogram obtained by all the primers 
together is given in Figure 4. The dendrogram 
obtained showed parents PF-5 and PSC-3 to 
have evolved along different lines with PF-5, 
PSPF-101 and PFPS-47 and forming a single 
cluster indicating their closer genetic 
relatedness while PSC-3, PFPS-90, PSPF- 
170, PSPF-168, PSPF-131, PSPF-95, PSPF- 
30, PSPF-54, PSPF-32 and PSPF-3 forming a 
separate cluster having higher relatedness. 
PSPF-90 showed greater variation to the rest 
of the cluster. 

 
Table 5 

Molecular Characterization of interspecific hybrids and parents P. florida and 
P. sajor-caju using  RAPD primers to access genetic variability 

 

 S. No. 
Primer 
used 

Sequence of primer 
Amplification Total 

Bands 
Polymorphic 

bands 
Band Size 

(bp) 
Similarity (%) 

1. OPA1 5´-CAGGCCCTTC-3´ + 22 22 400-1000 27.2-86.3 

2. OPA6 5´-GGTCCCTGAC-3´ + 17 17 400-1000 29.4-100 

3. OPA7 5´-GAAACGGGTG-3´ + 21 21 400-1000 28.5-100 

4. OPA16 5´-AGCCAGCGAA-3´ + 18 17 135-1000 27.7-94.4 

5. OPA20 5´-GTTGCGATCC-3´ + 19 18 244-1000 33.0-100 

6. Opn 07 5´-CAGGCCCTTC-3´ + 21 20 209-1000 35.0-95.0 

7. Opn 08 5´-AATCGGGCTG-3´ + 18 17 400-800 33.3-100 

8. Opn 09 5´-CACCGTATCC-3´ + 21 21 100-1000 28.3-95.2 

9. Opn 10 5´-GTGGGCTGAC-3´ + 8 5 411-892 37.5-100 

10. Opn 11 5´-AAGGGCGAGT-3´ - - - - - 

11. Opn 12 5´-GGAGTGCCTC-3´ + 9 6 248-1000 11.1-100 

12. Opn 13 5´-CCAGCCGAAC-3´ + 22 20 400-1000 36.3-95.4 

13. Opn 14 5´-GGAGCCAACC-3´ + 19 18 400-1000 26.3-100 

14. Opn 15 5´-CCAAGCTGCC-3´ + 17 16 300-1000 29.4-100 

15. Opn 16 5´-GGGAAGGACA-3´ - - - - - 

 



Int J Pharm Bio Sci 2014 Oct; 5(4): (B) 507 - 519 

 

 

This article can be downloaded from www.ijpbs.net 

B - 515 

 

 
 

Figure 3 
Agarose gel for RAPD primer opn12 

 

 
 

Figure 4 
The dendrogram obtained for all the thirteen random decamer primers 

 
(vi) Yield performance of hybrid dikaryons 
Cultivation of all the strains developed by 
protoplast fusion along with the parent strains 
PSC-3 and PF-5 was carried out on wheat 
straw after wetting the straw for 16-20 hrs. 
Spawn run period was found to vary from 19 
days to 42 days (Table 7). Hybrid strain 
PFPS-131 completely impregnated the wheat 
straw in 19 days after incubation. Since the 
spawn run period was significantly reduced as 
compared to parent strains PSC-3 (35 days) 
and PF-5 (33 days), it suggested a very short 

cropping cycle and multiple crops in one 
season. This was followed by PFPS-168 (26 
days) and PFPS-47 (27 days) which too had a 
shorter cropping cycle. Average weight of fruit 
bodies ranged from 5.88g (PFPS-131) to 14.9 
g (PFPS-95). Two hybrids, namely, PFPS-47 
and PFPS-101 were found to give significantly 
higher yield (88.8% and 82.2% respectively) 
than the parent strains PSC-3 (34.5%) and 
PF-5 (68.7%). Hybrid PFPS-101 was also 
observed to show fastest radial growth on 
PDA medium. 
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Table 7 
Yield performance of hybrid fusants formed  

between Pleurotus florida and Pleurotus sajor-caju 
 

Strain DSR TNFB TWFB (g) AW/Bag (g) AN/Bag AWFB (g) BE (%) 

PFPS-3 39 74 622.5 207.5 24.6 8.27 31.8 

PFPS-30 39 113 895 223.75 28.25 7.92 34.4 

PFPS-32 32.5 112 849 212.25 28 7.48 32.6 

PFPS-47 27.75 296 2309 577.25 74 7.80 88.8 

PFPS-54 31.25 151 1156 289 37.7 7.78 44.5 

PFPS-90 31.25 105 874 218.5 26.25 7.6 33.5 

PFPS-95 42.25 36 530 265 18.0 14.9 40.8 

PFPS-101 28.5 229 2137 534.25 57.25 9.33 82.2 

PFPS-131 19 141 828 276 47 5.88 42.5 

PFPS-168 26.5 91 1087 271.75 22.75 12.17 41.8 

PFPS-170 33 48 507 169 16 10.4 26.0 

PSC-3 35 113 673 224.3 37.7 5.96 34.5 

PF-5 33.25 186 1786 446.5 46.5 10.0 68.7 
Substrate: Wheat straw ; Number of replicates: 4/strain; Substrate/bag: 2kg wet wheat straw/ bag; Spawn rate: 10% dry wt. basis; 
Moisture Content of wheat straw: 67-68%; Period of Cropping: 45 Days after spawn run; DSR: Days for spawn run, TNFB: Total Number of 
Fruiting Bodies, TWFB: Total Weight of Fruiting Bodies, AW/Bag: Average weight of Fruiting Bodies per bag, AN/Bag: Average Number of 
Fruiting Bodies per Bag, AWFB: Average Weight of Fruiting Bodies, BE: Biological Efficiency; *CD (@5%): DSR: 7.79, %BE: 11.92  
 

Morphological characterization  
The hybrids were characterized for their 
morphological characters as observed from 
pileus, stipe and gills of each hybrid in order to 
compare with that of the parents PF-5 and 
PSC-3 (Figure 5). Out of eleven hybrids 
developed, two resembled with the parent PF-
5 while the rest nine were much similar to 

PSC-3 with a variation in pileus colour, 
thickness and weight of fruit body, stipe length 
and its thickness. Some P. sajor-caju like 
hybrids showed lighter grey coloration than 
the parent culture which was a desirable 
character since the consumers don’t prefer 
dark grey basidiocarps. 

 
Basidiocarps of hybrids produced after electrofusion 
 

 
 

Figure 5 
Basidiocarps obtained from:  (a) P. sajor-caju, (b) P. florida,  

(c) PFPS-54,   (d) PFPS-32, (e) PFPS-30, (f) PFPS-47 
 

Screening for lesser spore producing 
strains 
The spores contribute substantially to the 
"mushroom’s" taste. But in case of Pleurotus 
the number is too high. Sonnenberg et al. 
estimated that 200-600 million spores are 
released per gram of tissue in 24 hours24. 
Allergy to spores of Pleurotus is an important 
problem with mushroom growers. One square 
inch of fruit body was suspended from the 

needle of spore collection assembly and 
spores shed after 24 hours were observed for 
released spore mass and counted using 
haemocytometer. Two hybrid strains PFPS-54 
and PFPS-168 gave considerably lower spore 
mass visually as compared to parent strains 
(Figure 6). When counted microscopically 
using a counting chamber, it was found that 
the spore counts of PFPS-54 (7.5 x 105) and 
PFPS-168 (1x 106) were significantly lower 
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(CD@5%: 50.85) than PF-  and PSC-3 
(3.5x106 and 4.25 x 106, respectively). 
Fusants were also found to show better 
temperature tolerance (upto 35OC) as 

compared to parents when radial growth 
studies were carried out (data not given). 
Cultivation trials for temperature tolerance are 
in progress. 

 
Spore Prints of Hybrids compared to Parents 
 

 
 

Figure 6 
Spore prints of hybrids and parents (a) PFPS-168, (b) PFPS-54, (c) PSC-3 (d) PF-5 

 

DISCUSSION 

 
Cai et al. and Eyini et al. selected vanillin 
utilization and fungicide carbendazim 
tolerance, respectively25-26, by fungal mycelia 
as a potential biochemical marker for 
screening of fungal strains in accordance with 
the present studies. Vanillin being a lignin 
degradation product can be utilized by certain 
strains of fungi. Using double selection 
markers eliminated any chances of selection 
of parent cultures and ensured only hybrid 
selection. When electrofusion was carried out, 
it was observed that too high or too low 
voltages did not yield any regenerants. This is 
probably because strong pulses of higher 
voltage can lead to the complete and 
irreversible breakdown of cell membrane. 
Moreover, at very low voltage pulses, fusion 
might not be effective, so no regenerants were 
obtained by applying low voltage pulses. 
Miura has reported that using 10 kV/cm 6 
µsec DC pulse induced fusion products 
between Lentinus edodes and Pleurotus 
ostreatus by electrical protoplast fusion27. It 
can be suggested that the difference of a field 
strength in required DC pulse is caused by the 
properties of protoplasts, such as size, 
condition of the membrane and origin 

(mycelium used). Like the results obtained by 
the authors, some research groups also found 
better radial growth, yield as well as enzyme 
activities in hybrids as compared to parents28-

29. Hybridization between species as a result 
of protoplast fusion leads to reorganization of 
genetic material which can consequently 
result into different kinds of biochemical or/and 
phenotypic changes30-31. For example, the 
isozyme pattern and RAPD-PCR of the 
fusants showed band(s) common to either of 
the parental strains or both. Non-parental new 
bands were also observed in the fusants 
indicating that parental genomes may be 
retained in the fusant cells and also support 
the occurrence of interaction between the two 
genomes.Growth characters of fruit bodies 
also showed variations w.r.t to basidiocarps 
produced and other cultivation parameters. 
Spores are a means of dissemination for 
fungi. Development of an allergic reaction 
among the cultivators due to inhalation of 
spores is one of the major limitations of 
Pleurotus cultivation. lnterspecific protoplast 
fusion was attempted to develop a sporeless 
strain without much success by Yoo et al32. In 
the current studies, though a sporeless mutant 
could not be produced, still we were 
successful in producing low spore producing 




