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ABSTRACT: Interspecific somatic hybrids were obtained by protoplast fusion between Pleurotus
ostreatus and Pleurotus sajor-caju. The fusion products between incompatible strains did not form
clamp connections. Fruiting body of the clampless fusants was induced by light-dark cycle on saw-
dust-rice bran substrate in glass bottles. Qut of them, seven somatic hybrids produced fruiting
bodies of intermediate morphology of the two species. Light and low temperature were the initiating
factors for the development of clamped hyphae from the clampless mycelial colonies. All of these
basidiocarps had clamp connections. Eight fusants from the six crosses were analysed with the
segregation of genetic characters by random spore isolates. In the three combinations, unexpected
alleles were shown. Somatic hybrid between P188 (P. ostreatus 2-1-+P. sajor-caju 2-53) and P.
florida 2-3 by triple cross produced fruiting bodies similar to those of fusant between P. ostreatus
and P. florida. All the genetic charaters from the three strains were shown to segregate and recom-
bine.
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Introduction

The consumption of oyster mushroom has inc-
reased significantly during the last several years
in Korea. The Pleurotus species accounted for
about 60% of the total mushroom production. The
mushroom, Pleurotus spp., were cultivated on the
rice straw, cotton waste, sawdust or various subst-
rates. The major species of Pleurotus are tetrapo-
lar mechanism of incompatibility. Single spore iso-
lates from basidiocarps are homokaryotic and self-
sterile. However, homokaryotic fruiting has been
reported in some species of Pleuroius including
P. ostreatus and P. sajor-caju.

Protoplast manipulation can be a potentially va-
luable tool for mushroom genetics and breeding.
Yoo et al. (1993) showed that some somatic hyb-
rids of protoplasts between P. ostreatus and P. flo-
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rida yielded 55.2% increase in fruit body weight.
Interspecific protoplast fusion have been obtained
in the genus Pleurotus (Yoo et al. 1984; 1986; Toy-
omasu et al., 1986; Toyomasu and Mori, 1987a;
1987b; 1989; Go et al., 1989; Yoo, 1992; Ogawa,
1993; Yoo and Cha, 1993).

This investigation described interspeific hybri-
dization and genetic recombination between vege-
tatively compatible and incompatible strains by
protoplast fusion.

Materials and Methods

Strains and Growth Conditions

The isolation of auxotrophic mutants was perfo-
rmed as described by Yoo et al. (1988). The strains
used in these experiments were listed in Table
1. They were maintained on the mushroom comp-
lete medium (CM) containing (per liter) MgSO,-
7H,0 0.5 g, KH,PO, 0.46 g, K;HPO, 1.0 g, peptone
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Table 1. List of strains used

Species Code no. Genetic marker” Origin
P, ostreatus ASI 2- 1- 0 2018 - 83 arg ASI 2018 from Korea
ASI 2- 2- 0 2018 - 51 gly ser

P. sajor-caju ASI 2-44- S 2070 - 16 lys ASI 2070 from India
2-45- S 2070 - 11 lys
2-47- S 2070 - 84 orn ala
2-49- S 2070 - 23 pan
2-51- S 2070 -131 ane pn
2-52- S 2070 - 8 ane nia
2-53- S 2070 -148 rib ane
2-55- S 2070 -300 an pn asn

YMutant symbols: ala (alanine), ane (aneurine), arg (arginine), asn (asparagine), gly (glycine), lys (lysine), nia
(nicotinic acid), orn (ornithine), pn (pyridoxine), rib (riboflavine), ser (serine)

20 g, yeast extract 2.0g, glucose 20.0g and agar
20.0 g. Heterokaryon selection after protoplast fu-
sion was carried out on osmotically stabilized mu-
shroom minimal medium (MM). It consists of (per
liter) MgSO,-7H,0 05g, KH,PO, 0.46 g, K,HPO,
1.0 g, DL-asparagine 2.0g, thiamine-HCL 120 pg,
glucose 20.0g, Bactoagar 20.0g and was supple-
mented with 0.6 M sucrose. The concentration of
bottom agar was 2.0% while that of overlaying
soft agar was 0.75%.

Protoplast Formation and Fusion

Disks of sterile cellophane sheets were placed
on the surface of CM in Petri dishes. When the
colonies of P. ostreatus and P. sajor-caju on the
cellophane sheets grew enough for protoplast iso-
lation, the cellophan sheets were transfered to
sterile Petri dishes. Protoplasts of P. ostreatus and
P. sajor-caju were obtained using a mixture of No-
vozym 234 (Novo Biolabs), B-Glucanase(BDH), and
B-Glucuronidase (Sigma) basically as described by
Yoo et al. (1984). .

The procedure of protoplast fusion was based
on that of Anne and Peberdy (1976) and Yoo et
al. (1984). Approximately 10°~10° protoplasts of
each strain were combined in a fusion tube and
centrifused at 500 g for 10 min. The pellet of pro-
toplasts was resuspended in 1m/ of a solution
of 30% polyethylene glycol (PEG) 8000 containing

10 mM CaCl;-2H,0 and 50 mM glycine, adjusted
to pH 8.0 with 10 mM NaOH. After incubation for
10 min. at 30T, the suspension was diluted with
0.6 M sucrose, washed once by centrifugation, and
resuspended in 5m/ osmotic stabilizer. Serial di-
lutions of the treated protoplasts were plated onto
CM stabilized with 0.6 M sucrose for viability and
onto MM for selection of fusion products. The
fusion frequency (Fy) was expressed as the num-
ber of colonies on MM to the number of colonies
reverted on CM after 10~20 days incubation at
27C or

_ number of colonies on MM

= X100
" humber of colonies on CM

Basidiocarp Production

Induction of carpophores was attempted one the
570 g sawdust substrates containing poplar tree
plus 20% rice bran in 1,000 m/ glass bottle. For
cultivation under sterile conditions, the media was
autoclaved at 121C for 90 min. When cooled, the
media was inoculated with spawn. The bottle was
plugged with cottton. The cultures were incubated
at 27C for 25~50 days under low intensity light.
When mycelia grew on sawdust media, the bottle
was transferred to a light room. In order to get
primordia, the mycelia in a bottle with cotton plug
were exposed to high intensity white light for
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20~60 days at 5~15C. They were illuminated
by lamp for 14 hours per day. When primordia
initiation formed, the bottle which removed cotton
plug was transferred to a light room.

Basidiospore Germination and Genetic Charac-
ter Identification

Basidiospore prints obtained from the carpo-
phores of fusion products were stored at 4C for
the analysis of progeny. The procedure of genetic
analysis was based on those of Yoo ef al. (1986).
Spores were spread on mushroom complete agar
medium in Petri dish and incubated for 5~10
days at 27C. Sporelings were individually trans-
ferred from the germination medium to complete
medium and incubated for a week at 27C. All
colonies or sectors were transferred to minimal
medium 12 colonies per plate. After 7~20 days
incubation, the latter were identified by testing,
again in replicate sets of 12 inocula, on the appro-
priate screening media.

Results and Discussion

Fusant Characterization and Basidiocarp For-
mation

Interspecific heterokaryons were derived from
auxotrophic mutants of P. ostreatus and P. sajor-
caju after protoplast fusion. The fusion colonies
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were produced after 10~20 days of incubation
on MM plates. When transferred to MM, all fu-
sion colonies exhibited slow growth rate. Fusion
frequency of protoplasts was 0.002~4.0%. Hetero-
karyons between incompatible strains grew less
vigorously than those between compatible strains.
The interspecific somatic hybrids between incom-
patible pairs of strains did not form clamp connec-
tions. The clamped fusants between compatible
strains in pairings of ASI 2-2+ ASI 2-55 produced
fruit bodies rapidly and abundantly on sawdust
substrates. Fruitbody formation from clampless
fusion colonies was induced by light-dark cycles
on a medium containing 570 g poplar tree sawdust
plus 20% rice bran in an 1000 m/ glass bottle.
Out of 70 fusants between incompatible strains,
7 somatic hybrids induced fruiting bodies (Table
2). Monokanyotic auxotrophs of P. ostreatus and
P. sajor-caju in these experiments were self-sterile
except one strain of P. sajor-caju ASI 2-45-lys. The
clampless fusant did not produce fruiting bodies
on complete agar medium or complete liquid me-
dium in flasks. Clamp connections did not form
in the phase of vegetative mycelial growth on sa-
wdust substrates. Light and low temperature were
an initiating factors for the development of clam-
ped hyphae from clampless mycelial colonies in
glass bottles. When clamped mycelia from clamp-
less mycelial colonies were grown completely, ma-

Table 2. Characteristics of fusion products of protoplasts between Pleurotus ostreatus and P. sajor-caju

Fusion combination Compati- No. of  No. of Fruiting? Designation
bility? isolate fertile Type Clamp of fusant

ASI 2-1+ASI 2-44 - 4 0 non-fertile P184-P187
2-1+ 2-45 - 8 2 intermediate + P176-P183
2-1+ 2-49 - 5 0 non-fertile P223-P227
2-1+ 2-51 - 4 0 non-fertile P172-P175
2-1+ 2-53 - 35 0 non-fertile P188-P222
2-2+ 2-45 - 1 1 intermediate + P171
2-2+ 2-47 — 6 2 intermediate + P165-P170
2-2+ 2-49 - 4 2 intermediate + P151-P154
2.2+ 2-52 - 3 0 non-fertile P162-P164
2-2+ 2-55 + 7 7 P. ostreatus + P155-P161

D+ (Vegetatively compatible), —(Vegetatively incompatible). ? 4+ (Present clamp connections)
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Fig. 1. Basidiocarps of somatic hybrids between Pleurotus ostreatus and P. sajor-caju following protoplast fusion.

(A) P. ostreatus ASI 2018

B) P. sajor-caju ASI 2070

(C) Fusant P152 of P. ostreatus ASI 2-2+P.
(D) Fusant P156 of P. ostreatus ASI 2-2+P.
(E) Fusant P171 of P. ostreatus ASI 2-2+P.
(F) Fusant P168 of P. ostreatus ASI 2-2+P.
(G) Fusant P154 of P. ostreatus ASI 2-2+P.

sajor-caju ASI 2-49
sajor-caju ASI 2-55
sajor-caju ASI 2-45
sajor-caju ASI 247
sajor-caju ASI 2-49

(H) Fusant P166 of P. ostreatus ASI 2-2+P. sajor-caju ASI 2-47

ture fruiting bodies developed on sawdust subst-
rates in glass bottles. All hyphae or small tissues
from the basidiocarps present clamp connections.
When small tissues taken from stipe of fruiting
bodies were cultured on agar plate, mycelial colo-
nies grew more vigorously than original fusion
products.

Somatic hybrids between compatible strains in
pairings of P. ostreatus ASI 2-2+P. sajor-caju ASI
2-55 produced P. ostreatus type. Seven fusion pro-
ducts between incompatible strains formed inter-
mediate morphology of fruit bodies of the two
species. However, some fruiting characters of fu-
sants such as hymenium, stipe, and growth habit
were similar to those of P. ostreatus. Growth habit
of P. ostreatus is caespitose whereas P. sajor-caju
1s closely scattered. (Fig. 1).

Interspecific somatic hybrids between P. cornu-
copiae and P. florida were similar to P. florida in
the morphology of fruit body (Yoo, 1992). In the
intergenus and interorder hybrids, basidiocarp
phenotype is similar to either of the fusion part-
ners (Liang and Chang, 1989; Ogawa, 1993; Yoo
and Cha, 1993; Yoo, 1994).

Fruit body development from vegetative mycelia
of fusion products was influenced by some major
factors such as light, temperature and culture me-
dium. Fruit body inducing genes are silent during
vegetative mycelial growth but become active
when aerial hyphae are exposed to light and low
temperature.

Genetic Recombination

Basidiospore prints of the eight protoplast fusa-
nts in six crosses described above served as a
source of materials for the analysis of progeny.
The genetic characters were shown to segregate
and recombine in the first segregation of monos-

Table 3. Characteristics of basidiocarps of somatic
hybrids of protoplasts between Pleurotus
ostreatus and P. sajor-caju

Strain Clamp magxorl:rp?lius
ASI 2-2+ P152 + orange grey
ASI 2-49
ASI 2-2+ P157 + brownish grey
ASI 2-55
ASI 2-2+ P168 + brownish grey
ASI 247
ASI 2-2+ P171 + brownish grey
ASI 2-45
P. ostreatus + bluish grey
ASI 2018
P. sajor-caju + dark brown
AST 2070

porus isolates of somatic hybrids. If the basidios-
pores were derived exclusively from 4-spored ba-
sidia and heterokaryotic, independent assortment
of the marker loci and segregation of their alleles
with random distribution of meiotic nuclei to the
spores should yield progeny of four phenotyes in
a Mendelian ratio of 1:1:1:1 for prototrophs,
auxotrophs of one parental type, auxotrophs of the
other parental type, and auxotrophic recombinant,
respectively. In all somatic hybrids, however, pro-
totrophic recombinants were recovered in large
numbers against auxotrophic characters. Parentals
and auxotrophic recombinants were not recovered
in the cross P. ostreatus 2-1-arg and P. sajor-caju
2-45-lys, and P. ostreatus 2-2-gly ser and P. sajor-
caju 2-55-ane asn pn (Table 4, 5, 6, 7, 8 and 9).

The markers of a large number of auxotrophic
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Table 4. Frequency distribution of progenies of so-
matic hybrid between Pleurotus ostreatus
ASI 2-1-arg and P. sajor-caju ASI 2-45-lys

Table 7. Frequency distribution of progenies of so-
matic hybrids between Pleurotus ostreatus
ASI 2-2-gly ser and P. sajor-caju ASI 2-47-

(P179) orn ala (P166, P168)
Phenotype No. of individual No. of individual
Phenotype
prototroph 209 P166 P168
arg 1 prototroph 273 273
lys gly ser 1 0
arg lys orn ala 13 2
others 110 orn 17 24
ala 5 0
Table 5. Fregneney distribution of progenies of so- gly ser orn 1 0
matic hybrid between Pleurotus ostreatus gly ser ala 1 0
ASI 2-1-arg and P. sajor-caju ASI 2-53-rib Iv om ala 0 1
ane (P207) gy
gly ser orn ala 5 0
Phenotype No. of individual
prototroph 226 others 4 4
rib ane 1
rib 89 o ) ‘
rib ane arg 4 Table 8. Frequency distribution of progenies of so-

Table 6. Frequency distribution of progenies of so-
matic hybrid between Pleurotus ostreatus
ASI 2-2-gly ser and P. sajor-caju ASI 2-45-

lys (P171)
Phenotype No. of individual
prototroph 303
gly ser 12
lys 2
gly 1
ser 7
gly ser lys 5
others 1

progenies were not identified in the three combi-
nation of ASI 2-l-arg+ ASI 2-45-lys, 2-2-gly ser
+ ASI 2-47-orn ala and ASI 2-2-gly ser+ 2-49-pan.
These genetic characters were shown abnormally
unexpected alleles. The modified Holliday method
was used for identification of abnormal progenies
derived from somatic hybrids P154 and P179. In

matic hybrids between Pleurolus ostreatus
ASI 2-2-gly ser and P. sajor-caju ASI 2-47-
pan (P152, P154)

No. of individual

Phenotype P152 P154
prototroph 273 273
gly ser 12 4
pan 3 2
gly 5 1
ser 3 1
gly pan 2 0
gly pan 3 1
gly ser pan 14 0
others 4 41

order to identify genetic characters, the auxotro-
phic progenies were tested for growth on minimal
medium supplemented with yeast extracts, casa-
mino acids, and nucleic acid bases and related
compounds, respectively. They were able to grow
on minimal medium plus yeast extracts only. The-
refore,these unexpected progenies required vita-
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Table 9. Frequency distribution of progenies of so-
matic hybrid of protoplasts between Pleuro-
tus ostreatus ASI 2-2-gly ser and P. sajor-
caju ASI 2-55-ane asn pn (P157)

Phenotype No. of individual
prototroph 104
gly asn 1
ane pn 1
ser asn 1
gly ser ane 1
gly ser pn 1
gly ser ane asn pn 11

Table 10. Frequency distribution of progenies of so-
matic hybrid between protoplast fusant P
188 (P. ostreatus ASI 2-1-arg+P. sajor-caju
ASI 2-53-ane) and P. florida ASI 2-3-rib
obtained by hyphal anastomosis

Phenotype No. of individual
prototroph 30
arg 18
ane 0
rib 46
ane rib 5
ane arg 2
arg rib 6
arg ane rib 1

mins. They were tested on minimal medium sup-
plemented with twelve kinds of vitamins such as
aneurine, ascorbic acid, biotin,cholin, cyanocobala-
min, folic acid, inositol, nicotinic acid, pantothenic
acid, para-aminobenzoic acid, pyridoxine, and ri-
boflavine, respectively, but they were non-viable.
Therefore they could be multi-auxotrophic proge-
nies.

For induction of fruiting bodies, Fusant P188
crossed with P. florida ASI 2-3-rib by hyphal anas-
tomosis. In 15 days after hyphal fusion, the fusant
formed clamp connections. The pilei of somatic
hybrid was brownish grey. Most of the character
of produced fruiting body were similar to those
of the interspecific fusant between P. ostreatus ASI
2-1-arg and P. florida ASI 2-3-rib. Strain ASI

2-3-rib was compatible with ASI 2-1-arg, but inco-
mpatible with ASI 2-53-ane. Parental type arg and
rib were recovered in large numbers compared
to prototroph type. All the genetic characters of
the three strains were shown to segregate and
recombine. Parental phenotypes except P. sajor-
caju-ane were recovered with the recombinant
progeny amounting to 40.74% (Table 10).

The genetic analysis of intraspecific fusion pro-
ducts of protoplast in Coprinus cinereus have been
described. Prototrophic recombinants were not re-
covered in large numbers against auxotrophic
characters (Yanagi ef al., 1988). In the triple cross
between non-fertile fusant (P. columbinus-ade+P.
sajor-caju-met) and P. sajor-caju wild type, P. colu-
mbinus-ade genotype were not shown to segregate
and recombine (Toyomasu and Mori, 1989). No
abnormal metabolism were shown in the intraspe-
cific hyphal anastomosis (Raper et al., 1972; Alic
and Gold, 1985), intraspecific protoplast fusion
(Yanagi ef al., 1988) and compatible interspecific
protoplast fusion (Yoo et al., 1986). Distribution
and recombination of unexpected alleles could be
associated with gene interactions between diffe-
rant genome structure as reported earlier (Yoo,
1992; 1994).

Interspecific somatic hybrid between vegetati-
vely incompatible strains developed very slowly.
Some fusants of them produced fruiting bodies
slowly and poorly on sawdust substrates. Howe-
ver, recombinant strains derived from basidioca-
rps are useful material for other breeding progra-
mmes.
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