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Interspecific Hybridization between Pleurotus cornucopiae and
Pleurotus florida Following Protoplast Fusion
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ABSTRACT: Interspecific fusion products were obtained by protoplast fusion induced by polyethy-
lene glycol, from auxotrophic mutants, Pleurotus cornucopiae and P. florida. The fusants were classi-
fied into allodiploidy, stable heterokaryon, and spontaneously segregated heterokaryons. Fruiting
body of the clamped or clampless fusants was produced by light-dark cycle on the sawdust medium
in glass bottles. Most of these clampless fusants produced mature basidiocarps. The pilei showed
various mixed colors resembling the parents. All fruit bodies presented clamp connections except
two fusants. When small tissues of stipe from basidiocarps were cultured on a complete medium,
mycelial colonies grew more vigorously than that of the original clampless fusants. Five fusants
in three crosses were analysed with the distribution of progenies and segregation of genetic charac-
ters by random spore analyses. The genetic markers were shown to segregate and recombine in
the first generation of monospores isolated from basidiocarps. The analysis indicated the heter-okar-
yosis and strong evidence for haploidy of vegetative muclei, a sexual cycle consisting of nuclear
fusion and meiosis. Genotypes of a large number of auxotiophic progenies were not detected. The
aberration ratio of segregants indicated the gene interaction resulting from different genome struc-
ture between vegetatively incompatible species.
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Genetic analysis.

The production and consumption of the edible
fungi have rapidly increased during the last three
decades in Korea. The production of commercially
cultivated mushroom in 1989 was estimated to be
71,484 tonnes; The species of Pleurotus accounted
for about 52.3% of the total production, Lentinus
edodes for an additional 19.3%, Agaricus spp. 16.8
%, Ganoderma lucidum 10.1%, Tricholoma matsu-
take 1.3% and the others (contain Flammalina ve-
lutipes, Agrocybe aegerita and so on) 0.2%. The
mushroom Pleurotus ostreatus, P. florida and P.
sajor-caju were cultivated on the rice straw, cotton
waste or various sawdust substrates in Korea.

The major species of Pleurotus were all bifacto-
rial heterothallic. Single-spore isolates from frui-
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ting body were homokaryotic and self-sterile. Mo-
nokarkyotic auxotrophs of P. cornucopiae and P.
florida used in this experiments were self-sterile.
However, auxotrophs of P. cornucopiae formed pri-
mordium initials on poplar sawdust substrates.

Protoplast fusion can be a potentially valuable
tool for mushroom genetics and breeding. Intras-
pecific and interspecific hybridization of protoplast
have been obtained in the genus Pleurotus (Yoo
et al., 1984; 1986; 1987; Toyomasu ef al., 1986;
Toyomasu and Mori, 1987a; 1987b; 1989; Go et
al., 1989). This investigation described -somatic hy-
bridization and genetic recombination between ve-
getatively incompatible species by protoplast fu-
sion.
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Table 1. List of strains used

Species Code no. Genetic marker Origin

P. cornucopiae ASI 2-28-c2011-254 gln arg Irradiation of basidiospores
ASI 2-29-¢2011- 47 ade to UV
ASI 2-39-¢2011- 43 cit pan

P. florida ASI 2- 3-f 2016-29 Irradiation of protoplasts

ASI 2-73-f 2016-22
ASI 2-74-f 2016-26
ASI 2-75-f 2016- 5
ASI 2-76-f 2016-37

rib ]
ura

pro
gua il
leu ura

to UV
Irradition of basidiospores
to UV

1) Mutant symbols : ade (adenine), arg (arginine), gln (glutamine), gua {guanine), leu (leucine), pan (panthothenic

acid), pro (proline), ura (uracile).

Materials and Methods

Strains and Growth Conditions: The isolation
of auxotrophic mutants was performed as describ-
ed by Yoo et al. (1988). The strains used in these
experiments were listed in Table 1. They were
maintained on the mushroom complete medium
(CM) containing (per liter) MgSO,-7H,0 0.5g, KH,
PO, 046g, K;HPO, 1.0g, Peptone 2.0g, Yeast ext-
ract 2.0g, glucose 20.0g and agar 20.0g. Heterokar-
yon selection after protoplast fusion was carried
out on osmotically stabilized mushroom minimal
medium(MM). It consist of {per liter) MgSO,-7H,
O 0.5¢KH,PO, 0.46g, K,HPO, 1.0g, DL-asparagine
2.0g, Thiamine-HCL 120 pg, glucose 20.0g, Bacto-
agar 20.0g and was supplemented with 0.6 M suc-
rose. The concentration of bottom agar was 2.0%
while that of overlaying soft agar was 0.75%.

Protoplast Formation and Fusion: Disks of ste-
rile cellophane sheets were placed on the surface
of CM in petridishes. When the colonies of P. cor-
nucopiae and P. florida on the cellophane sheets
grew enough for protoplast isolation, the cellophan
sheets were transfered to sterile petridishes. Pro-
toplasts of P. cornucopiae were obtained using a
mixture of Novozym 234 (Novo Biolabs), 8-Gluca-
nase(BDH), and B-Glucuronidase (Sigma) basically
as described by Lee ef al. (1986). Protoplasts of
P. florida were prepared using a mixture of Novo-
zym 234 and Cellulase CP (Sturge) with 0.6 M
sucrose as described by Yoo et al. (1985).

The procedure of protoplast fusion was based
on those of Anne and Peberdy (1976) and Yoo
el al. (1984). Approximately 10°-10° protoplasts of
each strain were combined in a fusion tube and
centrifused at 500g for 10 min. The pellet of pro-
toplasts was resuspended in 1ml of a solution
of 30% polyethylene glycol 8000(PEG) containing
10 mM CaCl,-2H,0 and 50 mM glycine, adjusted
to pH 80 with 10 mM NaOH. After incubation
for 10min. at 30C, the suspension was diluted
with 0.6 M sucrose, washed once by centrifugation,
and resuspended in 5 m/ osmotic stabilizer. Serial
dilutions of 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 was expressed as the number
of colonies on MM to the number of colonies re-
verted on CM after 10-20 days incubation at 27C
or ’

number of colonies on MM

= X100
Fr number of colonies on CM

Basidiocarp Production: Induction of carpopho-
res was attempted using the 570g sawdust subst-
rates containing poplar tree plus 20% rice bran
in 1,000 m/ glass bottle. For cultivation under ste-
rile conditions, the media was autoclaved at 121
for 90 min. On cooling the media was inoculated
with spawn. The bottle was plugged with cotton.
The cultures were incubated at 27C for 25-50
days under low intensity of lights. When mycelia
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were grown completely on sawdust media, the bo-
ttle was transferred to a light room. In order to
get primordia, the mycelia in a bottle with cotton
plug were exposed to high intensity of white lights
for 20-60 days at 5-15C . Lighting illuminated for
14 hours per day. When primordia initiation deve-
loped primordia the bottle which removed cotton
plug was transfered to a light-moisture room.
Basidiospore Germination and Genetic Charac-

ter Identification: Basidiospore prints obtained

from the carpophores of fusion products were sto-
red at 4C for the analysis of progeny. The proce-
dure of genetic analysis was based on those of
Yoo et al. (1986). Spores were spread on mush-
room complete agar medium in petridish and in-
cubated for 5-10 days at 27C. Sporelings were
individually transferred from the germination me-
dium to complete medium and incubated for a
week at 27C . All colonies or sectors were transfe-
rred to minimal medium 12 colonies per plate.
After 7-20 days incubation, prototrophs and auxot-
rophs could be distinguished, and the latter were
identified by testing, again in replicate sets of 12
inocula, on the appropriate screening media.

Results and Discussion

Fusant Isolation and Carpophore Formation: In-
terspecific fusion products of protoplasts were de-
rived from auxotrophic mutants of P. cornucopiae
and P. florida after PEG treatment. The fusion
colonies were produced after 10-20 days of incu-
bation on MM plates. When transferred to MM,
almost all fusion colonies exhibited slow growth
rate and irregular shape in appearance. Fusion
frequency of protoplasts was 0.004-1.24%. Based
on the growh rate and cultural characters of each
individual fusants grown on CM, they were classi-
fied into vigorous growing, stable slowly growing,
and segregated slowly growing types (Fig.l1).

Strain P554 was more vigorously growing and
stable mycelial colony. The colony was abundant
mycelium, and showed secretive yellowish brown
pigment on CM. When cultured on the CM con-
taining benomyl 100 mg per m/, the mycelial co-
lony couid be broken. The hyphae did not form

Fig. 1. Morphological variants of fusion products of
protopasts between Pleurotus cornucopiae and P. flo-
rida: (1) P. cornucopiae ASI 2-29-ade, (2) P. florida
ASI 2-3-rib, (3) Allodiploid, (4) Non-parental segre-
gant, (5) Segregation colony both parents, and (6)
Stable fusant.

clamp connections when observed under micros-
cope. This fusant was assumed to be a nuclear
hybrid or allodiploid after nuclear fusion in a cell.
Behavior and stability of the hybrid were similar
to that of nuclear transfer except pigment produc-
tion (Yoo 2 al., 1987). The pigmentation produced
by the hybrid was proved to be melanin (Kevei
and Peberdy, 1985), and was could be associated
with tyrosine metabolism as reported earlier
(Trias ef al., 1989). Nuclear hybrids derived from
filamentous fungi showed basically the same phe-
notype, but some differences could be seen in pig-
mentation and fertility (Anne and Peberdy, 1985;
Kevei and Peberdy, 1985). The majority of protop-
last fusion products were stable slowly growing
colonies. There were parental and non-parental
types in segregated slowly growing colonies. When
each colony derived from segregants of both pare-
nts was cultured on MM, it grew, though auxotro-
phic parents could not survive.

Interspecific hybrids were not obtained from
homokaryotic strains of P. cornucopiae and P. flo-
rida by hyphal anastomosis. Out of 59 fusants, ho-
wever, 2 somatic hybrids of protoplasts formed
clamp connections in pairing of ASI 2-28+ ASI
2-73. Two clamped and ten clampless heterokary-
ons among them produced primordia and develo-
ped mature carpophores (Table 2). The clamped
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Table 2. Characteristics of fusion products of protoplasts between P. cornucopiae and P. florida

Genetic Clamp? Fruiting? No. of %
Fusion combination background isolate  Isolate
Anasto Protoplast
mosis fusion Type Clamp
ASI 2-28+ASI 2- 3 heterokaryon — - non-fertile 6 100
AS] 2-28+ASI 2-73 heterokaryon - + intermediate + 2 100
AS1 2-28+ASI 2-74 heterokaryon - - non-fertile 5 100
ASI 2-28+ASI 2-75 heterokaryon - - non-fertile 10 100
ASI 2-29+ASI 2-3 heterokaryon 1 - - intermediate + 8 364
2 - primordia - 3 136
3 — non-fertile 10 45.5
allodiploid — non-fertile 1 4.5
ASI 2-39+ASI 2-3 heterokaryon 1 - - intermediate + 1 7.1
2 - intermediate - 2 143
3 - primordia - 6 429
4 - non-fertile 5 35.7
12+: Present clamp connection, —: Absent clamp connection

fusants produced fruit bodies rapidly and abunda-
ntly on sawdust medium (Yoo ef al., 1984). We
have never obtained mature fruit bodies from cla-
mpless fusant as described by Yoo ef al. (1987).
However, primordia and fruit bodies from clamp-
less fusants were induced by light-dark cycle in
a glass bottle. All hyphae or small tissues from
basidiocarps of clampless fusion colonies presen-
ted true clamp connections, but fusants P847 and
P850 lacked them. Basidiospores of the these two
strains bore only a small amounts or zero. A cer-
tain part of hyphae of clamped fruiting bodies in
sawdust substrates formed also clamp connections.
When small tissues of stipe from carpophores cul-
tured on CM agar plates, mycelial colonies grew
more vigorously than original clampless fusion
products. The somatic hybrid formed intermediate
morphology of fruit bodies. However, Most of frui-
ting character of fusants such as lamellae, stipe,
and spore print color were developed similar to
those of P. florida (Fig. 2). Parental P. cornucopiae
ASI 2011 and P. florida ASI 2016 exhibited yellow
and orange white color on pileus in the young
mushroom, respectively. Fusion products showed
various mixed color of parental species (Table 3).
By the way, intraspecific and interspecific hybrids

produced almost abnormal morphology of fruit bo-
dies (Toyomasu and Mori, 1989).

Segregation and Recombination of Genetic Ma-
rkers: Five fusion products in three crosses were
analysed with respect to the distribution of proge-
nies and segregation of markers by random spore
analysis. The genetic characters were shown to
segregate and recombine in the first segregation
of monosporus isolates from carpophores of soma-
tic hybrids (Table 4, 5). Basidiospores of strain
P564 could yield progeny of four genetypes in the
cross ade x rib for protoplasts, auxotrophs of one
parental type, auxotrophs of the other parental
type and double auxotrophs, respectively. In al-
most fusants prototrophic recombinants were re-
covered in large numbers against auxotrophic
characters. The allele ratio of could be expected
1:1 from one cross P. cornucopiae ASI 2-29-
ade XP. florida ASI 2-3-rib. However, the ratio
would be changed to 2 © 1 with increasing propo-
ration of rib. Parental and auxotrophic recombina-
nts were not recovered in the cross P. cornucopiae
ASI 2-39-cit pan and P. florida ASl 2-3-rib. The
genotypes of a large number of auxotrophic pro-
genies were not detected in the cross ASI 2-28-
gln cit argX ASI 2-73-ura (Table 6). The modified
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Fig. 2. Carpophores of somatic hybrids of protoplasts between Pleurotus cornucopice and P. florida: (A) P.
cornucopiae ASI 2011, (B) P. florida ASI 2016, (C) Fusant P564 of P. cornucopiae ASI 2-29-ade+P. florida ASI
2-3-rib, and (D) Fusant P363 of P. cornucopiae ASI 2-28-gln arg+P. floride ASI 2-73-ura.

Holliday method was used for identification of ab-
normal progenies. These progenies showed ade-
nine, guanine and hypoxanthine requiring muta-
nts. When parental auxotrophs of ASI 2-28-gln arg
and ASI 2-73-ura cultured on MM plus adenine,
MM plus guanine, MM plus hypoxanthine, and
MM plus adenine, guanine and hypoxanthine, res-
pectively, they were non-viable. However, no ab-
normal phenomena of distribution and segregation
were found in intraspecific (Yanagi ef al., 1988)
and closely related interspecific hybrid (Yoo et al.,
1986).

The aberration ratio indicated the gene interac-
tion resulting from the difference of genome stru-
ctures of distantly related species.
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Table 3. Characteristics of basidiocarps of somatic hybrid of protoplasts between P. cornucopiae and P. flo-
rida .

Color of pileus

Strain Clamp?
Young Mature
ASI 2-28+ ASI 2-73 P863 + brownish orange orange grey
P864 + light blond brownish orange
ASI 2-29+ASI 2- 3 P547 + dark brown greyish brown
P549 + dark brown greyish brown
P558 + dark brown greyish brown
P564 + greyish brown brownish grey
P567 + greyish brown brownish grey
P560 + greyish brown greyish orange
P548 + brown brownish orange
P562 + brown brownish orange
ASI 2-39+ASI 2- 3 P842 + greyish orange greyish yellow
P847 - brown light brown
P850 - reddish grey brown
P. cornucopiae ASI 2011 + yellow light yellow
P. florida ASI 2016 + orange white yellowish white
D+4: Preset clamp connection, —: Absent clamp connection
Table 4. Frequency distribution of progenies of so- Table 5. Frequency distribution of progenies of so-
matic hybrid of protoplasts between P. cornucopiae matic hybrid of protoplasts between P. cornucopiae
ASI 2-29-ade and P. florida ASI 2-3-rib (P549). ASI 2-29-ade and P. florida ASI 2-3-rib (P654).
Genotype? No. of individual Genotype No. of individual
+ + 51 + + 70
ade + 0 ade + 3
+ rib 22 + rib 34
ade rib 29 ade rib 11
Allele ratio Allele ratio
Locus Matant Wild ¥ P Locus Matant Wild x P
ade 29 73 18.98 <0.005 ade 14 104 68.64 <0.005
rib 51 51 0 1 rib 45 73 6.64 <0.010
Genetic analysis of paired markers Genetic analysis of paired markers
Parental Recomb x° P Parental Recomb ¥ p
22 80 3298 <0.005 37 81 16.40 <0.005

*germination: 2.6% *germination: 0.8%
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Table 6. Frequency distribution of progenies of so-
matic hybrids between Pleurotus cornucopiae ASI 2-
28-gln arg and P. florida ASI 2-73-ura (P863.P864)
following protoplast fusion

No. of individual

Phenotype

P863 P864
prototroph 191 229
ura 8 6
gln 5 6
arg 6 12
gln arg 9 7
ura gin 2 5
ura arg 2 2
ura gln arg 5 7
ade hyp 9 0
ade gua hyp 36 83

*germination: P863 15.09%, and P864 23.63%.

Table 7. Frequency distribution of progenies of so-
matic hybrids of protoplasts between Pleurotus cornu-
copiae ASI 2-39-cit pan and P. florida ASI 2-3-rib (P
842)

Phenotype No. of individual
prototroph 320
auxotroph 0

*germination: 0.03%

3G SEAKRE EESY H x¥relg] ASI
2-29+ AHd=ele] ASI 2-3 §35+ Al &
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epyty, =et=ele] ASI 2-28-gln arg+ A =¢le
ASI 2-73-uracl A<= B2 9 g4 EET
A8 2l EEE#E ol ade hyp, ade
gua hype] WE=E vielyich =3 xsele] ASI
2-39+ AP =¢el2] ASI 2-32 25 [RAFEEE protot-
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