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DESCRIPTION

NOVEL STRAIN OF Lerniinula edodes GNAO1

Technical Field

[0601] The present invention relates to a Lentinula edodes strain. More particularly, the present
invention relates to a novel strain of shiitake mushrooms [Lentinula edodes (Berk.) Pegler| with new
morphology and taste, identifted as Lentinula edodes GNAOL (Accession No.: KCCM11135P), and a
fruit body obtained by culturing the stain.

Background Art

[0002] Shittake mushrooms (also called as pyogo, binomial name: Lenfinula edodes (Berk.)
Pegler), belonging to the Lentinula genus of the Tricholomataceae family, were first mtroduced into
the academic world by the English botanist Berkeley afler he collected them in Japan. Shiitake
mushrooms are native to Korea, China, and Japan. In Korea, shitake mushrooms are given various
names, for example, hyangsim, mago, and oak tree mushroom, and are known as a member of the
three famous edible mushrooms inclusive of pine mushrooms and Sarcodon aspratus.

[0603] Shiitake mushrooms bud and grow on dead bodies or branches of broadleaf trees such as
oak trees (e.g., acorn trees, Mongolian oak, Korean oak), red-Teaved Hornbeam, chestnut trees, etc.,
from the spring to the fall, but can now be artificially cultivated. Unlike other mushrooms, shiitake
mushrooms are grown at moderate temperatures {(optimal 22 ~ 28°C, up to 32°C).

{0004] Shiitake mushrooms generally produce extensive mycelia with clamp connections. This
fungal species is dioecious with tetrapolarity. When the spores of the mushrooms germinate, they
produce hyphae, called monokaryons, with a single nucleus in each compartment. At some stage in
their growth, two monokaryons of different compatibility groups fuse to form a dikaryon (hybrid
strain). The dikaryon is brown-colored and hardens under light, developing into a fruit body. The
hyphal growth of shiitake mushrooms, although slower than that of oyster mushrooms, occurs well in

oak tree logs.
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|0005] The fruit body, as shown in FIGS. 1 and 2, is hemiangiocarpous and has a stipe connected
to the center of a pileus from which lamellae spread. The pileus is pale or dark brown, while both the
stipe and the lamellae are white. The pileus is round with a various diameter range including less than
3 cm and greater than 10 cm, depending on nutrients, environment and species. The pileus curls
mward in the early stage of the fruit body development, but becomes flatter as the fruit body grows
larger. Shiitake mushrooms have a hard fleshy body, and its characteristic scent 1s stronger when it is
dried. The lamelae are thin and white and the stipe is white or brownish while being toughly fibrous.
{0606] In the 1970s, lentman, a B-D-glucan derived from shiitake mushrooms, was found to have
anticancer activity. Since then, pharmaceutical activity of shiitake mushroom has been studied
{Chihara er al., 1970, Tamura ef al., 1997). Among nutrients found in shiitake mushrooms are crude
proteins, glycolipids, ash, carbohydrates, fiber, and amino acids. In recent years, shiitake mushrooms
have been processed into various foods, snacks, fermented milk drinks, soups, ete. (Ryu, 1998), and
actively studied for physiologically active ingredients having anti-inflammation, anti-hypertension,
and antithrombosis effects (Ohnuma ef of., 2000; Yaoita ef al., 1998, 1999).

[0007] However, shiitake mushrooms, unlike other mushrooms, have a smgle crop period of as
long as 4 ~ 5 years, and high expense is required for studies on of the breeding of shiitake mushrooms.
Under these circumstances, studies for developing variants of shiitake mushrooms have mainly been
undertaken by the Forest Mushroom Research Center under the support of the National Forestry
Cooperative Federation, and by the Korea Forest Research Institute in Korea.

[0608] Only an extremely hmited number of Korean variants of shiitake mushroom have been
bred, and none of them are better in general properties than Japanese variants. There is a need for new
variants of shittake mushrooms. Because the International Convention for the Protection of New
Varieties of Plants according to the Union Internationale Pour la Protection des Obtentions Vegetales
(UPOV) has been applied to shitake mushroom smce 2008, a royalty must be paid on the use of
Japanese or Chinese variants.

[0009] Therefore, there 1s a pressing need for developing a novel variant of shiitake mushrooms
that is superior to conventional variants including Japanese and Chinese mushrooms in terms of

general properties.
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Disclosure

Technical Problem

[0010] With in mind the above problems occurring in the prior art, the present inventors
conducted research into the development of a novel shiitake mushroom strain, which results in the
present invention.

[0011] It is an object of the present invention to provide a novel variant of shitake mushrooms
which are generally similar to a spherical shape, with both the stipe and the pileus integrated mto a
globe or sphere-like shape.

[0012] It 15 another object of the present invention to provide a novel variant of shiitake
mushroom which not only has a scent characteristic of shiitake mushroom, but also has a sweet taste.
[0013] it 15 another object of the present invention to provide a novel variant of shiitake
mushrooms which have a harder flesh than conventional shiitake mushrooms, and that can be stored
for a period of two or more times longer and outgrow by two or more times the conventional shiitake
mushrooms, without the opening of the pileus.

[0014] It is a further object of the present invention to provide a novel variant of shiitake
mushrooms which exhibit a white blooming appearance on the surface of the fruit body and thus is
superior to conventional shitake mushroom in terms of commercial value,

[0015] It is a still finther object of the present nvention to provide a novel variant of shiitake
mushrooms which are resistant {o weather, particularly to high and low temperatures, and thus can be
produced throughout the year.

[0016] The above and other objects, features and other advantages of the present invention will

be more clearly understood from the following detailed description.

Technical Solution

(06171 The above objects could be accomplished by a provision of a novel shiitake mushroom
strain Lentinula edodes (Berk.) Pegler GNAOL. 'This strain was deposited with the Korean Culture
Center of Microorganismms on November 23, 2010 (accession No.: KCCM11135P).
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[6018] In addition, the present invention provides a fruit body of shittake mushrooms grown
from the strain of claim 1.

(6019} In one preferred embodiment, the fruit body is similar to a spherical shape with no
discrimination between a pileus and a stipe.

[06026] In another preferred embodiment, the fruit body tastes sweet.

[0021] In a further preferred embodiment, the fruit body exhibits a white blooming appearance
on its surface.

[0022] In a still firther preferred embodiment, the fruit body is asporogenous.

16023] In still another preferred embodiment, the novel strain s proliferated through tissue

dissociation of a part of the fruit body.

Advantageous Effects

[6024] Features of the novel strain of shiitake mushrooms according to the present invention are
as follows.

[0025] First, the shiitake mushroom of the present invention has no distinct pilei and stipes, but is
generally similar to a spherical shape, with both the pileus and the stipe infegrating info a globe or
sphere-tike shape.

[6026] Unlike conventional shiitake mushrooms with characteristic scent, the novel shiitake
mushroom strain of the present invention tastes sweet as well as having a characteristic scent.

10027] In addition, the novel shitake mushroom strain of the present invention has harder flesh
than conventional shiitake mushrooms, and can be stored for a period of two or more times longer and
outgrow by two or more times conventional shiitake mushrooms, without the opening of the pileus.
[0928] Further, the novel shiitake mushroom stramn of the present mvention exhibits a white
blooming appearance on the surface of the fruit body, and thus is superior to conventional shitake
mushrooms in terms of commercial value.

[0029] Moreover, the novel shiitake mushroom strain of the present mvention is resistant to

weather, particularly to high and low temperatures, and thus can be produced throughout the year.
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Brief Description of Drawings

[0030] FIG. 1 1s a photograph of conventional shiitake mushrooms which are under growth,
[0031] FIG. 2 is a photograph showing the general morphology of the conventional shittake
mushroom of FIG. 1 after harvest, and a longitudinal cross-section thereof.

[0032] FIG. 3 i3 a photograph of the novel shiitake mushroom strain of the present invention
(Lentinula edodes (Berk.) Pegier} GNAO1) which 1s under growth.

[0033] FIG. 4 is a photograph showing the general morphology of the novel shiitake strain
Lentinula edodes (Berk.) Pegler GNAO1 of FI1G. 3 after harvest, and a cross-section thereof.

Best Mode

[0034] To explain the present invention well and to mstruct those skilled in the art to perform the
present imvention, as many general terms which are widely spread in the art as possible are employed.
‘The terms that the present inventors inevitably select for the delineation of specific points should not
be construed as simply the meanings of the words themselves, but in the context of the phrases or

sentences in which they are employed.

[0035] Reference should now be made to the drawings and preferred embodiments to elucidate
the present mnvention.
[06036] However, the present invention 1s not limited to the embodiments given herein, and may

be embodied mto another modality. Throughout the specification, the same reference numerals are
used to designate the same or similar components.

[0637] In accordance with an aspect thereof, the present invention addresses a novel shiitake
mushroom strain Lentinula edodes (Berk.) Pegler GNAO1 capable of produce a fruit body which is
similar to a spherical shape in morphology with no distinct stipes and pilei.

[0038] The novel shiitake mushroom strain Lensinula edodes (Berk.) Pegler GNAOI (accession
No: KCCM11135P) according to the present invention can produce a fruit body which looks like a
globe or sphere-like shape with neither pileus nor spite differentiation.

[0039] All of the shiitake mushrooms known thus far have pilei and stipes irrespective of their

variants. In contrast, the novel strain Lentimida edodes (Berk.) Pegler GNAO1I according to the
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present invention forms a globe or sphere-like shape in which neither pilei nor stipes are distinct, The
spherical fruit body is superior to conventional shiitake mushroom in terms of sensation of eating as

well as taste and flavor. Particularly, the novel shiitake mushroom strain tastes sweet in addition to

having a characteristic scent. Moreover, the novel shiitake mushroom strain exhibits a white

blooming appearance on the surface of the fruit body, and is thus commercially more valuable.

[0040] The novel stram according to the present mvention was developed by crossing
monokaryotic shiitake strains. As will be stated in detail, two monokaryotic strains are crossed with
each other to form a primary hybrid stain which is then backcrossed with one monokaryotic mother
strain to give a secondary hybrid strain. The primary and the secondary hybrid strains are again
crossed to aflord the novel strain of the present invention, Because there are no established
phylogenetic relationships among shiitake mushrooms, it is impossible to determine the phylogenetic
position of the novel strain. However, when morphological, physiological and cultural properties are
taken into consideration, the novel strain obtained by hybridizing monokaryotic strains of shiitake
mushrooms is identified as Lentinula edodes (Berk.) Pegler GNAOL. A description will be given of
the morphological, physiological and cultural properties of the novel strain below.

[0041]

[6042] EXAMPLE 1: Isolation and Morphological Properties of Novel Shiitake Mushroom

Stram

[0043] 1. Formation of 1* Generation Hybrid Strain

{0044] Sammyungjin Research Institute 1.26, located in Iujian Province, China, and
Kyoungwon 9015(939) were used as mother strains for the development of the novel strain of the
present invention.

[0045] (1) Isolation of single spores

[0046] Pilei of the shiitake mushroom strains 1.26 and Kyoungwon 9015(939) were placed on
respective Petri dishes, and after 24 hrs, spores fallen on the Petri dishes were collected, diluted to a
suitable concentration in sterile water, and spread over potato agar plates. Primary hyphae germinated

by culturing the spores at 25°C were separated using toothpicks, followed by inoculating the hyphae
6
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nto respective potato agar plates. These potato agar plates were incubated at 25°C for 14 days, after
which hyphae were separated from the plates and observed for the formation of clamp connection
under a microscope. Only the hyphae without clamp connection were stored in a 10% glycerol

solation and kept in the fridge until use in experiments.

[0047] (2) Hybridization

[0048] Purely separated single spores of shiitake mushroom (monokaryotic) were inoculated into
potato agar plates, and incubated at 25°C for 14 days. For use in hybridization, the hyphae which
grew well and were abundant in mycelium quantity were selected. The selected monokaryotic
mycelia, that is, the mycelia grown on the potato agar plates, were cut into a circular shape with a
diameter of 1 em. One single hypha (monokaryotic) and another single hypha (monokaryotic) were
mnoculated 3 em apart from each other into a fresh potato agar plate which was then incubated at 25°C
for 15 ~ 20 days in an incubator. Hyphae were separated and observed by microscopy to determine

the formation of clamps. A selection was made of the stains in which clamps were formed.

[0049] (3) Caultivation of 1* generation hybrid strain

[6050] Oak sawdust, white birch sawdust, and wheat bran were mixed at a ratio of 3:1:1, and the
mixture was allowed to have.a water content of 62%. An 850 cc bottle for culturing mushrooms was
charged with 580 g of the mixture. A rod with a diameter of 2 cm was pushed at the center of the
eniry of the bottle from the top to the bottom to form a pathway extending through the mixture,
followed by sterilizing at 105°C for 70 min under atmospheric pressure and then autoclaving at 121°C
for 110 mm under a high pressure. After the bottle was cooled to 17°C, the selected strains were
mnoculated and cultured at 22°C for 50 days in a dark condition. The medium was transferred into a
browning chamber and perforated once or more times to adjust the water content. After complétion
of browning for 60 days, the medium was moved into a breeding chamber, immersed in water, and
subjected to germination and cultivation at 17~23°C with humidity of 85%~90%.

{0051]

{0052} 2. Formation of 2™ Generation Hybnd Strain
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[0653] (1) Isolation of monokaryotic hyphae
[0054] Single spores were isolated from the fruit body of the cultured 1% generation hybrid strain
and treated in the same manner as described above to produce monokaryotic hyphae which were then

stored in the fridge until use in experiments.

[0055]  (2)Hybridization

]St

[0056] 'The purely isolated monokaryotic hyphae of L26 and the monokaryotic hyphae of the
generation hybrid strain were crossed in the same manner as is described above to select a 2™ hybrid

strain.
0057} (3) Cultivation of 2™ generation strain

[G058] The 2™ generation hybrid strain was cultured in the same manner as is described for the
1% generation strain.

[0059]

[0060] 3. Formation of Novel Strain Lentinula edodes (Berk.) Pegler GNAO1

(0061} (1) Isolation of monokaryotic hyphae

[0062] Single spores wére isolated from the fruit body of the cultured 2™ generation hybrid strain
and treated in the same manner as described above to produce monokaryotic hyphae which were thent

stored in the fridge until use n experiments.

[0063] (2) Hybridization
[0064] The purely isolated monokaryotic hyphae of the 1% and the 2™ hybrid strains were
crossed m the same manner as is described above to select a strain with clamp connection, which was

to be identified as Lenfinula edodes (Berk.) Pegler GNAOTL.

[0065] (3) Cultivation of Lentinula edodes (Berk.) Pegler GNAO1
8
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{0066] Lentinula edodes (Berk.) Pegler GNAO1 was cultured in the same manner as is described
for the 1* generation strain.

[0067]

[(068] 4. Selection of Novel Shiitake Mushroom Strain

[(H69] Among the fruit bodies bred, primary selection was made of those which were excellent
in terms of morphology, color and polish, size, and taste. 'Then, a fruit body which was almost
completely spherical m morphology, dense, but not too hard in tissue, and exhibited a white blooming
appearance throughout its surface, was selected again, and the strain was deposited with the Korean
Culture Center of Microorganisms, on November 23, 2010 (accession No: KCCM11135P).

[0070]

{0071} 5. Morphological Features of Lentinula edodes (Berk.) Pegler GNAO1

[0072] Lenfinula edodes {(Berk.) Pegler GNAO1 looks like one spherical globe with neither piles
nor spites formed therein. Because the novel strain has neither pilei nor spites, it does not exhibit the
opening of pileus. It grows twice as large as typical shiitake mushrooms, with a weight amounting up
to 150 g. The tissue of Lentimida edodes (Berk.) Pegler GNAOI1 is sofi, elastic and white, and tastes
sweet with a characteristic flavor. The sensation of eating is very good because it is chewy. The flesh
of Lentinula edodes {Berk.) Pegler GNAO1 is harder than that of conventional shiitake mushrooms,
and exhibits a white blooming appearance throughout its surface, which improves the commercial
value of the fruit body of Lentinula edodes (Berk.) Pegler GNAO1. Because Lentinula edodes (Berk.)
Pegler GNAO! 1s asporogenous, its propagation 1s conducted by tissue dissociation of the fruit body
thereof.

(0073}

[6074] EXAMPLE 2: Physiological Properties of Lentinula edodes (Berk.) Pegler GNAO!1
[0675] (1) Optimal temperature for hyphal growth:

[0076] The mycelia grown on potato agar plates were cut into a size with a diameter of 10 mm,
moculated mto a center of respective MCM agar plates, and cultured at various temperatures for 14

days. Measurements of the grown myceha indicated a growth temperature ranging from 5°C to 29°C,
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with an optimum temperature of 17~23°C for a daylight condition and 5~10°C for a night condition.

[0077] (2) Optimal acidity for hyphal growth:

{0078} To investigate optimal activity for hyphal growth, 25 mL of glucose peptone-yeast extract
broth was adjusted in pH of from 4 to 8. Afier stationary culturing for 14 days, dried mycelia were
weilghed, indicating that acidity available for hyphal growth ranges from 4.5 to 8, with an optimal pH
of approximately 6.5.

10079]

[06G80] EXAMPLE 3: Cultivation of Nove! Strain Lentinula edodes (Berk.) Pegler GNAOL
[6081] 1. Preparation of Medium

10082] (1) Raw materials

j0083] (D Broadleaf tree sawdust (oak tree)

[04084] Broadleaf tree sawdust available for culturing Lentinula edodes (Berk.) Pegler GNAO! 1s
5 mm or less in chip size, with a fresh and vivid color. The sawdust has a water content of 14~18%,
and exhibits pH of around 8.0 with a total nitrogen content of 0.3 % or greater. Cadmium content is
strictly limited to the standard or less. Acom with an age of 12 to 15 years is preferred. Preferably, it
ranges in diameter from 12 to 15 ecm. The sawdust is preferably composed of 60 % chips with a size
of 3~5 mm, 30 % chips with a size of 2~3 mm, and 10 % chips with a size of 1 ~2 mm.,

[0685] (2) White birch sawdust

[0086] A medium for culturing shiitake mushroom generally contains sugar as an organic carbon
source. Instead of sugar, white birch sawdust is employed in an amount of 20 % in the present
mvention.

[0087] (3) Wheat bran

[0088] Wheat bran contains proteins in an amount of 13.5 %, crude fat in an amount of 3.8 %,
crude fiber in an amount of 10.4 %, available carbohydrates m an amount of 55.40 %, ash in an
amount of 4.8 %, and water in an amount of 12.1 %. In addition, wheat bran has a vitamin B1 content

of 7.9 mg/kg, and contains 16 amino acids with a glutamic acid content amounting to 46 %.

10
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[0089] (2) Component ratio in medium

[0090] Oak sawdust, white birch sawdust and wheat bran were mixed at a ratio of 3:1: 1 (v/v/v).

[0691] (3) Mixing

(0092} The dried raw materials are admixed together with water for about 2 hrs, with a water
content of the mixture of within 60~62 %. The resulting medium is preferably used within 4 hrs after
its preparation.

[0093]

[0094) 2, Charging (Filling)

10095] A culturing PP envelope with dimensions of height 60 cm x width 18 cm x thickness
0.055 mm 1s charged with the medium to a height of 42 cm, with the total weight amounting to 3.0 kg
~32 kg Theupper part of the charged envelope is sealed using a capsule and then a cotton plug,
[0496]

[0097} 3. Sterilization

10098] Sterilization was conducted at 105°C for 70 min under atmospheric pressure, and then at
121°C for 110 min (effective sterilization ime) under a high pressure.

{0099}

[00100] 4. Cooling

[00161]  The medium was cooled to 17°C in a sterile cooling chamber kept at 7°C.

[00102]

[00103} 5. Inoculation

{00104] A void was formed in the medium by applying a perforator to the center of the medium.
A seed strain was inoculated in an amount of 10 g per envelope to the void, foliowed by sealing with a
cotton plug.

[00105]

[00166] 6. Cultivation

(00107}  Individual envelopes were mounted on culture benches and incubated at 22°C for 50 days

under an air ventilator operating well. The atmosphere was maintained at a humidity of 60% with a

11
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carbon dioxide content of 1,200 ppm or less. A dark condition was maintained for the growth of the
stramn.

[60108]

[00109] 7. Browning

[00110]  After transter to a browning chamber, the envelope was perforated once or more times to
adjust the water content. Browning was continued for 60 days. The number of perforations may be
dependent on the water content so that the weight may be reduced to about 30 % of that of the
charged medium. Typically, the first perforation is conducted around 10 days afler transfer to the
browning chamber, and another perforation may be performed depending on the water content.
[00111]

[00112] 8. Breeding Management

[06113]  Afler 60 days of browning, the media were moved to a breeding chamber and subjected
to an immersion process. Preferably, the water for the immersion process is adjusted to a temperature
of about 10°C lower than room temperature before immersing the media in the water for 8 hrs. In
addition, the water preferably has pH of 6.5. Afier completion of the water immersion, the media
were placed on a desk to allow the mushrooms to bloom. The breeding chamber was maintained at
an optimum temperature of 17~23°C in a daylight condition and 5~10°C in a nighttime condition,
with humidity of 85 %~90 % in an early stage of mushroom blooming and 60 % in a harvest stage.
Generally, a crop may be obtained 15 days after the water immersion.

{00114]

j00115]  Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications, additions and
substitutions are possible, without departing from the scope and spirit of the invention as disclosed in

the accompanying claims.
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CLAIMS

1. A novel shiitake strain Lentimula edodes (Berk.) Pegler GNAO1 (accession No:
KCCMI11135P).

2. A fiuit body of shiitake mushrooms produced from the strain of claim 1.

3. The fruit body of shiitake mushrooms of claim 2, wherein the fruit body 1s spherical in

shape with neither pilei nor stipes differentiating.

4. The fruit body of shiitake mushrooms of claim 2, wherein the fruit body tastes sweet.

5. The fruit body of shiitake mushrooms of claim 2, wherein the fruit body exhibits a

white blooming appearance on its surface.

6. The fruit body of shitake mushrooms of claim 2, wherein the fruit body is

asporogencus.

7. The fruit body of shiitake mushrooms of claim 6, wherein the fruit body is propagated

by tissue dissociation of a part thereof,
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