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SUMMARY

The mushroom of Agaricales 1s biologically classified species of Lyophyllum
decastes(Fr.:Fr.)Sing in the Trichlomataceae family. It is cultivated in the northern
hemisphere including Korea, China, and Japan. The mushroom’s cup is approximately
4 to 9cm and its stem i1s 5 to 10cm long. It is very delicious due to its unique wheat
flour taste and has functional effects against cancer, atopic dermatitis, hypertension,
and type II diabetes. Even though there are currently three kind breeds of the
mushroom in Japan, they are not easy to cultivate because they require expensive
bark of a tree and soil covering. Many mushroom producers have studied the
artificial cultivation of Agricales; however, it is more complicated to cultivate
compared to other mushroom species. Therefore, cultivation of Agaricales requires
lots of time and money. Because of these issues, few Korean farmers cultivate

Lyophyllum decastes.

Objectives:
There are four objectives in this study:
1. To determine what is the best strain and optimized environmental conditions for

growing Lyophyllum decastes;

2. To develop artificial cultivation of Lyophyllum decastes using fermented pine

sawdust and wheat bran;

3. To develop a simpler and more efficient cultivation process (or method) by

crushed and separated protoplast;

4. To improve the cultivation method of obtaining spores from reproduced fungi on

mutant mycelium by treatment of 4NQO.



Results and applications:

We searched and reviewed articles for activities of Lyophyllum decastes from
domestic and international journals to relate the cultivation of the mushroom using a
developed species through mutated fungi without the bark of a tree and soil-covering.
Based on the references, we modified and studied pH ranges and incubation conditions
of mutant fungi using regular sawdust with the proper ratio of effective ingredients for
the cultivation of the mushroom. Finally, we obtained good results for the cultivation
of Lyophyllum decastes by utilizing the developed mutant fungi. The result shows
that it is possible to cultivate large quantities of the mushroom without the bark of a
tree and/or soil-covering. The main advantages of the developed cultivation method

for Lyophyllum decastes are simpler cultivation and a reduction of time and cost.

1. For incubation test of strains, we tested 4 different domestic species of strain
and 1 species of strain from Japan for incubation and cultivation of Lyophyllum
decastes in order to determine the best activities of strain. We selected each species

of strain from Korea and Japan after testing.

2. For selection of strains, in order to develop or improve quality of the mushroom
using two species of strain from step #1, we tested mutant fungi to Lyophyllum
decastes and identified protoplasm of Lyophyllum decastes in Korea and Japan. After
we separated 17 different mutant induced fungi by treatment of mutagens (4NQO), we

selected efficient two species of fungi by cultivation test.

3. In order to select the best fungus, we tested various experiments of pH,
conditions of light source, and cultivation of the mushroom. The best activity for the
selected fungi of Lyophyllum decastes was shown at pH 5.0. Also the best conditions
of light and cultivation were similar to traditional conditions for the Lyophyllum

ulmarium(Bull. :Fr.)Kuhn.



4. After determining the problems of traditional cultivation method of mushroom
with the bark of a tree and soil covering, we established to improve cultivation

process of the mushroom without the bark of a tree and soil covering in a field.

5. We conducted a mutant RAPD analysis to verify of genetic differences between
traditional and developed plant breeds. The results from the RAPD analysis were
shown to determine genetic differences between samples. For examples, 1. A band
detected from wild type, but it did not detect from mutant, 2. A band detected from
mutant, but it did not detect from wild type, 3. A band detected both samples, but it

was detected bigger band area at mutant than wild type.

6. For tests of proper nutritional ingredients and mixing ratio, we tested cultivation
of mushroom with wvarious kinds and weights of rice bran, wheat bran, and
cotton—-seed meal. From the results, fermented Oregon pine sawdust and wheat
bran are the best materials for cultivation of the mushroom. The ratio of mixture is

71% fermented Oregon pine sawdust and 29% wheat bran.

7. Applying the mutant induced method of pine mushroom to our experiment, we
obtained the best existing protoplast for Lyophyllum decastes according to pervious
steps #1 through #6. Also we obtained stability of mutant technology by experimenting
with different amounts of fungus, different cultivating time, and other conditions for
growing Lyophyllum decastes. The procedure of mutant induced method was: 1.
Crush mycelium that was incubated for 2 weeks; 2. Separate protoplast from the
mycelium; 3. Reproduce mycelium after treating 4NQO (4-nitroquinoline—1-oxide); 4.

Place the reproduced mycelium to PDA slant medium and number on colony.
8. We entered all of the data into the database. The concentrations and treatment
times of 4NQO for testing were 0.5 pg/m¢ (ppm) and 1.0 pg/mL (ppm) and 20 min and

40 min, respectively.

9. In order to register our new cultivation method using selected best two species,



we are still investigating and cultivating for stability and large quantity of cultivation
for the species in a field. For large quantity of cultivation, when we used 2.5% of
each rice bran and cotton-seed meal for ingredients, respectively, we obtained better
cultivation results of the mushroom. Also it required enough time of after-ripening of
the species for helping development of spores. Usually cultivating period is 60 days
including after-ripening time and took 10 more days for germination after scraping the
fungus. The total cultivation time is required around 77 days from incubation of

strains to harvest of the mushroom.

Overall conclusions:

From the results, we first will demonstrate and transfer our new cultivation method
of Lyopyllum decastes by a mutant fungus that is better stabilized for growing the
mushroom to some of volunteer mushroom farmers. If it is successful in producing
better quality mushrooms in short time periods, we will extend our new method to
most mushroom farms. Eventually it will allow bigger market of Lyopyllun decastes,
and will increase incomes of mushroom farmers. In addition, it will be improved and
established national health promotion to provide good quality mushroom to consumers.
It also will provide our unique seed of Lyopyllum decastes in the future. Finally, it
was reported that the functional effects of Lyopyllum decastes are very efficient for
atopic dermatitis, and type II diabetes mellitus. Therefore, we expect that most
people will like to eat mushroom (Lyopyllum decastes) in the future because of its

high qualities of taste and high functional effects for health.

_10_
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Fig. Selectioned 2 strains mycelia. o
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CGZE ¢7]d%he Yo7t} (Prakash,, 1974, Wu &, 2006).

Ballance®} Turner % (19852 1 pg/mls =2 4-NQOA #E %3 protoplast 25 WAl AE3H&S
FA3HATE NQOAHE T3l EdWolAE WEdthal Baskal

ol HE dAfdME FIuUl(C) ¥ JEMoezFEYH AE wriEwAle AFAA AYir 2
mutagens(4-NQO)A &] 2 E<AWo] 5 5 (FUC series 9F), (Y& J series 8F) 175

A% el skl

Table. 2 Protoplast Regeneration(%3)

Code Treatment condition Treatment time(min) | Regeneration (%)

NQO-LO selnt 20 0.0065
—1. m

HE 40 0.026

7-001 20 0.0043
ANQO-0.5 ug/ml

Q e/m 40 0.0173

NT 0.1603

ANQO-1.0 ug/ml 20 0.0099
—1. m

HE 40 0.0321

K-001 20 0.0099
ANQO-0.1 g/ml

< e/m 40 0.0123

0.0962

* regeneration percent = (regeneration hypha yield/Protoplast yield) x 100

A. Mycelium, B. Protoplasts separation and NQO treatment
C. Regenerated hyphae.

Fig. 4. Mutant hyphae colony processing method from mycelium,
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ostel Agelusl EAvel FEYNS FEste] 4E A
3]

TAA(FE, Y8 Whe #5F)= 273570 A A A (KHPO, 05 g/L, MgSO4 05 ¢/L, A
20 g/L, ¥ 3 g/L, SFESF 20 w/D)ellA wf<kssich mxet dEAAE EEstr] feke] wwky|E o
gsto] upsfstal 50 ml A PO E &7 800 RCFAIA 5% st f4lEE § s de A7l FAA
E Atk FAHAE AFGH] 9k EiarR AT sklal AR gk ol 23] nkadith ddd
A B2 494 06 M MgSO.0 lysing enzyme 10 mg/ml 5%

8544 2y 89 pelletd] FHl volumel®E Wil 28T GAE A 447 S<F 120 ipmle 2 EE50]

B AFE F 42303 (em’)el EAWE 30 ml FAICl ol " filer® ojdste] Fa X
gol A3AAE EHsiolth e Y¥8AA 06 M MgSOE 93 ¥49E 600
RCFeoF 1200 RCF& gelste] 587wt f4liEe sialal dFAAE 23] AH3 5 HF

1
MgSOsol AAE 3t dold Y AAZ hemocytometer (Superior AHE o]-&3le] A kst & A &3}

O

e N
>
g
)
mﬁ

%] {PDA (Poteto Dextrose Agar, Duchefa A}), 06 M mannitol®] ¥3# PDA, th+2rarAqfx]
(KH2POs 05 g/L, MgSOs 05 g/L, A% 20 g/L, "iFH9 3 g/L, QFElSE: 20 ul/L, micro agar 15 g/L),
0.6M mannitol®] Z3He thFatarAlu] <ol 7}7] =wste] 28°C defell Al vl sl

MR 4y A A WA AgolmA urk AFAA FHgol Bee e
9

o

=
£49 Agol Bad Aow Buvgon, H4e 4

o] 23& WAs] AT Aol 9l

N b
N,
r d
N
N
i)
=
=
lo
=t
D
o
)
o2
B
=
o2
>
N
ol

(2) 4- NQOAH gl <]8t ®olA|

4-NQO (4-nitroquinolene oxide)Z 0.6 M mannitol &2l 242t 05 pg/ml, 1 pg/ml == A28kl &
gld f@dAe RNYAE 208, 0Fo= dEste] Astal B 54 0.6M mannitol 33] Al 3}
1L 06 M mannitolo] £2¥ PDA #iA]e] Zwtste] 28°C /el Al Al Faloith

(3) F=H ®olA 1A
(7}) Genomic DNA F% % RAPD (Randomly Amplified Polymorphic DNA) #4.

Zb JojA= e et ALA 100 mge AspEiof UAAPEE o] §38te] A ZolE §- DNeasy
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Plant Mini Kit (Promega *hE ©°]&3°] Genomic DNAZE FE3te] -20To] RAIYTE
RAPD(Tomizawa %, 2007; Sunagawa %, 1995)%4-& $3&9] PCR (Polymerase Chain Reaction)&
T3t 2 PCR mixture {DNA 1 pf, OPT random primer(Operon A}) 1 @, 2xPCR master mix soln
(Intron Ab) 10 w8, iFF 8 w}E &8 & 5T oA 587 DNAE 243 denature 2171 & A ToNA
1%, OPT random primer Z172] annealing temperature®| 4] 13, 72ColA 18 ZZAoA 40 cycles T
33 v} 72Tl A 587F DNA %75 9443] extension 3F91tE PCRS 7F3 & 1.4% agarose gelol| Al
A719 %383l of s DNA W= bakS nwdlil data baseZA &8 7153lnE A7 x27] @A
A FH A5E FHESI.

Al 2 A 2dar Ay e 32 2

() HEA gl Augs Al

HFds A FAEZI Al A HEAAFS Aol loj 2z WY T3kl

==

R dof snz W WARL A% A¥o] @e] 2euE FAolr ey HEuA o

O

=T A L

e S FLF AFOR J1E] AL WAL A A Ao HEdG] BEgont B
2 A% WA A A BEAY glel AWM F gl

o FEIT 5E gle AN T 523 2as g ¥ S S5 e
H

Fig. 5. Cultivation of fruit bodies ithout soil covering and bark.
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(1) ¥ol 5ol ofsf 7idd w5 ek 24 pH A3

Fa A elA pHE w5 AAEDS a8l pH 5ollA HojAl A8 w7bgw Al stF(dE o
7he WolE JAZE 7HE 24 s AAde Boae F9de =

WA Wb A2 pH 5764 7HE 2 248 Bt

Table 2. Comparisons of the mycelia growth to pH value

Incuvation times(day)

8 15 24
pH 4.0 10 mm 20 mm 30 mm
pH 5.0 23 mm 46 mm 75 mm
pH 6.0 18 mm 26 mm 43 mm
pH 7.0 18 mm 27 mm 45 mm
pH 8.0 12 mm 23 mm 39 mm
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A. Fermented pine sawdust 68.0% and rice bran 32.0%5, B. Fermented pine

sawdust 41.0% and rice bran 58%, C. Fermented pine sawdust 71.096 and

wheat bran 29.0%6, D. Fermented pine sawdust 51.0% and wheat bran 49.0%,

E. Fermented pine sawdust 58.8, rice 20.6% and wheat bran 20.6%,

F. Fermented pine sawdust 70.6% and cotton bark 29.4%.

Table 4. The composition of sawdust and nutrition material

Fig. 9. Comparson experiment of Nutrition class.

Sawdust(%)

Nutrition material(%6)

Group 1

Fermented pine

sawdust 68.0

Rice bran 32.0

Group 2

Fermented pine

sawdust 41.0

Rice bran 59.0

Group 3

Fermented pine

sawdust 71.0

Wheat bran 29.0

Group 4

Fermented pine

sawdust 51.0

Rice bran 20.6 and
Wheat bran 49.9

Group 5

Fermented pine

sawdust 58.8

Rice bran

Group 6

Fermented pine

sawdust 70.6

Cottonseed bark 29.4
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7h Wel frmel old AW wobem Al 2% Ha FHe A
1) WelAl FE= AR FHol W2 FEL AL ANALEL TR FSAY

A= 2733 o)A e A A X (KTHPOs 05 g/ 2, MgSOy 05 g/ ¢, A% 20 g/ ¢, U749 3
g/, SEISE 20 pb/ 2)oN A wiEstTh WX ok TAMAIE EElstr] fete] wnkr1E o] &ate] ThajEtal
50 ml Alg@#He =2 &7 800 RCFolA 57 &<t AT §F A5 HE AAs L wAAE AATE A
& AFsH] AAste] "R APy stla dARE gk ol& 23] vhEsith d¥AA 2o
0.6 M MgSOs°ll lysing enzyme 10 mg/m¢ F52 A& SFATh AlFo] & wARAC f3dA 2 &
NS pelletd] FHl volumelE @il 28T <A EfollA 4A7F $¢F 120 rpmOeE ESol5n wjoks &
4x2x03 (en’)e) EAWE 30 me FA7lol gol Wid filer oI ¥alo] T Az FAF detel s
o] YFAAE ek FeE d¥AA 06 M MgSO. & ¥al dA4EHE 600 RCFe 1200 RCF=
g dle] 58 FoF AR 93 LHAAE 28 A F HF 1 ml 2 06 M MgSO,0l A )
Atk Ao AP AAE hemocytometer (Superior AHE o]-&3}o] A#Fst & A3} w2 {PDA (Poteto

ol

Dextrose Agar, Duchefa A}), 0.6 M mannitol®] ¥:3Fd PDA, thFerarA 8z (KHPO, 05 g/ ¢, MgSOQ,
05 g/¢, 39 20 g/ ¢, U4 3 g/ ¢, QFE]E 20 /¢, micro agar 15 g/ ¢, 0.6M mannitolo] ¥3¥
FHrLA A 2] Este] 28T el Al mi kel
4-NQO (4-nitroquinolene oxide)Z 0.6 M mannitol&2ol Z+2F 05 pg/ml, 1 pg/ml =2 A28t &
ge dd@dAle] AYAbE 08, OFeR defste] Agsta &5 54 0.6M mannitol 33 A%}
i 06 M mannitolo] £9He PDA sxe] mate] 28T ¢efell A wl Faloict.

Fig. 10. Hyphae transferred to PDA medium from Regenerated protoplasts.
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Table 5. Option number of processing conditions

Treatment conditions Code Treatment conditions Code
JP-4ANQO 0.5 ug/ml 71 CB-4NQO 0.5 ug/ml c1
20 min-1 20 min-1
JP-4ANQO 0.5 ug/ml 79 CB-4NQO 0.5 ug/ml c2
20 min-2 20 min-2
JP-4ANQO 0.5 ug/ml 73 CB-4NQO 0.5 ug/ml c3
40 min-1 40 min-1
JP-4ANQO 0.5 ug/ml 14 CB-4NQO 0.5 ug/ml ca
40 min-2 40 min-1
JP-4ANQO 1.0 ug/ml 15 CB-4NQO 1.0 ug/ml c5
20 min-1 20 min-1
JP-4ANQO 1.0 ug/ml 16 CB-4NQO 1.0 ug/ml 6
20 min-2 20 min-2
JP-4ANQO 1.0 ug/ml 17 CB-4NQO 1.0 ug/ml c7
40 min-1 20 min-3
JP-4ANQO 1.0 ug/ml 78 CB-4NQO 1.0 ug/ml c8
40 min-2 40 min-1
CB-4NQO 1.0 ug/ml C9
40 min-1
Uo1E BEw &4 FEe 444 A4 A%
(2) WolAl RAPD #4A1@ ez 7|& 53 b8 fd4d pidds A5
RAPD(random amplified polymorphic DNA)& 4%  Zfo] ¥ HFABAE glsl= 9y ALEH
= TAYOE V& FEFH 4 FEY F44 A8 ATl RAPD #4448 Este] #4743
RAPD A& %31 WolAZE wild typedt vl A}t AEA o7l USS IS A3t

random primers= OPT 194 OPT 20 7}A] <&
primer®] o2}

OPT 18, OPT 19+=
AR FE H ol Al =

Aot HolAA = FEHHE

-

j
-

ggto

= ol EH:

-
HA W

AE=(x)

20 7FA] o]$leH, annealing <%

=(-), 2) wild type®l
T IR 7

= A RolAlel=
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sol s

= 2567C A 405T

] wild typed}t ®olA|7te] OPT 2, OPT 3, OPT 4, OPT 9, OPT 10, OPT 17,
Zo] ¢k Hglow, OPT 62 Apo|7} @ittt A =
A= WI=(+), 3) wild type°ll

9] FF= 1 wild typeol



Table 6. Used random primer and annealing temperature

Primer 5 to 3 Annealinge
number temperature( C)
OPT- 1 GGGCCACTCA 33.9
OPT- 2 GGAGAGACTC 256
OPT- 3 TCCACTCCTG 29.0
OPT- 4 CACAGAGGGA 29.0
OPT- 5 GGGTTTGGCA 34.9
OPT- 6 CAAGGGCAGA 32.4
OPT- 7 GGCAGGCTGT 33.9
OPT- 8 AACGGCGACA 35.1
OPT- 9 CACCCCTGAG 315
OPT-10 CCTTCGGAAG 32.8
OPT-11 TTCCCCGCGA 40.5
OPT-12 GGGTGTGTAG 26.9
OPT-13 AGGACTGCCA 315
OPT-14 AATGCCGCAG 35.6
OPT-15 GGATGCCACT 31.3
OPT-16 GGTGAACGCT 31.8
OPT-17 CCAACGTCGT 32.1
OPT-18 GATGCCAGAC 28.8
OPT-19 GTCCGTATGG 30.0
OPT-20 GACCAATGCC 31.8

_30_



J5 J6) J7 U8 M WT J21J3 J4 J5 J6 J7 I8

MOWT T 7 03 0a 05 J6 17 8] M WELRLIS 4
I III LN B = -
SessPpe i

e

i : Pri : OPT 11
Primer: OPT 7 Primer: OPT 8 rimer
Annealin Annealing Annealing
2 temperature : 35°C temperature : 40°C

temperature : 35°C

WT (J1 J2 J3 J4 5] J6 U7 I8

WrTJ1 J2 J3 J4 J5 J6 J7 I8l M

-

~ PEEPEEEPEP

M WT J21J3 J4 J5 J6 J7) J8
g SIB=W=. ===
e, - RS e —

Primer : OPT 13 Primer: OPT 14

Primer : OPT 12

. Annealing Annealing
Ammealing temperature : 32°C temperature : 35°C
temperature : 28°C

UM WT J2 )4 )6 [J8

Primer: OPT 15 Primer: OPT 16 J8 : IHfEI*f:.",
24,62 =)
Annealing

= Annealing temperature : 32°C
temperature : 32°C

Fig. 11. RAPD(randomly amplified polymorphic DNA) band of mutant.
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Al 3 A 3dak AEsd e 3 2

(1) BEdd g Ay Ad

RFPAS AT WA G A o BEahge Auagel golA 7 WY Frol
BEE o SuE % WAFD AL Aol wol hasi= spgolrh meha] ¥Esie)
e S FLF AFOR J1E] AL WAL A A Ao HEdG] BEgont B
A WA A A BESERT D7) e A

T =
of T3 F=71e AAW HEAA glo] A = 3= Ves Fisdith

(2) 53 (bark) A8 QL= A A9
3 (bark)t Au WA QR FUUT SRR hZe] e} Sl (bark) AHE A AA
o AL e S B AASBe B HPOE Ma® AgSA g3 BErEEYS

H71&& ARl Au7E 7 Tes FREH T

Fig. 12. Artifical cultivation processing of Lyophyllum decastes without

soil covering and bark.
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A& A FE2 ke Aoy moko] dEb gfom SRE AEA 54l = Ae=

() Wolal §= A% 4824 A4
AFAAE ol gate] Wold FEB o] st AR Bl 27 2 A4 2AE B A 9

Az A A Gelste] St 9y AA B £ M7 $ U4 1200 RCFeF 600 RCF
2 9 893l 1200 RCFAlA 216x10" 71E 600 RCRAIA 107x10" 71e] 98AAE o] 1200 RCFY
A HolA o] B AdFAAE AT . 22 dFYAAE At HiA o] mE FARY] S FRls)

At (Figure 13). #1419l 4% PDAwIA L oifFut v Xl whe} & Apol7h §lSlar A 2AA 06
M Mannitole] 238 #ix1¢} 06 M Mannitolo] 2357 & wjxjo] webam FAL APLol] 2po]7}
912t} (Table 7). vhet AHF9F 244191 06 M Mannitolo] 235 wjx|9} Z35%] e wj=o A A4y
B 717 AL Aozt glgol= HF o tE Tt (Table 8 Figure 14).
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B
A protoplasts isolated from the mycelium of the Lyophyllum decastes Sing (x400),

B: hypha regenerated from protoplast of the Lyophyllum decastes.

Figure 13. Protoplasts isolated and regenerated from the Lyophvllum decaste Sing.

Table 8. Influence of the different media on hypha regeneration

Relative Regeneration of medium (%)
centrifugal Protoplast
PDA soybean meal
force vield PDA soybean meal
(0.6 M Man) (0.6 M Man)
(RCF)
1900 1X10° 0.009 0.009 0.004 0.006
AX10° 0.008 0.009 0.009 0.01
500 1X10° 0.009 0.008 0.011 0.009
2X10° 0.004 0.006 N.D 0.006
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Medium

PDA PDA(0.6 M Man)

1200 RCF

Relative centrifugal

600 RCTF

1)
=]
Ak 59 B TAHE A S o 22 9FEAE dE sl SEE] widE TAKA

(2) 4-NQO A2 F 44 44

Ballance ¢} Turmer & (1986)< protoplastd] 1pg/ml &%= 4-NQO Hlal] HAle AYEES =
SHlal FvF oA AEEo] WolAE As ISt e dFAAd 4-NQOE +
2l At wel Ayste] AYES gl on F-Aggte] AAE0] 016%E 4-NQO A g-r7H ) 9k
o 4-NQO A #7-9] ABEL 0.006%04 0.02%2 4AsHA] 2 ABEE BT (Table 9). ©|F 8
Aol mutantE AEste] AHA FEE 9 FHE T (Table 10).

OHE HALS] HIgto] A wbrbgAle] Mef A5t Wik Aol glo] dyHA #E A wAkA 9
defet g o] FYEA Hate] AP AA Bl FAskA] Hsialrlel NQO Aol mE A

e AgE

ot
o
ne

A 2e Aoz 4zAT,
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Table 9. Effects of 4-NQO treatment concentration and time on protoplasts regeneration

Treatment concentration Treatment time (min) Regeneration percent (96)
0 pg/ml 0.1603
20 0.0043
0.5 1
e/ A0 0.0173
1 e/ 20 0.0065
HEIE A0 0.026

* regeneration percent = (regeneration hypha yield/Protoplast yield) x 100

Table 10. Nomenclature of the hypha lines from 4-NQO treatment

Treatment concentration Treatment time (min) Selection name
0 pg/ml WT
20 1, J2
05 peml 1]
40 J3, J4
20 J5, J6
1 pg/ml
pE A0 77, I8
e FE3 84 20 544 4wy 4%

(2) WolA RAPD #4A@ 0% 7|& #5394 & 7d4 Adds 45T

RAPD(random amplified polymorphic DNA)+= 44 2o] 2 FAAAE &R15}=t|
] AMSEE EA Mo ® RAPD B48 53 f& wolA 1A,

TR HolA(JE Ho|F)E oI A3 ApEAE AAsH] At ARRPIY HA ALAAE
0]&-3] Genomic DNAE %3}l RAPD (Randomly Amplified Polymorphic DNA) ¥48 =831t}
HolA| 871& OPT primer 2071& (Tabel 11) o83} oFA&E 3} W= A vl 24319 o

OPT-01 primerol Al oFA & A& W=7} ol J1FH JRaA ¢tk OPT-05 primerd A=
JL, J4, J8ell A opd&ell= gl W=rk yekskom J3, J6 J7olAl= ofddel e w=rt gllal J2olA
= 99 W=y skl vepskal i=e] Zpolrk Z vk OPT-07 primerdl A= oF & 3@ gl

W=7 HolA miFol A vepkal 9 wi=rF 2 HolAolA fISdvt I35 JTell A= of A Ae)



A vebd MEZE YeuA] 9kal Bl A ofdE e Sl Wl=rt AFshAl vkt OPT-08 primerl]
A= ]2, 15, 16, J8olA o el vl W=k yebgth OPT-11 primerol A= J3, 14, J5, J6, J7, J8°l
A Zbol7h v Mi=E B F 9d3 JoollA foluhe W= el B 4 vk OPT-12 primerdl A& J2,
J3, J4, J5, J8ellA Abo] vz Wi=E Bld = glal 29k Joo] Wi sfelo] 23ttt OPT-13 primerol Al
= ool o Wi=r) wolAl marelA vhebbA] ehskeh. OPT-14 primerdl A= 3, J4, J5, J6, J7ellA
ool A oFatAl v Wl=rk YERA] ¢Eokth OPT-15 primerol M= J1, J4, J7olAl W=y YA
ook A& W= sfElo] Z9ktl. OPT-16 primerol A& 718 @8 xpol7) wha £3) J29} J6o| W= X}
o7} @ol with J2¢ ¢ o Eel AW M=l skl yebskEl Imege] = S A3 HolAFH
3ael sulel AFol7h Witk OPT-20 primerol A= oF &l |l wl=r} wolA] miFoll A yehbA] ek
L oA sy JElgA] gkt (Figure 15). 23E 3 92 2983t Yehgglon =3
oAl M 4 RelE Flakelal WolAl J2, J5, J6, J89] Akel7l 71 Atk Figure 4= oF4
3} wo] AAAEHA B2 HolE EIFY RAPD #43= thE2A ofAg % wlolAe Fej4 ztol7t ¢l
At

=

ot

Table 11. Primers for RAPD assay to show a genetic variability among the Lvophvllum decastes

mutants generated

S S
OPT-01 GGGCCACTCA 35 OPT-11 TTCCCCGCGA 40
OPT-02 GGAGAGACTC 26 OPT-12 GGGTGTGTAG 28
OPT-03 TCCACTCCTG 29 OPT-13 AGGACTGCCA 32
OPT-04 CACAGAGGGA 29 OPT-14 AATGCCGCAG 35
OPT-05 GGGTTTGGCA 35 OPT-15 GGATGCCACT 32
OPT-06 CAAGGGCAGA 32 OPT-16 GGTGAACGCT 32
OPT-07 GGCAGGCTGET 35 OPT-17 CCAACGTCGT 32
OPT-08 AACGGCGACA 35 OPT-18 GATGCCAGAC 29
OPT-09 CACCCCTGAG 32 OPT-19 GTCCGTATGG 30
OPT-10 CCTTCGGAAG 33 OPT-20 GACCAATGCC 32

_37_



Awrln 2 )3 14 g5 6 37 18l M Bwria s2 )3 sal sslse 7 18 MC M WTIJ1 J2 J3 J4 J5 J6 17 )8

8 Em wr Jz2(3 14 5 J6 7 18/ Fm wrr 2z 13 14 15|16 17 18

- s

— o — f—
LT

Tl Jz 93 Ja s g6 7 us e Hom owr 02 03 g4 s gs 7l s M WTJ1 J2 J3 U4 J5 J6 )7 J3
LR e

¥

Im owrl 2 g3 4 J6 J7M WT J2 J4 J6 U8 K MWT JL J2 13 )4 J5 J6 J7 J8

WT, wild type. J17]J8, 4-NQO treated mutant lines. (A) OPT-01 primer.

(B) OPT-05 primer. (C) OPT-07 primer. (D) OPT-08 primer. (E) OPT-11 primer.
(F) OPT-12 primer. (G) OPT-13 primer. (H) OPT-14 primer. (I) OPT-15 primer.
(J) OPT-16 primer. (K) OPT-20 primer

Figure 15. RAPD assay of Lyophyllum decastes mutants using random primers.
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Table 12. RAPD primers and markers detected for Lyophvilum decastes mutants

P;E?}ir Different mutant line P;E?}ir Different mutant line
OPT-01 J1, J2, J3, J4, J5, J6, J7, J8 | OPT-11 J3, J4, 15, J6, J7, I8
OPT-02 *N.S OPT-12 J2, 13, J4, J5, J8
OPT-03 *N.S OPT-13 J1, J2, J3, J4, J5, J6, J7, J8
OPT-04 *N.S OPT-14 J3, J4, J5, J6, J7
OPT-05 J1, J2, 13, J4, J6, J7, J8 OPT-15 J1, J4, J7

OPT-06 *N.D OPT-16 J1, J2, J3, J4, J5, J6, J7, J8
OopPT-07 J1, J2, J3, J4, J5, J6, J7, J8 | OPT-17 *N.S

OPT-08 J2, 15, J6, J8 OPT-18 *N.S

OPT-09 *N.S OPT-19 *N.S

OPT-10 *N.S OPT-20 J1, J2, J3, J4, J5, J6, J7, J8

* N.S, No signal. N.D, No agreement date

WT, wild type. J17J8, 4-NQO treated mutant lines.

Figure 16. Pictures of the fruit body from the Lyophyvllum decastes mutants.
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