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e



Ao AFRE 7FE e #FE Table 13 2v o5 v, @3t
2l

A= wA A% (MCM mushroom complete

jus)

medium; Raper et al, 1972)2 = A A% Dextrose 20g, MgSOy
0.5g, KH2PO4 0.46g, K2ZHPO, 1.0g, Yeast extract 2g, Peptone 2g, Agar
20g, S 1000meolth. w59 Hi gL WAl x| o] FHFslo] 25Tl
A skt

Gz ol BEle fF 5(2012)9 W uwEl APt w59
Petri-disholl ©X32AE AF A, Eo+E o] &

E
of e FAEAE Y w2 4sta, WAL A speraders

Al (clamp connection)& &3 & A AAA
ATHH T, 2008). AMaE G Az o wHjste] wuld 4714 FHRE

A& At (Table 1).



3. o]3 -3l (di-mono) Al e 2 w3 -3 (mono-mono) Al&3F 13

connections)’} A H AL wFA=Z AWstAH(Eger 5, 1976)

4, &= FAAA A

Di-mono . FiFF9] v x| E 5ol 2 exd FALAF AHZ A
at71 918l PDASF MCM iAol A 20T, 25C, 30T === A3
t}. PDA(potato dextrose agar)E 5%+ Petri-dishel 7F=2, M2 (0.5cm
x 0.5em) 2719 wigE FAA AHE Petri-dish S5 &85 64

Lo 5 FAA A S S-S AT (Lee 5, 2011)

5.8 % WEZCSelol DNA tha g 4

5 1. 3 % v EZ=2 o} DNAZZ

DNAS 9387l f18td Pleurotus #=%5< PDA (Difcorl A%)

A A e A 10D s Fsto] o whAlel FAI FFE wolRoh HAAA

TAHA S oA A2 HA vk o2 100pgd =5 1.5mle] test tube
o %71 FE=E& 45N (200 mM Tris-HCl, pH 8.0; 200 mM NaCl;
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256mM EDTA; 0.5% SDS) 40049} Proteinase K (20mg/mDE % 7}35}¢]
el 822 bufferdel A & #o] & th3 37C oA 143 &<t &2 &
b

o] E¢Hol 2X CTAB buffers & FH7F sko] 65CNA 1523 WA

3}1L chloroform : isoamylalcohol(24 : 1)& Yi HA3 =3 3 F

12,000 rpmel A YA &2 9t e A& A2 FEO &H7|x 0.7

a9

volume?] isopropanols FH7}star Ao A 1057 W % 12000 rpm
oA 5&EZF d4Egste] DNAS 3 dekslth. 70%9] ethanol® DNAZ
HES A ste] WF Az & TE buffer(10 mM Tris-HCl pH 8.0,
ImM EDTA) 100 plell 8313ttt 10mg/ml RNase 2405 %ol 37°Cel
A 30 A 2lste] RNAE Al A stk +2¥ DNAE Agarose gel
(1.0%)°l A719% sto] AHFE DNA9 Hlwsgto 2z ¢S ZHAA3Y
(Baldrian &, 1999).

5. 2. 8 DNA t3dA 4

W (hybrid) 258 DNAE +&ste] PCR 5% & 93l dNTPs
(dATP, dGTP, dTTP, dCTP), MgCl2, 10X buffer, Taq Polymerase”’}
St ¥ Premix kit(Bioneer)E ©] 83} genomic DNA 50 ng 2uf, Table
29 primer 100 ng 1u¢, DDW 7uE H7FslA k. PCR SZ W52 ABI
PCR SYSTEM 9700 ©]-&3te] *5 DNAS & WHAS flste] 94T
A 5EZE leyele, 2L 94T A 1%, 55CA 17, 72T A 2832
2 F 35 cycle AAEE e, HFF DNAS AL 72TCAA 1022
stAth 3% ¥ PCR A=< 1x TAE (40 mM Tris 80, 20 mM acetic

acid, InM EDTA)YZ &N 15%2] agarose gel® HA7]9&53 F 1

pg/ml ethidium bromide £ o =2 A3o] UV transilluminator’d ol A
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YEt= DNA bandE <18t thH(Williams 5, 1990).

5 3. HEZE=gol b A Ao AME$E primer A%}

e AR S TR fEAe 7IEdd dE Al
RAPD U &AWt Aol modA BEAFHAS g9t d= ME
Zeglote] fFHAe] HEAG S o] §st7] flé Genbankel TEFHol S+
el Al el 4 B (Accession no. EF204913)& ®E41ste] ¥ 13}
2rol atp9 F A A nadl A Alolell E=A)3E microsatellite 9 <3
oS X33 E primerS Y AelEFA Tl primer Tl A1 A a1 e AL E o
25 GCE=FH primergtel] HFA FAolgtE7 5580 55 Els
"primerd” AZEY o] L2 IW(NCBDS o]&3ste] A2E primere] 47|

g 9w AE 9] A7) Table 3, Fig 1 3 241, 2009).

Pleurotus ostreatus Mitochondria g

enomic DNA Map(73242bp)
e B23¥ .3 T 7% R%iEF - .k
n E—
|
MtPO1F MtPO1R

Fig. 1. Diagram of MtPO1F/MtPOI1R primer

5. 4. |EZ=glo} DNA 34 24



PCRWH&-2 918 W&o FaFo] 20utolar, z47he] mAAE=5H

#3213 DNA 50nget 4579 dANTP (ZF 25 mM), Taqg polymerase (2.5

ftlo

unit, Promega A} #A3%), 20 pmol primer ¥ %< (10mM Tris-HCI

(pH 8.0), 50mM KCI, 1.5mM MgCly, 0.01% gelatin)& &+3tAl 3 th.
MtPOIF % MtPOIR primerE ©]-&3% PCR %462 3 DNA v¥

I R e

5. 5. A AL

Ho
do
o
Sh
4

FAFE 42 pe-NTSYS(nemerical taxonomy system) software
(version 1.70)5 ©]&3to] RAPD A3 ZAH}E SAHX ] W=7 loH
1, gled 0o=2 Fi3te SIMQUALS AlFE AAstda, o AlF-E
o] &3}l  SHAN clustering®] UPGMA (unweighted paired-group
method with Arithmetic average)¥ < ©]&3o] T (cluster)®=241S 3}

TREE| A dendrogram<= 2143 3} 91 tH(Sneath ¢} Sokal, 1973).

HAl Ao o] A} T AE S Petri-dishol 1~2cm HA 2
Z HE gt 2vF7F HAdE *
e gelste]l AHAZAAY A AL
SA4A42 850m PETHl wirfAl(2== w5 80% + wAd 20%,

v/V)E TAE F 121TelA 90 Exste] vy wigd dHAAE HF

FA= Adstdvh. AL A



sto] 25CAH =AM 309 w g3t Tl A o]l g5 H & TFHIE
AAstFon vAES AAS AHE AS5A 24 10~15T 1l
ZASIHA AAAE ASAA ASHAS o AAA 5SS ZAEE T

(f+ =, 2007).
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Table 1. List of strains used in this study

Species Strain Mating type Nucleus*

P. ostreutus AST 2344 D
2344-11 I M
2344-8 11 M
2344-2 III M
2344-107 I\Y M
ASI 2504 D
2504-2 I M
2504-11 1I M
2504-25 III M
2504-1 I\% M
ASI 2487 D
2487-1 I M
2487-9 11 M
24872 III M
2487-30 v M
ASI 2183 D
2183-12 I M
2183-4 1I M
2183-32 III M
2183-13 I\Y M
04-154 (2018x 2504) D
04-154-17 I M
04-154-6 11 M
04-154-2 III M
04-154-1 I\% M
05-834 (2194 x 2344) D
05-834-14 I M
05-834-8 1I M
05-834-16 III M
05-834-19 v M

P. florida AST 2181 D
2181-15 I M
2181-2 11 M
2181-5 11T M
2181-21 v M

* D : dikaryon , M : monokaryon

_15_



Table 2. List of URP primers used in nucleus RAPD-PCR in P.

oStreatus

No. Products Sequences
1 URPO1 5-ATCCAAGGTCCGAGACAACC-3'
2 URPO2 5'-CCCAGCAACTGATCGCACAC-3’
3 URPO3 5'-GTGTGCGATCAGTTGCTGGG-3’
4 URPO4 5'-AGGACTCGATAACAGGCTCC-3'
5 URPO05 5'-GGCAAGCTGGTGGGAGGTAC-3’
6 URPO6 5'-ATGTGTGCGATCAGTTGCTG-3'
7 URPO7 5'-GGTGAACAGTGAGATGAACC-3'
8 URPOS 5'-TACATCGCAAGTGACACAGG-3’
9 URPO09 5'-AATGTGTGGCAAGCTGGTGG-3'
10 URP10 5'-GATGTGTTCTTGGAGCCTGT-3’
11 URP11 5'-GCACAAGAAGAGGATGTGGA-3’

—_
A\l

URP12 5'-GGCATTCTACCACCACAAGT-3'
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Table 3. MtPO1F/MtPOIR primers used in mitochondria DNA PCR in

P. ostreatus

Product size

(bp)

Primer Sequence

MtPO1F 5-CCGGCCCTACCTTAATTATTTT-3
120~ 400
MtPOIR 5-GTTTACCCCGCCTTTAGGTC-3

_17_



m. 2=

NE

ALz

1. ol 8l-wkal AEIF

Di-mono 232 7% (ASI 2504, ASI 2344, ASI 2181, ASI 2487,
ASI 2183, 04-154, 05-834) 14x=g o2 oA ¢ GAAE nzsle] 2
4 AZA A (Clamp connection)®] /o] &% 56719 w3+ (Table 5)&
AATE Ryu S(2008)9 AEo] WAl 28 MNEF SAATAA F=
El2] di-mono WujAI} YA Eo] 70~93% = 7]FEo wd-dd] wxkgo

Hlel

flo
o
o
ftlo
i
iu)
e
P
o
i)
E
o

BoAel Al ol d-we it

< B 9538 =2 100%9] wFES B A (Table 4).
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Table 4. Fertility of hybrids by di-mono cross in P. osterotus

df;‘l’;sm No. of hybrid % Fertility
ASI 2504 X ASI 2344 4 100%
ASI 2344 X ASI 2504 4 100%
ASI 2181 X ASI 2344 4 100%
ASI 2344 X ASI 2181 4 100%
ASI 2181 X ASI 2504 4 100%
ASI 2504 X ASI 2181 4 100%
ASI 2487 X ASI 2344 4 100%
ASI 2344 X ASI 2487 4 100%
ASI 2487 X ASI 2183 4 100%
ASI 2183 XASI 2487 4 100%
ASI 2487 X 04-154 4 100%
04-154 X ASI 2487 4 100%
ASI 2487 X 05-834 4 100%
05-834 X ASI 2487 4 100%

04-154 : hybrid (ASI 2018 x ASI 2504)
05-834 : hybrid (ASI 2194 x ASI 2344)
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Table 5. Di-mono cross combination in . osterotus

Cross .
dicmono Monokaryon No. of hybrid
2344-11 (I) 08-119
2344-8 (1) 08-120
ASI 2504 X ASI 2344 2344-2 (III) 08-121
2344-107 (IV) 08-122
2504-2 (I) 08-123
2504-11 (1) 08-124
ASI 2344 X ASI 2504 2504-25 (1) 08-125
2504-1 (IV) 08-126
2344-11 (I) 08-127
2344-8 (1) 08-128
ASI 2181 X ASI 2344 2344-2 (III) 08-129
2344-107 (IV) 08-130
2181-15 (I) 08-151
2181-2 (1) 08-152
ASI 2344 X ASI 2181 2181-5 (1) 08-153
2181-21 (IV) 08-154
2504-2 (1) 08-131
2504-11 (1) 08-132
ASI 2181 X ASI 2504 2504-25 (1) 08-133
2504-1 (IV) 08-134
2181-15 (I) 08-155
2181-2 (1) 08-156
ASI 2504 X ASI 2181 2181-9 (III) 08-157
2181-21 (IV) 08-158
2344-11 (I) 08-135
2344-8 (1) 08-136
ASI 2487 X ASI 2344 2344-2 (III) 08-137
2344-107 (IV) 08-138
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Table 5. Continued

Cross .
dicmono Monokaryon No. of hybrid

2487-1 (I) 08-266

2487-9 (1) 08-267

ASI 2344 X ASI 2487 2487-2 (IIl) 08-268
2487-30 (IV) 08-269

2183-12 (1) 08-139

2183-4 (1) 08-140

ASI 2487 X ASI 2183 2183-32 (1) 08-141
2183-13 (IV) 08-142

2487-1 (I) 08-270

2487-9 (I) 08-271

ASI 2183 X ASI 2487 2487-2 (1) 08-272
2487-30 (IV) 08-273

04-154-17 () 08-143

04-154-6 (1) 08-144

ASI 2487 X 04-154 04-154-2 (III) 08-145
04-154-1 (1V) 08-146

2487-1 (I) 08-274

2487-9 (1) 08-275

04-154 X ASI 2487 2344-2 (1) 08-276
2344-30 (IV) 08-277

05-834-14 () 08-147

05-834-8 (II) 08-148

ASI 2487 X 05-834 05-834-16 (I1I) 08-149
05-834-19 (IV) 08-150

2487-1 (I) 08-278

2487-9 (1) 08-279

05-834 X ASI 2487 2487-2 (III) 08-280
2487-30 (IV) 08-281
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2. @ DNA t3d4

“Ete @F TABE od-9e wgoR F UEF 5671 wFFE

59 37HA FdE dUErATh o] A= Lee 520119 A EF =EE
WA shgese]  BAolA old-gd  wFste]  de wA Y
RAPD-PCRE &3¢ 3 DNA tdAES 418 23 DNA profiledl Al &
AFe] MEE 7FAY, BaFef 2 Wi o §31% o] & 7hA

ki st A FAFH

H

ojal Ao} 7H7te FAB/AE BA Aol F 56709 wFF 4070
(71.4%)¢] wzFF7F oA} Ao 100% =S FARAE e
(Table 6, Fig. 3-9, 11, 13, 15). @A} 77be FABAE veEpd
Fe 57/M89%), T F el vEb wFF 7 171(17%) At

WFF 40 = ol :MA - A FAHFEH (34 15 DO 3 A {FAY
A5 eyt (Table 6, Fig. 2-15)

“EbE 7 oldl-hal g2 ASI 2344(013) x ASI 2504(%Ha),
ASI 2487(o] &) x ASI 2344(H3), ASI 2344(¢] &) x ASI 2487(3),
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ASI 2183(e]3) x ASI 2487(+a), 04-154(¢]3) x ASI 2487(%3)),
05-834(0]8) x ASI 2487(F3) 623 2470 w77 oA o ¢
S yEa(Table 6, Fig. 3, 8, 9, 11, 13, 14, 15), ol & A ¢} Gl A2 <
EAY %42 UelUlE ASI 2504 x ASI 2344, ASI 2487 x ASI
2183, ASI 2487 x ASI 04-154(Table 6, Fig. 2, 10, 12) 4% 1671 w %

F7} olalA  wralA - e (705 DR Ep

]

O
[

¢

sl valAe FRHA} F0FFS JEE 4] 239 o

T FHHES HW ASI 2504 x ASI 2344 %3+ Fig. 2 oA e o]
370el wRF= ASI 25049 83~83%2 FAFIAE vEFH A, 1749
5 ASI 2344¢F 64% AEo FAdB3AE Ebvpdllth. ASI 2487 x ASI
2183 =32 Fig. 107} 7ol 27he] nizhb=7F ASI 24873 80% o]4, 270
o] wgF7F ASI 21833 85% o]de] FA#AE RAtk ASI 2487 x
ASI 04-154 %3+ Fig. 123 #2o] ASI 24873 7M7h 4 3AE 2

-~

2709 WRFE 98% o4 ¥ FARAS mm, 2709 T
4-15400 7Pk HABAE e ol AW FA B W

0
g0 FAWAIL FREE AP, AR o= F B AFo] 80% o

ASI 2487 x 05-834 %3¢ Z$olE Flg. 147 o] 349 ngFE
o)A ASI 24873 98% o9 HAWAE 14 mEFE o FA
ASI 24873H= 81%, T3 Al 05-83491% 75% A== FWF9 FHHH
°] DNA 475 e
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Table 6. Nuclear DNA pattern of hybrids by di-mono cross in P.

osterotus

Cross No. of DNA Cross No. of DNA
di-mono hybrid pattern® di-mono hybrid pattern

08-119 D 08-266 D

ASI 2504 x 08-120 D ASI 2344 x 08-267 D

ASI 2344 08-121 M ASI 2487 08-268 D

08-122 D 08-269 D

08-123 D 08-139 D

ASI 2344 x 08-124 D ASI 2487 x 08-140 M

ASI 2504 08-125 D ASI 2183 08-141 D

08-126 D 08-142 M

08-127 D 08-270 D

ASI 2181 x 08-128 D ASI 2183 x 08-271 D

ASI 2344 08-129 D ASI 2487 08-272 D

08-130 D 08-273 D

08-151 D 08-143 D

ASI 2344 x 08-152 D ASI 2487 x 08-144 M

ASI 2181 08-153 D 04-154 08-145 M

08-154 D 08-146 D

08-131 D 08-274 D

ASI 2181 x 08-132 D 04-154 x 08-275 D

ASI 2504 08-133 D ASI 2487 08-276 D

08-134 D 08-277 D

08-155 D 08-147 D

ASI 2504 x 08-156 D ASI 2487 x 08-148 D

ASI 2181 08-157 D 05-834 08-149 D

08-158 D 08-150 1

08-135 D 08-278 D

ASI 2478 x 08-136 D 05-834 x 08-279 D

ASI 2344 08-137 D ASI 2487 08-280 D

08-138 D 08-281 D

* D! Dikaryon, M: Monokaryon, I: Intermidiate
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2504 x 2344-11

2504 x 23448

2504 x 2344-107

2504 x 23442

042 056  om 08 T Lo
Coefficient

URPB

2504, 2344, 2504x2344-11, 2504x2344-§. 2504x2344-2, 2504x2344-107

Fig. 2. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2504 and 2344 by di-mono cross in P. ostreatus.
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21344

2344 x 2504-2

2344 x 2504-11

2344 x 2504-25

2344 1 25041
f=0]
0.42 .56 0.71 0.83 100
Coefficient

URPS URPE

2344, 2504, 2344x2504-2, 2344x 2604-11. 2344x2504-25. 2344x2504-1

Fig. 3. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2344 and 2504 by di-mono cross in P. ostreatus.

_26_



2181 x 2344-11

2181 x 23448

2181 x 2344-2

2181 x 2344-107

Il!-t-i |
0.42 0.56 0.71 0.85 L.o0
Coefficient

URP10

2181, 2344, 2181x2344-2, 2181x2344-§. 2181x2344-11, 2181%x2344-107

Fig. 4. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2181 and 2344 by di-mono cross in P. ostreatus.
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14 x 2150-13

IR 1 2181-21

23443 21918

2M4 x 11812

]

0,42 058 |3.."|. 08 1,00
Coellicient

2344, 2181, 2344x2181-2, 2344x2181-5. 2344x2181-15, 2344x2181-2]

Fig. 5. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2344 and 2181 by di-mono cross in P. ostreatus.
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EZISI x 1504-2

2181 x 2504-11

2151 x 2504-25

2181 x 2504-1

0.42 ' 0.56 o 0.85 ' 1.00
Coefficient

URP1 URPZ URP3 URP4 URPB

2181, 2504, 2181x2504-2. 2181x2504-11, 218(x2504-25, 2181x2504-1

Fig. 6. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2181 and 2504 by di-mono cross in P. ostrestus.
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2504 x 2151-11

1504 x 2151-15

2504 x 2131-2

1504 5 21519

B42 0.56 0.7l n.ss 100
Coellicient

LIRF4

2504, 2181, 2504x2181-15, 2604x2181-2. 2504x2181-9, 2504x2(81-21

Fig. 7. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2504 and 2181 by di-mono cross in P. ostrestus.

_30_



1487 1 234D

1487 5 142

1457 £ 23445
28T 5 20 00
042 0.56 0Tl 038 Loe
Casflicnt

URPS URPB URPY

R R -

2487, 2344, 2487x2344- 11, 2487x2344-§, 2487x2344-2. 2487<2344-107

Fig. 8. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 2344 by di-mono cross in P. ostrestus.
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Ty METL

104 x 1457-9

T4z M52
1344x 1457-30

1487

0,42 56 17l 045 L0
Coedlicient

URP2 LURF3 LAPS URFEG

w i -

I------'-
-

-
------
LA R 1Y L. o . -

W 23456, « WNEEnw
L LT Ly

2344, 2487, 2344x2487-1, 2344x2487-9, 2344x2487-2. 2344x2487-30

Fig. 9. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2344 and 2487 by di-mono cross in P. ostrestus.
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1487 x 215312

2457 x 115312

457 x 21534

4§ 115313

.42 056 a7l .55 Lg
Coeificient

URP1 URP? URPS URPT URPE

2487, 2183, 2487x2183-12. 2487x<2183-4, 2487x2183-32. 2487x2183-13

Fig. 10. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 2183 by di-mono cross in P. ostrestus.

_33_



1133

2183 x 24811

D180 5 LT

218y M§T2

21183 1 M45T-30

=]

0,42 (L5 _lr‘-l.
Coellicient

AP LURPS URPG

O g
i dd Qo

2183, 2487, 2183x2487-1, 2183x2487-9, 2183x2487-2. 2183x2487-30

Fig. 11. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2183 and 2487 by di-mono cross in P. ostrestus.
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)

I_I-L'S_ x (4-154-6

48T £ 041502

2487 x (-5

48T x 4-154-17

b4l 36 () | 35 L0
Coefficient

2487, 04-154. 2487x04-154-1. 2487x04-154-2. 2487x04-154-6. 2487x04-154-17

Fig. 12. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 04-154 by di-mono cross in P. ostrestus.
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0u4-154 x 1457

04154 3 2457-9

(4-154 1 1457-2

0u-154 5 2457-30

2l

0.4 p.s7 07 .96 L
Coeflicient

URP4 URPS

(R
=
g w

-

-
-

g THUHNNN-

04-154. 2487, 04-154x2487-1. 04-154x2487-2. 04-154x2487-9. 04-154%2487-30

Fig. 13. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 04-154 and 2487 by di—-mono cross in P. ostrestus.
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1487 x 0582406

487 x 05348

MET o 05314

2457 £ 05.534-19

L T G S

041 0.56 0,71 085 104
Coelicient

2487, 05-834, 2487x05-834-8, 2487x05-834-16. 2487x05-834-14, 2487x05-834-19

Fig. 14. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 05-834 by di-mono cross in P. ostrestus.
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(5518 5 1487-1

(5514 x 1487-8

-5 x 14372

05-534 x 1457-30

1487 |

D43 0.7 ) 056 Liw
Coellaceent

LIRP4

o

05-834, 2487, 05-834x2487-1, 05-834x2487-9, 05-834x2487-2, 05-834x2487-30

Fig. 15. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 05-834 and 2487 by di-mono cross in P. ostrestus.
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3. MEFZ=g o DNA v 4

ol#)-tre] wad F 14 2% 5670 WAF ¥ DNA S 2]
g

2 ®A st W

o
s
-
Z
>
.
=
o
=
r?
o

MEFZEglol DNA 442 AAH o= oA patterns Hol= 7
Fof daA o] FSs Hols AR FEHAJY. F, uFFIE o= 3
Z AF2 (2= dAS veW vk Baptista-Ferreira 5(1989)8 w2}
7 HEWAAA FHAEAY ojd A o] FAHS mEZ=g ol 334
Q1 Wz}t glo] 3o o]Fek A7} o] FXvhaL sFATh. TAE uAFE A
MEZEgols ¢ AFEY §d A | A3 2ok

F 56709 wEF T 42 (75%)9] w7 oAy S DNA
profileS X . tH(Table 7, Fig 16-22). @3 A3} 717t FAAAE LE
W FF== 1470 (25%) A

At =] 9 e o] o] -] wgFer =Eehe]7 di-mono w3t
Fol MEZE o DNA FHGdS vaws| iy ALH =gl 3 =gz
olgl-wtal wis 1671= oA . wEA (13 : 3), =EF FT(P.
ostreatus)t o] -g+&l wg 4070 = o)A - T A (29 - 11)2 E}
=

ZdEEE AHE =g =g o]d-ad uFxgol A ALE=E
g7t oA Ql =3k  ASI 2181(°]3]) x ASI 2344(%+3))(Fig. 17), ASI
2181(e]3) x ASI 2504(¢+3)(Fig. 18)& 8719 mga Ay ojdi A o] 1
EZ=g o} DNA FAYES ebWla, AbE =gzt g3 520 ZFASI
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2344(°18) x ASI 2181(&+&)(Fig. 17), ASI 2504(°1 &) x ASI 2181(¢
&) (Fig. 18), ¢ wFF &M= & ol @A : @alA (5: 3)o= e
el 7t oldl-wd wtzgol M= ASI 2344(018]) x ASI 2504(%F
), ASI 2487(°]8)) x ASI 2344(+a]), ASI 2344(o] ) x ASI 2487(t
&), ASI 2183(o] &) x ASI 2487(¢+ &), 04-154(0] ) x ASI 2487(3),
05-834(1 &) x ASI 2487(+3) 633 247) wgF7F ol A o] {2 A
S YUERLaL(Fig. 16, 19, 20, 22), ol A9} @A 2 == ASI 2504
x ASI 2344, ASI 2487 x ASI 2183, ASI 2487 x ASI 04-154(Fig. 16,
20, 21) 4= 1670 nZF7F ol A ¢ @A (5 11D)= vErRH o] A
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gy, AME =g @ ggle old-ud wFFE 8 DNAJgAE
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g 7b oA Al ALour mEFIl oA GAYFS LEIY I,

AR Bt deA o -ge wAFE ol sA £ oldA 3} v
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Table 7. Mitochondrial DNA pattern of hybrids by di-mono cross in

P. ostreatus

Cross No. of Mt DNA Cross No. of Mt DNA

di-mono hybrid pattern* di-mono hybrid pattern
08-119 D' 08-266 D
ASI 2504 x 08-120 M2 ASI 2344 x 08-267 D
ASI 2344 08-121 M ASI 2487 08-268 D
08-122 M 08-269 D
08-123 D 08-139 D
ASI 2344 x 08-124 D ASI 2487 x 08-140 M
ASI 2504 08-125 D ASI 2183 08-141 M
08-126 D 08-142 M
08-127 D 08-270 D
ASI 2181 x 08-128 D ASI 2183 x 08-271 D
ASI 2344 08-129 D ASI 2487 08-272 D
08-130 D 08-273 D
08-151 D 08-143 D
ASI 2344 x 08-152 M ASI 2487 x 08-144 M
ASI 2181 08-153 D 04-154 08-145 M
08-154 D 08-146 D
08-131 D 08-274 D
ASI 2181 x 08-132 D 04-154 x 08-275 D
ASI 2504 08-133 D ASI 2487 08-276 D
08-134 D 08-277 D
08-155 D 08-147 D
ASI 2504 x 08-156 M ASI 2487 x 08-148 M
ASI 2181 08-157 M 05-834 08-149 M
08-158 D 08-150 M
08-135 D 08-278 D
ASI 2478 x 08-136 D 05-834 x 08-279 D
ASI 2344 08-137 D ASI 2487 08-280 D
08-138 D 08-281 D

* D : dikaryon,

M: monokaryon, I : intermediate
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2504, 08 119, 08 120, O8 121, OB 122, 08 123, 08 124, 08 125, 08 126, 2344

Fig. 16. Mitochondrial DNA pattern of hybrids between strain 2504

and 2344 by di-mono cross in P. ostreatus.

di 2504 x mono 2344 : 08-119-122
di 2344 x mono 2504 : 08-123-126
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2181, 2344, 08 127,08 128,08 129,08 130.08 [51.08 152.08 153.08 154, 2344

Fig. 17. Mitochondrial DNA pattern of hybrids between strain 2181

and 2344 by di-mono cross in P. ostreatus.

di 2181 x mono 2344 : 08-127-130
di 2344 x mono 2181 : 08-151-154
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2181, 2504, 08-131.08-132,08-133.08-134.08-155,08-156,08-157.08-158, 2504

Fig. 18. Mitochondrial DNA pattern of hybrids between strain 2181

and 2504 by di-mono cross in P. ostreatus.

di 2181 x mono 2504 : 08-131-134
di 2504 x mono 2181 : 08-155-158
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2487, 08-135,08-136,08-137,08-138.08-266. 08-267, 08-268. 08-269. 2344

Fig. 19. Mitochondrial DNA pattern of hybrids between strain 2487

and 2344 by di-mono cross in P. ostreatus.

di 2487 x mono 2344 : 08-135-138
di 2344 x mono 2487 : 08-266-269
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2487, 08-139. 08-140, 08-141. 08-142. 08-270. 08-271. 08-272. 08-273. 2183

Fig. 20. Mitochondrial DNA pattern of hybrids between strain 2487

and 2183 by di-mono cross in P. ostreatus.

di 2487 x mono 2183 : 08-139-142
di 2183 x mono 2487 : 08-270-273
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248708 143,08 144,08 145,08 146,08 274,08 275,08 276,08 277.04 154, 2018' 25047

Fig. 21. Mitochondrial DNA pattern of hybrids between strain 2487

and 04-154 by di-mono cross in P. ostreatus.

di 2487 x mono 04-154 : 08-143-146
di 04-154 x mono 2487 : 08-274-277

L2 . parent of 04-154
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2487.08-147,08-148.05-149.08-150.08-284, 08-279. 08-250, 08-281, 05-834. 2194 2344

Fig. 22. Mitochondrial DNA pattern of hybrids between strain 2487

and 05-834 by di-mono cross in P. ostreatus.

di 2487 x mono 05-834 : 08-147-150
di 05-834 x mono 2487 : 08-278-281
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5. A4A 54

ojal-ctal wH3I Z 14
S zAbEta oA i g A9 fH FAEE B4 dne g

7t} (Table 8, Fig. 23).
e ot EE AME=EE e o r g =geet Mol g
=

a3 e % N SFO

(50%) hebgth. ol FXFE ASNE  odA] F o e
2 AZE GE AAdon Aduee me old-wd mPF

o g e oldAe] FAFAEI ¥ Ao ey

2R E ASI 2181(e]&) x ASI 2344(F3) =g

)
N
N
)

2l
(100%) REF oA S w@kar, ASI 2344(]3]) x ASI 2181(F3W) x>
W 470(100%) 2 SFEEolyt o]l Al My ¥ g2 Aow 4
EbTh mEgE ASI 2181(o]3) x ASI 2504(F3))x3e] A% uis
4(100%) 71 R dikaryons S Skal, ASI 2504(c]&) x ASI 2181(d3)=
2 wgF 4(100%)70 25 S ol o] siAle] M o g Ao

=

o
=

1=
A

oldl-gal 567) AT F 2t Mol % SHEPW wFFE 08-141,

53 4
08-147, 08-149°. 2 =415 e
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%
al. 2008)x S uwl AA 5670 T 27(482%)7/ nFFI7F F

Fe A
S etk =9 £ 100g o3-S 1971(33.9%) 2 Lhebwk
oll-gral wFel FEAel $4% 277 mAFE AW} =

Hele olsl-wal wE 971(33.3%)9 ez 4o $49 od-

ofdl-whel WiFo miFete £HS WAL W, RiFFurh Fo
of we WAFI AA 207 WAF F ONUE%), RiFF neh FFol

B wgFIE 10(6%), Rt 2AY vl s2d agksrE 1071(50%) =

AP =ERel ok ek oldl-ad g 1670 5 97H(56.2%)7F
Fol T wgFE AbE et oAl wxFrE 374(18.75%),
AFE e 7 @ E Q] WS 6(37.5%) /= o d-whE wgdol A ALA

==
H T
e b @A Ql nghg o) o] E okt

“ERERE o) -E wgF 4070 T 187H(45%)] 2§ vl &2 ASI
2504(0] ) x ASI 2344(mono), ASI 2344(0]3]) x ASI 2504 (¥+3)),
ASI 2344(018)) x ASI 2487(%+3]), ASI 2487(°]18]) x ASI 2183(&+3)),
ASI 2487(0]3) x 04-154 (&3), 04-154(°]3) x ASI 2487(3}), ASI
2487(0]3) x 05-834(3W), 05-834(¢]3h) x ASI 2487(F3) =g 247+ 2
4:4:2:1:2:1:3 2 ASI 23447} ol & Aol w37t 871(44.4%)
Fok. wEta ol -tk wRko A ASI 23447} ol & A A $-o m it
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B FFdel 53 Ao et

LERE R ol # ke mgtol A ko] =3k ASI 2344(0] %) x
AST 2504 (&3¥), ASI 2344(c] ) x ASI 2487(+a))z3t wghFo] 43
A= ZH7E 161.7~172.9, 91.8~130% ASI 2344(0] &) x ASI 2504 (¢

d)zgrel wpFe el Euh

AA Ao 2= ASI 2487(0]3) x 04-154(+&) =gHe] 08-145, ASI
2487(018) x ASI 2183(&3]) ZF o] 08-141, ASI 2504(¢]8)) x ASI
2344(+3) z3+o] 08-121 n@F7F z+zh S ¥ 147.3g, 143g, 1399g , &
FA = Zh7F 1609, 156.3, 19352 FFAd o] 7 943 2oz YEy
tH(Table 13, Fig. 23-g).

olgl-gdl W& W FA(doner)e I, mlEZE=olrt &

(recipient) 2 o] &= o &9 3, vEZ=golst g HFAHL

AEHoR 2 Mg /|FoE AAvees meeg od-wy wg
Fo mEF oHA mt wdAs f4 KAEE vas B dg o9

A% (50%), TP 87/M50%) % vEbgT olw FEE S A
ol# Ao = © 77t Zb MZAS UEtia, o] -wd wgFo] A
o] 923 27/ wAZEE= AA-god g oldl-ta wHE
(33.3%)¢} =E}E 7t Fo]l 5 wHF (66.6%)% UERETh 53] A}
Aretg] o} =gl oold-ga] wre A= AbHE gl rt el el wig

Fo #Fgol e
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Table 8. Characteristics of fruiting bodies of hybrids by di—-mono

cross in P. osterotus

Weight of
Cross No. of Days to carpgphore Color of Shape of
Di-mono hybrid  primordia © pileus pileus
&
ASI 2504 9.4+1.1 72.3+18.3 black deep-funnel
ASI 2344 6.0£0.0 139.0+11.4 dark-gray deep-funnel
ASI 2504 X 08-119 5.8+1.0 90.0£0.0 grayish-blue deep-funnel
ASI 2344 08-120 4618 323+5.4 light grayish-blue deep-funnel
08-121 4.0£0.0 139.9+16.3 grayish-brown deep-funnel
08-122 5.4+15 60.331.5 light deep-funnel
grayish-brown
ASI 2344 6.0£0.0 139.0+11.4 dark-gray deep-funnel
ASI 2504 9.4+1.1 72.3+18.3 black deep-funnel
ASI 2344 X 08-123 4.0+0.0 119.3£9.6 dark-gray deep-funnel
ASI 2504 08-124 4.0£0.0 116.9+20.9 dark-gray deep-funnel
08-125 49418 125.0+18.3 dark-gray deep-funnel
08-126 51+1.8 117.5+28.2 dark-gray deep-funnel
ASI 2181 whity yello shallow-funnel
ASI 2344 6.0£0.0 139.0+11.4 dark-gray deep-funnel
ASI 2181 X 08-127 7.7£1.0 73.3£10.9 whity yellow shallow-funnel
ASI 2344 08-127 7.0+0.9 83.9+23.0 whity yellow shallow-funnel
08-129 5.8+1.2 104.6+10.6 whity yellow shallow-funnel
08-130 6.6+1.8 94.3+11.6 whity yellow shallow-funnel
ASI 2344 6.0+0.0 139.0+11.4 dark-gray deep-funnel
ASI 2181 whity yello shallow-funnel
ASI 2344 X 08-151 6.9+0.3 124.0+0.0 light-brown shallow-funnel
ASI 2181 08-152 6.0+0.0 60.0+0.0 gray shallow-funnel
08-153 6.6£0.5 114.0£0.0 grsyish-brown shallow-funnel
08-154 9.6£1.3 86.7+10.4 dark-brown shallow-funnel
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Table 8. Continued

Weight of
Di(ffr?cs;ilo Eyol;rio 5 pll?iérlr}l]gr:ﬁa carp(%phore Color of pileus
©)
ASI 2181 ND! whity yello shallow-funnel
ASI 2504 72.3+18.3 black deep-funnel
ASI 2181 X 08-131 66.0£24.0 whity yellow shallow-funnel
AST 2504 08-132 83.3+17.1 whity yellow shallow-funnel
08-133 78.3+32.9 whity yellow shallow-funnel
08-134 100.8+19.7 whity yellow shallow-funnel
ASI 2504 72.3+18.3 black deep-funnel
ASI 2181 whity yello shallow-funnel
ASI 2504 X 08-155 100.7+6.9 dark-gray blue shallow-funnel
ASI 2181 08-156 100.0+0.0 dark-gray blue shallow-funnel
08-157 116.0+0.0 brown deep-funnel
08-158 105.0+0.0 brown deep-funnel
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
ASI 2344 139.0+11.4 dark-gray deep-funnel
ASI 2487 X 08-135 76.8+15.1 grayish-blue shallow-funnel
ASI 2344 08-136 70.3+14.5 grayish-blue shallow-funnel
08-137 75.1+13.9 grayish-blue shallow-funnel
08-138 48.6121.3 grayish-blue shallow-funnel
ASI 2344 139.0+11.4 dark-gray deep-funnel
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
ASI 2344 X 08-266 102.0+0.0 dark-brown shallow-funnel
ASI 2487 08-267 108.8+15.0 dark-brown flat
08-268 110.2+12.6 dark-brown shallow-funnel
08-269 84.0£0.0 dark-brown shallow-funnel

ND' : not data
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Table 8. Continued

Weight of
Cross .
) No. of Days to carpophore Color of pileus
Di-mono hybrid primordia
(&)
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
ASI 2183 145.0+9.0 gray flat
08-139 76.4+19.1 grayish-blue shallow-funnel
ASI 2487 X
ASI 2183 08-140 100.1£23.7 dark grayish-blue flat
08-141 143.0+9.0 blackish gray flat
08-142 56.6+7.2 light grayish blue shallow-funnel
04-154 dark-gray hemispheric
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
04-154 08-270 73.3+18.4 light gray hemispheric
X 08-271 58.0£2.8 gray hemispheric
ASI 2487
08-272 95.0£0.0 grayish white hemispheric
08-273 70.0+0.0 gray hemispheric
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
04-154 dark-gray hemispheric
ASI 2487 X 08-143 77.7+11.4 grayish blue shallow-funnel
04-154 08-144 68.3+6.4 grayish blue shallow-funnel
08-145 147.3+16.0 grayish blue shallow-funnel
08-146 78.0£15.3 grayish blue shallow-funnel
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
04-154 dark-gray hemispheric
04-154 X ASI 08-274 92.5+6.3 dark-gray shallow-funnel
2487 08-275 92.849.7 grayish-blue shallow-funnel
08-276 80.3+9.3 dark-gray shallow-funnel
08-277 80.0+11.8 dark-gray shallow-funnel

ND' : not data
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Table 8. Continued

Weight of
Cross .
. No. -Of Days to carpophore Color of pileus
Di-mono hybrid primordia
©)
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
05-834 ND! grayish-brown flat
ASI 2487 X 08-147 81.3+19.3 blackish gray deep-funnel
05-834
08-148 79.7+9.4 grayish blue shallow-funnel
08-149 96.8+12.1 blackish gray deep-funnel
08-150 75+0.0 grayish brown deep-funnel
05-834 grayish-brown flat
ASI 2487 91.5+18.1 grayish-blue shallow-funnel
05-834 X ASI 08-278 86.4:6.7 brown flat
2487
08-279 96.7+9.7 brown shallow-funnel
08-280 97.2+11.4 dark brown flat
08-281 92.219.6 brown flat

ND' : not data
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mono cross in P. ostreatus.

Fig. 23. Fruiting bodies of hybrids by di

b. 2181 X 2344, c. 2181 X 2504, d. 2487 X 2183

Da. 2504 x 2344,
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Fig. 23. Continued

De 2344 X 2181, f. 2487 X 05-834, g. 2344 X 2487
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Fig. 23. Continued

*h. 2183 X 2487, 1. 04-154 X 2487, j. 05-834 X 2487
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el -l W =Ehg] 7F(ASI 2504, ASI 2344, ASI 2181, ASI
2487, ASI 2183, 04-154, 05-834)& A&ste] HAAAA A ZAE A
Astel BEAS P F wwd 4TFE AR T wEFe 5

o AXAZAA(Clamp)E &eld 85579 nFFEZ AAgrH(Table 10).

gal-gal wEgge 50~93.75%% W 75.89%S LEFWTH Table 8).
ol Z& Ryu &, (2008)¢9] & =E}2l9] oldl-wral wal-va wit)

Ap e ek meee) wEl-ws wi, mehe de-ve wgz
dd ugss wasinw 7z 81.25%, 75% = AbE -ete e e o
dl-gre) wg ol 7.25% % keh

53], AbE=EE e =EEle we-gs wy ASI 2181(FH1) x
ASI 2504(+312), ASI 2487(31) x 04-154(kH2) =g o] A 9= w3
$ 93.75% % wuld 4 =5 167 g R 147 uFgFES do] 7 =
WSS Yebl 3, AST 2487(2ka1) x ASI 2183(¢h&2) =g
WAool 50%E 7Hg Skt

rlo
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Table 9. Fertility of hybrids by mono-mono cross in FP. osterotus

Cross

MONO-MONG No. of hybrid % Fertility
ASI 2344 X ASI 2504 11 68.75%
ASI 2181 X ASI 2344 11 68.75%
ASI 2181 X ASI 2504 14 93.75%
ASI 2487 X ASI 2344 8 75.00%
ASI 2487 X ASI 2183 15 50.00%
ASI 2487 X 04-154 14 93.75%
ASI 2487 X 05-834 12 87.50%
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2. 2. 3 DNA v©d4

setE] w5 7E9 9¥-wd 85 wiFe] 3 DNA FdSs B4 e

t}. (Table 10, Fig. 24-30).

AAHoR FUFhe FARAL Frholw FAol o BE AF

S 25 0 M FAFTE e

AR e EY e o] gel-wd mE 257 F 167(64%)7F Al
Areel £ A 9466%)E mEe 2EFe £ o e 5w
AZ vk ez ge-gd wgF 607 F ASI 2344(98) x
ASI 2504(9 ), ASI 2487(98)) = 04-154(9 ) Z3e] 3370(55%) w3t
Fe AR 8% REFd 9 e FABAE UEa, ASI 2487(%
) x 05-834(2rd), ASI 2487(k3)) x ASI 2183(vta))z o] mF 27
ME0)E 247 507, (7: AZ o waks Uijo] FAFsh &

e
El
2

Z
>
o2
o>
o,
At}
o,
I
i
o
X
do
P2
)
rlr
S,
o
ne
r
¥,

Sk ASI 2487 x ASI 2344 z=3te] 7% Fig. 279 Dendrogram-<
HH R FAAAT oF 95% FAAAE B & ASdS &

o
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Table 10. Nuclear DNA pattern of hybrids by mono-mono cross in F.

osterotus
Cross No. of DNA
Parental strain
Mono x mono hybrid pattern*

2344-11 (I) X 2504-2 (II) 08-113 I

2344-11 (I) X 2504-11(II) 08-159 I

2344-11 (I) X 2504-25 (III) 08-160 I

2344-11 (I) X 2504-1 (IV) 08-161 I

ASI 2344 x  2344-8 (I) X 2504-25 (IV) 08-117 I
ASI 2504 2344-8 (I) X 2504-1 (IV) 08-164 I
2344-2(IIT) X 2504-2 (I) 08-165 I

2344-2(I11) X 2504-11 (1) 08-118 I

2344-2(11) X 2504-25 (1) 08-114 I

2344-2(I11) X 2504-1 (IV) 08-166 I

2344-107 (IV) X 2504-1 (III) 08-115 I

2181-15 (I) X 2344-11 (I) 08-170 I

2181-15 (I) X 2344-8 (II) 08-171 I

2181-15 (I) X 2344-2 (III) 08-172 I

2181-15 (I) X 2344-107 (IV) 08-173 I

ASI 2181 x 21812 () X 2344-11 (1) 08-174 I
2181-2 (II) X 2344-8 (II) 08-175 I

ASI 2344 2181-2 (I) X 2344-2 (III) 08-176 I
2181-5 (II) X 2344-11 () 08-178 I

2181-5 (Il) X 2344-8 (II) 08-179 I

2181-5 (II) X 2344-2 (III) 08-180 I

2181-21 (IV) X 2344-11 (1) 08-182 I

*

I, IO, I, IV : mating type, I : intermediate
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Table 10. Continued

Cross No. of DNA
Parental strain
Mono x mono hybrid pattern*®
2487-1 (I) X 2344-107 (IV) 08-205 I
2487-9 (II) X 2344-2 (III) 08-208 I
ASI 2487 X 2487- 2 (III) X 2344-8 (1) 08-211 I
2487- 2 (I) X 2344-107(IV) 08-213 I
ASE 2344 248730 (IV) X 2344-11 (I) 08-214 I
2487-30 (IV) X 2344-8 (II) 08-215 I
2487-30 (IV) X 2344-2 (III) 08-216 I
2487-30 (IV) X 2344-107 (IV) 08-217 I
2487-1 (I) X 2183-12 (I) 08-218 I
2487-1 (I) X 2183-4 (II) 08-219 I
2487-1 (I) X 2183-13 (IV) 08-221 I
2487-9 (II) X 2183-12 (1) 08-222 I
2487-9 (I) X 2183-4 (II) 08-223 I
2487-9 (II) X 2183-32 (III) 08-224 I
ASI 2487 x 2487-9 (II) X 2183-13 (IV) 08-225 I
ASI 2183 2487- 2 (III) X 2183-12 (I) 08-226 I
2487- 2 (III) X 2183-4 (II) 08-227 I
2487- 2 (1II) X 2183-32 (III) 08-228 I
2487- 2 (IIl) X 2183-13 (IV) 08-229 I
2487-30 (IV) X 2183-12 (I) 08-230 I
2487-30 (IV) X 2183-4 (II) 08-231 I
2487-30 (IV) X 2183-32 (III) 08-232 I
2487-30 (IV) X 2183-13 (IV) 08-233 I

*

I, O, MM, IV : mating type, I:

intermediate
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Table 10. Continued

Cross No. of DNA
Parental strain
Mono x mono hybrid pattern*®

2487-1 (I) X 04-154-2 (III) 08-236 I

2487-1 (I) X 04-154-1 (IV) 08-237 I

2487-9 (I) X 04-154-17 (I) 08-238 I

2487-9 (II) X 04-154-6 (1) 08-239 I

2487-9 (I) X 04-154-2 (II) 08-240 I

ASI 2487 X 2487-9 (II) X 04-154-1 (IV) 08-241 I
2487-2 () X 04-154-17 (I) 08-242 I

04-154 2487-2 () X 04-154-6 (1) 08-243 I
2487-2 (II) X 04-154-2 (III) 08-244 I

2487-2 () X 04-154-1 (IV) 08-245 I

2487-30 (IV) X 04-154-17 (I) 08-246 I

2487-30 (IV) X 04-154-6 (II) 08-247 I

2487-30 (IV) X 04-154-2 (III) 08-248 I

2487-30 (IV) X 04-154-1 (IV) 08-249 I

2487-1 (I) X 05-834-14 (I) 08-250 I

2487-1 (I) X 05-834-16 (III) 08-252 I

2487-1 (I) X 05-834-19 (1V) 08-253 I

2487-9 (I) X 05-834-16 (III) 08-256 I

2487-9 (I) X 05-834-19 (IV) 08-257 I

ASI 2487 x  2487-2 (Il) X 05-834-8 (II) 08-259 I
05.834 2487-2 (Il) X 05-834-16(II) 08-260 I
2487-2 (III) X 05-834-19 (1V) 08-261 I

2487-30 (IV) X 05-834-14 (I) 08-262 I

2487-30 (IV) X 05-834-8 (II) 08-263 I

2487-30 (IV) X 05-834-16(11I) 08-264 I

2487-30 (IV) X 05-834-19 (IV) 08-265 I

* . I, I, M, IV : mating type, I : intermediate
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Table 10. Continued

) Cross No. of DNA
Parental strain

Mono x mono hybrid pattern®

2181-15 (I) X 2504-2 (I) 08-186 I

2181-15 (I) X 2504-11 (1) 08-187 I

2181-15 (I) X 2504-25 (III) 08-188 I

2181-15 (I) X 2504-1 (IV) 08-189 I

2181-2 (II) X 2504-2 (I) 08-190 I

2181-2 (II) X 2504-11 (II) 08-191 I

ASI 2181 x 2181-2 (II) X 2504-25 (III) 08-192 I

ASI 2504 2181-2 (II) X 2504-1 (IV) 08-193 I

2181-5 (III) X 2504-2 (I) 08-194 I

2181-5 (III) X 2504-11 (1I) 08-195 I

2181-5 (III) X 2504-25 (III) 08-196 I

2181-5 (III) X 2504-1 (IV) 08-197 I

2181-21 (IV) X 2504-25 (III) 08-200 I

2181-21 (IV) X 2504-1 (IV) 08-201 I

* .

I, O, I, IV : mating type,

I:

intermediate
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Fig. 24. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2344 and 2504 by mono-mono cross in P. ostreatus.
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Fig. 25. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2181 and 2344 by mono-mono cross in P. ostreatus.
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0.42 0.55 0.68 0.51 0.94
Coeflicient

LRF & LRF &
daker, 2181, 2504, 08-186, 08-187, 98-188.98-189_08-190. 08-191.08-192.08-193. 08-194 . 08-195.98-196
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Fig. 26. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2181 and 2504 by mono-mono cross in P. ostreatus.
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Fig. 27. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 2344 by mono-mono cross in P. ostreatus.
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Fig. 28. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 2183 by mono-mono cross in P. ostreatus.
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03 217,08 218 03 219

Fig. 29. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 04-154 by mono-mono cross in P. ostreatus.
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Fig. 30. UPGMA dendrogram based on URP-PCR analysis of hybrids

between strain 2487 and 05-834 by mono-mono cross in P. ostreatus.
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Aderelel mEEe] wel-gd x@gEes ASI 2181(d91)
ASI 2344(2H312)(Fig. 32), ASI 2181(¥H8l1) x ASI 2504(%k312)(Fig. 33)
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1) x ASI 2183(¢32)(Fig. 35), ASI 2487(%31) x 04-154(%+32)(Fig.
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Table 11. Mitochondrial DNA pattern of hybrids by mono—mono cross

in P. ostreatus

Mitochondria
i Cross No. of
Parental strain . 1 DNA
monol x mono2* hybrid
pattern**

2344-11 (I) X 2504-2 (1) 08-113 M2

2344-11 (I) X 2504-11(11) 08-159 M1

2344-11 (I) X 2504-25 (III) 08-160 M1

2344-11 (I) X 2504-1 (IV) 08-161 M1

ASI 2344 x 2344-8 (II) X 2504-25 (IV) 08-117 M2
ASI 2504 2344-8 (1) X 2504-1 (IV) 08-164 M1
2344-2(1I1) X 2504-2 (1) 08-165 M1

2344-2(I1) X 2504-11 (1) 08-118 M2

2344-2(1I1) X 2504-25 (1) 08-114 M1

2344-2(1IT) X 2504-1 (IV) 08-166 M1

2344-107 (IV) X 2504-1 (III) 08-115 M1

2181-15 (I) X 2344-11 (I) 08-170 M1

2181-15 (I) X 2344-8 (II) 08-171 M1

2181-15 (I) X 2344-2 (III) 08-172 M1

2181-15 (I) X 2344-107 (IV) 08-173 M2

ASI 2181 x 2181-2 (II) X 2344-11 (I) 08-174 M1
2181-2 (II) X 2344-8 (1) 08-175 M1

ASL 2344 91810 (i) X 23442 (1) 08-176 M1
2181-5 (1) X 2344-11 (I) 08-178 M1

2181-5 (IIT) X 2344-8 (I0) 08-179 M2

2181-5 (II) X 2344-2 (III) 08-180 M2

2181-21 (IV) X 2344-11 () 08-182 M2

* I, O, I, IV : mating type,

% M1 ! mono 1, M2 : mono2, I ! intermidiate
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Table 11. Continued

Mitochondria
) No. of
Parental strain Cross DNA
hybrid
monol x mono2* pattern**
2487-1 (I) X 2344-107 (IV) 08-205 M1
2487-9 (II) X 2344-2 (II) 08-208 M1
ASI 2487 X 2487- 2 (III) X 2344-8 (1) 08-211 M1
2487- 2 (II) X 2344-107(IV) 08-213 M1
ASE 2344 548730 (IV) X 2344-11 (1) 08-214 M1
2487-30 (IV) X 2344-8 (II) 08-215 M1
2487-30 (IV) X 2344-2 (III) 08-216 M1
2487-30 (IV) X 2344-107 (IV)  08-217 M1
2487-1 (I) X 2183-12 (I) 08-218 I
2487-1 (I) X 2183-4 (II) 08-219 I
2487-1 (I) X 2183-13 (IV) 08-221 M2
2487-9 (II) X 2183-12 (I) 08-222 I
2487-9 (II) X 2183-4 (II) 08-223 I
2487-9 (1) X 2183-32 (III) 08-224 I
ASI 2487 x 2487-9 (II) X 2183-13 (IV) 08-225 M2
ASI 2183 2487- 2 (III) X 2183-12 (I) 08-226 I
2487- 2 (III) X 2183-4 (II) 08-227 M2
2487- 2 (1II) X 2183-32 (III) 08-228 M2
2487- 2 (III) X 2183-13 (IV) 08-229 I
2487-30 (IV) X 2183-12 (I) 08-230 I
2487-30 (IV) X 2183-4 (II) 08-231 I
2487-30 (IV) X 2183-32 (III) 08-232 I
2487-30 (IV) X 2183-13 (IV) 08-233 M2

%

I, O, MM, IV : mating type,

#x. M1 @ mono 1, M2 : mono2, I : intermidiate
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Table 11. Continued

Mitochondri
) No. of
Parental strain Cross a DNA
hybrid
monol x mono2* pattern**
2181-15 (I) X 2504-2 (I) 08-186 M2
2181-15 (I) X 2504-11 (1) 08-187 M2
2181-15 (I) X 2504-25 (III) 08-188 M2
2181-15 (I) X 2504-1 (IV) 08-189 M1
2181-2 (II) X 2504-2 (I) 08-190 M2
2181-2 (II) X 2504-11 (II) 08-191 M2
AST 2181 x 2181-2 (II) X 2504-25 (III) 08-192 I
ASI 2504 2181-2 (II) X 2504-1 (IV) 08-193 I
2181-5 (III) X 2504-2 (I) 08-194 I
2181-5 (III) X 2504-11 (II) 08-195 M2
2181-5 (III) X 2504-25 (III) 08-196 M1
2181-5 (III) X 2504-1 (IV) 08-197 M1
2181-21 (IV) X 2504-25 (III) 08-200 M2
2181-21 (IV) X 2504-1 (IV) 08-201 M2

* 1, O, I, IV : mating type,

#x. M1 © mono 1, M2 : mono2, I : intermediate
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Hakor, 2344, 08 113,08 159,08 160,08 160,08 117,08 164,08 165,08 113.08 (14,08 166,08 115
2604, Maker

Fig. 31. Mitochondrial DNA pattern of hybrids between strain 2344

and 2504 by mono—mono cross in P. ostreatus.

> mono 2344 x mono 2504
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Haker, 21810, 08 170,08 171,08 172,08 173,08 174,08 175,08 176.08 173.08 179,08 180,08 182
2344 vlaker

Fig. 32. Mitochondrial DNA pattern of hybrids between strain 2181

and 2344 by mono—mono cross in P. ostreatus.

> mono 2181 x mono 2344
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Hakor, 2181, 08 186,08 187,038 188.08 189,08 180,08 (81,08 192,08 193,08 194,08 195,08 196
08-197, 08-200_08-201. 2504

Fig 33. Mitochondrial DNA pattern of hybrids between strain 2181 and

2504 by mono-mono cross in P. ostreatus.

> mono 2181 x mono 2504
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Haker, 2487,08 205,08 208.08 211,08 213,08 214,08 215,08 216,08 217, 2344

Fig. 34. Mitochondrial DNA pattern of hybrids between strain 2487

and 2344 by mono-mono cross in P. ostreatus.

> mono 2487 x mono 2344
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3373.372%.73838

daker, 2487, 08-218.08-219.08-221, 08-222,08-223, 08-224. 08-225, 08-266, 08-227, 08-228,
08 229,08 230, 08 231, 08 232, 08 233, 2183

Fig. 35. Mitochondrial DNA pattern of hybrids between strain 2487

and 2183 by mono—mono cross in P. ostreatus.

> mono 2487 x mono 2183
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Haker, 2487, 08 236,08 237,08 238,08 239,08 240,08 241,08 242,08 243,08 244,08 245,

08 246,08 247,08 248,08 249, 04 154

Fig. 36. Mitochondrial DNA pattern of hybrids between strain 2487

and 04-154 by mono-mono cross in P. ostreatus.

> mono 2487 x mono 04-154
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Haker, 2487, 08 250,08 252 08 253,08 256,08 257,08 253,08 260,08 261,08 262,08 263,

08 264,08 265. 05 834, 2194°. 2344

Fig. 37. Mitochondrial DNA pattern of hybrids between strain 2487

and 05-834 by mono-mono cross in P. ostreatus.

: mono 2487 x mono 05-834, © ™ : parents of 05-834
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Table 12. Characteristics of fruiting bodies of hybrids by mono-mono

cross in P. ostreatus

o Weight of
Cross combination Color of
No. of hybrid carpophore Shape of pileus .
mono - mono pileus
(®)
ASI 2344 x ASI 2504
ASI 2344 139.0+11.4 deep-funnel dark-gray
ASI 2504 72.3+18.3 deep-funnel black
2344-11(1) x 2504-2(11) 08-113 125.3+24.7 deep-funnel bluish gray
2344-11(1) x 2504-25(1I) 08-160 65.7+14.0 deep-funnel  blackish blue
2344-8(1mm) x 2504-25(1M) 08-117 104.8+16.1 flat blue
2344-8(m) x 2504-1(1V) 08-164 93.8+2.9 deep-funnel dark-brown
2344-2(m) x 2504-2( 1) 08-165 91.9+9.3 deep-funnel brown
blackish
2344-2(m) x 2504-11(1T) 08-118 110.2+13.6 deep-funnel
brown
2344-2(m) x 2504-25(10) 08-114 107.3+11.9 shallow-funnel black
2344-2(m) x 2504-1(1V) 08-166 127.34£22.2 deep-funnel dark-gray
2344-107(v) x 2504-1(1I) 08-115 97.8+22.0 shallow-funnel brown
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Table 12. Continued

o Weight of
Cross combination Number of ) .
. carpophore Shape of pileus Color of pileus
mono - mono hybrid
(©)

ASI 2181 x ASI 2504

ASI 2181 ND shallow-funnel ~ whity yellow

ASI 2504 72.3+18.3 deep-funnel blackish gray
2181-15(1) x 2504-11(1m) 08-187 103.3£14.2 flat dark-gray
2181-15(1) x 2504-1(Wv) 08-189 108.6+18.0 flat grayish white
2181-2(1m) x 2504-2(1) 08-190 69.4+21.4 shallow-funnel brown
2181-2(mm) x 2504-25(1m) 08-192 64.3£13.1 shallow-funnel  grayish white
2181-5(m) x 2504-1(1v) 08-197 113.8+8.2 shallow-funnel  grayish white
2181-21(v) x 2504-25(mm) 08-200 82.1+£7.9 shallow-funnel grayish brown

ND' : not data
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Table 12. Continued

o Weight of
Cross combination Number of . Color of
. carpophore Shape of pileus .
mono - mono hybrid pileus
®)
ASI 2487 x ASI 2183
ASI 2487 91.5+18.1 shallow-funnel grayish blue
ASI 2183 145.0£9.0 flat gray
2487-15(1) x 2183-12(1) 08-218 71.6+5.8 hemisphere dark-gray
2487-15(1) x 2183-13(Wv) 08-221 91.2+14.2 flat dark brown
2487-9(1m) x 2183-32(m) 08-224 93.4£13.2 hemisphere blue
2487-9(11) x 2183-13(Wv) 08-225 95.9£12.0 flat bluish gray
2487-2(m) x 2183-4(1m) 08-227 63.9+10.8 shallow-funnel light brown
2487-2(m) x 2183-32(Im)) 08-228 104.8+6.9 hemisphere grayish brown
2487-2(V) x 2183-13(Iv) 08-229 67.5+5.7 hemisphere gray
2487-30(Iv) x 2183-4(1) 08-231 102.4+13.6 hemisphere brown

ND' : not data
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ABSTRACTS

Characterization of Intra-specific Hybrids in

Pleurotus ostreatus based on DNA Polymorphism

Kim, Eun-Jeong
Dapartment of Food and Nutrition
Graduate school

Sungshin Women'’s University

The primary objective of the present study is the characterization
of the hybrids of dikaryon-monokaryon (di-mono) and monokaryon-
monokaryon  (mono-mono) crosses in  mushroom breeding. We
employed this technique for developing develop superior species from
Pleurotus spp. varieties with 56 di-mono intraspecific hybrids of 14
combinations and 85 mono-mono intraspecific  hybrids of 7
combinations between six Pleurotus ostreatus strains and one Pleurotus
florida strain. In this study, the results of analysis on hybridization
rate, nuclear and mitochondrial DNA patterns, and colors and yields of

fruit-bodies, are presented as follows.

In di-mono crosses, hybrids between P ostreatus and P. florida

showed 100% of crossability as seen in those between P. ostreatus



and P ostreatus indicating that nuclei and mitochondria of a dikaryon
migrated to a recipient. In the di-mono cross between P ostreatus
and P florida, the nuclei of the hybrid strain showed the same or
similar patterns compared to the donor dikaryons. 60.7% of the hybrid
strain between P. ostreatus and P. ostreatus were similar to the donor
dikaryons; 8.9% had similar patterns compared to the recipient
monokaryon, while 1.8% showed combined patterns of both parents.
The mitochondrial DNA patterns of the hybrid strain were composed of

75% dikaryon donors and 25% monokaryon recipients.

50% of the hybrid strain between P£. florida and P. ostreatus showed
the fruiting body whose colors were similar to those of the dikaryon
P. florida, while the remaining 50% had half-and-half combined colors
of both parents. In case of a monokaryon £ florida, 100% showed
half-and-half combined colors of both parents but are more similar to
the dikaryon. Therefore, the fruiting body color of P florida tends to
be generally dominant. 50% of the hybrid strain between dikaryons and
monokaryons had the same fruiting body vyields as seen in both

parents: 5% were higher and 45% were lower than both parents.

The crossability between mono-mono crossing ranges between 50 and
93.75%. The results of the analysis on the nuclear DNA patterns of
85 hybrid strains of mono-mono crosses share the nuclei of both
parents, but their genetic similarities were predominated by either
parent. The hybrid strain between P. florida and P. ostreatus showed
patterns more similar to P. florida, while the hybrid strain between Z.

ostreatus and P. ostreatus either had patterns predominated by either



parent strain or indicated half-and-half combined patterns of both
parents. 82.4% of the hybrid strain showed mitochondrial DNA patterns
predominated by either parent, while the remaining 17.6% had

half-and-half combined patterns of both parents.

The fruiting body colors of the mono-mono crosses mostly had
combined colors of both parents but showed the tendency of being
more similar to that of either parent. 82% of the hybrid strain
indicated similar fruiting body yields compared to both parent strains,

while 0% was higher and 18% were lower than both parents.

The fruiting body vyields (g) of the strain between dikaryons and
monokaryons are generally greater than those of mono-mono crosses,
and many of them developed better fruiting bodies than their parent

strains.

The present study was able to find out and suggest superior hybrid
species by identifying the nuclear and mitochondrial DNA patterns of
hybrids between Pleurotus species as well as the characteristics of
their fruiting bodies. This study expects that the advantages of the
di-mono crossing are needs to be fully utilized in mushroom breeding
and it is better to develop superior species of Pleurotus spp. strains

together with the mono-mono crossing.
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