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kg, £ OW', HREM, B, Snn’,
£, ERT, Rk

(LR A 2 A i B 22 B AL AR AT 3RO A A= Bl T AR E S SRR s, VIR KRN 4500023
2 VTR R B A i B B, WIS B S 453003)

% ZE: [EM] R FHAIULE 2R 2ES, PR E RIS . [AE] T4 TD300 1
AT o B A B A A TR Bk MK13 FE MK3, il 53 38 B A 2008 R XU A Ak DK300, A7 VA i 56 Al 25358, U
FE 4 N EARAO I 22 A KRGO 2% 7 am, FER A REMLY 3 £ 25 DNA ( Randomly Amplified Polymorphic DNA, RAPD )
FRICH ARG 4 ST bR 2 0] 03345 2% e, [45R ] DK300 53748 TD300 75 1 22 4 KR W Fl = 1 B3 Bk
5, {H MKI13, MK3 F152 B it 754 19 DK300 55 5% 4% TD300 [8] 47 75 48 K gt £5 25 %, 0 MK13, MK3 I DK300 [f] 3
22 RN, S E MK3 R DK300 i) 8% 22 St/ (458 Zad g 208 i it rl RE 2 A H I &
ZH T A A P A B T ok A A5 U T o A A A R A

KB PRE; PR BUEIR; R sifg St
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RAPD Analysis on Differences between Monokaryotic and
Dikaryotic Pleurotus ostreatus
ZHANG Chaohui?, WANG Xun', CHEN Tianhang’, MEI Huiyuan’, HAN Panpan’,
LIU Tianxiang], WANG Zhenhez, QIU LiyouI :
(1. College of Life Sciences, Henan Agricultural University/Key Laboratory of Enzyme Engineering of Agricultural Microbiology,
Ministry of Agriculture and Rural Affairs, Zhengzhou, Henan 450002, China; 2. College of Life Science and Technology,
Henan Institute of Science and Technology, Xinxiang, Henan 453003, China)
Abstract: [ Objective] Differences between uni- and bi-nucleate mycelia of Pleurotus ostreatus were studied to aid the
mushroom breeding and cultivation. [ Method] Monokaryons MK13 and MK3 were isolated from basidiospores of P.
ostreatus TD300 and mated to obtain the dikaryotic DK300. Conventional plate and fruiting tests were applied to compare the
mycelial growth and fruiting body yield of the 4 strains. Genetic differences of the strains were determined by random
amplified polymorphic DNA (RAPD) markers. [ Result] There were no significant differences in mycelial growth and
fruiting body yield between DK300 and TD300. However, a significant genetic difference existed between the offspring (i.e.,
MK13, MK3, and DK300) and parent TD300. The differences among MK13, MK3, and DK300 were minute, especially
between MK3 and DK300. [ Conclusion] Gene recombination might occur during the basidiospore formation by meiosis,
but less likely in the mating of two monokaryotic strains to generate a dikaryotic offspring.

Key words: Pleurotus ostreatus; monokaryon; dikaryon; yield; genetic diversity
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[ﬁﬁ?{iﬁaﬁ(] Slzfz”.i} (Pleurotus ostreatus), Xﬁ(
BEHONEE, JB TRz 2, 7ok B A 8K ik
wpd, ALY, BATE RN . R |
o AR AR, R OO T R B R AR
Vo JE T IR AT, R R A G
TR TS24k, WAL 25 AR FH 0 S 1 P B 22 1K
OIS, ABAAmGERE Y, (B BRSO R 2 i)
M2 m AR, KRt AR SR ] Mg 5+
R RE, DNA 3 Fhrid 8RB 2w H T
B AL ZREME TR . DNA 43 FAnic B 36 BR 1 A
B K E L7 (Restrction Fragment Lengh Polyorhism,
RFLP) #Ric™ . AHCFEFI 2251 ( Sequence-related
amplified polymorphism, SRAP) ¥r iC 1 RAPD ¥z
i, eSS IX ] (Inter-simple sequence repeats,
ISSR) #Rie™ %, B JL B #:4E DNA K bR b fs
ARSI — MR . Hdh RAPD Frid i F H 5 A A
SRR R BRI, e
R TRANYEE . A 2. BAE S
g A mt, JEEAE T BERS . EA SR
RAPD FRic % 454 A [7) 2 AR TR Ak S OH 24 28 T AR A T
OIMTIE, A5 R AT T S B 2 Rl 2t
BROEHESE R F RAPD A3 ic X 20 Kk B g5 #1735 14 27
PERY 7B, 25 B3 W BT A A3 v ke 1] 34 A7 7 a8t 1% 22
S RAPD FRicH AR TE £ BB L 2R b &
T REERY. DRTIRIIA ST SR —
PRI AW, B 0B 22 B B ) A B B A BT 1A
B, AR R AR R EAN, WA H A
PN A 22 AR AE BTV BT B RURZ B 2248, ANk A D
A AR, R B O RS A A
WOARIR], Rk 3RS H- B A 45 (Lentinus edodes )
WA —EARACREMMEHATFAR, CERFLE
A REERT EILHLEE RS H R T
WAk S HOOR AR B AR 2 [0 1) 22 S F e /0, dEad bl
B AL AR TR AR A TR 22 AR L S 2% 7™ 1 FT st
2R R WS Z W2 R WA, [
DLy SR 8] 4% TD300 A1 7 3 7 B 15 2
MK13 F1 MK3, #3453 5) DK300, il i % 5%
H2 TR e S L SR AR R AT AT 22 A ARG R S 2 7 o 1 )
FE, FIFH RAPD 3 K I B0 O0URZ B B 1938t A% 22 5, DA
W B A 22 B A AL SR

1 #MH#5 &%

1.1 E#
TD300: “F-Zi K ik 300, ] @ 4Rk K 2E Rl R A+

A Aok A A il TR S A OB R PR
Bk MK13 F1 MK3: TD300 1+ 53 25 3015 . S8
ALK . RANEIE . 29\ TD300 F 55 7R 38 it
B EGE R T IR 6 A TR, W BEIR 1 T PDA %
e, 25 CHiFRMBPRIE . PBCPRE M 2
PDA P ds sk, dhEehh %, SEHRREEEL AN
e KSR B 22 B9 MK13 A MK3 A 3 56 19 5 4% B
Bk SR DK300: MK13 F1 MK3 32 Bt i
1.2 EFERECH

PDA $5 570 . S8 200 g, #7020 g, BiR
20 g, 7K 1000 mL, pH H 4k, 433 )5 &K KE; i
FEre R BB G IR 0 . MAFSE 78%, Bk B2 20%, 1)K
1%, 18 1%, &K 65%, pH AR, K5 EE
KW o
1.3 HEZE KR

# MK13. MK3. DK300 Fl TD300 43 51| 3 fh &
A SERTR PDA R SRR ARG SR I E AT E Ak, 3~54d
Jei . FTFLEERN R A bR, AE 5 SR ) B
LA . Wasia ., K3 W R B ) im gt It
053 4 TR T 22 4 KR o
14 HEEBERREEXTEE

WA . A 15 cm X 32 cm BREIT A
48, BASHE 09 kg AT RL, mIEKE 2.5h, AALEE
Bk 20 4% WU EL, fE BRI I) 2 i E SR v Rk
RAN 5 7 o
1.5 E#k RAPD 247

RAPD Fric # A & LLIE I 41 DNA it , FfAL
PERE— A B 5 O 10 BRI X 9 55 AL AT R )T )
YERTIY, #E47 PCR YN, 19 R#ESL1) DNA
4, TR DNA 590 i 2 e, AfEh PCR
PIG T S Yok A B AE TR T eEERE LS
nE 1w,

A 22 DNA $2HC . FR BOB & 19 °F Bz 18 22 0.1~
02 g, I CTAB i£"" {E U E bk DNA. BEHLE 91
PCR ¥H . PCR &% HS™Mix (IGAT MZAEAH )
12.5 uL, BEPLEIY ( BWA T ) 1 ul, DNA
# 0.5 uL, ddH,O 8.5 uL., PCR ¥ M /F M. 94 «C,
S5min; 94 °C, 1 min; 36 °C, 1 min; 72 C, 2 min;
72 °C, 10 min, BEFT 30 Cycles. FH 1.2% B35 0E 5k
i FEL KR

2 ZRE55H

21 BEZEKRASH
BN 6 mm ¥ TD300. DK300. MK13 1 MK3
T 22 I FE R AE PDA AR 85 3%, WEGIC 5% 4 D E M
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Table | Random primers applied

5149 5 S5 (53
Primer number Primer sequence(5'—3")

S10 CTGCTGGGAC
S22 TGCCGAGCTG
S23 AGTCAGCCAC
S28 GTGACGTAGG
S36 AGCCAGCGAA
S39 CAAACGTCGG
S43 GTCGCCGTCA
S62 GTGAGGCGTC
S75 GACGGATCAG
S78 TGAGTGGGTG
S79 GTTGCCAGCC
S124 GGTGATCAGG
S126 GGGAATTCGG

WA RGN . ME 2R, NEEESKE,
TD300 5 DK300 A< 45, MKI13 fl MK3 % &
M. WNEZK$KE, TD300 I 5 2 H HAh 3 4N
PR 22 25 40 F5 5, MK13 Fll MK3 A9 B8 22 K 385 b
WU . MR 2281EkE , DK300, MK13
I MK3 BB 22 30 6, TD300 f B 22 R 1 £
SEREW, ANTERELILE LR .

R2 EMRELES
Table 2 Mycelium morphology of tested strains

- - GRS e
R KBS Mveceliom AN
Bacterial Colonial Y Color of
. growth .
strain morphology . mycelium
vigor
TD300 54 Semi-air type + ¥ [ Light white
DK300 F5 4R Semi-air type ++ 9 White
MK13 &% Prostrate type +++ 4 White
MK3 FE 2 Prostrate type o+ 1 White

s MRS e BORDHIRE: + 4R

+++: thick; ++: thick and dense; +: slender sparse.

LI T, X 44 AR 22 AR AN R B 3R A
AR ROIR LT G BT . sl 1 R, AR 22
MR KECKEA , TD300 5 DK300 fHebipite, 40 4d,
MKI13 Fl MK3 K ##0%, Hi MK13 12, K
AR EEIT20 do FEAREHAK H, TD300 B 22 55k
4%, MKI3 fMili4%, TD300 b MK13 $2#{ 20 d
48, X5 40 TR R B 22 A7 d i AR ORI — B

ZERRE, FEARIEEF B, TD300 1 DK300 % 22
AERR LT, MK 13 Fil MK3 B 22 4= AR 2%

60 —= TD300 == DK300 === MKI3 == MK3

=
=3
.2 40
=5
-{:7[, [P
3 &
B
=220
Q
g
0
PDA Fi 7k FFF 7B I
PDA medium Cottonseed hull medium
ERFRAER T

Culture medium types
B1 EHREFREFEREKRRT
Fig. 1 Mycelial growth of strains in different culture media

22 HEWEFERAKRFESH

N 3 fizs, TD300 F1 DK300 #1m] LH %%, MK13
I MK3 B g . FSARIRIR KR, TD300 I
7oAk, DK300 Akstdk. i \FSLAi ik, TD300
R A, DK300 ks, 45 KW, TD300 5
DK300 3R MR 22 R0 6 .

®3 ERHBFBRREFREFER

Table 3 Germination and fruiting body properties of

mushrooms
e FARTEAR SR
o wawn SR T
Bacterial strain Mushroom-budding Y Y
shape color

TFek P AREN

i P i h
TD300 H %% Producing mushroom Conchoid type  Dark brown

R eiaten

i %& Produci hi
DK300 i3 Producing mushroom Fan leaf type ~ Light brown

MK13 A %% No mushrooms . _
MK3 %% No mushrooms _ _
— AT,

—: No mushrooms.

mk 4 s, W —#HB ™ EKF, DK300 F
Y48 5w T TD300, B4Emih 4.40%, (HARA
WEMEER; B H T EKRE, TD300 V-3 4
AR DK300 B 21.93%, HEA BEM2ES; 1
MO R 48 B PR RS F , TD300 (17 1 A48 M= i
It DK300 =t 3.26%.

2.3 ET RAPD #RiCHIEHKIEEE X R

XFPRBUAR B BUAZ B 22 DNA ZEATHL gk, 4558
K2 fir7n, DNA 2%y i M BB 5%, JCB B oR oot
D B, S IR A8 RAPD 43 BT o AS 2 36 %) 42 B i)
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*x4 HHRLEEETE MK3  MKI3 DK300 TD300 M
Table 4 Yields of mushrooms bp
ot oA RS
PR Average yield Average yield Average total
Strain of the first crop/ of the second crop/ output/
(kg&H (kg&H (kg 48D 23 130
9416
6357
TD300 0.273 a 0.139a 0412 a 1321
DK300 0.285a 0.114b 0.399 a
2322
MK13 — - - 2027
MK3 - - -

RIPANRAFRHLRERESE (P<0.05); — Aihzk.

Different letters indicate significant difference at P<<0.05; —: no mushrooms.

TD300, DK300. MKI3 Hil MK3 i) & 22 DNA Bt 17
RAPD 73 # . j
XF 13 Z5FEMLG | P47 PCR &4, 38 3 B v Uk N——
B, 12 A R NG L P O A T o
RAPD 7 M 554 o Wil 3 it , B4 86 A4l bk El2 DNA H ki g8
out, HpZBHRB 69 %, HEFR® . sl Fig. 2 DNA electrophoresis of 4 mushroom strains

Y S36 93 th Z A E R By 8 4%, 4 D RIHR L[] S5
2 %, £ DK300. MKI3 fl MK3 X 3 N dk it MIEG R R EIE . 519 S62 Iy il 6 k2B MR

W42 447, b DK300 3 A i 457 Y 6 i 7 Bt, 4 D@k B 3 AR Z&A, 7 DK300, MKI13
MK13 il MK3 H# 2], #i8H DK300 5 MK13 #ll MK3 1 MK3 g A LR & BB, BT i, B

MK3  MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300

S10 S22 S23 S28 S36 S39

MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI3 DK300 TD300 MK3 MKI13 DK300 TD300 MK3 MKI3 DK300 TD300

843 62 875 878 879 8124
B3 BEALSI44 B Ik EiE

Fig. 3 PCR electrophoresis using random primers
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Iefm] Z&A 17 %%, BT PUAS TR MR 7E DNA ZKF A
A FE WL 2R — R e —H
2.4 RAPD &EREBHEDH

b — 25 B OE B AR T R SR R, R s
RAPD 77 A 1 4 H5 4R HY 0-17%6 ] 81 - F) ] NTSYS %k
£ 1Y Jaccard 2R 543 Hr vk A R B EE (K1 4). 7]
DLE W, 7Es M RIRECH 0.53 ), 4Rk H
W25, TD300 5—2%, MK13, DK300. MK3 h—
K, MIABAHBIRECH 0.80 I, 4 DB K 3 K
25, Hrh MKI13 B5—35, DK300 Al MK3 R55 3%,
TD300 A5 =2, X KB, DK300., MKI13, MK3 5
TD300 Z [H] R4 K AL, MK13 Al MK3 5 DK300
BSR4 R, Horh MK3 5 DK300 f 364 56 R i
SN iYL P 7 SN 1Y (- N () A € N
TOHRZ AR AL 25 RN, B 4 R AT, MKI3,
MK3 FIZE it T 15 Y DK300 5 3% 74 TD300 i) HA 5K
[ AL 22 S, T MK13, MK3 il DK300 (8] 8 14 2%
SR/, JUHDE MK3 Fl DK300 5t 1% 22 5 i/ .

MKI13
DK300
MK3
TD300
0.53 0.65 0.77 0.88 1.00
RH
Coefficient

4 RAPD B%nN1h

Fig. 4 RAPD clustering on mushroom strains

3 itk

Pk e TR IR A W, MR B
TE WY B RS AN 1Y, AT SR AR I B AR A BB TE 1L
TR, A — R, A I M TD300 46 7
TR B9 3 MK13 FIl MK3, —#28id 5% DK300,
I A 4 A TR R 1Y TR 22 AR ORI 2 R R R
P, TD300 5 H 718 DK300 H 5 22 A= KR Fi 7= &
B wBEEE R, X g R AE S T A
22 77 A T AROBURL TR bR a8 A% TSR AR B O R AR
X 2258 B PR —E 1R

RAPD $ R e 0 i b 4 52 BRI B4 6 2. ix
J& 1 T PAPD H AR FH BE LS| 40 %5 A [) 9 b 5 A 44
) DNA FF I SEATREALY 38", W51 45 5 50 45 4
SNAEMERRSRY MWL S DNA I B
DNA K b 2 et 4 b s 2 A 1 il i s £ 22 5720,
A 503 oF RAPD AR K 4 4~ B Ak 0] 1 35 1% 22 57
P, SRR AR MK13, MK3 55E48 TD300

B T AR 52 T T A5 A WU T Bk DK300 [1] B 3t 1%
255k, TR bR MK 13 F MK3 5 H 22 it T 15 1
XU TR bk DK300 [ 38t 1% 22 4/, JLHE MK3 5
DK300 [0] 22 57 58/, 32 B 22y 44 o 240 BG40 96 7
ARl fe & A A D EE 2, T 38 O S B TR AR 5 BiE
A5 B RO DA b Ao R ) 35 /0 R A SR E A . i ) T
it 1 235 5 2 2, NADH M %0/ 7] 1 % vh 3%
i Bk DK300 1 B A% i #k MK3 A 2 45 NADH fiii & fif}
] T.EG &, 1 SA% P & MK13 45 3 4% NADH i &
fif [) T i % 45 5 NADPH M 40 [R] T8t b 00K B Bk
DK300, L%k MK3 R 145 [F T RS, 1o
FEHIMR MK13 () NADPH Jbi U8 [R) T i o 4 450,

Vi A il KA AR B A R b B . P T AR
i e =2 SR S, DR R B 23 B DNA & i
BN o E A 5 A0 B b AT SR, BB A8 HE AT
KitE &, kA< B R i A 8 T T A A AR AR R AN
T4 e 0 A i A 0 T 1) S A ) R T A T T A
A RSB R N e e e 1 BUN . F24 KB i W
BHHAEATH, B, Yt iRkl AN W AR g, R
SECEFE N, PR RRAR, B A MBI L
Ei5 B0 Al I £ R e RN SO CR N N Y R S e S A
S, AR R T B A% T 22 28 TR 1 U
PR 22 LY o fR b T BBAS DIME &, TR IE )15 3 K
M. X HLEI A e R TR EHE A E R
B9 53— BB, (R Ry i — 2D 1 S BR BTIE

AT 5T 1 RAPD 43 A R K458, IR A TR
RGBT, AT AP A 4 A B PR R A 3 4% 22
Pk, 8458 MKI13, MK3 F32 [ fr 15 59 DK300
5B TD300 (Al A7 8K st f& 22 544, i MK13.,
MK3 F1 DK300 [i] 5t f% 22 5 PR3/, JuH 2 MK3 #l
DK300 it 1% 25 S fe /. 3% — 45 502 T 8o 2
oA R AR SR, TR A
WA H I EZELH Z—
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