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| dentification of the Di-Mon Mating Heter ozygote in Lentinula edodes
Using a New | SSR Technique

WU Shengjin, ZHANG Fangfang, CHEN Xuefeng, LIU Zengliang, ZHANG Wenlong

Institute of Microbiology, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007, China

Abstract: Identification of heterozygote is a key step in the cross breeding of Lentinula edodes. A new ISSR technique
(N-ISSR) was designed in this study based on discrimination between the two nucleus of the donor strain to identify
quickly and accurately the authenticity of hybrid strains of L. edodes. The new ISSR was used to identify 40 hybrid
strains which were from the Di-mon mating between dikaryon wild strain YX7 and spore monokaryons of cultivated
strain 808, as well as microscopy observation combined with antagonistic test (MOCAT) and the traditional ISSR tech-
nique (T-ISSR) as the control. N-ISSR results showed 27 strains were confirmed to be true heterozygote as they pos-
sessed specific DNA bands from one of the nucleus of donor strain YX7, and the other 13 strains were confirmed to not
be heterozygote. Among them, 11 strains were strain YX7 itself as they possessed both specific DNA bands from the two
nucleus of strain YX7, and 2 strains were spore monocaryons of strain 808 as they had no any specific DNA bands of
donor strain YX7. Compared with MOCAT, N-ISSR could thorough identify all the 27 heterozygote strains, which in-
cluded the 19 strains identified as heterozygote, the 6 strains unable to be identified and 2 strains incorrectly identified
as non-heterozygote by MOCAT. N-ISSR could identify all the 27 heterozyote stains and 13 non-heterozyote stains with
simple primer, and could classify the heterozygote strains into two groups according to the type of nucleus received
from the donor. On contrast, T-ISSR needed 4 primers to identify all the 27 heterozygote strains, and was unable to con-
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firm the other 13 stains as non-heterozygote stains, and was unable to classify the heterozygote strains into two groups.

In conclusion, N-ISSR was an effective tool to be used for fast, extensive and accurate identification of heterozygote
and non-heterozygote strains of L. edodes, and would be a technical support for further study on the cross breeding and

genetic analysis of L. edodes.

Keywords: Lentinula edodes; new ISSR; di-mon mating; heterozygote; molecular identification

DOI: 10.3969/j.issn.1000-2561.2023.03.004

Fus AR EEGER A, HWEGSE | B
FE, WZAMNEZ, FHhr N TR 1k
A, 3 20 AR BIIVR K e, LR TR R s A
KA BT SR, 4E =Rk 900 207 Y, K HE
BB ML R A ORISR, sk
P & SR T s Tk

T AL TR HF AR E PR &
AR FB, FE ARG P ag 5 AL
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simple sequence repeat ) {E&—Fh & H 15345
id, BfAfRvetEy. wTEEMNS . 51 HE
L BT N T R s A 25 S e
ISSR #5ict & WL T 7 8 B A 2% 52 J5 AU Y 23
B, Eui TR ISSR FRIC M R A
T AR AT, RIS AR — e G 22 55
K2R ISSR Ric /T & B, 74 iy
IR 0912 [R5 A 2 A5 1 2 A TR 1 e S 1
A, IITHFIE 0912 AP EAMZ2 585 Bttt
i 2R FH ISSR BRI I M 84 ATl B A 24 A2
FRBR P Y 45 D ELIE ARG 1 AT S0RE ISSR
GrFARICE ARSI T3 4 SR A A2 Je AR ) 4
S , [ B3 ek DX A AR S A8 F kA T IH 2
SR, DA A 1 0 5 BRAZ AR TR R A L B B ) A
1 105 B A LAl o

1 #RE5F=E
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FEE L AT 808 FI YXT7 ¥ Pt i% (34

XA B2 BE s A MR T T B AL . TR PR 808 &)
VOHE) ARG AR, BAT AN R, R R
S RAERIR s Bk YXT TR RLE B RUE Y
A ET BNk B ) PR AR A R, BAA R
fif il . AR . HaE RAE T R MR . PDA 53R
e K SEE 200 g, HAHE 20 g BiE 20 g\
ZE1%7K 1000 mL,

12 Ak

12,1 T REEARRGRR FAFHEK
808 Ak¥Eihai e, WHAHIVRE . FFr<L /4
TR, fETCH AL FoREMT . R BIRR
worE o B Ee il Lt aitk— R, B
RT3 W TCBIUIR I A 25 44 19 1 22 o A o
R, E RS

122 MERIBEFRXARGFA SHBEIOR
U5, B0 B bR 808 YA [l # T B A%
IREER, 43 95 AR EA KU Bk YXT TRl Fh
£ PDA - bR 47 P P C X 4258, WA T AR B o
AHEE 1.5 cm, T 25C FRE3: 15d, PRECAAZIARE
R AZE B A A % AR T PR — 0 1 B 22 B B R T Y
PDA Vil b 4lifk 2 U, PRAF, VR IBE I 5SS Ttk
123 ZHZFebhfeiFiXin  PuEk s
FMR TG AN R 22, BT B TR
ST AFAE SRR LA o [ Bk B A% 1 % 2 TR Ak
BWizeHe, BRTH PDA AR b, 915 2 o
ARPEHRXFIE, T 25C TR 15d, MEMREELL
PAR 55 R SR AS BRI A5 50 S A 10

1.2.4 ISSR 441 14 35S TR M AR 1 2% A2 T bk
iR A BRI ACH PDA A |, F 25T
THF 10d, W2, RAREAEDR Ik
PEHCEE N 2H 5 DNA ., ISSR-PCR WA R Jy. 2x
Taqg PCR MasterMix 10 puL , Primer 1 pL
(10 pmol/L ), #ikx DNA 1 uL (150 ng ), ddH,O
8 uL., PCR [ &51F: 94 CHUEME 5 min; 94°CAF
T30 s, #%FE 1R KRETNENME 45 s, 72°C
WEM 90 s, JEFR 35 YK; 72 CHEM 7 min, 4°CIR7E
PRI &4 GelRed YURHY 1.0%B 54 5E
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Tab. 1 ISSR primers and their denatured temperature used

955 Code /7% (5'-3") Sequence (5'-3") B KiEJE T./C
P1 AGAGAGAGAGAGAGAGT 54
P2 ACACACACACACACACT 54
P4 ACACACACACACACACC 56
P9 VHVGTGTGTGTGTGTGTGT 54

1.2.5 ISSRELZ&SH  BHRIE 2 EAREKE
& (& 1), MR ISSR IR, 2 AN SEAHkE
() PCR HLUK 55 v, XA #R 808 #1441 DNA 4%
WO R RS (B 1 sk a o
A ) SULAERD, AUE PR YXT #4519 DNA 40
WA TR YXT BReSE  CBL L s sk b Br
NERT ) AHRIR/M B, B YXT il 808 ARA
) DNA & B 2 F 0B 1 gk ¢ Fos
5 Do RN IE SR RS 22 38 F TR R 1 FL DK (BT
(Fbrich @) & (AR kO ) FA7E ik 3 25k,
WE 1 R E AR 1, 2 f17 P 3 2Rk (kR
808 FIPAMK YX7 Fpieth ikt . JL[AHT ) 15600
JErich: OO0, 00 @F1®O O, Fifn—7u
LR G P 45 AT L7 G b, Al —25 8
2 R — 51 YM45 o0 @, NNZZRAI A
LA RRC N @, HITA SR O,
M2 28 AR IZ R B SRl 2R B S5 R bRic O .

M: DNA marker S plus (100~5000 bp ); 1: EAE#k 808; 2.
SRR YXT; 3~6: ZZCHIM 1, 2. 381 7; #isk a flb 4350
NFEASTERE 808 FI YXT MIRESF LA, o APIRAILE &
M: DNA marker S plus (100-5000 bp); 1: Parent strain 808; 2:
Parent strainYX7; 3—6: Hybrid strain 1, 2, 3, 7; Arrow a and b:
Specific bands of parent strain 808 and YX7; Arrow ¢: Common
bands of both parent stains.

B 1 EF514 POKEIEE K I SSR EiE
Fig. I ISSR pattern of L. edodes strains amplified
by primer P9
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16 A~ o AN ST N 5 TeAs P s I — 3 B
X4y, WNEERE 808 [ B W JCHS LI R VA M A A
I AR, BRRR YXT H B JCRS B Y B 1)
A ER (E2), Ft, Wk 155 YX7
A AR, AU AW AL, W
Bk 47 55 808 B V& 1014 /N B {3 e 1717 AT 7 Ry e e
i, Wk 245 YXT7. Wk 49 5 808 T % A i
[ Bl SR T T T B N (o 193 VA S P2
HA B0, FAAERANTRE. 19 4 5EARSH
B B 5 1) 2% 58 R RR: TR S AGE I 1 IR 454, T i
RARET, RERRR 2, 3. 7. 8. 9, 13, 23,
24, 31, 34, 35m, 38, 39, 42, 46, 52, 57,
66 f1 67, SoEAFEPIAH BN 5 I HK T,
KR 1. 52e F 68 KalllAT BURSE Y, Ttk 47 Fl
79 KA AR . 5REARTEHY 16 A
LR, BRk 15, 36m. 36e. 37m. 37e. 49,
52m, 58m., 58e. 60, 70, 70e. 74 F1 78 It 14
DR BRAEEBUIRGE Y, BRE S6m H1 73 A KL H
BORIRA 254
22 &% ISSR S5|MEE T M WNEREZEHIK

KF P1. P2, P4 F1 P9 5|¥HY ISSR 4 X}
TEHM 40 DA T RRIEITZ5 & o0 (3R
3)o 40 AR MR, 27 DM ARACHIMR 2. 3. 7.
8. 9. 13, 23, 24, 31, 34, 35m. 37m. 37e.
38, 39, 42, 46, 47, 52, 52e. 57. 58e. 66,
67. 70. 70e Fl 79 Y EA W EA R R RS,
e AAE T 13 DASCHR 1. 15, 36m, 36e,
52m. 49, 56m. 58m. 60, 68. 73. 74 Fl 78 {1
A EAEARER IR SR, ANBEHIE N HIE
MZEF, HENMHEAMFEANILFE &, H
F IR S5 Tk i e IR 3 R EA, Rt AN RE
HEBR BTG F R mT aedE .
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Tab. 2 Results of examination of clamp connection and antagonism test on hybrid strains

L4 W, L4 W,
Str[%:f Eo. Anta gitrlj;sLt}i% Jrle_action Clanﬁfiﬁlﬁ:tion Str[%zf 7:7;0' Anta gitrlj;sLt}i% Jrle_action Clarfiqiﬂliition
808 YX7 808 YX7
1 ++ + Vel 46 ++ ++ H
2 ++ ++ H 47 + + I
3 ++ ++ H 52m ++ - H
7 ++ ++ H 52e + + H
3 ++ ++ A 49 ++ - A
9 ++ ++ A 57 ++ ++ A
13 ++ ++ H 58m ++ - H
15 ++ - A 58e + - A
23 ++ ++ H 60 ++ - H
24 ++ ++ H 66 ++ ++ H
31 ++ ++ A 67 ++ ++ A
34 ++ ++ A 70 + - A
35m ++ ++ H 68 ++ + H
36m ++ - A 70e + - A
36e ++ - A 73 - + ¥
37m + - H 74 ++ - H
37e + - B 78 ++ - A
38 ++ ++ A 79 + + ¥
39 e ++ Vel 52 ++ ++ H
42 ++ ++ f 56m - + T

TE: +EBLERSL, SAARB RS, AR,

Note: ++ represents obvious antagonistic reaction, + represents obscure antagonistic reaction, - represents no antagonistic reaction.

B2 BHERZEKRSFEAEREOARERRE

Fig. 2 Different antagonistic reaction between hybrid
strains and parent strains of L. edodes
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13, 23 F131), 55 2 KNIAH e Femth Rl 4
AT (F 3Ry 7. 24, 34, 39 F142), 453
MR d F1e SRS A T (B 3 iy
Bikk 1. 49 F152m ), 55 4 250 d Fl e S5 RRIR A
AEZ AT (B 3 HE#E 56m ). 55 3 KAEMETF
Al BE SRR PRI LA R A T bR YXT A5, 56 4 28
L2 A WE AR RAFHEARRZ 1Y 808 FF A% A,
W S5 SRR, 40 MR AR I 27 A
ha e T, A d AR E TN mEE 2.3,
9. 13, 23, 31, 35m, 37m. 37e. 38. 46, 52e.
57, 58e. 66, 67, 70, 70e £1 79, A e ZH 1K)
ZRETFHEM T, 8. 24, 34, 39, 42, 47, fi 52,
11 AERR 1. 15, 36m, 36e. 49, 52m. 58m.
60, 68. 74 Fl 78 MIRFKIUMAHLAEAR YXT WA
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Tab. 3 Analysis on specific ISSR bands of hybrid strains

P2 P4 P9 ,
Comprehensive result

P1

ity
G

Strain No.

13
15
23

24
31

34

35m

36m
36e

37m
37e
38

39
42

46

47

52

52m
52e
49

S56m
57

58m
58e
60
66
67
70
68

70e
73

74
78

79

a fRFETHHE 808 MRF MY, b REBHM YXT7 RS, o RBWIRMRI LN 477 .

Note: a represents specific bands of strain 808, b represents specific bands of strain YX7, ¢ represents common bands of both strains.
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M: DNA marker S plus ( 100~5000 bp ); 1: FEASEEHk 808;
2: SEARHMR YXT; 3~16: 285800k 1. 2, 3, 7, 13, 23,
24, 31, 34, 39, 42, 49, 52m fll 56m,

M: DNA marker S plus (100-5000 bp); 1: Parent strain 808; 2:
Parent strainYX7; 3—16: Hybrid strains 1, 2, 3, 7, 13, 23, 24,
31, 34, 39, 42, 49, 52m and 56m, respectively.

3 ET5I¥ PIHIEHEABS KX EEM ISSR EiE
Fig. 3 ISSR pattern of partial hybrid strains of L. edodes
amplified by primer P1
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g A OV o 5 # 25 US 4% i R F AL 58 ISSR Al

RAPD 7 FHricHe AR HL A 1 24 28 T 5 SR AR (A1)
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26, ACTERA B E0 P i 45 5 0 ]
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AR SRR, ANRRRAR IR A AT, ALEA
ZA 5 Wy 1 25 R D [ B0 T SR AR R S M A
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M40 A ZAZ AR A HER S 27 AN A TR,
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o AT L, &40 ISSR £ AR FW T 24 A FHA
[ RERG T I | S o TR [ e Y
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FE 19 DN ARG T 5 (LGRS Dy A BRIk
AR TCAE PSS B B R (AERE S2e.
37m. 37e. 58e. 70 Fll 70e ), VAR AKIM H BOIR
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KRR YXT7 A5, v] 68 PR R 22 i 3 fit 4
W2 E; 7ok 2 MESRE TR S6m F1 73 AN
PO PR — R 55, DR 2 IR T b
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BAEZ A TRV B ISSR He R BEMR I T A Y
bR A0 MAZ 200 24 5 F 00 R 2 2%, Tif&4E ISSR
WAREXS 28 & FiE 4715325

g5 BT, T A R A TR R U R e M O
WG [P AL ISSR A i e AR AT ERf 4
FHNE MR RS TR R ERE T, ik TSR
OSSR BT a5 7 v R8CRR A | R PR 22 g [a)
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N HAEHE ST AL F /T, SR bE
TR e 1450
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