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Abstract: [Objective] Simple sequence repeat (SSR) molecule markers were used to separate and
identify protoplast monokaryons, sporulated monokaryons and their hybrid progenies of two Xianggu
(Lentinula edodes) strains. [Methods] SSR primers developed from the whole genome sequence of
Xianggu were used to identify the genotypes of different monokaryons and hybrids, and then to
separate them according different genotype information. [Results] Employing Lefp-55 SSR markers,
we obtained both protoplast monokaryons of strain “L808” without matching crossing of monokaryons,
and we found the segregation ratio of both protoplast monokaryons was high to 191:1. This result was
confirmed by other SSR markers, random amplified polymorphismic DNA (RAPD) markers and
tranditional method. In the identification of sporulated monokaryons and their hybrid progenies,
cooperation of several SSR markers was able to identify numerous hybrids, and it was useful in genetic
and breeding research. [Conclusion] Protoplast monokaryons separation would be fast and accurate by
using SSR markers, which also can be used in identification of sporulated monokaryons and their
hybrid progenies of Xianggu in relevant genetic and breeding research.

Keywords: Simple sequence repeat, Lentinula edodes, Protoplast monokaryons, Random amplified

polymorphismic DNA, Spore monokaryons, Identification of hybrids
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Table 1 Primers used in this study

ElL7E=isl AR A I Bit72])
Primer type Name Repeat motif Primer sequence (5'—3")
SSR Lefp-41-1 AGGAT TCCTTGAAGTTCCGGGTCG
TGCCAGGTTGTGGTCTAGC
Lefp-56-1 AGGAT CATTTGAGGTCTGCGCCTG
GGTGTGAAGACCCAGTGATG
Lefp-95-1 AAATAG CACCGGTCCGCAAACATTC
CGGAAACACCCTCGAAAGG
Lefp-7 AAC TCATTACAAGCCCCCGATAG
TCATTACAAGCCCCCGATAG
Lefp-8 CATC GAAAATTTGCCCAAACGAGA
AGGACATTTCGGATGACTCG
Lefp-43 ATGGTG CTCTTTGCACCCTCAACCTC
CAGCAGTCTCCTCTTGGCTC
Lefp-55 TCC AAACACAAGGACAAGGGCAG
AACGCCAAAACGTACATTCC
Lefp-56 TGT TCGAACGACCAAACTCTCCT
GCCTCGCATTCGTAGACTTC
Lefp-76 GA AAGCAGGTCAGAGCAGGTTC
ACCGAGAGCAGAGTCGAGAG
Lefp-83 GA GGTACGGAGGTCCAAGACAA
AGCTTTGATCATCGCATTCA
Lefp-95 GAA CAATCATCTGTCGTGAACCG
CGAACTCGACGTACCCTCTC
Lefp-116 TGA ACCCGGGGGAATCTATAGTG
GCGCTGAGATTTCTGAATCC
Lefp-126 AT GAGCGCTAGCTTCGACATTC
TCGCCTTCTCTCTCTTTTGG
Lefp-157 TCT GCGGAGCGATCTTCAGTTAC
CAGGAAAAGTACCTTGCGGA
Lefp-167 AT TATGTGCTGACAGCCTCCAG
TGTACATTCGGGTCCTCCTC
RAPD S1456 AACGGGCGTC
S1480 TTGACCCCAG
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1 SSR 31¥7E“L808” 5 JR 4 Fuik B A%k LRt
Figure 1 Screening of SSR primers on “L808” and its protoplast monokaryons
Note: M: 50 bp ladder DNA marker. a—n: SSR primer pairs Lefp-41-1, Lefp-56-1, Lefp-95-1, Lefp-8, Lefp-43, Lefp-55, Lefp-56, Lefp-76,
Lefp-83, Lefp-95, Lefp-116, Lefp-126, Lefp-157 and Lefp-167. 1: Strain “L808”; 2: LEOSPM-1; 3: L§08PM-203.

1 11 21 31

41 51 61 66M bp

55_;;’05—.—0- - e - Gae BGesee.  a- Bee -'-"‘m"‘.—"— 450
55— : (it

[El 2 SSR 3|4 Lefp-55 X &85 H ik AY % & ElL
Figure 2 SSR profile of partial monokaryons using primer pair Lefp-55
Note: 1-65: L808PM-1-L80SPM-65; 66: Strain “L808”; M: 50 bp ladder DNA marker.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARFEAE: FIT SSR ARICHERE Fr i AR S 2 s AR

449

RIS E T, 191 B S “L808” I —1
FHFIRZ (fr 480 A B ERAZAR TR RR , A 11 BRA Ak
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BIE . 16 MR AR T 1 B B0 p a5 L 1
(L8OSPM-2., L808 #%4% 3 AMH5FR1L, L8OSPM-A 4%
Pe—AREFRIL), FREVEAK 14 d B TR ISR
FEEAEERURI S, IR RVE R/ . BRI,
# L808PM-1.L80SPM-2 /3|5 L8OSPM-A Xl
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f g h i

1234567 1234567 1234567 1234567 1234567 1234567 1234567 1234567 1234567M PP
900

3 KELFA SSR FRCIIERE
Figure 3 SSR profile of partial tested strains using 9 primer pairs
Note: M: 50 bp ladder DNA marker. a—i: SSR primer pairs Lefp-8, Lefp-43, Lefp-56, Lefp-76, Lefp-83, Lefp-95, Lefp-116, Lefp-12 and
Lefp-157. 1-7: L808PM-6, L808PM-35, L80SPM-53, “L808”, L808PM-2, L80SPM-22, L80OSPM-45.
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Figure 4 RAPD profile of partial tested strains using 2
random primers

Note: a: S1456; b: S1480. 1: “L808”; 2: L808PM-6; 3: L8OSPM-2;
M: 50 bp ladder DNA marker.

L808 M R, 14 d EAKHEA T, 250
F(P<0.01), FEBURMELEFRILE, L80SPM-2 T4 Hi
W, B L8OSPM-A A AT, HVEWRE
BH; L808 KA K L80SPM-A %, kA W
IS,

&l 6 SR AR AR R & o, L8OSPM-2 Al
L8OSPM-A A A ENBLRIK S, 1T L808 7E 1
BT OIS 285 2 1 SO B & (5 Sk T4 ), Uil
L808PM-2 #I L8OSPM-A i Jy B A (18 6A).
L808PM-2 Fl L8OSPM-A Xif e 45 75 44 Hi BLAIR IR A,
AJH1 L80SPM-2 55 L80SPM-A & A [ml % 75l iy B A% A
(%l 6B), L80SPM-1 5 HAx L8OSPM-A XFIRFHF FEAN
REF A BIOIRIR G, S [e] — I BL AR (8] 6C) ., 223t
L5 )5 AIE, AIfiE LSOSPM-2 /%A B #%IK
L808 Hit%iAk, HARKEI NG A B A B AR
il , HE—B0UE T SSR bRic % e i A Ji ik s A
R
2.7 SSRIFIEMAFREZARFERFRERE

Sy 7 AS<L808 FI«1 87 Kl T~ A% AR E A T 2%
3, PAFT 12 DALY, Hp L18-9 5 18L-9,
18L-46 5 L18-46, 18L-58 5 L18-58, 18L-91 5

5 L80SPM-A. L808PM-2. L808 ZEinfstEiss& b
BRI
Figure S Colony morphologies of L§08PM-A, L80SPM-2

and L.808 on the agarose medium
Note: A: L8OSPM-A; B: L8OSPM-2; C: L808.
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Table 2 Growth rates of L80SPM-A, L808PM-2 and L808

L

Silil::fs Radius of the colonies (cm) Me:rllzf;"iﬁcm)
1 2 3 4
L808PM-19 2.00 2.60 2.70 2.60 2.50
L808PM-21 0.45 0.65 0.70 0.55 0.59
L808PM-22 1.20 1.10 1.10 1.00 1.10
L808PM-27 2.50 2.60 2.60 2.40 2.50
L808PM-37 3.30 3.20 3.50 3.50 3.40
L808PM-41 2.00 2.00 1.90 2.00 2.00
L808PM-53 2.80 2.50 2.60 2.50 2.60
L808PM-64 2.40 2.50 2.60 2.40 2.50
L808PM-78 1.90 1.80 1.70 1.70 1.80
L808PM-85 1.70 1.70 1.50 1.80 1.70
L808PM-133 1.80 1.70 1.60 1.70 1.70
L80SPM-145 2.90 2.80 3.20 3.10 3.00
L808PM-158 2.80 3.20 2.90 2.90 3.00
L808PM-161 2.80 2.70 2.80 2.80 2.80
L808PM-2 1.00 0.98 0.89 0.92 0.95
L808PM-2 0.84 0.88 0.92 0.95 0.90
L808PM-2 0.60 0.53 0.57 0.54 0.56
L1808 4.30 4.20 4.20 4.20 4.20
1808 4.20 4.30 4.30 4.40 4.30
L1808 4.20 4.30 4.30 4.30 4.30

TE: 1-4: B 4 DA BT R R4,

Note: 1-4: The radius of the colonies’ four perpendicular directions.

U WY G AL AR o 7-18-1 5
7-18-2, T EAR%IR 18SM-9 s K& A7 <187k —Mor
AN 18-7-1; 243851 18L-9 Fil L18-9, #{4 14
T 18-7-1 Fl L-7-2 WM i 45t , PRI AT LAt
SEHFR 18L-9 F1 L18-9 Jy L8OSSM-9 FlI 18SM-9 7
ZF, A8, I HAs8 E A AR IR F A
“L8O8 <187 [F BT SL AL, [RI B, 3 3k [ )y
RUGHT, A A58 AR RE A58, IfFREIa I
FEXT I P 6 - B A AR 25 AR R A - BRAZ AR 7 A 1 T
Po PRIk 2 REASE A% 18R S8 K T A B B AL
T AR B IR () — 2% A8 J X A0 % J8ox 44 22 I
R Y TAH, AR ARSEEH A [F]

—Z= A BEXT W ) 0T 2448 Je AR X 3 %) SSR 514
ANREVEX Sy, EBY 3G T AR A, X uERe T
FrAE) SSR Aric HieH TR AR A A 51
PERE, ASREAT RO A0 st fe 22 5

TN TR =X B, ASFZEEF i
AlRESAANR], HLUNG14) Lefp-7 %} 18L-9., 18L-46 Al
18L-34, B4 Lefp-43 Xf 18L-9. 18L-34 il L18-52
S T RURR AR A], R SN R) 2258 - Z W 7R
[f]—~ SSR v S A HIE LAY, Hitk—4~ SSR
BLEA R DR Z 2 TR ok, AL
SRR AR BE N LXK 4y, a1 B Lefp-7 Xt
18L-9. 18L-46 Fll 18L-34 ANREIX 3T, Lefp-43 i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



452 A% B4R Microbiol. China

2016, Vol.43, No.2

E 6 L80SPM-A. L80SPM-2. L808 & itlfissr 22 b B F R4
Figure 6 Myecelial structure of L§0OSPM-A, L808PM-2, L.808 and Hybrids under electron microscope
7. A: L808PM-A . L80SPM-2 ., L808 HH £\ HL, T W45, a Jy LSOSPM-A, b > L80SPM-2, ¢ & L808; B: L80SPM-A 5 L80SPM-2

FHIEE I SRR 22 B T AMEE A s C: L80SPM-1 5 HAY L8OSPM-A X i I 3% 1 22 fh T~ AW 1.
Note: A: Electron microscopic structure of LSOSPM-A, L808PM-2, L808, a belongs to LEOSPM-A, b belongs to L80SPM-2, ¢ belongs to
L808; B: Confront culture results of LSOSPM-A and L808PM-2; C: Confront culture results of LSOSPM-1 and other L8OSPM-A.

JSREF T X4 18L-9 Ml 18L-46, Lefp83 i s HRHEX.
4y 18L-9 Fl 18L-34; Lefp-43 Xf 18L-9. 18L-34 FI
L18-52 AHEX AT, Lefp83 i s #FHEX 43 18L-9 FI
18L-34, Lefp-7 fii siBEIX 43 18L-9 1 L18-52, Atk
TEVEFHRY SSR AT 08 22 i I st B AN [R]67 1
A5 17T R 4 R 2R3 S AR R 4

3 i
FESAE R AR Ol 5, PRI e
R OSBRI & 17 AT, AR AT AR A

R B A A RO R Y TSR AR, (R0 R AR B ke
WAFFEA KRS . BRI T R B4
SRR R RE, 40, BRIt RERERT, 27,
I HL7E A A A R 5 T B 28 0 i X6 4% 58 K i
P EAAZ AL, R P 0™ 5
SYEITEAR, 2SI B TARR &K, A
SCE FH ) A 24 i 1808 T A Ji A= o A BAAZ A Y
TR HeR sk 191:1, FERT A AIIFSE Hr il Bt
AU H U i i Rt SR SRR T R A
A B SRR AR B AR Rl B . AR,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARFFEAE: FIFH SSR Fric % fE A g BAA% AR B 258 fe AR 453
A
M123 4567 8910111213 14151617 181920212223 2425262728293031323334353637383940 7-18-1
900 — -4— 7-L-1
800— 7 18-2
700— - -4— 7-L-2
B
M 1 2345 6 7 8 9101112 13 1415 1617 181920212223 2425262728293031323334353637383940
. | s—43-1-1
’ k—43 L-2/

B

"....

- 4'1_:3 18-1
3-18-2

M123 45 67 8910111213 14151617 181920 212223 2425262728293031323334353637383940

YR T

B 7 SSR #RIEXFCL808”F01 8”78 F A% IR K H 243

- —-_83-18-1
83-18-2/
83-L-1
83-L-2

R R B E G

Figure 7 SSR profile of sporulated monokaryons of L808 and 18 and their hybrids by 3 primer pairs
Note: M: 50 bp ladder DNA marker; A: Primer pair Lefp-7; B: Primer pair Lefp-43; C: Primer Lefp-83; 1-40 are strains: 18L-9, L18-9,

18SM-9, L80SSM-9, “18”,
L18-52, 18SM-52, L808SM-52, “18”, “L808",
L808SM-91, “18”,

TR AEREEER B A R A
FEXFEOLT , DABCXT 2438 10y 20 7 e e 4%
Uik, THRBH R A R S 52 ik o

EAT, 761 X T AR B 258 T %
SE, TR A ITS JEF it e, 7e
A SR A% G MR A ) T M A A7,
FE B e TR SCAR FRIC R BUZ IR 2 A%
P, Bk 4 RO, TS FESIAMT Xl
PRI BRI, DA el SR B 22 TE 2
SR A B R X A AN A PR, X R i 2%
3% W2 IR, I HAE 2t B B AT B
WA ARMER T, R R) TR AR A7 2251
A4 11T, TR F vk SCAR ARIC B FF R MERERE A,
It HLRIEE T 2t AL F s AR E A K. B
U, SR TARICI R T A AR I IX o BR 42 %
N %%, Kazuhiro %R H RAPD FRic Xl FRA% {4
JRARHEAT Tk, 76 56 Xt b3 T 135
R X U NS AVEUE T TR

FIH 5 FhRic B AR AT 300U X 43 B B
[ AR 5 e B PSR S (B . BRI . Al

“L808”, 18L-34, 18SM-34, L808SM-34, “18”,
18L-58, L18-58, 18SM-58, L808SM-58, “18”, “L808”,
“L808”, 18L-120, L18-120, 18SM-120, L808SM-120, “18”, “L808”.

“L808”, 18L-46, L18-46, 18SM-46, L808SM-46, “18”, “L808”,
18L-91, L18-91, 18SM-91,

RIFGE R THRICEE A PUE Y DNA #4507k AT
SEEERX T A T A BAAZ AR R AT B AR PR
WS, SESMBK s, v 4E
FEMERTE], $E R RHER R, I HAER X s
BARGARIEA T 1A% B A 9 B R BE FH AR [R) B 437
FRiCRIE BRI R R AR L . ABiF
16 PRIFEAE TR TS E SRR T 15 d
D AN R AZ 2 1) 1808 Ji A A Bz A4, i >k F SSR
I FARCEs APk DNA HBGE (IR 0.01 g B£2),
AIFE 1 d 52, DNA ffil% . PCR ¥4 . RN
JHE s L ARG o X R S A ST A B i, ARG
PHTINEA . 7E5r FARCAIIESE I, A3CH SSR #r
1CLL S RAPD FRic [RIR 54T T 5HIE, #HE RS Rt
AT N IX A0 TF K, SSR FRic 4 RAPD Fric
RIRaRE, WIhRE, HEEAxt w7 F
B0l B 1% it 13 | £ NE 2 A I G DR E R TP B
HRRARZEHN, Wi Z s 2Rk, Hik ke
B FARIC AR AR 25 5y Mok 142 DL AR 22 1 7
AKX IR, ASCH M7E | @ EA N
ML EEHEEED, HASS— AR —HR 53

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



454 AEY) 4R Microbiol. China

2016, Vol.43, No.2

BRSSO TARICok X i n] etk id A
LR

BRARLE A B R R, 23 il
MIJTHE, H TR RS (FREAZRAD) AR IR A4 58
(B A28 ) AR B FH B A, RIS 2258 JE AR
(] s HAT TS SR A S S e I T, X e 3 AL W o
MEEAB AR, FEIZASE R R dA R
SFARICH T BaET, ARSCRT Y SSR ARid
UESEHARBMER 3B R 2 AL FE AR L, 7]
EFM TAEP REEENER .. s RAe
R R E AR AT B S Rk B, AR R Bk
AT, XA B T AR bR IC R RS 5 R fl
ERBIERARTT X, 0 FhRic oA vz
FHT, e SRR b B sl Qa5 A8 S AR R R
PR B 15 PO sk i AT, AR SCHE il 24
SSR ARIC AT I AR oA 4 7 1 ] B o Xof 42 S A T i
AT ThMIE, AR SRt . B AFSE IR A T
5341, Kwan 45515 Au 45234 H RAPD 4 FARic
T, AT A, DS AR L-54" 1T
BB T R BRI, ASCRAIR SSR
PRICTER & L8O/ MZ L BT FE &,
AP E SRS R, JF B SSR ARiciykiE
PRI A e A 2 R ) O P DA R o MR I
i E EABRMH

AR AT K B Ao 2SR AL SSR
PRICTERTIAO BT Hh s, B Y =1 SSR 5]
e A BT 2R LBl s 93.7%,
HA B DN B 2, ARSCH BRI T R AR BT i
RS E I TAE Y, S FH 248 DUASY SSR 514
REPE S S IR, kI 14 X SSR 514
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