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Identification of mating types and hybrid breeding of monokaryotic

strains in Lentinula edodes

Zhao Xinhai', Yang Fan’, Huang Liang®, Ban Litong’

(1. College of Computer and Information Engineering, Tianjin Agricultural University, Tianjin 300392, China; 2. College of Agronomy
and Resources & Environment, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: To screen for elite Lentinula edodes strains suitable for large-scale cultivation, this study established an al-
lele-specific PCR (AS-PCR) detection system based on mating-type typing primers (four pairs for each parent) derived
from parental strains 0912 and Qihe No. 9. This system was used to identify the mating types of monokaryotic mycelia de-
rived from both parents. Subsequently, monokaryon crossings were performed to obtain hybrid strains, which were then
subjected to fruiting trials to evaluate key agronomic traits including growth period, cap-to-stipe ratio, and biological effi-
ciency. The results showed that AS-PCR technique accurately identified the mating types of 50 monokaryons from each of
the parental strains 0912 and Qihe No. 9. Fruiting trials were conducted on 11 selected hybrid strains, and several superior
strains were identified: (1) Hybrid strain Q28 xLL28 exhibited the shortest fruiting bodies maturation period (97 days),
while Q29 x L4 showed the highest cap-to- stipe ratio (5.07). (2) Q9 x L8 achieved the highest biological efficiency
(66.40%) for the first and second flushes. (3)Q22xL20 exhibited biological efficiency intermediate between the two par-
ents, with stable fruiting performance. In conclusion, AS-PCR enables efficient and accurate identification of mating types
in L. edodes monokaryons and hybrid strains. The three types of hybrid strains selected in this study are respectively suit-
able for large-scale production, industrialized cultivation, and traditional farming practices, providing high-quality germ-
plasm resources for different cultivation modes of L. edodes.
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1.1 #R

L1 #XE4k KT 2024 4 1—12 HfERE
A Bt B P RL 2 5 TR S B R T M X Fel
TR = e . &L 9 5 & 0912 Bk T
RELRZF & HEBART R .

112 23K ABRG MK FRE.PDALE
R AP EEO R R, FEAME T AR )E AR
78%(p, NI (3~8 mm, HARHERN 3~6 N H D Ek %
TR 20% AFESE 1% EHESE 1%, 5KE
62% . ARIEMRHECTT : KB & B 79% Bk K 5 &
20% A1 B 1%, S /KE 62%.

1.2 7%

12,1 kAR H L9 58 0912 ks
i e, AR HE TR AT )\ o3 B4 ) T SR F8 7, o) Rl 7
B . BB G AT B PDA B3R 3L b, 76 8 Kk I B
PR 7 AL DR ECBA 22 3 1 PR B0 1 B BIUIRE G
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A EAT A 5 DR AH E P, AR ke 36 2 AR O ik
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123 AS-PCR¥ 3 il 4 X 51405t T 45 B % 1 Fk
HEAT AS-PCR #3434 4k R SR FL 20 pL, (.45
2xTag PCR Master Mix 10 pL, 1E J2 A 5] % %
0.5 pL,DNA f#K 1 uL,ddH,O 4 pL. PCR v ¢
5 : 94 °CTiAEME 5 min; 94 °CZE % 1 min, 55 °CiE k
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5 min. PCR P24 1.5%35 i b vt e miL ik i W 2 5
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1.3 HiESH

K H Excel BB HHE , 2 T Python V- &, 45 &
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2 HR50r

2.1 SNPAORUFR K& B Gt

TELRSF I RE X I, 4F 5 A F1 B AN AZ L
R 743 A BT SNP 20 851 4, LLIX 43 A [ B i
M. M A RF 1) HDI 57 X L& B K+
RCB2-PHB3-PHB4 5 RCB4 2 [A] [f] & Bk [X 458 i i
AT G BRI SNP A, H AT st A i 2
o B G WDI 3 R I S, [RI BT 1 2% R
BHEI. it 2 MK E R AL A A A
B T B 5 xt 3 8 5, BARBI Y751 L3k 1.
22 BEBEZEREKNRRELE

K B FE 0912 F1-Lii] 9 532 fic 284 4 24 5] 4 %f
% 50 AL ARG B R EEAT AS-PCR ¥ 38 , ¥ 43 9™
A R K B A B 1~2 BT . PR RR S 4 %)
SRS, o A H S B S50 AN B AR 4 R AT
RTS8 A 3 WT S5 SRk 2 Fos, B bk 0912 11 50
A ARZAR S B R R A EC AN AIBL SRR 1T

&1 A.BETH SNP HEI5|4)
Table 1 SNP-based primers for factor A and factor B typing

[ AT LR GIEVE2 S S 41(5-37 1B KR
Strain Mating factor Mating type Primer name Primer sequence (5-3") Annealing temperature/°C
0912 A HF Al 0912-A1F TTTACGGTGATGGCGGATGCT 60.2
A factor 0912-A1R TACTCCTCTTCCTCCTCCTC
A2 0912-A2F TTTACGGTGATGGCGGATGCG 60.8
0912-A2R TACTCCTCTTCCTCCTCCTC
B ¥ Bl 0912-BIF TTCATGCTCTGGGTTGGATACC 62.2
B factor 0912-B1R TTCATGCTCTGGGTTGGATACT
B2 0912-B2F TCTGAAGGATGGGTTTGTTGAG 63.5
0912-B2R TTCATGCTCTGGGTTGGATACT
i 9 5 AT A3 QH9-A3F TGAGCATGTTCATGTCGATGCT 62.4
Qihe No. 9 A factor QH9-A3R AGTTACAGTCGGAATCACAAGC
A4 QH9-A4F TGAGCATGTTCATGTCGATGCC 61.9
QH9-A4R AGTTACAGTCGGAATCACAAGC
B BT B3 QHY9-B3F AGGTAAACGAGGCTCGAAAGC 61.6
B factor QHY9-B3R ACAACGATCATAACTCTATTCGG
B4 QHY9-B4F ACAACGATCATAACTCTATTCGA 62.0
QHY9-B4R AGGTAAACGAGGCTCGAAAGC
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M123456789101112131415161718 192021222324

7 :ALLA2.B1 1 B2 4051 0912-A1F/A1R.0912-A2F/A2R \0912-B1F/BIR 1 0912-B2F/B2R 5| #1541 45 4 ; M. DNA Marker; 1~
24. 0912 BRI HAZ AR B R G 43) «
Note: Al, A2, B1 and B2 represent the amplification results of primer pairs 0912-A1F/AIR, 0912- A2F/A2R, 0912-B1F/BIR and 0912-B2F/
B2R, respectively; M. DNA Marker; 1-24. Monokaryotic isolates of strain 0912 (partial).
1 SBES|YIFEEE 0912 FEEZED Bk A B EFH PCR #1845 R
Fig. 1 Results of PCR amplification using typing primers on A and B factors of different single spore isolates
from the strain 0912

M1234567891011121314151617 18 192021222324

A4

B3™

B4—
VE:A3.A4.B3 Fil B4 435l # 7~ QH9-A3F/A3R.QH9-A4F/A4R .QH9-B3F/B3R Hl QH9-B4F/B4R 5|41t (1147 1 45 5 : M. DNA Marker; 1~
24, LI 9 S AR AL AR T BRR GRE )
Note: A3, A4, B3 and B4 represent the amplification results of primer pairs QH9- A3F/A3R, QH9- A4F/A4R, QH9-B3F/B3R and QH9-B4F/
B4R, respectively; M. DNA Marker; 1-24. Monokaryotic isolates of strain Qihe No. 9 (partial).
2 DES|YNERE LT 9 STEEZES B A B EFH PCR I 1845R
Fig. 2 Results of PCR amplification using typing primers on A and B factors of different single spore isolates
from the strain Qihe No. 9

AL AN AIB2 A 19 4N, 2R N A2B1 1) S EE Y A A3B3 [ BAZARE 9 AN, AR A
B 120, KN A2B2 N 8 N, NMEAERZA  A3B4 0 18 N, AW AN A4B3 A 12 N, 28h0
o2 LS AR BT 9 5 50 AL B R TN A4B4 1A 11 A4S, NAFAE R AR B 2 U LA 1%

&2 AS-PCR £FBBERERFEI
Table 2 Results statistics of mononuclear strains identified by AS-PCR

0912 AS-PCR £5Jt i 9 & AS-PCR &5 5
AS-PCR result Qihe No. 9 AS-PCR result
AIBl  L1L2LI13L14L191L29 L42 L43 L45 L46 L47 A3B3 Q3 Q8 Q11 Q15 Q26 Q33 Q45 Q46 Q50
AIB2  LI11LI8L21 L22 123 L28 L30 L32 L33 L35 L36 L37 A3B4 QI Q5 Q7 Q9 Q10 QI2 Q17 QI8 Q22 Q29 Q31 Q32
L38 L39 L40 L41 L44 L48 L49 Q34 Q38 Q40 Q42 Q43 Q47
A2Bl  L4L6L7L9L8LIOLI2LI6L20L25L31 L34 A4B3 Q4 Q6 Q14 Q16 Q19 Q20 Q23 Q24 Q25 Q28 Q30 Q48
A2B2 L3 L5L15L17 L24 L26 L27 L50 A4B4 Q2 Q13 Q21 Q27 Q35 Q36 Q37 Q39 Q41 Q44 Q49
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BEVERE, R G E X ER R E R 5.
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MWAorA L 1o B LA 7 FIHE2R 2008 70%
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R E R

23 DFEEEWMELETEBRERZERALLE
iR 5 8 TR AR A O A T L AR T AR S
BT 250458 TR B TSR 1 A BRI S
HEWT A 1 22 SRS . W 755 AS-PCR 4T
JIERT A 50 AT BA% A4 1) 4 e 45 R L A [R)
(GR 3) (H A H R 6 o K SIS A g, i B
—ERINARE, BRI T o S g R A —
;1M AS-PCR BEA G G T BRI [A) R B Ak 2B K 72
K PIRR A3 HERATT , 45 ST s HERf 1k 31 100%.

R3 DTREMBERL REERERLLERIER

Table 3 Comparison of the results of molecular and conventional methods

AR AS-PCR 4
Mating type AS-PCR result

RS R A—FE
Conventional method result Discordance rate/%

AlBI L1L2L13 L14 L19 L29 L42 L43 L45 L46 L47

A1B2 L11 L18 L21 L22 L.23 L28 L30 L32 L33 L35 L36 L37
L38 L39 L40 L41 L44 L48 L49

A2Bl1 L4L6 L7L8 L9 L10L12L16 L20 L25 L31 L34

A2B2 L3 L5L15L24 126 L27 L17 L50

A3B3 Q3 Q8 Q11 Q15 Q33 Q26 Q45 Q46 Q50

A3B4 Q1 Q5Q7 Q9 Q10 Q12 Q17 Q18 Q22 Q29 Q31 Q32
Q34 Q38 Q40 Q42 Q43 Q47

A4B3 Q4 Q6 Q14 Q16 Q19 Q20 Q23 Q24 Q25 Q28 Q30 Q48

A4B4 Q2 Q13 Q21 Q27 Q35 Q36 Q37 Q39 Q41 Q44 Q49

L1L2LI3L14 L19 L29 L37 L42 L43 L45 L46 L47 2
L11 L18 L21 L22 L23 L28 L30 L32 L33 L35 L36 L38 2
L39 L40 L41 L44 L48 L49

L4L6L7L8LYLIOLI2 L16L20 L25 L31 L34L50 0
L3 L5 L15 L17 L24 L26 L27 2
Q3 Q8 Q11 Q15 Q33 Q26 Q45 Q46 Q50 0
Q1Q5Q7Q9Q10QI2Q17QI8Q22Q29Q31 Q32 2
Q34 Q38 Q40 Q42 Q43 Q47

Q4 Q6 Q14 Q16 Q19 Q20 Q23 Q24 Q25 Q28 Q30 Q48 0
Q2 Q13 Q21 Q27 Q35 Q36 Q37 Q39 Q41 Q44 Q49 0

24 ZEXEREIEE RVITE

W 7 3% H G-I 9 5 R 0912 F A% B Ak E AT
HRAL, A 202 NIAERZJEAGH 191 AN I8 38 R B
2R TR AR B R A D, A 11 #k SR
A 22 PR EIAEKEEAEER (RO, H
HERBE RIS, B S8 BUR B A (E
3). [ e A e 2 5 5 51 W T A R T A [ TR
R ERERARE T 0 11N ERKEBER
TORA ) A A R IEAT th 25 R i
2.5 ZREIREFHALLR

B 5 0] 1, & B PR 1R SR R #7E 29 d /2
A, Hor Q28x 128 Tk T 22 AE K T fe bk, T SR
6] 49 28.50 d, it BH 12 1 IR 7E 1 22 A2 K i Bz L
PR, AT RE 2 4 AR B A . IR, Q28 <128 B #k T
PRI 8] P (57 dD 58 Bef € T B Ak Q45%L.29 Al
Q49xL33 ¥ th K, 73 7l A 71.33 d A1 70.33 d.
AN () TR PR B LR N ) 22 R RO, IR A R 2
Q45x1.29 H1 Q49xL33, HLE I [0 4 4 d; % M (1) 2
0912, BLE IS (A4 13 d.

CEE KRG, & BRI SR R (B Rl i H
B — VORI R BOLE 97~114 d. Q45x1.29 HIHK

T4 RREMREEEEREKEFER
Table 4 Comparison of hybrid mating type identification
and growth rate

Bk e < LA
Strain No. Mating type Hybrid strain Com-d
QI5%L8 A1A3B2B4 & Yes 0.554+0.001
Q28xL28 AlA4BIB3 & Yes 0.454+0.003
Q45%129 A2A3BIB4 & Yes 0.511+0.001
Q19xL38 A1A3B2B4 & Yes 0.513+0.001
Q9*L8 A2A4BIB3  f& Yes 0.455+0.001
Q17xL8 AlA3BIB4 & Yes 0.4580.007
Q49x133 AlA4BIB3 & Yes 0.453+0.007
Q22x120 A2A4B2B3  f& Yes 0.455+0.010
Q29xL4 A2A3BIB4  f& Yes 0.45140.011
Q22xL13 AlA3B2B4  f& Yes 0.457+0.010
Q24xL9 A2A4BIB3  f& Yes 0.4180.006
L9 5 A3A4B3B4 & Yes 0.323+0.011
Qihe No. 9

0912 AlA2BIB2 & Yes 0.314+0.032

AR K, N 114 d; Q28xL28 i T~ S A4 Bt 34 1 #5%
|, 897 d, M AR AE RS ETTE R
B PRI 3E B ILE 8.3 ~13 d, Hirp Q28128 Al
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RIERFI

o L ST =3

539 %

B3 RAXEHRIRESIAR

Fig.3 Lock association phenomenon of hybrid strain

Q24x1.29 F K 25 i #A% 46, v 8.33 d, fEAE P2 s vp
AL A SR 75 55 Sl i (R AR AR R, PR — 2 AN A
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CH 0 3 I35 BT ) R 2 o U0 1500k 3 I 25 2% 3
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BN R RS | T IS R 2 B Ak
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SBREAR , A [ B R M 73 AR K [ AR T AR KT
22 RO 3 s TR IS AL 22 o T 3 S ) H 2 SR
RIS BRI ) , hkE 1 H ) A e i
5 VR 2 T I AN T PR TR R [R] 22 R AN
35, ] DL AR B R A 22 8 R A KB B K S AR
35 B 22 A R 5 A4S K I KRR e R, B AR A
FefitE IR A KR R AR R &
2.6 FREHKRFEABREMHREE

HHER 7 WA, A48 FE TRIPR A i ELATIS/INT oA,
HQ19xL38 1 B ok B 42 fix K, i # 63.33 mm,
1M Q17xL8 M B # EAT I /N, N 41.62 mm. B
BB T BB, 1E A T R KR A

x5 TRIEKRNEZHERS T

Table S Analysis of physiological period indicators of different strains d
(Gl s AR [] Lkt DU (] T )
Strain No. Myecelium full bag time Browning stage Formation time of the primordium Harvest cycle
Q28xL28 28.50+1.50 a 57.00+0.82 g 5.70+1.79 de 8.33+0.47 ¢
Q49xL33 29.80+1.60 a 70.33+1.25a 4.00+0.00 e 8.67+0.47 ¢
Q22xL13 30.50+0.87 a 58.33+0.47 fg 5.90+2.02 de 9.33+0.47 de
Q9xL8 30.00+£2.45 a 69.33+0.47 ab 5.50+£2.29 de 10.33+0.47 bed
Q17xL8 28.80+1.47 a 62.67+0.94 cde 9.80+0.98 b 10.33+0.47 bed
Q45x1.29 29.67+2.05 a 71.33£1.25a 4.00+0.00 e 11.33+0.47 b
QI5xL8 31.33£0.94 a 60.00+0.82 efg 5.67+2.36 de 9.33+0.47 de
Q29xL4 31.00+1.00 a 66.00+0.00 be 9.00+0.00 be 9.67+0.47 cde
Q22x1.20 29.80+1.60 a 61.67+1.25 def 5.50+1.50 de 8.67+0.47 ¢
Q19xL38 29.75+1.79 a 66.00+0.82 be 4.60+1.20 ¢ 11.0040.82 be
Q24xL9 30.20+1.60 a 69.33+0.47 ab 7.2542.05 cd 8.33+0.47 ¢
-3 9 5 Qihe No. 9 28.67+1.25a 63.67+2.62 cd 9.00+0.00 be 9.00+0.82 de
0912 29.33+1.70 a 63.33£3.09 cde 13.00+0.00 a 13.00+0.82 a
VE: EIFIECR G R NS SRR 0.05 AP 2R 8%, FH.
Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
FRIEMRE R H E ST
Table 6 Analysis of variance (ANOVA) for the physiological stages of different strains

A AR TN 1] LR Rty UL IR 1) Kt J )
Source of variation Myecelium full bag time Browning stage Formation time of the primordium Harvest cycle

B PRI Between strains SS=32.10 SS=779.69 SS=800.96 SS=67.69

%7 Error SS=136.62 SS=74 SS=205.42 SS=12.67
F {4 F value 0.78 22.83%* 31.52%* 11.58%*
P {f P value 0.66 P<<0.01 P<<0.01 P<0.01

T R RIRTE 0.01 /K22 R 35 5SS AT fl.

Note: ** indicates extremely significant difference at 0.01 level; SS=Sum of squares.
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Table 7 Statistical results of agronomic traits of fruiting bodies
RS W EAE T i J5 P LRSS BN ELAE HAREE — AR A A
Strain No. Cap diameter/mm  Cap thickness/mm  Stipe length/mm Stipe diameter/mm  Cap-stipe ratio BE of Ist & 2nd flush/%
QI5xL8 52.5243.18 d 17.81£5.12 be 42.73+6.64 ab 21.39£5.71b 2.64+0.75 def 53.43+£0.49 ¢
Q45xL29 54.03+7.30 bed 17.19£3.05 be 38.04+6.66 abed 17.37+2.44 bede 3.2040.79 cde 49.48+0.29 g
Q28xL28 60.25£10.70 bed  20.52+2.57 ab 38.50£6.76 abc 21.82+2.98 b 2.76+0.33 def 51.9240.49 f
Q19xL38 63.33+5.41 abe 12.41£1.22d 30.07+5.96 cd 13.87+3.73 de 4.86+1.14a 33.89+0.15 i
Q49xL33 58.50£8.93 bed 17.65£3.01 be 41.05+4.71 ab 21.29+2.69 b 2.80+0.57 def 38.72+0.41 h
Q22x1.20 58.69+9.46 bed 15.60£2.39 cd 34.35+9.39 bed 14.99+4.31 cde 4.14+1.06 abc 56.88+0.41 ¢
QI17xL8 41.62+7.29 ¢ 15.30+2.14 cd 4581+11.30 a 21.73£3.47b 1.9240.14 f 30.33£0.17 k
Q9xL8 53.79+5.82 cd 23.21+2.81a 46.07+7.87 a 28.14£7.95a 2.01+0.44 f 66.40+£0.28 a
Q29xL4 61.29+2.70 abed 16.48+2.02 ¢ 27.82+6.26 d 12.19+1.23 ¢ 5.07+0.50 a 23.18+0.20 1
Q22xL13 57.76+4.49 bed 17.3242.12 be 36.83+7.43 abed 22.83+2.91 ab 2.55+0.27 ef 54.45+0.37 d
Q24xL9 56.74+10.24 bed 16.87£2.78 ¢ 35.62+10.13 abed 14.12+5.18 de 4.43+1.16 ab 31.68+0.14 j
L9 5 64.71£5.70 ab 20.80+2.49 ab 39.49+7.88 abc 19.11+5.03 bed 3.60+0.86 bed 58.01+£0.41 b
Qihe No. 9
0912 71.10+£6.28 a 16.02+2.14 cd 41.89+6.14 ab 20.24+2.32 be 3.554+0.49 bed 56.76+0.10 ¢
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Table 8 Analysis of variance (ANOVA) for the agronomic traits of different strains

; [EARE LB K HiER — T
SRR o o e s EREE
Source of variation diameter thickness length diameter Cap-stipe ratio BE of Ist & 2nd flush
B PRI Between strains SS=6280.94 SS=803.11 SS=2 706.56 SS=1 823.63 S$5=95.30 SS=1.01
%7 Error SS=6418.12 SS=727.80 SS=6 458.66 SS=1771.17 SS8=52.10 S$5=0.000 6
F {8 F value 8.07** 9.10%* 3.46%* 8.49%* 15.09%%* 6 779.43%*
P {8 P value P<0.01 P<<0.01 P<<0.01 P<<0.01 P<0.01 P<0.01

BUM 5 2 KT UE WY BB B 5 BRI 2 SR B R
A I PR AR B A% AR 2 1) AR T AT I e R R

3 iS4

g T bR AC il B & A AT AE R (i 22 B BO
A7 3 R R 0, 5 35 i R 30 B 1 18 R v

PEI, - AS-PCR fENSTE DNA /KT RS HEARS I B %
TR 2 1% (SNPOAL A, AT X 43 AS 6] 1) S A BE [A]
TEAH £ P BA & Pl s e v, oo 2001 R A 1R A B
R FABhEMRAL T A SR, g WA R
Y519, AS-PCR 1] LATE 3 K 2H /K 1 1 B 2 560 01F
WA BB 5, BRI AF & B R H AR B A

<71 -



X ISR 5T

hOE R

539 %:

Wit 8 X AS-PCR 514, 5 AB ZZHCALA 11
U PR SF DX 38, X6 2 /N S5 A 1) A A4 A8 T 3 4 e v
Wi IE 100% , % ilF T AS-PCR £ R 7E & 4k & Fh b
a] FEPERIOLERYE . B AR MHE AR A BIR R, 5
ThRiCHi B £ R R g S R B AR A 4 F M
Hh R R AR

ARG TR 3RAF I 9 511 A3B3.A3B4.A4B3,
A4B4 VUFP A2 FL AL 1) LU 5 AR I 2 B A 101
1ol BSEE AR, SEBR LB I T R SR . oy
BG5S RTE SR BB, B 4 458 B Kk
HAS R A B2 SR AL AR T LA S A 23 B8 2 S BGHR
PR Cn AR FT BT 9 5 A3B3 Y Y
18%) B A 2, RG22 22 4 A 10 2 4, ik 1T 2 i
R EAR IR IE R . B 9 SR B RS
0o A8 We B PR A AR B W R RE D55 VAR KRR
K, TR BAZAR 4) B LR B s , X S R K B 250
P I BAZ AR P AR R ) 22 R T UM 2 B B AR
M. WA HLAEKEE LR EINESR
EFRbR A AT RE T EUR 2 B R R A, AL 42
PRHL I () ) B8 S 2 KRR M @Ak E o, it — 25
R EIE™ . Wy SR EEEWELE
Foft 255 28 —— 0 ol A2 i 2 R AR AR B RS R 2D
RARASH A, PRARAR R BRI PR 077 2 E 26, DRI I 7E ) 48
B M T A AL AR Sy B A A, DR 43 B A
SRIIASFI 0

T 2% 22 T R i 38 7 T AR B ST 3R A3 1 11 AN

F AT R AR K B AR IR E MR B

P —E RIS Hor, QOxL8 iy — . Wi & A=)
AL IR 66.40% , T CLRIE 22 B0 T #RBE 1)
F MR, W IE S EIEE NS (BE2 59—,
T AR LN 58%, MR T AR PITE B PH T AR KT 1 3
AT T A AL AR T 60% , & T Ab R B 8
775 Q28 =128 Il B A B 4 (97 A, SR A $2 i
13~17 d, FF A MU Ak A 7= 56 J8 9 1) R 5 Q22 %1120
PR RN TRR AR Z A, & R
Bro kgt B 6 MG H R “RE A B A SR —
0, BIAR 8 A [F) 4R 15 37 St %o 1 b 0 i 10 1R B Ak
A T 2 oA R SR AL TR BRI S

AR, £ FH BB P A 0 B AR R R H B H
S AT R AR AR B SR E R
Frwi v sr SR . 0 2025 SEARIE ) P N EE
15 5t R N I 4 1 2 el 122
A RS s L B AR IR R
P SR SRR AU AN T N s R A S g

e 72 .

H 20 22 90 FEAR LK, 3R FH B =l se 3 T
“FE i ALRE” B B0 AL A B A BT )
[ BT, 320455 S YA BB ot oot A 455 P 3 . R g A 0
PR, B A BRASR ARSI , — S8 3E B 4 M SR 0 A
LR FG A I TR EAIRT . AT T
Hhy 3= R Bl 4 0912 AT R @I S TR A A
TG 9 S REAT AT, FRAG T — R A AT A A
Jit o Ja SR HE— 0 PR AL 2% 22 S AR IR B I8 B0 O TR
A S R ) A v T AR SR AT T R H 2 RE T, DA
S8 O e W D 4R AR -BTRT 9 5 T IR MR RRAE 1) 5 AR
PR s AS-PCR S AT AR 3R Oy 5 i ik IR 7 o7 i 1t
TR, s ot M & 2 A 3 %
ZRYE,

BT LA i -G 9 5 AT 0912 SR A, A
AS-PCR 5 AN HE 46 78 B AL AR AZ B BY 5 il Dy 0 328 L
3AEM TAFEZ SR R A E k. AS-PCR %
RS 7 g AL AR S IC Y 48 T HE R AR TA 100% , W i
BT, %8 BB 9 5 Bk Ak A e B A7
FEAR 73 B BLG, SR A S B AR R 2 —
Fe A8 B AR Q28128 Jl I 5 7 (97 d) . QI L8 1)
L T AR S A R A (66.40% ) L Q22X 120
s~ Ae, B R & AL N 7y . AT T
2 A A A2 BC 2 2 5 RCERAR T A R AL A
Jifi i, A TR B B AR AL 1 REOR AR &R Tk
HH AR R B AR P  AR A 2B L T s AR
R 2 To AR K X HES) A 1 7 b A 5T RO
H—EHINFHOMA -

S 30k

(1] o A B 45 . 2024 4 B 4 [ 4 1 4 1 A 45 L 0
Hr[J]. o E S 2026,45(3) : 122-131.

21 EOR, e IREE R IR AR S AT ]. (2
F T ,2025,33(4):242-251.

[31  ARARHE, RWEEE, ISR, 5 0 B A% T 20T 7E DR Bt 1
BLEILT]. B3, 2024,43(11) :4-21 .

[4] KB, REH, T, 55 HT SNP 4B [ 7 4 52 lic 2
AS-PCR %€ [J]. & FH B %741, 2019,26(2) : 1-9.

[51  MISCA, REE, T3, &5 T & g6 S0 A RV 5 A X B 1
T34 % e B A TR L2 AS AL ORI T 0] AR AR 544, 2024, 39
(4):87-93.

[6] Zhang S S,Li X,Li G J,et al. Genetic and molecular evidence
of a tetrapolar mating system in the edible mushroom Grifola
frondosa[J].Journal of Fungi,2023,9(10):959.

[7] ChoiY J,Jung S J,Eom H,et al.Structural analysis of the a mat-
ing type locus and development of the mating type marker of

Agaricus bisporus var. bisporus[J]. Journal of Fungi, 2023, 9
(3):284.



5591

BT IR BRI A S A B

X ISR 5T

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

B ING . £ I B 2% 28 F F eb BR B (O 0] B TR 23
2024,31(6):1-16.

TKITT7 R R 5Kk S e, 45 B I AL AR A RO B AR A SR AR
S LR % PCR %558 )] AR 4 4R, 2024, 51(5)
1741-1753.

SPLL, XUBUE , BRaE 7, 55 00 0l s AS-57 T
T A 1) S TG B A R TR 22 AR A R D). R A
2025,52(1):263-275.

T U EE, R R 7, 45 . B B A AE OB AR 2 fif %
9 S A I T A S R (D] A 45 2024, 43 (12)
106-115.

SPE, IR e, A WAL T F A A B R (0] B
WA ,2022,41(11):1889-1904.

BB, L, 2R RS, 45 JRUAE SR ARTP W5A806 & H R 4
PERERR]AZAR 23], 2025,39(10):2096-2103 .

Anand A, Subramanian M, Kar D. Breeding techniques to dis-
pense higher genetic gains[J]. Frontiers in Plant Science, 2023,
13(1):1076-1094.

R BRY , A A A A ] AR AT I TR 4T iR TR LT
B B ,2021,40(10) :93-96.

Zou G, Nielsen J B, Wei Y J. Harnessing synthetic biology for

I

mushroom farming[J]. Trends in Biotechnology, 2023, 41 (4) :
480-483.
Yoneyama S, Shirai N, Ando N, et al. Identification of a SNP

and development of a PCR-based allele-specific marker of the

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

sporulation- deficient (sporeless) trait of the Tamogitake
108Y2D mutant using next-generation sequencing: Research pa-
pers[J]. Breeding Science,2020,70(5):530-539.

RHTF, X4 F8 , T L0, A R T S 2H N e 1) o 2 i AR O
WL R ) B e 5 23 BT 9] Hh ELIRE, 2025, 38(10) : 18-28.
FEAK ARV 2% . A g 4000 2 PO 2 LG 514 3 25 1) B T [0,
rhE O RFE,2007,40(10) : 2296-2302.

Tk INGE R 2R, SEL0M, S5 R0 Sk 2k 40 7 S8 TC B 43 B
PRI T[] P R AR 23R 5 2012,25(2) :609-613 .

KGR, FOA, /N2 4 A TR 2 5 IR B RS I]. B
W2k ,2022,41(7) : 1137-1139.

BRES, 07, Wk . 10 AN i dh PR B R 50 (0] . B T, 2023,
45(4):25-27.

A [ R A S (RN BT R P RN 1 S
1o F#,2025,44(3):78.

SR, KGR, WA, A5 . R FE b3 2 0 Y0 S R 1
oA T T R[] B 2445 2020,39(6) : 1109-1116.

TePh, B AR IRTEIR 45 . & P B AR RS A AT R[]
2R, 2024,31(3):100-112.

PG, 25 SRR, 46 B ) Ay F2 B ACHER = AR T
R GWAS 43 M7 [31. VU )11 Al K 2 2 4, 2024, 42 (6) -
1280-1291.

WM, B, I B R, %% KASP ARG AR F BERIEY +
I RLFH B R ER] . AR T8 i, 2022,38(4) :58-71 .

e 73 .



