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Identification on mating types of monokaryons and their
hybrids of Lentinula edodes by AS-PCR

ZHANG Fangfang, CHEN Xuefeng, ZHANG Wenlong, LIU Zengliang, ZHAO Chenggang,
WU Shengjin®

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

Abstract: [Background] The mating types and mon-mon hybrids of edible mushrooms are
usually identified based on the presence of clamp connections or not as observed by
microscopy, which is time-consuming, labor-costing, and prone to false results. [Objective] A
molecular-assisted breeding technique was established for identifying the monokaryon mating
type and mon-mon hybrids of Lentinula edodes, aiming to provide technical support for
improving the breeding efficiency. [Methods] Typing primers were designed based on the SNP
loci in the conserved sequence of mating-type factors, and then allele specific (AS)-PCR was
employed to identify the mating type of the single spore isolates of L. edodes strains L808 and
YX7 and their mon-mon hybrids. [Results] Among the 38 single spore isolates of L808, there
were 6, 13, 8, and 11 monokaryons of mating types Al1B1, A2B2, A1B2, and A2BI,
respectively. Among the 45 single spore isolates of YX7, there were 15, 8, 8, and 12 monokaryons
of mating types A3B3, A4B4, A3B4, and A4B3, respectively, and 2 heterokaryons of the mating
type A3A4B3B4. The 12 mon-mon hybrids included 10 heterozygotes and 2 non-heterozygotes.
The identification results obtained based on the conventional method were consistent with those
obtained by AS-PCR, except that the former was prone to misjudging heterokaryons as
monokaryons. [Conclusion] The AS-PCR based on SNP loci can identify the monokaryon
mating type and mon-mon hybrids of L. edodes and distinguish between monokaryons and
heterokaryons, with high precision and efficiency. It as an ideal tool for
molecular-assisted breeding of L. edodes.

Keywords: Lentinula edodes; mating types; hybrids;
allele-specific PCR
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B HAFTERCRAR R R R A6 5 i S AN 2 107

S BL N S PE PCR (allele-specific PCR,
AS-PCR) MFRAEY 152 BHZE A R (amplification
refractory mutation system, ARMS)E?‘%%E‘H@
fi K[ PCRP! (PCR amplification of specific
allele, PASA), J&—FEEIX 0 A LT IR Z &
4 (single-nucleotide polymorphism, SNP){i/ &5 fit)
SN B B BIHR , ARy . A4 5
fr A SNP 7 s BEH R 5 [0, Hrh i acs|
) (FE 585 3K i 5 SNP s & H S
2 AR SE AR IZ A A BB L B AMNEA R,
— 455 W (B 38 4% ) Fe B R A SR 6 R
AEAS S, — DR PE T ) R AE—Fh A
RIG 1 77Y), T6 0 — R LR R th oy 3
Yy, Mk IR 4R H g1, AS-PCR
R 38 1w 380 £ P T BRLA% AR S T 2 A B B e
LR EET, SHMEE EMEL, BE
PRAETRIE  FoE PEGT | TR R 5 S5 P 5 o AS-PCR
HORLE ARSI R G B s A iyiz
FOREFIAR, REHFEZHZEAR R
TR AR —FRREE A 100 55 1Y 52 T
A, IR IRAGAT 90 S B A T AR AT T
W s Xiang ZEU IS AS-PCR AR, (UH 2 *F
SIS BT R XE 2 ANIRE TR RR Y B 285l
232 TR AN . AS-PCR 7 AR XS DU MR A it
F LI TR i b 52 T 78 RN 4= 58 Jim AR A 4 2 AH
SR kR ZECRITT 4 X518, Ak
TSP B — A g bR H A 2157 F BA% K
SRR E . HAET, SR AS-PCR AR Y
W M A2 TE 2R 6 1 P AT it R A (] TR R ) 1) 4% 48
J AR 2 B 5 A DL 4

AR FE LAF 45 R R L8O8 1 YXT7 A st
4, 8% AS-PCR ORI T 70 51| % 5E 1808 I YX7
PR 4 TR R 98 AR IR S A, HEBR AU
A, TRV i — 2038 FH 2B R 5 TR T ok (1) 1)

AR, LU O A 2l 2% 52 18 S B R
i%o

1R

1.1 I EE

R 45 A F AR L808 M7+ 5 (YX7)
Y T 78 Al Bl 24 B il 2R W it o B 4R 8 . R AR
L808 J&) PU fi a4 5 B, HA ARG ™
RETCRIFEDL 55 BRE YXT N43 & 911k i
() PG P A A i A B R, LA AR MRAR L i
i AR
1.2 EHxE

PDA #5573 2% SCHR[13]BC ] -
1.3 EERXFIFNEE

HIEEFI B Ry (™ e Fral), AL st R 3
B B 5 B R 2 K 4 DNA #2500
&, VLI 22 A R B A BR A F

Mg TR, ML EARGRAR
fEIREE 7240, RISFRBA IR A IR A A e
R, JERIER (R A BRA ] PCRAYL,
SR AR B 26l Bl 2 A AT BRA F
1.4 BHEDEKRIIRES

EATFIEF bR L808 Fl YX7 Ak ks 157,
EPRAE BT HoR 58 4 BV 7354, BilAE
PR AEE T UREETR T RRIE ST 1 000 pL
THAKRAT 1.5 mL B0, fil sl 1 &
W, FAXHKETHERR, a5
ALEF N A 20-30 N ilF, FE O SR F T KA
FESHAE) PDA BiFRFErp, 25 °CE5 3% 10-15d
EAF LN, FE R K TR T8 A Bk B 24
PR T B PDA 853738 b AT 4l ik 85 35 5 S
S, T BRI 3% 1T R S A A )
A HAFRBCA, 3 UKz T Bk B A 45 4 1
BT 4y B kR T PDA RS RIS 55 2 4 °CLRFD
= H .
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1.5 SNP LS FALZR7TES|I RN

W 4 CCLRAF B A 53 B MR FR 21 5 1) PDA
FrFR e, 25 °CHE IR R R 22 KW G SR AR,
I BUIRT 22 , e BEUBT A ) S R 41 DNA $2HGR 7
BB B B AR 1808 M YX7 K H il
Y ERREYFE R 4 DNA, F-20 *CoKA A7 % -
R Fh 7k 55 B2 26 1OV T i A L AN R I AL B
IR P a5 18, ZIAETAY TR
A A R G AT 5106 B, R B 8Y
5 1% B 4 AR L8OS Al YX7 JE[A 2 DNA # 47
PCR " HHEMF, PCR W IKZR (25 pL):
2xSanTag PCR Mix 12.5 pL, F. FiEsl¥
(10 umol/L)# 1 pL, Hiflk DNA (150 ng/uL)
1 uL, K ddH,0 9.5 uL. PCR J i 414 : 94 °C
5min; 94 °C30s, ftiliR JGREE T 30,
72°C50s, #£ 30 MME¥H; 72 °C 7 min; 4 °C%
1B, FHERMGETSER AL B BF)F50
Beft) SNP 7, SRk 35 2S5O0 )y i ide b 58
BCHL o RIS, 44 T A9 TR (i) R0y
AR A HATEIY5 B

AR ITHEF 0 5 1 % bk L808 Fll YXT7 J¢
B> B4y B R EAT AS-PCR §7H4, AS-PCR
FR AR R F S SR TRI R, P R
A GelRed YRHE) 1.0%E7 A5 EE I HL IR AG I
THEREBUR RGOS IR, AR B3 25 R
TEGIE M AC LRI S8 510, JF 8 3 R Al
B, FHT L808 Fl YX7 HA7H 43 2§ bk 5C L AU %5 5 o
1.6 BB EHKRIZEE AS-PCR £E

PR 0 7R 43 15 1 0 43 300 XoF R b S AR T Ak
R H A5 B RREFT AS-PCR 44 (52 b7 44 25 Al
RN AAER] 1.5), oSk sr B R ACBL T AL,
A2, Bl. B2 fll A3, A4, B3, B4 Y H4h
T 8 B BI04 B AR P S BE A . AR R — T bk
IPIXT A 20 BUB | D) BIAE e 34 72, i
FEARICN AR s WL, [ —FER P B

K53 RS D AE e 3577, W% o3 B ki
SRR 5 BRig R WU AR 119 43 5 B 5 Pk B
BUE ., R ASE AL 7 A B B X511
PR, WE R E Ok, SRR DNA J5 473,
17 BHRSEMXEENENLEERS S
FEELERPIXTEE

SR FH = SR O 24 22 I I TE A T BRI 43 B AR 5
LAY RS e U S A e U U VR Ak g
U AT RS R B0 7 vk IR SR — A0 e X 5 2 1Y
LRI AR . [FEE, KA Bk L 5
YE RIS oy BB B R TRT L
1.8 BHERBERXREXRERHELEE

PEEL 4 DAEBCALSTN A3B3 . A4B4
A3B4. A4B3 1) YX7 /T AR R 4 58
B2 435k A1B1, A2B2, A1B2., A2BI1 it L808
¥ FRAZ AR, B YXT F1 L808 HEAT HLAZ A
BCXT 2442, T PDA #5575 [ 25 °CRTlR% 5 15 d
Jer ABE S B AR T ¥ TP TR B B2 B 28T PDA
KRB b, AifbBEsR 2 AR 24 sC bk, X2
LTS, RS SR B WA R
22 2 B AT BRI A TR 25 45 0 4258 TR A S
REIEMIZA T W, #0815 35 R E
ZRAZ R FE R 40 DNA, F-20 °CUKA PR A7 45 F o
FERR 1.5 (9 R BR 1808 Al YXT7 K HARAR
B HRIEAT AS-PCR ¥, 4y B4, I
B AL R AR A R BRI 245 T

2 HERE4M

2.1 SNP UmFALZR7TES|IMEFRMETH
&R

R 5 5 B2 2 1O 5 s 5 T 789 SR T )
NS, 3514 MatAF (5-CTACACCTGG
CTCCTCTCCAAC-3")#l MatAR (5'-TATCCCGA
TAAAGCATCCGCGC-3"), L }% MatBF (5'-GTC
TATCTCGCCTGTACT-3")#1 MatBR (5-CTCGA
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GACTAGTTGAGAA-3") .7 HI7ER KR 60 °C
F1 52 °C Y MG B AR 4% ATk L808 Fll YX7 22 LY
A FHDI1 ££5F X #1 B [ RCB2-PHB3-PHB4
5 RCB4 2 [b] H3 5 DX I ) PR-AF 7 91 38 2 5 o7
07 1B A TR AR A AEDRSF P41 E ) SNP 225 fr
M B PSR RS RC Y A R B
TG Pt 3t 8 X, HARSIY75 W3 1.
KRR L808 LA FIS | Mxt 14 4
L8O08 [ FL7fL 73 25 ik M WUAZ R AR 1808 Fll YX7 ik
17 AS-PCR 473, "3 Wyiy s ok IS A 1
Fis . Hif, 2328514 808-AF1/AR {U%F X% 3
A L808 S 7 A-FRA ST B AR (5390 R 808-349
808-223. 808-230. 808-235. 808-241. 808-341
F1 808-367)A ¥ G 4577, T 808-AF2/AR X M
WGk 1808 I A4 7 A~ Al A B Rk (43 3
808-204 . 808-207. 808-214. 808-243 . 808-249 ,
808-294 FlI 808-389) 47 ¥ 4 &4t . W UL,

F 1 E¥k LS80S F1 YX7 HIZZAL B 4> RIS |4
Table 1

808-AF1/AR I 808-AF2/AR i XI5 |4 v 45 %4
PPk L8O8 HYH T 7 M ERA 4 Bk /3 By A1
A2 PFhAC B AL . 43754 808-BF1/BR Al
808-BF2/BR I 43 HI{Y %} 808-349 ., 808-241 .,

808-243 . 808-249 . 808-294 . 808-367. 808-389
1 808-204 , 808-207 . 808-214 , 808-223 . 808-230,
808-235. 808-341 W4 FAIH 43 S MR AT 43 5l .
Al DL, HLREAE BRI P A B9 B Rk B B
M B2 PiFhsclC A, B 1 i8R, 808-AF1/AR
1 808-BF1/BR WX 5| #yxf 25 A itk L808 #I
Y X7 YA 40 {5 808-AF2/AR #1 808-BF2/BR
PRI 5 ) WAOR 2R A TR PR LR8OS A7 4 3 454 1fi
XPYXT TP Bk, TR YX7 5 L808 7E
LR AL B KA N B H A AR R DR SF 7
G, {HE Pk L808 78 I3 Y 5 | Wy it £E AL ki 7 471
FAETE SNP 250, T YXT FEXT A |
ANFELE SNP 2507 i, FEXS A SEAR TR 5

Typing primers for identifying mating types of strains L808 and Y X7

[E /S R ElkZ el P3G R BRI 1B il 2
Stain Mating type Primer sequence (5'—3") Amplified fragment Annealing
length (bp) temperature (°C)
L8808 Al 808-AF1: CCCCGAACCCGATAAATAGCC 127 63
808-AR: CTACATCACTCGTATCAACCAC
A2 808-AF2: CCCCGAACCCGATAAATAGCT 127 59
808-AR: CTACATCACTCGTATCAACCAC
B1 808-BF1: GTCTATCTCGCCTGTAATT 1383 54

808-BR: CTCGAGACTAGTTGAGAATC
B2 808-BF2: GTCTATCTCGCCTGTAATG 1383 55
808-BR: CTCGAGACTAGTTGAGAATC

YX7 A3

YX7-AF3: ACCTGGCTCCTCTCCAAGCTA 419 66

YX7-AR: GTCTGATTCTCCGACGCACTC
A4 YX7-AF4: ACCTGGCTCCTCTCCAATCTG 419 67
YX7-AR: GTCTGATTCTCCGACGCACTC

B3 YX7-BF3: GTCTGATTCAGTGGACGAACGT 616 63
YX7-BR: GCAGCCACCTCGTTGAGAATTG
B4 YX7-BF4: GTCTGATTCAGTGGACGAACAC 619 63

YX7-BR: GCAGCCACCTCGTTGAGAATTG
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250
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500

250

100

€ 2000

1 000
750

b 2000

1 000
750

1 SRS E K L808 REI £\ 2 EH A. B EFH PCR #1E4R

A. B. C 1 D /5%~

808-AF1/AR. 808-AF2/AR. 808-BF1/BR # 808-BF2/BR 3 |¥%f 4 45, M: DNA Marker; 1 f12: 3%
ARE R YXT7 F1 L808; 3—-16: ik L8O A HAL /3 54k 349, 204, 207, 214, 223, 230, 235, 241, 243,
249 . 341, 294, 367 #1389

Figure 1 Results of PCR amplification using typing primer on A and B factor of different single spore
isolate from the strain L8O0S. A, B, C and D represent the amplification results of primer pairs 808-AF1/AR,
808-AF2/AR, 808-BF1/BR, and 808-BF2/BR, respectively; M: DNA Marker; 1 and 2 were parent strains of
Y X7 and L808, respectively; 3—16 were single spore isolate 349, 204, 207, 214, 223, 230, 235, 241, 243, 249,

341, 294, 367 and 389 from the strain L808, respectively.

808-AF2/AR Fl1 808-BF2/BR J& T 3£ A i #k L808
LA e o B S 1

KRR YXT7 SRR % 11 4
Y X7 [ BARL o B AR S WU R AR LR8OS Fl YXT7 i
17 AS-PCR 93, ¥ 34 Wi Ik BIEE an &l 2
fii7R o 5 L808 sC LAY 73 U5 | 1 %5 5 I FEAH [A]
YX7-AF3/AR Fl YX7-AF4/AR W% 5|9 a] 4 %%
BRI YXT B9 11 DR Bk BN A3
(YX7-201 . YX7-202 . YX7-206 . YX7-207 .
YX7-208 . YX7-210, YX7-214, YX7-215 #i
YX7-230)F1 A4 (YX7-211 Fl YX7-213) B Rh 32 fic
%I, YX7-BF3/BR #1 YX7-BF4/BR Wi%5| ¥ nl
ROHERR YXT B9 11 DAL BRI N B3

(YX7-201 . YX7-202 . YX7-207 . YX7-210 .
YX7-214. YX7-215. YX7-230)F1 B4 (YX7-206.
YX7-208, YX7-211, YX7-213)FPAc B RS, & 2
i /R, YX7-AF4/AR 1 YX7-BF4/BR HiX}5 |4
SFEARM YXT7 F L808 AP &M, (H
YX7-AF3/AR Fl YX7-BF3/BR W% 5| H WA %}
SRATMR YXT B WA TR L808 Ty 1y /%
M, A RE 1808 5 YXT7 EACHE M A B K1
AR R Be B AR R SE P81, (B YXT 1
RS | Wy e L 5 )75 _EAEAE SNP Vi, T
L808 7EXT T 41 EANAEAE SNP i a5, AHXT 4>
AR S, YX7-AF3/AR 1 YX7-BF3/BR &
FARABEE YXT 3B T 1R SE 0 5 |9
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500

2 HBES|MINEK YXT FEIBEBSEME A, BEFH PCRIEER A, B. C fil D 5lFER
YX7-AF3/AR. YX7-AF4/AR. YX7-BF3/BR #l YX7-BF4/BR 5| ¥Xf 414k . M: DNA Marker, 1
2. AR YXT7 1 L808, 3-13: Pk YXT7 By 25 Fk 201, 202, 206, 207, 208, 210, 211,

213, 214, 215 #1230

Figure 2 Results of PCR amplification using typing primer on A and B factor of different single spore
isolate from the strain YX7. A, B, C and D represent the amplification results of primer pairs YX7-AF3/AR,
YX7-AF4/AR, YX7-BF3/BR and YX7-BF4/BR, respectively; M: DNA Marker; 1 and 2 were parent strains
of YX7 and L808, respectively; 3—13 were single spore isolates 201, 202, 206, 207, 208, 210, 211, 213, 214,

215 and 230 from the strain YX7, respectively.

22 BBSEHRRERAM AS-PCR XE

KR 1808 1) 4 %43 U514 43 1) %t
L808 11 38 A~ EAfL 43 B MR AZ FL B A 725 5 4 #T
SRR 2. HHk 1808 (1 38 N Hfil sy B bk,
ZHELELR AIBL MERAZARIL 6 A, ZZHELALN
A2B2 A5 13 4>, sCHECESRH A1B2 B9AT 8 1,
TR A2B1 B 11 45 38 > gl 4y B Bk 44
B IR T BRAR AR, NAELE AR AR B 2 A 3
TEBML; HACHIA AIB1. A2B2. A1B2., A2B1
Y A5 R 6:13:8:11,

FHBERE YXT 1 4 %4305 [0 H: 45 4
B S B MR ACRE R A TR AT, AR L 3.
Wb YX7 B 45 AR E bk, SCERY
A3B3 W BAZIEAT 15 4, AZHCAY A4B4 1A
8 /I, LAY A3B4 A 8 4>, sC LB A4B3
A 12 4, THER A A3A4B3B4 A 2 4,
AR YXT7-21 F1 YX7-26; YX7-21 Fl YX7-26
WA TRRFEIRT R 2 28 AT R 22X BT,
AL EATE T A AR T AN 2 BCIE ) A4k, Af
AE A2 FAL10 73 2 B R PR 2 10 B V% BT Bl D 1)
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2 EIHK L808 HY 38 N EAA ) EARAZECEIAY AS-PCR £ELER
Table 2 Mating types of 38 single spore isolate from the strain L808 identified by AS-PCR

PRI B RR 808-AF1/AR 808-AF2/AR 808-BF1/BR 808-BF2/BR It
Single spore isolate strains Mating type
241, 349, 367, 470, 509, 576 + - + - AIBI1

8,46, 204, 207, 214, 344, 432, 434, 455, 468, - + - + A2B2

479, 480, 598

223,230, 235, 341, 372, 421, 459, 546 + — - + Al1B2
3,243,249, 294, 389, 409, 412, 505, 561, 572, - + + - A2Bl1

574

+: BYP A - P&
+: Having bands; —: No bands.

R3 OENK YXTHY 45 D EBSBEIRZECRE AS-PCR £EER
Table 3 Mating types of 45 single spore isolate from the strain YX7 identified by AS-PCR

L) bR

Single spore isolate strains

YX7-AF3/AR

YX7-AF4/AR YX7-BF3/BR  YX7-BF4/BR #ZHc

Mating type

2,3,6,7,12,17, 20, 28, 201, 202, 207, 210, +

214, 215, 230

22,29, 33, 35, 38, 60, 211, 213 -
4,24, 27,30, 36, 49, 206, 208 +
1,8,11, 13, 14, 15, 16, 18, 19, 31, 37,232  —
21,26 +

+ - A3B3
- + A4B4
A3B4
- A4B3

+ A3A4B3B4

+: BT, - Y AT
+: Having bands; —: No bands.

SEAZARAE T A B Hoar 43 DM RZIR Y R T
FAERE A4, HACH A A3B3. A4B4,
A3B4., A4B3 Hfi ol 15:8:8:12,
23 BASBEBHRIREENENLEERSSH
FEEERBIXTLE

LR A B R NER 4 PR, Wk
L808 1) 38 M HfilsrgEtkrp, ZCHIA N Al1BI
MR 6 4>, sCHER N A2B2 HYH RS
134>, Bl AIB2 RBARIAAG 8 4, &I
Ay A2B1 WYHRAZIEA 11 A, WML
AS-PCR 43 F 5 4B 38 AT Pz A i) 45
EZREE—I. FR YXT 1) 45 DA
PR, ZERECALH A3B3 HYHLEARA 154, ACRL
RIS A3B4 WHZRA 8 4>, ZEHLELSN A4B3
F AR 12 4, ZCHCRh A4B4 Y PR IRE

10 4>, HriAfy 43 A7 B R i 28 Pl 2
YEH AS-PCR rFH e we—5, B
2 AN AT AN B RR (Y XT-21 F1 Y XT-26) 1 52 it 284 45
WHLKE N A4B4, 1M AS-PCR 4T EN
A3A4B3B4 ®AZAK, HHA YX7-21 Fl YX7-26
PR T 2 R B SR LB e«
EAEBUIREES, HSL )8 TSIk,

A UL, AS-PCR 4y 4 KR BE A &% i bk
L8038 il YX7 1A 76 73 23 TR Pk 1) 2 I AU 3
AT R 23 Y, AT i i A Ty R SE T A Y
HI, TR AR BB AT 85X 20 MU A RN L I A A A
24 BRHREMARIZREIZFHRKE AS-PCR
TFEE

X TR AR 1808 5 YX7 [H] Y 12 4~ PRz 58 4]
4 (3R 5)#F1 T AS-PCR 43+ % 5E , 450413k 6 i
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x4 BEBMFES AS-PCRIZEMIZMBELEELERITEL
Table 4 Comparison on mating types identified by conventional method and AS-PCR method

A HL A LA E AS-PCR %7 —

Mating type Conventional identification AS-PCR identification Consistency

Al1BI 808-241, 349, 367, 470, 509, 576 808-241, 349, 367, 470, 509, 576 Consistent

A1B2 808-223, 230, 235, 341, 372, 421, 459, 546 808-223, 230, 235, 341, 372, 421, 459, 546 Consistent

A2Bl1 808-3, 243, 249, 294, 389, 409, 412, 505, 561,  808-3,243,249, 294, 389, 409, 412, 505, 561,  Consistent
572,574 572,574

A2B2 808-8, 46, 204, 207, 214, 344, 432, 434, 455, 808-8, 46, 204, 207, 214, 344, 432, 434, 455, Consistent
468, 479, 480, 598 468, 479, 480, 598

A3B3 YX7-2,3,6,7,12,17, 20, 28, 201, 202, 207, YX7-2,3,6,7,12,17, 20, 28, 201, 202, 207, Consistent
210, 214, 215, 230 210, 214, 215, 230

A3B4 YX7-4, 24,27, 30, 36, 49, 206, 208 YX7-4,24,27, 30, 36, 49, 206, 208 Consistent

A4B3 YX7-1,8, 11, 13, 14, 15, 16, 18, 19, 31, 37, 232 YX7-1, 8, 11, 13, 14, 15, 16, 18, 19, 31, 37,232 Consistent

A4B4 YX7-21, 22, 26, 29, 33, 35, 38, 60, 211, 213 YX7-22, 29, 33, 35, 38, 60, 211, 213 Inconsistent

A3A4B3B4 None YX7-21, 26 Inconsistent

No BEREBL, FACHME L. 2.3, 4, 6, 868 BB #5149 YX7-BF4/BR Ml YX7-BF3/BR §”
[ A BE PRI R L8O8 Fll YXT7 PANEAMFERMG] 8 %2« WMok H YXT7-15 F1 808-576 Fi %f 2H
Py, B 6 DMREMRFEBAATER AW 4, [ YX7-15 Mk HEERE YX7-BF3/BR ¥
MR, HHIERZREG o W 5w, dRsE5514 YXT-BF4/BR HI 1 4 H g

kB 808-576, I WLi% % 28 B bk [ 4 A
F 5 EH YXT A L808 M TF BRI EMARZ AR

ERIVEDN YX7-15 i1 808-576 Pi~HLZ A, il €= HIE
Table 5 Mating combination of spore monokaryons 4G+ RIFRZACHPE 9. 10 A1 11 HE2use
{;;rm T and strain e WA R T RACHBE 7 (BN Yy
SEARTE R (S AY) TS A X . R
Parent strain (mating type) Hybrid strain Hybrid Al1A3B2B4, 1ﬂ%$ﬁ{m“é§%@%Q B2 ¥A’ wé‘ Hﬁ
code combination A S8 R R R 7 BDE A L1808 W LK, 514
YX7-2 (A3B3) : : S P g
$08.372 (A1B2) 1 2372 X} 808-AF1/AR B4 2ty I 1% 2 HOX YX7
808-455 (A2B2) 2 2x455 MR A AR ey 3 B, IR 2 AL B+
o ’ 230 (A, AL E AR S 2 A T R
808-505 (A2B1) 4 15%505 FRALH IR 12 AR EIEMARA F o RAML S 5
808-576 (AIBI) > 15%576 A E TN FIR 10 AN ZACTRMRIET TIRIE, 45
808-455 (A2B2) 6 15%455 ) o o
YX7-27 (A3B4) R, 7H 12 DAL RARTCBURIK G, AN
808-372 (A1B2) 7 27372 HIEMZE AT, Ha 8 MR ABURES, H
808-455 (A2B2) 8 27x455 Jn o e
808-576 (A1B1) 9 27x576 HIEMAEGT, BRERS S TEESR .
YX7-33 (A4B4) 6 AT, A3 R YXT7 87
808-372 (A1B2) 10 33x372 s .
808.455 (A2B2) i 33455 5 AL AN A2 ZZRCHLEG L808 4t HZ kK fiE
808-505 (A2B1) 12 33%505 BT ARG T (3R 1A 2), A4 3Zhg Y
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&6 SRS 10 MARIZEHRA) AS-PCR HIB5ER

Table 6 Results of AS-PCR amplification on 10 hybrid strains using typing primers

Wk S YXT- YX7- YX7- YX7- 808-  808-  808-  808- WA RREMEGT

Strain No. AF3/AR  AF4/AR BF3/BR BF4/BR AF1/AR AF2/AR BF1/BR BF2/BR  Expected Heterozygote
mating type  or not

1 + + + + + A1A3B2B3  Yes

2 + + + + + + A2A3B2B3  Yes

3 + + + + + + - A2A3B1B3  Yes

4 - + + + + + + - A2A4B1B3  Yes

5 + + + + — + - Al1A4B1B3  Yes

6 + + + + + + + A2A4B2B3  Yes

7 + - — + + — + - Al1A3B2B4 No

8 + + — + + + + + A2A3B2B4  Yes

9 + + — + + — + - Al1A3B1B4  Yes

10 - + - + + — + Al1A4B2B4  Yes

11 - + - + + + + + A2A4B2B4  Yes

12 - + - + + — + - A2A4B1B4 No

+r AP - RSN

+: Having bands; —: No bands.

HIFE T B AR S A1 FIT A2 52 L T B A ARt
BIREA SSIE ARG T (RACHIbR 5 F 4), B3 &
P 280 [ 76 F B A4 5 B1 I B2 AS I AL (9 7 -2
AR RE I SCTE A F (AR Bk 3 Fl 1), B4
AR T AR S B FT B2 A2 BC A ) 1
BRI RE AR SSTE e & (R ACTARR 9 T 8).
AL, PR YXT7 I L808 HLA 524 AIAl A8 e
7

3 W54 #®

o UM R, A — TR R A
Az 4 FhAS B FRA T, SSHL R A AR R A A
IkEEERITT 4 XWBIYABEILH AS-PCR
RN HF 2155 FaEmtk 4 Fhagmo A fm) X
I o BN F LR ACHCY A 71 B RT3t f%
B BB/ B R MR, XA E A
L FERRAZ ALY AS-PCR %5 i 5 [ Wik R 3t
TAER . ABFSE B R K 9 2 2 T A i
R RIB | YIS A ORSF I A1, i 0 3 D7 3k

Fitk L80S Fll YXT7 ) A, B K FAH W FME ST
PR B, AR TSP IF 9 B K i SNP
P, MG A, B B F4 51001 il .
HRHEARAT 1 SNP i1 o5, ABFSE 43 5T i bk
L808 Fll YX7 (4% 4 X zgf A A5 |, JLF
Pk L8O8 1Y 4 XT 43 AU 5 | #) ) AS-PCR H AR Ef
Y TE T IZ R AR A 38 AR IR R S LAY
HY%wEa R H M e s R 58 TRk
YX7 () 4 X5 TG P AS-PCR 45 A I A 46
FE R YXT7 19 43 DR SRR, H2
EERGE M EE R —3, F AS-PCR
RILEEH YXT-21 Fl YXT-26 1932 HL R N
A3B3A4B4, BB K AT R BUIRER A 25
F, R bR o R S g s k) B TR VR G
BHER R 2 — R RIE R, fF
FE/D ) ST R TR, H B R T
FE BRI BRI, SRR T 22 BIUIRERG TR BU
12 FeE D E LA E LI B s L, AR
W SRR A B AR I P REET) . AS-PCR $
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AR U RT E  E  ah BAAZ AR  SC TR, IR REA
HE DS 3 FRAZ AT S Az A, DT HE R B0 16 5 g )
RICEN ) Z 05 B . TR B4R ISR, A
T AU AE R o A R AR e RS, T RESS
TS LY R 9 PR R AL A ) T
PRI 1 4 s e AL FE 56 (14 8 A Bl A 4H 7
T ARBFSE AS-PCR H A 28397 52 It 7
TR KA %), 5k 35 2 AR T i AR
X— A, AW, AS-PCR MY % 5 45 AR AT
SEEAIKE . AR E R 38 4
L808 BARZIAF 43 4> YXT7 BARArR , 2% AL
BCRIS e, RAEBLBE S RIERER 2 FhUL 28
TR B A AR 357 B T X 4 22 114 7 U A8 T Y BRLAZ 1
Uk B R A B B SS RE R B AR Y A8 R, AR
FEHY AS-PCR %8 45 S fER TC 1%
5k 5 22 S N A — Pl o8 i PR 11 Bk 6
J5iE AT LN T 5 2Z A0 R s E A — 2 A/ R A —
KRR, Hk L808 5 YXT7 W RIS MM .2
[N BB, 33X 0] B85 W0 A 1R ik 1) 22 i L7 5
SRR, AFREY, Fasischio B2
AR 2P S B R B sS B R 7 AT RE S8 A
] B Pk 1808 5 YX7 Y 12 A~ A 758 4] Ak
B oK, L808 [ — L MM Az A AT 55
YX7 PIETA 4 B ag Bl 28 B A AR 24 A8 i
Wl B PR A 4 T Pk 2L 58 4 A TR | A2 L BT 5
FA,
T HR 1808 5 YXT7 i  BI5 MM .2
(B ANFE 38 H L P S ik 26 43 R 5| P 1) AS-PCR
FARE AT DL T %5 1808 5 YX7 Wi bkla]
A JERIER M EIEMIA o 12 N
SEH A2 A F AR ) AS-PCR % 45 R
7512 SREEKRAIEREG T, R 104
KW N EIENSRE . BRERYS
AS-PCR %@ 25—, 1R % 45 SR Ui C
W 7T5H 12 S ARG IR T Mok

T

e (AR ) A AR B 22300 T 8, AN ]
Fic X 4 A 10 A% A B8 S B Ry ) 22 SR A KPP
AS-PCR % ERf, Bk L808 F1 YX7 i) A [HF
RIS YRR HAE 1 RHERRYES Y, S Ab
1 %t AR S P 43 28 5 |40 DO AS AL 1 AR T R T
)1 FhACECHS A B F, AT HERE S 5 —
AR 2 70 A 5 PIRERI B 405
IV AMENE O X ERE A H AR
1SRRG Y, AR
2 NOEARMFES ARG N ERY 1Y, HEE
PARRE SR TS b, T T 4R 58
PR S BB . A R A P B A IE 1
SNP i 5, AT H 5 B 5| P35 0 B A%
AR RE R SR 1Y, DU Ak B e A2 S AR
AS-PCR % EFET

BMHZ, T BRIk g i 1P BT 32 BT
U B AR, BE T4 ol AC E B IR - PR <F 7 9
SNP {3 s /) AS-PCR AR A A 24 % 7 HAZAK T
PRACTC 70 A BRAZ AR LS, 3 P A 5 500 AN [+
RIS E R B NG T, BERA TR
P REHESFOL AL, RO T A5 58 508 T vk R
Koo BORML, RSP R8T, & — Rl A
B RECR B A B T
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