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MATI-1-1 B 4755, 1 MATI-2-1 KRB ik, R a8 MR B &0 HRa 4 — iR, B

—RRARELFHAKR., RINTERF L %&TmA%%,ﬁﬂ&A%%¢%$mﬁw@iA
PCR 4" 38 5 1, 7k Ae ) s Be AL B B i I T B AR ) 69 H5 L. ﬁ%Mﬂ]]&,MAMﬂ21%&£,
BIHGARER —TEF REARLE 44, RIFAR, FIAKA K PCR ¥ 3 YPL6-1 #= YPL6-3 B #
#9 4K MAT idiomorph, #|/ Nanopore M| FH AR ¥ 38 F#HATHHF ZoTM A, 2 KRELFH0 T
Fl et & IL: Btk YPL6-1 F A4 99.63%A= 99.81%%49 MATI-2 idiomorph 2 F & 0.37%%= 0.19%%49
MATI-1 idiomorph £~-F; H#k YPL6-3 F & 99.45%4= 99.74%%) MATI-1 idiomorph #F & 0.55%
F2 0.26%¥4) MATI-2 idiomorph 2~F. Ak, iX 2 AN E 0N 5 A= PCR &3 41 2 4Ad ) 2] —FF
A AR, EERFEEAR, RR2HARBAMOKE L LGEER KBS . HRIE_ LRI Z A,
BARF LR 69 T ERTARZ T, AR RO LA RELA AL TR L, A m IRk F
AR —FHHROREA T TER, RN T THRFRA 2T L E A4,
%fﬁlﬂ: $ M H; MATidiomorph; R Ee#F; Nanopore M fF; FF 44

[SIURASSC] SeL0My, ThPHT, XUPE, RTR, KR, BUKE, 2022, BTN B TR I SEAZ AN R R 7 Bl 2 i T AR
[FsRaE A . WYk, 41(10): 1607-1618

Chai HM, Ma YH, Liu P, Chen WM, Tao N, Zhao YC, 2022. The asymmetrical distribution of opposite mating type nuclei in
single-ascospore isolates revealed Morchella importuna is a pseudohomothallic fungus. Mycosystema, 41(10): 1607-1618

BEWH: FHxHRRFEE (31460014, 31960621); T BB AL AN AT #E - H 5 IACA MY b3 AR Ak F % B 5 H (CARS20)
Supported by the National Natural Science Foundation Program of China (31460014, 31960621) and the China Agriculture
Research System of MOF and MARA (CARS20).

*Corresponding author. E-mail: yaasmushroom@aliyun.com

Received: 2022-01-22, accepted: 2022-03-15

Copyright © 2022 Institute of Microbiology, CAS. All rights reserved. | jwxt@im.ac.cn  Http://journals-myco.im.ac.cn  Tel: +86-10-64807521 ﬁ%%"—;ﬁ 1607



LT & /BRSEERNERZANTSHE MM BN BRRESER Research paper

The asymmetrical distribution of opposite mating type nuclei
in single-ascospore isolates revealed Morchella importuna is a
pseudohomothallic fungus

CHAI Hongmei, MA Yuanhao, LIU Ping, CHEN Weimin, TAO Nan, ZHAO Yongchang*

Biotechnology and Genetic Germplasm Resource Research Institute, Yunnan Academy of Agricultural Sciences,
Kunming 650205, Yunnan, China

Abstract: The mating-types of F1 ascocarps, single-ascospore populations and eight
single-ascospore strains in an ascus were analyzed based on the crossing of single-ascospore
strains YPL6-1 and YPL6-3 of Morchella importuna which harbored MATI-2 and MATI-I1
idiomorph respectively in their genome-sequencing data. Under the conditions of sowing
separately and mix-sowing, strains YPL6-1 and YPL6-3 could fructify normally, and the
distribution of mating type in the stipe was related to the parent strain. When the mating type tests
were carried out by PCR amplification in 235 single-ascospore strains, something interesting
happened: the electrophoretic bands of MAT-1-1 gene in some strains were bright, but the bands
of MATI-2-1 were weak. In other strains, the MATI-1-1 band was weak, while the MATI-2-1
band was bright. Meanwhile, there were strains that two mating gene bands were bright, or strains
that one mating gene band was bright while the opposite mating gene band unappeared. Ten asci
were separated from three ascocarps and corresponding single ascospores were isolated from each
ascus, and the mating types of these single-ascospore strains were analyzed. As a result, the same
phenomenon occurred. The single-ascospore strains showing bright MATI-1-1 band and weak or
no MATI-2-1 band originated from no more than four spores in an ascus, and vice versa. The PCR
amplicons of MAT loci in the YPL6-1 and YPL6-3 were sequenced respectively by nanopore
approach, and corresponding experiments were repeated twice. The alignment analysis indicated
that there were 99.63% and 99.81% MATI-2 idiomorphs, and 0.37% and 0.19% MATI-I
idiomorphs in the strain YPL6-1, meanwhile, the strain YPL6-3 contained 99.45% and 99.74%
MATI-1 idiomorphs, and 0.55% and 0.26% MATI-2 idiomorphs. The result confirmed that these
two single-ascospore strains were actually heterokarytic, however, there was a great deviation in
proportion of two mating type nuclei. It is speculated that all ascospores in M. importuna are
heterokarytic, and the opposite mating type nuclei are asymmetrically distributed in mycelia
germinated from single ascospore. Therefore, M. importuna is a pseudohomothallism ascomycete
fungus, and the single-ascospore strain could be self-fertile.

Keywords: morel; MAT idiomorph; mating gene; Nanopore sequencing; heterothallism

ik E /LB Morchella importuna M. Kuo — D%{(Tietel & Masaphy 2018; Wang et al. 2020),
et al FJET FHEWI] Ascomycota, #WHN  EFLEWMEME. HEl, FHEENTKIFT
Pezizomycetes, it P} Morchellaceae, “Fft  SZFLA T A KE(Ower 1982; Liu ef al. 2018a), #6
B Morchella Dill. ex Pers., J& N FTA 2 =& MR B A AR M. sextelata 36 FE FEHIY
. T E, HEARERMEMRSIUAGREER  FRWF, &35 kIR . 7E3E ™ bR
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TR R )[R e, o A A= 2y T B SR
MY (Han et al. 2019; Tan et al. 2021; Yuan ef al.
2021), (HAHE FHF R WS40 T Heterobasidion
annosum (Dai et al. 2003) , IR Armillaria spp.
(B R4 2000). &4 Lentinula edodes F1EEAR
H- Auricularia heimuer 55, “FREFEOWEFRATIRA
VI Zoas FUFIEESS BRY , 02 JHE o i AR 1 s 9T
A Z A (Volk & Leonard 1990; Pilz et al.
2007; Alvarado-Castillo et al. 2014; Du & Yang
2021), HHAMLIRAER.

TR TR AT IR LR R A PR —SCIE S s MAT
P15 E S A MATI-1 8 MATI-2 WFPAZ R &,
BT Z TRIFAAEAR AR A [ P , PRk P [ i e A £
idiomorph 21y 44 (Turgeon & Yoder 2000), 5%
254 (heterothallism) 1~ F () BLA5 A RAFAE
MATI-1 8% MATI-2 idiomorph f{—Ff, F 1A= 8
7 22 FLA B AR 52 C 2 1Y B T AR 45 5 (Coppine
et al. 1997), [F]52 454 (homothallism) -4 B ) B
FEARIEINAL R, MATI-1 Fl MATI1-2 3880 5>
BCPEAE AR, — DB D ik RV BE 52 AT T AR B
o V)R B B 5 b ] I AR B A AN AS
TR, — AR BRI T S8 A PR AR B, o —
2 [7] 5% (secondary homothallism) = & [F] 52 45 &
(pseudohomothallism) (Nelson 1996; Debuchy &
Turgeon 2006), Chai et al. (2017). Liu et al.
(2018b)L) J2 GenBank /A F 1 Z Ak - fit: 147 B
6l TR AR 4= 3 [ 41 U )3 X HE (http:/genome.jgi.
doe.gov/Morcol/Morcol.home.html; http://genome.
jgi.doe.gov/Morimp1/Morimp1.home.html)F B,
IX S B G R L DR 2 v AT H RE R B — M sg I B
[ idiomorph, HENTHAAMRIMAMIZETFH], 17
TET Y AR i) — 7 i b, UESEA R F TR 2 57
SRAE A LA, BT S BAT B AN Y B TR R 2
AT A ST AW P R 2 B T —
B NSRRI BLGR - 1 = I T2 B A0 T AR B 1
& (BUBTAESE 20195 XUARSE 20195 3559

2019); fF7E ALK TR+ (B E 58 20215 X
S 2021); ARBE A A TR AR R BN A
— PSS E G S22 2 Fhag B R B (Du
et al. 2017); 2 FiCFLRILE T3 A RIERL & A=
T 7B (XAFZE 20205 He er al. 2021); A HITH %
Ho FURE ARG I 3] — b 52 BC Y (P AR ARSE 2021) 5%
G, REEIRAE RIS A B P LU RS, B
7

WA BT AT 2 R A e B A A% HR AT AE
117 PCR il FE g & S 4 R A s L Rkl 1) =
— A7

Nanopore F{ ARSI T K Byt
AP o BRAF DNA LL— 8 HE% o 44 KL,
SLEANF HAF S B2 AL, 384 X X 6 HL (558
HATRI AR, 58 BT 51 B S E (Deamer
et al. 2016; Jain et al. 2016; Magi et al. 2018),
ABIF 5 LA KL DR 2H 080 o3 0l RAFAE MATI-1 85
MATI-2 idiomorph F¥ 2 KPR B8 #K b A4 K,
Nanopore Il J7 73 #r H4 K idiomorph [ PCR
Bh, S IR RRECE 73— MAT idiomorph
TR R SR B A0 O3 B HOR 73 A 1A AT
— TP 8 A, ST BT A BI
B, DA BT 2 o 22 e R AE B0 TR v Y B S
TETE DL o

1 ARE

1.1 #HiXEHRMFER

BB = R A B R YPL6-1 Al YPL6-3 43
BHEAERET A TR 7% YPLG,
FIH PCR il s FeAY, Bl bl e Jie ek 245 S
7R, YPL6-1 bk HAEY G it MAT1-2-1 B[,
YPL6-3 Bk HAREY 14 Y MATI-1-1 3EH . B0
BE DR 21 B0 i i A AE b R 2 B b T 2 D] 2 A0
FAT(E XK AW B BL BG, ik 545 h
GWHBCHMO00000000 1 GWHBCHL00000000.,
SER A B HTR, Tk YPL6-1 mySEK 4
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HAEAE MATI-2 idiomorph M ¥% i MATI-1
idiomorph, [FAIFE, itk YPL6-3 ISR ZH dh H Ay
MATI-1 idiomorph T ¥4 MATI-2 idiomorph,
WA BERE YPL6-1 S MATI-2 sCRC, FEkk
YPL6-3 Jy MATI-1 3B,

TR Y1-1.Y1-2F1Y1-3 3K H B #k YPL6-1
B, TR OY3-1, Y3-2 FI Y3-3 kA E
YPL6-3 #85 , TR Y1Y3-1.Y1Y3-2F Y1Y3-3
e H Pk YPL6-1 Fl YPL6-3 IRAHk S, HhisHb
BEnmA RN ST X,

FpbEE I E TR YAASMS I YAASM7
BT 2020 42k H mp A ROE BN TAREEKH,
PR ARAE T 2 1 48 AN B2 B Pl o 9% U P £
FHG
1.2 FRhERE

ZEXHAFQ01TO) I, 430l AT TR Bk
YPL6-1. YPL6-3 Jh 7 FIIR A ARG AL B . Ayisib
P 22 5 RS I A HERA M, AR TR E N AT
FAFREEAL TR 10 £, 2018 4 11 A5 3 b
SERTEERR, BRIRIEE AN 50 m, B PO R A T H]
KA EERE R 28, WEREAD 50 cm HIXUZ 6 £
305 S0 O DO A2 B, PR U B 8 1 2 T R R A R
AR, T2 AR A HEL, 2020 4F 11 H
HATH G RIS, Wk YPL6-1. YPL6-3 K H:
IRERIGE A 3 /ST RS KM
BEAT, FARRREAEE 9 m?, KAWE AR/ T
100 m, PRUEFZ2ANBe T AH SR I064s, A0 s 38
ST LSS P S 3l £ A - B XU B
1.3 BEANE

THHR YAASMS, YAASM7 A1 Y1Y3-1
T3 B BB T Y B SR B e U N
BUAF R, R T IO A E Gk
Wrh, BREE R R s 04 7R
10BN EE, NG 8 T +3E,
FHE B EARL 20 um BB T30
HE 1A), A 200 uL #EH] PCR 4 (% 30 pL

1610 EIFIR

TR, 75 10< B B RfAE A
TFHE WA RN A R 7R R A R
1 min, ZJ5H 10 pL B 48 h e A il A
FAETC R 2R e b, W A PO A5 A A 37 ) 6
To HEBAE AT ZE— (B 1Bl
HAE 6 cm 1Y YPD i [, 22 CTFHEREH 12 h
Je B K o

TR YIY3-2 F1 YIY3-3 FH T B s 14
17, BEXHEEQ2DITEE, T8 10x B
NHEME WS AN TR TE YPD Pk
F, —AEZ 6 cm WEHUR— T, PRUE
RV TR 22T R U5 T — A B4

A
ol
B
S
50 pm

1 EREMMENFEQOMENTFERFB)
Fig. 1 Sucking one ascus (A) and one ascospore
(B) by capillary.

1.4 ECEFE G

F M7 & EZgene™ Fungal gDNA Kit
(BIOMIGA Inc.)$&HUEN 4] DNA, 514%F P8f
(5'-ATGTCACTCCGTCCGGTTTACCTTA-3") #I

P8r (5'-TGGAATGTCTGTGATTGAGGCTGTG-3')
PHE MATI-1-1 JEH, 519%F P10f (5-GGCC

AGAACAGATGCTCGAAGAAGC-3") #l P10r
(5'-CTCCCAAAGCATGATCAAATCCCTC-3")f 1
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MATI-2-1 FEH, PCR WK R AP 44455
Chai et al. (20178 )51 .

1.5 REALAE£KI EHF Nanopore NF
vk

HEikk YPL6-1 1 YPL6-3 FUAZHCAZ A 4K
idiomoph #" ¥ 8 Chai et al. (2019)H 71, XK
A LA Tag DNA BEEY WA R [T H EAYH
ARALEOA R H]]: 10xLa PCR buffer 5 pL,
dNTPs (2.5 mmol/L) 8 uL, 514 P11-2f (5'-ATGT
ATGTGTGGGGGAGCGGGTAGAT-3") 1 P11-2r
(5'-GAGATGCGACAACAGACATTGGGCT-3")
(10 pmol/L)4% 1 uL, #ifk DNA (10 ng/uL) 1 pL,
LA Tag 0.5 U, #b ddH,O % 50 uL. W#: PCR
P12 R - 94 CHIZSYE 1 min; 98 “CAEME 10 s,
68 CiR KHNIEfH 9 min, 35 MEIF; 72 CT i
ZHEAH 10 min,

PCR PRI S, 42 i s DU il
%49 BN 7 3647 Nanopore W ¥ 120 #r . 64T
2 WEHR S, HB—UERE MR E 1 Gb
a5 R A A 2 G B,
A HERAE 5 22— WP raw reads ZBR-F-IIE
<7 WJ¥3115 8] clean reads, F minimap2 3 {4(Z
#-ax map-ont) 5 H) F XS A b E B ) MATI-1
idiomorph (KY782630) fl MATI-2 idiomorph
(KY782629)/741], T b XT 45 S04 (sam SCHF)
WSS 3 (flag)Ge i T HE X 3] MATI-1 F1 MATI-2
1) reads %i .

2 ZERE54

2.1 RN B —Fh 32 B BY AY B AR BRI AR R
BEIEE T

2018 4% 11 H k5, F 2019 423 A
WIE Mk YPL6-1 F1 YPL6-3 Hy#I &5 ik 3 41
P, WARITWGET 6 ~TFHR; 2020 4 11
HEFERE, T 2021 4E 4 A Gt et
YPL6-1 FEARISERE T 4% 56.4 g, YPL6-3 I #kUsL 3k

T4k 45.7 g, IRFFEHRBOGR 45 250.1 go 2 IRV
B AR AN KN, PCR A4 51 KA —Hh
A& HC R B DR A DR R AR 3 B s, (R S 2 e
M5, TR BB 2 TRl iy, RIS i Y g
DKL B4 A1 %68 L 8 A S T 1Y

ZHWF I R B, S R TR BR A TR AR AR S 4
(Ower 1986; BHrA=4¢ 2019; )5 2019), X
Q019 I T RE & F MM L% A
SREIA T 55—l B A A% A T Bl T AR 4
MURZERI I, ASTETEARCT AR ™A% A b s, B
iRk YPL6-1 il YPL6-3 7E 2 4E (A FhikE6
IR T IER 3R 2018 4R A,
TR R | Ak . TR AR S AR K
A FRRIGRE] 3 SRR, BRI,
{EATSSRAESE 13X 2 A~ FAAR B PR RE AR 1 4 o
2.2 PCR | B 76 Bk 09 3C Bie 2 [ E 5
55

TR Y1Y3-2 F Y1Y3-3 FL50 5 P B bk
400 B, HA g 235 BRAG Il T2 FL LR MATI-1-1
M MATI-2-1, #55 IKR NS5 2R WL 2A, A1)
PRRR SR ) — AN sSBO IR (an 11, 12, 16),
MY BARR 2 > sC FL L AR REAS I 2 (40 14.18.19),
A AR AR — A S L R P 3 25 ok, o) — 28
SLRP R A R R 59 80E HBE AR B BR 2 45y
(3. 4. 5.6, 7. 84). Gitix 235 PRiEtk
[ PCR Rl 45 2R (3 1), K ik LL BRI BRI AR Y 58
KoL R A fEAE 3 FpSIY, 1. MATI-1-1 5%,
MATI-2-1 558JC; 1l : MATI-2-1 %%, MATI-1-1
§9870; IM1: 2 MEEFE A #fsm. 2 SFRER
MG THHE IR | SRR TR AR A £5 i R0 L A7)
KM, T2ARY G —Lt,

T T A B AR 3 2 W v [ B AR U 3 28
Be LR MATI1-1-1 F1 MATI-2-1 © A 38 (3 58
2021; XUPFESE 2021), UEBHEAE 5 A7 AE S
Btk siffl, {H PCR ¥ BEARI B — 38 B L R
SEART , W — 22 O Rl o 55 45t I & N
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il o 2 E SLRATRIARI SR, HEBR T 525
BAE I R ] BRI R AR 22 5 HHIF] A DNA KA
FUAHTR BT, HEBR 1Rt o AN - S S0 1 4%
55 R BE IR] 5 AN FIASEAS 4 B 0 B 5 4TI 2%
HEBR T RURT5 d R AT RE ;55 2% [ v
¥, FPAHEXHIE S o S I , HEBR 1 2%t s

YL BE ] o DR G HE IS R B4 m] BES: PR T 2 N3

RITERIMR DNA HRAE7E ) Hu i 22 525 i .

2.3 AECEE MATI-1-1 F0 MAT1-2-1 TE8

BHEFEREREETHNASSH
2020 4EBAHIBEMR YPL6-1. YPL6-3 M IR#%

R 7 ) RS T 3 A, AR e A T

A

1 2 3 45

6 7 8 9 10 11 12 M1 13 14 15 16 17 18 19 20 21 22 23 CK bp

1.7 kb
MATI-1-1

2 000
1 000
750
500
250
100

1.2 kb
MATI1-2-1

1 23 45 6 7 8 9 1011 12 Ml  bp bp

10 000
2 000 6 000
1.7 kb 1000 000
1.2 kb 750 - om0
500 2 000
250 1 000
100 500

2 PCRZHIEEKE  A: FREFERASECEEN PCR ¥ 1G24y, 1-23. 23 PR BIY 18 MATI-1-1
1 MATI-2-1 A2 B LA PCR 7745 M1: DL2000 marker; CK: AfI&HAXI IR, B: F8H Y1-1, Y1-2,
Y1-3 WG S A 2SO PCR 34774, 1, 5, 9: WHARLIZIHY MATI-1-1 3£RY 187915 2, 6, 10:
IR ZU MAT1-2-1 SERY 37915 3, 7, 11: WAL MATI-1-1 SERY 7795 4, 8, 12: W
HA) MATI-2-1 FERY 1474, M1. DL2000 marker. C: Bf£ YPL6-1, YPL6-3 [ MAT idiomorph PCR
PHG ). 1: WPk YPL6-1 (1) MAT idiomorph 473%™ ¥); 2: Wtk YPL6-3 ) MAT idiomorph 414" 4] ;
M2. DL10000 marker

Fig. 2 Agarose gel electrophoresis of the PCR products. A: Mating gene PCR products in the single ascospore
strains. 1-23: Mating gene PCR products in 23 single ascospore strains; M1: DL2000 marker; CK: Negative
control of no template. B: Mating gene PCR products in the stipe and pileus of ascocarps Y1-1, Y1-2 and Y1-3.
1,5, 9: PCR products of MATI-1-1 in the stipe; 2, 6, 10: PCR products of MATI-2-1 in the stipe; 3, 7, 11: PCR
products of MATI-1-1 in the pileus; 4, 8, 12: PCR products of MAT1-2-1 in the pileus; M1: DL2000 marker. C:
MAT idiomorph PCR products in the YPL6-1 and YPL6-3. 1: MAT idiomorph in the YPL6-1; 2: MAT
idiomorph in the YPL6-3; M2: DL10000 marker.
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*1 MTERBBHSBEERIEEREL PCREMLER

Table 1 The results of PCR amplification of MATI-1-1 and MATI-1-2 genes of single-ascospore strains from
two ascocarps of Morchella importuna
TR PSR R AR A TR AIZERY Category of mating type
Ascocarp Number of single-ascospore strain [? e me
Kokt H A Rt Hf Kot H A
Number Ratio (%) Number Ratio (%) Number Ratio (%)
Y1Y3-2 145 38 26.21 64 44.13 43 29.66
Y1Y3-3 90 32 35.56 28 31.11 30 33.33
A1l Intotal 235 70 29.79 92 39.15 73 31.06

FE: *MATI-1-1 3%, MATI-2-1 59880; ® MATI-2-1%%, MATI-1-1 55800C; © MATI-1-1 1 MATI-2-1 #55%
Note: * MATI-1-1 bright, MATI-2-1 weak or none; ® MATI-2-1 bright, MATI-1-1 weak or none; ¢ MATI-1-1 and MATI-2-1 bright.

FIE LU DNA, PCR 34 K6 52 fie 3 K]
MATI-1-1 F1 MATI-2-1. 2558, i 9 4~F
PRI T 2 DS B AR REAG I 2], F A
A2 PhagBC R, T A P g e PR3 A — 2L
(% 2), Bk YPL6-1 (MATI-2)Hy 3 TR
W, MATI-1-1 FE R S50 55 8RR 2], MATI-2-1
FEIRERAG2 52 2545 (%] 2B); Hikk YPL6-3 (MATI-1)
1) 3 AFRERBEN, 2 AN MATI-2-1 554755,
— AN IE# T MATI-1-1 SR #4552 4445
IRGARIGIFRNM 3 2R, B Y1Y3-1 BN
MATI-1-1 JEPRK 5ty 5540, R B4 i 5E o
Rl 45 SRR B, 3 R AN 0 5S BE B o3 A
SORAERRAHDG, SEA TR F PCR AN B4R 1)
LAY, AR R A AN 2 A
DR B 25T 55 B, T T . v ) R e 52
BC AR AETE
24 BFERMOSEERMKNZACE

STE R EIFIRAE TS
s, HBEEIRGEE S, 8 M TFRHTFANS

*2 TEREWEZPREEERNER

FERE T A BN S, B0 R A 43 T AN R B
%, R ARAS 4 8 A0 (1 W K PR kAT — o X
. T, TSR YAASMS (1 4 T2 5
PAR 5.5, 6 F1 T NRFRAMF R, YAASMT
)3 TR 3A5 5. 6 Fil 6 A PAT-HEIEF
Fk, YIY3-1 0 3 DT8R3 51345 17 7. 8 F
8 AR REA T BRI o X LA R 119 58 i 3 I
Rrmas Ak 3R, —AFR P k=g
BERIRTLAGY g 2 RIS . 1. —Fhaciemise, 55
—MPAZEC RIS G 1. 2 FhACECBIARSE . PR
T T B EBIAE R, 45 MATI-1 5%, W MATI-2
98870, Al — 5% v [A] 2 0 B AR RS 2 ot
44, RZIMK . A FREP R 4 4
T8 BRI MATI-1 B98% 5 %, MATI-2
IR b 55 4 AN R TRRRIY MAT1-2 74
BiG b2, MATI-1 B Gt /b st fe v
2 P bt 2 R AR AR AL, Y A I AS D
T A 148 BT 3 ol 2 B 2 A 5 G R A A )
T 00 o

Table 2 The test results of mating gene in stipes and pilei of ascocarps of Morchella importuna

ZREEER Y1-1 Y1-2 Y1-3 Y3-1 Y3-2 Y3-3 Y1Y3-1 Y1Y3-2  YIY3-3
Mating  #§ @ W W 0 W W W W @WoOWm W W % M s W &
gene Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus Stipe Pileus
MATI-1-1 + + + + - + + + + + + + + + + + +
MATI-2-1 + + + + + + + + + + + + + + + + +

T+ SRS, - BORPHGAAT; £ PIHAATIRSS
Note: +: Bright band; —: No band; +: Weak band.
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*3 BTREARKRBZEERCNER

Table 3 The test results of mating gene in the strains from single ascus of Morchella importuna

THER THe T SEBCHEA b TR S
Ascocarp No. of ascus Mating gene No. of ascospore in one ascus
1 2 3 4 5 6 7 8
YAASMS5 1 MATI-1-1 + - + + +
MATI-2-1 - + + + +
2 MATI-1-1 - + + + +
MATI-2-1 + - + + +
3 MATI-1-1 + - + - + +
MATI-2-1 + + + + + +
4 MATI-1-1 + + + + + -
MATI-2-1 + + - - + + +
YAASM7 5 MATI-1-1 + + + + -
MATI-2-1 + + + + +
6 MATI-1-1 + + - + - -
MATI-2-1 + + + + + +
7 MATI-1-1 + - + + + +
MATI-2-1 + + + + + +
Y1Y3-1 8 MATI-1-1 + + + + + + +
MATI-2-1 + + + + + + +
9 MATI-1-1 + + - + - + + +
MATI-2-1 + + + + + + + +
10 MATI-1-1 + + + + + + + +
MATI-2-1 + + + + + + + +

T+ SRS, - BORPHGAAT; £ PSR
Note: +: Bright brand; —: No brand; +: Weak brand.

2.5 BBk MATI-1 F1 MATI-2 idiomorph ~ MATI-1 Fl MATI-2 idiomorph 4K J¥:51](Chai et al.
AR A3 S LR 2019), ¥ 44 H BEHFER AR RN 510 (K 3). B

IIXF P11-2672r BT 2RO MBI PRSE Kk YPL6-1 Fll YPL6-3 ¥4 H it F BX R /N4y A
Feo it , AIPT I REM B AR LB 8.6 kb il 12.5 kb, {H MBS AL i B JicAG T 245 SR

P11-2f MATI-2-1 P11-2r
—_— [N <
R
< MATI-2 idiomorph’

6.7 kb
10.5 kb

| MATI-1 idiomorph

P11-2f MATI-1-11 MATI-1-10 MATI-1-1 100% P11-2r

79%

B3 #RFMEELSEHE
Fig.3 Organization of the MAT locus in Morchella importuna.
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F, WA BARADNERFEAB & (E 2C). PCR ™~
Y3 )% J57E Oxford Nanpore PromethION il 5%
PEATSZE BR300 o DI P 119 52 3 K B R s B
MBI E KRR R B A TR AN YT
WA RKFH), WA K BN T
KE(E 4), ATy SikEr4sn
DNA 73 &A= Wi 2L 8

¥ S/ clean reads 4351 Fb X 2B b - it
B 10.5 kb 1 MATI-1 idiomorph Fil 6.7 kb )
MATI-2 idiomorph J¥41], iX 2 A~F 4 a1 AT Ao
)RR (R 3), DRI S i3k F X o A2 Hh B
BRI ARG, 2 RFE SR D A ge it 45 R D
% 4. YPL6-1 WHRMYSCIAL A T, B
99.63%Fl 99.81%FK) MATI-2 idiomorph 43 T4k,

3e+08 -

2¢+08 QC
Fail

M Pass

1e+08 -

Number of bases sequenced

vesoo NI

0 2000 4000 6000 8000
Read length

W AF 16 A B (0.37% F1 0.19%) B MATI-1
idiomorph 43 ¥; [A#E, YPL6-3 [ #KAYAC Bl 15,
Pyt b, B 99.45% A1 99.74% 1 MATI-1
idiomorph 43 4b, A7 FE AR & (0.55%
0.26%)F’) MATI-2 idiomorph 43 ¥, Bk %3 PCR
RN, BARTAIAE R TRy, (A
Nanopore 9.7 )%, YPL6-1 ksl 2 (1)
MATI-1 idiomorph 731 H A 1 044 5 F01 812 %%,

YPL6-3 HK 5] () MATI-2 idiomorph 43§ R A
634 Z5H 941 7%, HEFENIFE DNA Btk b 17
FEHCBI AR, XORHEREE PCR ¥ 14 H B 55 7
(14 JEE AL, T s 3 -t 2 356 R 2 0tk ARG 0 AS 28] i
Ko BRIE, FRATHEMAR L H BRI 21— Fh =g fe
) B R R LI 2 R RE A I O, ) — A e A

T 6e+08
5
=
3 QC
§ 4e+08 - Fail
E M Pass
Gy
2 2e+08
23
g
Z 0c+00. M IR enpunnnnt]
0 5000 10000 15000
Read length

4 FIREBESTWNFHIEN reads KEMBBEDHE A: YPL6-1 HHEMIFEIEH reads K&
AR AEL B: YPL6-3 RARINT 8 1Y reads 1 B L 5534 &

Fig. 4 The histogram showing the number of sequenced bases against sequence length in the second
experiment. A: The number of sequenced bases against sequence length of YPL6-1. B: The number of

sequenced bases against sequence length of YPL6-3.

%< 4 Nanopore N FHIBLLIFER G ITR

Table 4 The alignment results of nanopore-sequencing reads

(LS BEE RAARGER R MATI-1 idiomorph 23551 MATI-2 idiomorph 33k %X
Strain Repeat Total valid reads Reads of MATI-1 idiomorph Reads of MATI-2 idiomorph
Bk H A Bt Hetsi]
Number Ratio (%) Number Ratio (%)
YPL6-1 R1 282 375 1044 0.37 281 331 99.63
R2 423 669 812 0.19 422 857 99.81
YPL6-3 R1 116 094 115 460 99.45 634 0.55
R2 358319 357378 99.74 941 0.26
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o AN 3 FUR PR Ry HAKAETE 09 o LU AR o AR 8
2 FAZAEAE G LLRARTR], 23R 3 Rkl 45
—MZ S R E, SR iR, R
PCR HAgH 2] —Fag o, —Fiiz b2,
Ji—MZ b e, RIH PCR Kl 554 — i —
5595 2 Az HUAHIE, W) PCR REAGINE] 2 Fh 22
i

B AR IR, AR R AR R — 3 g ik
Z, DNA Bt AG YRR, 0 MATI-1 1
MATI-2 idiomorph [ JE A 225, It LAY IR
WofrfEzE s, HAER I, B P R s 22y i
B, 2 M TR RSE 2R, FILSER
PE T REFF A RESE S vER L Y X 2 Aoy
AL, (R HIGE I AR AL B BR YPL6-1 I
YPL6-3 HS& FA% A BB R bk, Ui 2 Fb
3 LA R AN 5 4 e A
3 ik

A5 T MAT idiomorph PCR ¥ #4111
Nanopore Ml F¥>, T1ESE 3 R4 5 1 PCR G AR
HEA — A Be A AR b F T B LA TR AR e, o
— R A BSAAAE R, HORRE i o Heik
RIS, DRI I T 008 e S-S D0 281) — o 5 i 8 1 B
FIpERE, SR R R R R, g
Hh LA TR PR A ST 0 2 S S L TR M e 45 R 3R T
— AR 1 SRl 0, D) — AC T AL A B Ay
55870, ok A Al — 73 rh iy [R) 8 B P R AN 2
M 44, BRI HaE T 10 TR
TRAMT, HERGE 2 DA EETE
B 8 TR st A . DRI IR ATTHEWT
o e A T 8 T — B S A S X R R ) = 45
TR, Hrderhn 8 MFRMT, 4 MR
MATI-1 F9K% 5 ook, MATI-2 B 5 HLE5; 5
4 NIF0) MATI-2 BIRE &7 LS, MATI-1 PH%
07 LU S5 o TR S dtl R S B 22 b, X R L B
SRS, B2 K LUAHIE RS, RIAS:
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DU 2 b5 e 760 0 5 (14) PRLA TR AR

FI W R P AEZ AR (Volk &
Leonard 1989; XffF%F 2017a), XE4% 2[RI A
e SR BRI T, 58 A e AR
B R B AT R BB | MR IR IR RS
i 56 DR PR A ) - A0 A 7 D 67 24 38 S5 5 (4 2R
KR, ARBATFRLI)  TCie & SR 41 334 J& PCR
38 G ) £ S 2 A A A W RS T I TR 2
HEPIRE . Raju & Perkins (1994)% ki {5 7] 5%
FHE Podospora anserina K G, wHIHY
2AREAEA RGO 4 D%, BR AR
5 24, Hoh— AN AR A R BRI, B2k
SRR 3 AR AE IS W R e 22, s 2 A
SEBCTIZ Y 2 B 11, XA 4E(2017a)WiEE
HLBE F IE 18 Morchella crassipes 3461 df & 1ok
FERANMEAZA T AT R B, T8 R 2E4E T8 B,
761 PN A A% DA i B BE AL GE B 2 2098 N IR E
WEE A 22340 kA, ZFE AR 2R It
Gb, ZEE S LG, FRERT R
AN A, 22 B A 9 40 A% 5 R AT
B 2 205 b S I DA AR B R T 2 b Sg TR A%
(R LU AR R R AR 5, S TR | ik
PEE 1 G A S A R PR s AN A8, FLXFIOIR S
L] 2 TR 22 AR B B RN A0 A e R R R T
25, HRH B 5T

TEAMGE H, AR RS ik i) 2R
TR R S BB Lo il 25 K R A B . MATI-1
ZHC ) YPL6-3 A% B 4k 1 T2 R E A,
MATI-1-1 RE[H38, MATI-2-1 K:[H 55 8¢ ;
MATI-2 ZZBCBI Y YPL6-1 s 2 iy 9 i
Wi, MATI-2-1 FEHi, MATI-1-1 FEF 55800,
MENMPEE, W 2 FPACEAERE . Du e al
(2017) 43 ARG I 1 Aefs A = Jib- 1 B2 A AR i 1
R AT SL 2R, EBHEL 3 R o .
(1) HMAITSL2 2 FiagBe AU ERRE+R 2 (2) T
SCEHHA 2 Rl EC R, H B AR R L RRAS I F] —
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Fft, MATI-1 B(E MATI-2; (3) EHITS2ZH
SURHIN 2 —Fpsg B A, X Fp 3 AN RE =1 . X
%5 (2020)%F 348 13k A MR AR . CIRFAE
W M. eximia. 7NIRFIEEER R 790 KB AE &
FHWE M. elata TR L3 B YIS
PRGN, % BRI 153 143(43.96%) 53 B 4 H k]
FI|—Fp g B AU EE R S I TR BUP BRI E
(IS, FEF S22 A RERINF 2 FPACACAY, PRAHLH
U2 A — AR B A A 3], 2 75 0 Bt
Sy B R B T AETE S R AR A 2R, BT —
HRAWE
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