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TR R BRI L R R G BE AR P R R A B ST I R AR K A E . SRR MAPK {5538 BB R Ms-
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Transcriptome analysis and key gene cloning of Morchella esculenta

response to white mold pathogen infection

SU Wenying, JI Wei, LIU Xiaomei, WANG Yipu, REN Likai
( Lianyungang Academy of Agricultural Sciences, Lianyungang 222006, China)

Abstract:  Morchella esculenta white mold is a common disease caused by Pseudodiplodspora longispora, which often

leads to the decrease of yield and quality of Morchella

W75 B #A - 2025-09-16 esculenta. In order to clarify the pathogenic mechanism of
E& T . % 7 W W BUE 5 (QNJJ2402) 5 % =i <521 TR 55 P. longispora on Morchella esculenta and explore the key
H (LYG065212024113) genes of M. esculenta in response to the infection of patho-
TEE /I R 30T (1992-) , 2 RS 5 )5 N, i1, BhBEAE o 0%, & gen of white mold, this study used transcriptome sequen-
TN T 3 A B P TR, (E-mail ) 18004425758 @ cing technology to perform gene ontology (GO) and Kyoto
163.com Encyclopedia of Genes and Genomes (KEGG) enrichment

BIHEE : (LarBL, (E-mail) 2049823@ qq.com analysis on differentially expressed genes before (M1) and
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three days (M2), five days (M3) after infection by pathogen of white mold, and the key gene was cloned and verified. The
results showed that 1 008 and 2 955 differentially expressed genes were screened in the comparison group before infection
and three days after infection, and the comparison group before infection and five days after infection, respectively. More
genes were induced with the extension of infection time. According to the GO classification results, the differentially ex-
pressed genes in the comparison group before infection and three days after infection were mainly enriched in biological
functions such as DNA integration and DNA metabolism. The differentially expressed genes in the comparison group before
infection and five days after infection were mainly enriched in biological functions such as carbohydrate metabolism, mem-
brane part and redox process. As the infection time was prolonged, the antioxidant capacity and metabolic activity of M. es-
culenta were significantly enhanced. According to the KEGG pathway enrichment analysis results, the differentially ex-
pressed genes in the comparison group before infection and five days after infection were highly enriched in the biosynthesis
of secondary metabolites, galactose metabolism, biosynthesis of amino acids, glycolysis/gluconeogenesis, mitogen-activated
protein kinase ( MAPK) signaling pathway-yeast and other pathways. These pathways may be closely related to the response
of M. esculenta to P.longispora infection. The infection of P. longispora could activate the high osmolarity glycerol-MAPK
(HOG-MAPK) signaling pathway of M. esculenta, and the expression levels of genes encoding Stell, Ssk2, Ssk22 and
HOGI were up-regulated. The cells maintained osmotic pressure balance by accumulating glycerol. In the glycolysis path-
way, the expression levels of glyceraldehyde phosphate dehydrogenase gene, phosphoglycerate kinase gene, phosphoglycer-
ate mutase gene, enolase gene, pyruvate kinase gene and other genes were down-regulated, indicating that the infection of
pathogen of white mold could inhibit the production of pyruvate, which in turn affected the growth and development of M.
esculenta. The full-length ¢cDNA sequence of MAPK signaling pathway gene Mshogl obtained by cloning was 1 050 bp. The
MSHOG! protein had high homology with the fungal HOG1 protein family, and had the same “TGY” double phosphoryla-
tion site as the fungal HOG1 homologous proteins. The results of this study provide a theoretical basis for disease resistance
breeding of M. esculenta.
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B U B AR T, W B T AR S8 SR i, 42 R i
(M1, RZZIRIR R R YY) Fefh 3 d(M2, 1253 d) $%
5 d(M3, 1R3¢ 5 d) 0 5l R 4 148 R 405 11 ] 1 40
21 W AGER 5 T -80 CIRA7, T He skl o3 Ht .
BRI 3 IREHR
1.2 RNA #Hl& MFXEMERSEENF

4 B8 TRIzol i35 & ( 32 [ Invitrogen 23 F 7= )
LB AT I A IR A B S RNA 20, JF ) H]
1% 35 B AR I FEL KRS A5 RNA 2 A5 47 7 5 e M %
fE IO, KA H% J5 {8 Agilent Technologies 2100
Bioanalyzer Wb 15‘(( EH Agilent Technologies N
L7 ) R DU S T T AR AR S RNA R BE R4l %
RO B RE L ZE R AU T E R BURBH RAn A PR A
A EE cDNA SCFE, 311 A Tlumina HiSeq™ 2500 -
£ (L HE Mumina 23 7] 77 ) FEAT 558 5 0, 3R E
AN RIS 2 Jr P e S AL B
1.3 5 b Fn B E

Xof DN P R A 1 S At Kl a1 AT B O 2 L 15 3
iR B ( Clean data) o f# H] HISAT2v2.0.5 #4445
15 5t B 5 (Clean read ) 5 75 Wk 2F 1T T ( Morchella
sextelata ) e YSEER ( https ://www. ncbi. nlm.
nih.gov) #HATFHI LLXT, KM StringTie 1.3.3b #ff
HEA TR L R S 0
14 EFRIEEESH

K FH DESeq2 B EAT AN [F) Ak 2 22 5 3 1Kk Bk [
SR 22 IR LR R (O P, ( 2 H IR
ARIEJE B P ) <0.05 H. llog, FC | ( FC ] 2% 545
BO>1, BOER B Y 22 5 R R HE P FIH Clus-
terProfiler(3.8.1) 4T R KL AR (GO) ThRE & 4
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1.5 MEAEREFLANFEHEEZERRIEIERLRH
%3t PCR( qRT-PCR) I8+

IRHIE RNA-seq 4550 A 551, ABIFGE £ B 10
AT B A R R R Gl i R v 25 SRR R SR A
AT SCH 22 1 R A W A U 0 ( qRT-PCR) B iE, 10
M EFFINER PCR IR 1, WS HEH Ny 18S
RNA, qRT-PCR WK Z A 20.0 pL, f4E SGExcel

#*&1 PCR REFTHSIY
Table 1 Primers used for qPCR

FastSYBR Mixture 10. 0 wL,10. 0 wmol/LiE [a] 5|4 F1
10. 0 pwmol/LJZ A5 [#)45 0. 4 wL,cDNA 100. 0 ng, F
ddH,0 #M & % 20.0 pL, qRT-PCR W & FF K 95
°C FAEME 3 min;95 °C A8 15 5,60 CiE 2k 45 s, 1/
45 k., PCR RV Z M BC I 75 £ 0K EHRAE . SR
FH 2722 B SE R AR X ek it

B 25 B AR EmFF(5—3") F 75l (5'—3")
68328685 185 RNA GCAAGAACAACTTCAAGCCG GGTCTTATTCTTCCGCACAAAC
68334900 S0D CCCGCAAAGCACAACTGA TTATGAACCACGATGGAACGA
68328626 PGM1 GACCCTACGGTATTGCCATCT GAGAGTGGGCATAGGTGAGGT
68330809 Hogl CAGTCGCTTCCAAAGAGGG TCGGTGGGATCGTGATAGG
68325120 arok GGAGAAGTTTGAGAGGGCTGA GTATCGGCTTTGGGTGGTCT
68328974 Ank CTCGCTACACCTACGCCACT GCTCACATTTCCCACCCTTAG
68334779 TYR CTTCCAAGGCGTCCATAGC AGTCAATCAGCCAGTCCCAGT
68324987 GalD CTTGGCGTCCCTATTTACTCG TCCTCGGTTGCGTTCATTT
68332975 GLA CCATCCCGCCGAGTTCTAT TCGTACTTCTTTCCCGCCTT
68328641 GALT CACAAAGGGCAAGTGCTACG GGTCCAGGTGTTGATTATCGG
68324580 TRP GGAATACCGCTCTTACTACCCA TCACGCTTGAGCCAGATGTT

1.6 XEEETESH

T Mshogl (68330809 ) K& [H 3 I T~ JHE
e HBEE , A Primer Premier 5.0 #0451 EEH
PEGIY (£ 1), DAFERETE cDNA R, I FH 331
U0 S | )3E4T PCR I8 9 52 1S, SR
BENRBHEE I L VKA PCR P2y A kil , LIS & 5
RRBER: 1 NN P S - DR Bl D @ m vl e @I
F BB B2 w77 5 ) BSO™=8 # mTli
P aiAL S 3 E pEASY-T1 8 4k (Jb 44
EWEARA R T 5 5 KT i %
o BHEAL =Y S 0 AT TR L, T 37 C ARG
FRAATPHEFE 16 h, M S BRBUCR E S A 2= 5 mL
100 peg/mLZ 'R 75 & 10 LB W 14 K; 5% 5L, 78 200
r/min 37 C M PR 53512~ 16 h, ZHE K 600
nm WO (0D,,,) 150.6~0. 8, #E— % 8 241 52 [
FARTF AW PCR %08 k2 E T A TR L
) e BR 2 Rl HEAT I o DU 25 2R 5 ~F 1
B 53 2] B0HE HE AT HEXE, I R DNAMAN #1455
ORF Finder 7£4k T X FIL 25 RRIE A T 50T

2 HERE

2.1 ERANFHIBEAESSIT

PR TR SR P L5 a2 2 R, 9 ASFEAE
BREACSE RN FEA 371544 611 501 4% )5 15 75 %%
i (Raw reads) , & i U8 )5 , PR FEA S 2]
43 061 737455 it it A7 50808 ( Clean reads) , i
HEMES B KA R, FX R 3k 93.90% K&
DL BTN P e 5 2 2% B A HAA B Ar DL e
JE RT AT TG E2 0 M. 9 A FRASST- 355 R0 3 5K
214 6.46 G,Q20( Bt {H =20 AYHHEE T 5 H 4Lk
}97.13% ~97. 68% , Q30 ( i {H = 30 AYBKILFIF &
HAr ) N92.63%~93.94%, G +C Bl F & N
50.55% ~51.58% , & HFEA Q20 Fl Q30 {H 4L T-4¢
KA I P R IR, BE FT SE M . G+C
B B A A E A B N, A5 B A AR R A
FEIE
2.2 AEHGEERERIEKFEEXES T

AN[FIREAS B R R 3K KA DGR BT 26 3 Tl
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M1 b3 3 AMEASTE] A AH OC R EHCH0.963 ~ 0. 977 ; M2
SRFR 3 ANFEAS [A] A AH 5C R ECH0.963 ~ 0. 979, M3 4k
3 ANFEAR ] AH OC R ECR0.938 ~ 0. 958 , i I AN [
SEBREY 3 A B A W) A — B RAF R
VERE B (5 B
23 ERRTEEESH

M1 5 M2 i dl M1 5 M3 Fe &4 50

R2 FHEEREKERE

Table 2 Transcriptome data quality assessment of Morchella esculenta

396302 R RIN B FEMEN, Hd M2 5 ML [t
B 2 R FRFEI B 1 0084, Hirh 7E M2 REA R
Foib FRSERECE 772 4, T IR A I R 236
AL M3 5 M1 i 25 57 3k FE B2 9554,
Horpfe M3 AR 8 TR E A1 6014, T
FIRFER B 3544, AT BEE (B B AR I
B P3G, S B PO 2L A TRk (R 4) .

bk RRIUREGE  BURMIEEC  RPUREGR AR ERUES Q20 Q30 G+C
(%) (¢ (%) (6 (%) (%) (%) (%)
MI_I 44868 576 6.73 43 600 644 6.54 95.15 97.67 93.94 51.58
M1_2 47304 546 7.10 45 587 990 6.84 94.81 97.13 92.63 51.29
MI1_3 40478 084 6.07 39 389 708 5.91 94.98 97.51 93.48 51.12
M2_1 46965 954 7.04 45 661 380 6.85 95.32 97.54 93.53 5111
M22 45050 956 6.76 43 589 414 6.54 95.25 97.59 93.64 51.14
M2.3 43036 206 6.46 41 437 726 6.22 95.48 97.59 93.57 50.55
M3_1 45244 468 6.79 41 808 284 6.27 94.02 97.54 93.59 51.13
M32 45325180 6.80 44 184 330 6.63 93.90 97.61 93.69 51.12
M3.3 43229 542 6.48 42 296 160 6.34 94.17 97.68 93.91 51.44

MI1_1 . MI1_2 M1_3 KA R A e i X BB AS s M2_1 M2_2 M2_3 K AL BABE 2 e 3 d BEAS; M3_1 M3_2 M3_3 9 KR pE 12
Yo s dBEAR, Q20 I FFERRAE IR AEIAF 20 LA _E AYTRIEE H o SRR (9 43 EE 5 Q30 I P it st Bk 1) 30 DA b BSR4 B o5 B S dis Y

BT,

R3 HAHEEXE

Table 3 Data correlation between samples

FeAR MI1_I M1_2 M1_3 M2_1 M2_2 M2_3 M3_1 M3_2 M3_3
Mi1_1 1.000 0.974 0.963 0.926 0.916 0.941 0.873 0.863 0.878
M1_2 0.974 1.000 0.977 0.934 0.927 0.943 0.871 0.856 0.870
M1_3 0.963 0.977 1.000 0.946 0.943 0.947 0.881 0.868 0.874
M2_1 0.926 0.934 0.946 1.000 0.979 0.967 0.925 0.919 0.919
M2_2 0.916 0.927 0.943 0.979 1.000 0.963 0.915 0.914 0.908
M2_3 0.941 0.943 0.947 0.967 0.963 1.000 0.919 0.915 0.915
M3_1 0.873 0.871 0.881 0.925 0.915 0.919 1.000 0.958 0.951
M3_2 0.863 0.856 0.868 0.919 0.914 0.915 0.958 1.000 0.938
M3_3 0.878 0.870 0.874 0.919 0.908 0.915 0.951 0.938 1.000

MI1_1 MI1_2 MI1_3 M2_1 M2 2 M2 3 M3_1 ,M3_2 M33 W32,

x4 FELBAERREERHE
Table 4 Number of differentially expressed genes in different com-

parison groups

Wy SRR LIRIENECRE RN
- Bk (1) (M) ()
M2 5 M1 1 008 772 236
M3 5 M1 2955 1 601 1354

M1 AEFRTREA M2 A AL B BR A AR e 3 d BEAS; M3 I A iR S
Y 5 d B,

24 FHEZEHBEREGAAEMBERRIEE
GO et

M2 5 M1 HeB A R ) 312 4> 25 S 3k ik 4k
P 124 A4S (156 A4S 32 N2 R GA L TR
24934 #2 ( Biological process, BP) .43 JIHE ( Mo-
lecular function, MF ) | 2 }fd 2 43 ( Cell component,
CC) , Hrh 22 KB B K & R0 5 AEY = Ihie
DNA #& DNA Ul R AR A FR 2320 0 LA
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Fig.1 Gene ontology (GO) classification of differentially expressed genes in different comparison groups
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Fig.2 KEGG signal pathway enrichment analysis of differentially expressed genes in different comparison groups
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T TR I B R T AR % Y BT v B MAPK
PRI IR A FIE B M A& 12 3 n 1l 3 FEL 4 BT,
M3 5 M1 4] MAPK REG S/ L% g i 11 4>
ZeF AR R (K 3)  Hh K fuf iz 4 5 d
AbF(M3) 6 PDEFRIBFE R RE LI, 5 A2
SEFRIAFENFIA R T, HOG-MAPK & A [ i g
i stell ( 68323698, 68329991 ) . Ssk2 Fl Ssk22
(68326022) \HOGI (68330809 (I ¥ FiH ik,

M2 5 M1 AL M3 5 M1 HB 2 m e A/ i 5 A
RS e 12 A2 SRR A 4R G B ]
Han, B BE R A BE N OB R R W B ( PEPCK)
(68322318) Fik it L H AN, HAx 22 5 RN L Rk
EH R, Hi 5 A BT HERRERHES 5
B 5 2 B B, f S BEORR M U OEE OB & A
(68333094) B iR H i1 iR 18 i ( 68329233 ) | Wi R H
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