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Genes involved in sclerotium formation of Phlebopus
portentosus

YANG Tianwei', DAI Liming', LIU Jing', GAO Feng', XU Xinjing', FANG Yiwei',
WANG Wenbing', YANG Ruihengz, BAO Dapengz, ZHANG Chunxia"'

1 Yunnan Institute of Tropical Crops, Jinghong 666100, Yunnan, China
2 Key Laboratory of Edible Fungal Resources and Utilization (South), Ministry of Agriculture and Rural Affairs,
National Engineering Research Center of Edible Fungi, Key Laboratory of Agricultural Genetics and Breeding of
Shanghai, Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China
Abstract: [Background] Phlebopus portentosus is the first edible species of Boletales that can
be cultivated artificially, and the number of sclerotia varies during the artificial cultivation of
different strains. [Objective] To explore the different mechanisms of sclerotium production of
different strains. [Methods] The mature sclerotia of the strain with multiple sclerotia (JH1) and
the strain with oligo-sclerotia (JH2) and the mycelia of the strain with no sclerotium (JH3)
cultivated for the same time period were collected. Transcriptome sequencing was performed to
identify the differentially expressed genes (DEGs) in sclerotium formation, and the roles of
these DEGs were analyzed. [Results] The Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment showed that the DEGs between JH2 and JHI were mainly enriched in the
phenylalanine, tyrosine, and tryptophan biosynthesis, arginine, proline metabolism, cysteine and
methionine metabolism. The DEGs between JH3 and JH1 were mainly involved in glyoxalate
and dicarboxylate metabolism, and those between JH3 and JH2 in glutathione metabolism and
glyoxylate and dicarboxylate metabolism. Among the sclerotium formation-associated DEGs
between JH2 and JH1, between JH3 and JHI1, and between JH3 and JH2, respectively, 69, 118,
and 82 genes were associated with signal transduction, sensory stimulation, defense, and
carbohydrate active enzymes, and those associated with carbohydrate active enzymes had the
highest abundance. The expression of carbohydrate active enzyme genes shared by the three
comparison groups in JH1 was higher than that in JH2 and JH3, indicating that JH1 could make
full use of the substrate to form more sclerotia. [Conclusion] The differences in sclerotium
production among different strains of P. portentosus were preliminarily analyzed at the
transcriptome level, which provided a theoretical basis for the subsequent research on the
correlations of sclerotia with fruiting and yield.
Keywords: Phlebopus portentosus; sclerotium; transcriptome sequencing; differentially expressed
genes
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Sclerotium formation of three different strains. A: Strain 20139. B: Strain 20019. C: Strain 20134.

Table 1 Analysis of transcriptome sequencing data quality

Sample Raw reads Clean reads Q20 Q30 GC content (%) NCBI accession No.
JH1-1 41 164 820 39 151 656 98.11 94.56 52.24 SRR17380384
JH1-2 41 028 248 38 648 406 98.31 94.95 52.18 SRR17380383
JH1-3 49 819 872 49 448 452 97.48 92.96 51.85 SRR17380381
JH2-1 43277772 40916 430 98.09 94.51 52.05 SRR17380380
JH2-2 40 601 888 38348214 98.33 95.03 52.04 SRR17380379
JH2-3 48 063 990 47 453 862 97.96 94.01 51.88 SRR17380378
JH3-1 47707 132 46 197 544 98.19 94.51 51.66 SRR17380377
JH3-2 47 470 656 46 991 230 97.49 92.92 51.88 SRR17380376
JH3-3 44 414 386 43 833 708 97.41 92.8 51.93 SRR17380375
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0016021), BEAYIE A A 43 (intrinsic component of H((E 4C), 435 MHEAM X (extracellular region)
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0005618) . EL A 4lIff15% (fungal-type cell wall) (GO:  of membrane) (GO: 0016021). JEf# [H A B4y
0009277) . HMEREF R 454 (external encapsulating (intrinsic ~ component of membrane) (GO:
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(GO: 0071944). BE#R4>(membrane part) (GO:  H MBI EEEEMFZHA GO: 0016021 F
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Figure 2 Volcano diagram of DEGs in different comparison groups. A: JH2 vs. JHI. B: JH3 vs. JH1. C: JH3 vs.
JH2.
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Figure 3 Venn diagram of differentially expressed
genes (DEGs). A: JH2 vs. JH1. B: JH3 vs. JH2. C:
JH3 vs. JHI1.
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Figure 4 GO classification of differentially expressed genes. A: JH2 vs. JHI. B: JH3 vs. JH1. C: JH3 vs. JH2.
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Figure 5 KEGG pathway analysis of differentially expressed genes. A: JH2 vs. JH1. B: JH3 vs. JH1. C: JH3 vs. JH2.
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TE W AZIE B B 2R ARG BR . JTH3 vs. JHI
Z [ DEGs {83 78 4cfis [, 78 LA
— & Mt i (glyoxylate and dicarboxylate
metabolism) (abp00630)if % I & % & £E (& 5B);
JH3 vs. JH2 2 [A] ) DEGs 83 69 £ L,
E & B H Bk AL i} (glutathione metabolism)
(abp00480) . Z R 1 — IR IR L8 (glyoxylate and
dicarboxylate metabolism) (abp00630)i #% I i
FEEEWE 50), HEETERE 3 AP
HE AR W ) A= W & A (biosynthesis of secondary
metabolites) (abp01110)J& 76 M K H i £ 1Y
W For JH2 vs. JH1 #5 )% 21 4~ JH3 vs. JHI
PN 354, JH3 vs. JH2 ¥ K 21 4,
2.7 RT-qPCR IGiEsEFRAM FRIZEN
R T RS A S A I R, BEALBRE T
EVMO0005624, EVM0001450 FI EVM0001641 ix
3 NERIELHFIAT RT-qPCR E =M. HIE 6
AL, 3422 R R TEA Rl B bk 1Y Rk i S of
LI PP 48 R — 20 Herb S oK AG S WS P AR G
AL EVMO005624 K 5155 SAH DG i BL (K]
EVMO0001450 M JH1., JH2 %] JH3 ik KK T
A, M5B K B HOCHYFER EVMO0001641 ik
i B, H 3 AMMERTE JH1 5 JH3 ZE Rk

A B
1.2 sk 1.2

expression
< —
e (o)

3 expression
< —
[ese) [}

El

El
o~

El

00"..

JHT  JH2  JH3 T JHI
Ee6 Z=RERE RT-qPCR WiE

o 11 1

15 22 S R 2 (P<0.001),
3 W54 #®

WAZIE NS5 555 . BRI Bt B
BEE . BEREGH . BAKAEPIE TGS 2
B PR AR 32 A SOk e o) R v o S ) 2 S
R TH2 8815087, M JH2 vs. THI . JH3 vs. JH1
1 JH3 vs. JH2 1) DEG 733 %7€ 1] 69, 118 Al
82 Z WL MM R 22 R RIAEEH . =AML
B R KA S S P KOS R B R DG Y B
N R AT E .

310 ESEHESHEXERSHF

2y 24 )5 35 Ak 2B 11 B (mitogen-activated
protein kinase, MAPK) 1 J& ELAZ% A W15 514180
#(MAPK i %)) CHERE, 2 5F 5% S . B3R
20 ML RE A S AR A RO i R T i G
FEDITEA SO = AR S rh ¥ 22 3%k, TH3 vs. TH2
OJH3 vs JHI AF 1E 22 5 & 1 9 09 2k [
EVMO0001450 (protein kinase wisl); JH2 vs. JH1
e S EAMGIER EVM0006050 (mitogen-
activated protein kinase), #EMX 2 > 2= 57 FE R X
5 o 0 A 2 T T T AR S RAT A

C
10 skkok

9 *

—
%
*
> expression
~ 00
-

JH2 JH3 JH1 JH2 JH3

Figure 6 Differential genes were verified by RT-qPCR. A: EVM0005624. B: EVM0001450. C: EVM0001641.

*: P<0.05; ***: P<0.001.
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3.2 BAERIBEBAEEREE SR

JH2 vs JH1 Y22 523, S5 31 2 MR
75 4 M Y% 5 KL N EVMO0004159 (heat shock
protein 16)F1 EVMO0008420 (heat shock protein
70); JH3 vs. JH1 F1 JH3 vs JH2 ()22 3L K v
Y TE B 3 IR R 1 gAY L EVMO0007378
EVMO0004159 #1 EVMO0005679 (heat shock protein
16), {HASHEE M EX 3 1~ DEGs ¥ 2 M H&A.
T 9 R 38 PR AZ T 1 2 22 B R B3 i Ay 5% Y
A ST P IR T B 1 G A 5 TN 7 25 7 3R A P e
PR T W48 XA 2 JH TR TR AZ T B FE 2 T &
FiLFE AL WDA0 15 %1 575 18 1 ) 1 396 355 Jip
B E AR R YRS R WD40 Rikit %
RN ORHFSE K IAE TH3 vs TH1 5 JTH2 vs
JHI M3t 2R3 E Y, i WD40 Ay
EVMO0001419 &£ |1k, HEMZBH A AH G KL
HZWE . FERZERNEZIE A X,
33 SRESRBEHEIER

SCHRHRIE CYP450 K2 5 S w i
2R KBS AT, AT TH3 vs.
JHI. JH3 vs. JH2 #1 JH2 vs. JH1 45
CYP450 HH 1 25 5 5L K 43 54T 4433 Fl 27 4~
S A LA B CYP4S0 A SE 3 A N
EVMO0007114, EVM0000712 1 EVM0001641,
Fr 3[R EVM0000712, EVMO0001641 7£ TH3 H11)
FikEET JH2. JH1, EVM0007114 7£ JH3
FREEALT JH2, JHI, X2 FIEE gy
5 e DR AV 24 JH D DA T 22 381 DR R AT A e AR A O
34 5EEZEHHEXHNERE

HAWEZN LT — BB ARMTIR,
R DIRALR R E B, YA S K K8
7%, FEEHAGEERD, BeREY SRR
SCD1 il THRL fEsZ M A% i WA K & MO8
FAEKB, JH3 vs. JHI HILA 6 MSBEOES
HAH R LN, Hid EVM0002472 . EVMO0006026

EVMO0001182, EVM0006485 F1 EVM0006014 iX
5 AL FiRZEIR, EVMO0002909 iR # 1k ; JH3
vs. JH2 H LA 4 A5 R ARG AT 2 5
[N EVM0002472 . EVMO0006026., EVM0006014
1 EVM0001015 &2 FiflRk, X4 R A
RS Z W% . B DR R AR B AR B R Y
I K (R A2 326 T TR 1) G 2 6 T ) IR 2 A —
3.5 BRAKUEYEEEXER S

WA . KNS 2R E R RO
i B33 ik Ak A 403 P 1 (carbohydrate-active
enzymes, CAZy) & H. 1/ 7 fift A1) FHE 2 0 fi 4k )
o, ALFE M K f# ¥ (glycosylhydrolase, GH), £
Wl 24 {7 i (pectate lyase, PL). #k/KAL & 4l B
(carbohydrate esterase, CE). %#BIi#2S (auxiliary
activitie, AA). M 5% i (glycosyltransferase,
GT) KA 5 Y148 7 4514 (carbohydrate binding
modules, CBM)%5 ., A #EH 5T & BLIRG#8 AR 4
JFBE ) CAZy FEDRE B /INT oA LR, FEAR AT
LRYE R WRE S 500 AR5 TH3 vs. JTH1 L JH3
vs. JH2 il JH2 vs. JH1 57K A5 103 1 i AH OC
22 SN 60, 38 F1 33 45 =ANHE
W 2554 4 4. EVMO0009029 (GH).
EVM0004552 (AA) . EVMO0009414 (AA) FiI
EVMO0005624 (AA), H.iX 4 PFEFETE JH1 3R
KR ET TH2 FOTH3 . IS [ Rk
CAZy FEREM T B E F= W R, 1t
S R AZ I ECH o

AW E T T 2 WA JTHL . SR A% JH2
JCHR%E JH3 PARE R — B B0 3 S 50, 1531
JH3 vs. JH1 ., JH2 vs. JH1 Al JH3 vs. JH2 H [L Y 2=
SEFE 2900 1 661, 1098 F1 13844, GO Ifj
REE LT LB, 5255 JH2 vs. JHI
FITH3 vs. JHI W E BB B E 045 H
SREA AR, 4 FHIReZEAH TH2 vs. JHL Fil
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JH3 vs. JH2 H [ DEGs .3 545 T binding
aeScH , A HWIER ZHON 7 5%
P2 AT UEE SR DNA 381 A AR oG
PEIFR T SR R R A RN, AR E R
A EE MR Bk PSR 8 4 e
% MYB %% 5 T 0l g 5 1 SR B A AH K . Xu
NG E AR IAIN T SA A LME SRR &
B, SAEPRRCHUS B A A OC o IR AT
It 538 TR A DG B TR 114 2 S 3R 05 4 52 ) TR A% 1) T
W5 K H JH3 v JHI H LR B 2 5 % %) binding
haesc HAN, bR H L B w4, RUE
R E R FLA AL TS 1 G 5 5 2R i ) i
WA EEEAE.

KEGG B H4Hr & P, JH2 vs. JH1 H I i3 3%
HETHRNAR . MARMOARNEYE R,
KR A AR, R M E AR,
25 W H AR 5 DA K BOSR i R AN R R A4 . TH3
vs. JH1 H [b Z i — SR ot % 5
JH3 vs. JH2 Z A B BRACH . CRERR A1 — R

MR 2 4R, UL AP B 7 h R A
AR .

B K R oKL G Pis T 2 — , 740
PR BE 2 Lo SR A Al R EE R A, 4
R i BE AT S A SEE ) AR B Eh 2R
R CRZERTER — A KRR DEGs
T, BRI i LB N R oy s S 4
FERBESIESEE . BRORGH . RS
WriE Ve mE | e iz S U 2 SR L B
SRBFE R, 10X LU PRE AN (7] 155 46 P A9 4 JEF BT T PR
i 22 5 Rk ] RE AL Rl T R MR TR AR R
CYE L3
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