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Differential expression of key genes in pheromone signaling
pathway in fruiting body development of Flammulina
filiformis

LIU Ao, LYU Xiaomeng, WANG Qingji, WANG Xiangfeng, LI Zhuang, ZHANG Jiyue,
WANG Wei

Shandong Provincial Key Laboratory of Agricultural Microbiology, College of Plant Protection, Shandong
Agricultural University, Tai’an 271018, Shandong, China

Abstract: [Background] Fruiting body is the important structure for fungal reproduction and growth
and its development is regulated by a variety of signaling pathways. [Objective] In this study, we
analyzed the genes in pheromone signaling pathway in Flammulina filiformis on the basis of the
transcriptome and genome data to obtain differentially expressed genes, and then determined their
expression during mycelia growth and fruiting body development, hoping to provide a reference for
studying the fruiting body development of edible fungi. [Methods] We annotated the pheromone
signaling pathway of F. filiformis based on genomic data. The key genes involved in the development of
F. filiformis fruiting body in this pathway were further identified through transcriptome sequencing.
Finally, we verified the key genes by real-time fluorescent quantitative PCR. [Results] The expression
of cdc24 and stel? gene was significantly different in the five samples (primordium, stipe at the
elongation stage, pileus at the elongation stage, stipe at the mature stage, and pileus at the mature stage)
collected during fruiting body development. PCR results supported the above conclusion. [Conclusion]
The key genes cdc24 and stel2 may be involved in the regulation of tissue differentiation during fruiting

body development of F. filiformis.

Keywords: Flammulina filiformis; MAPK signaling pathway; real-time quantitative PCR; differential
expression; fruiting body
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Figure 1 Samples of different developmental stages
of Flammulina filiformis. A: Primordium; B:
Elongation stipe; C: Elongation pileus; D:
Maturation stipe; E: Maturation pileus.
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i RNA #3¥E HiScript® Il RT SuperMix for
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AWFFEFT R RT-gPCR NS R 44 o
i) B-actin &K (ACTB)FIH i 1 -3 - 1 M S il Ak
H(GAPDH)™, 5141 )T HEMYEEY
HARABWRAF AN . KA ChamQ Universal
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2.1 iR MAPK @&

BET S FT ai AZ IR B AR L11 SEDN 2 ot vt
FRRG T TR T (3R 2).if 3 NCBI
TR T 8 ME R RE S BN, 5 HAb I
P[] TR R LA B i — Bk o o
gene8607 5 Coprinopsis cinerea GTP 454G H
Cdc42 —EER 82%; genel088 Y55 Flammulina

*®2 MAPK FSEBERIR

Table 2 Annotation of MAPK signaling pathway genes

%1 RT-qPCR 3|#1F7

Table 1 RT-qPCR primer sequences
FENZR SIYFEs

Gene No.  Primer sequence (5'—3")

ACTB-F GATCGTATGCAGAAGGAGTTGACAC
ACTB-R CCACTCTCGTCGTACTCTTGCTTG
GAPDH-F CCTCTGCTCACTTGAAGGGT
GAPDH-R GCGTTGGAGATGACTTTGAA
cdc24-F ATCGTCTTCGTCCGCTATCA
cdc24-R TGAACTTCTGGGAACCATTTT
stel2-F GTGGGTGGACCTGGGATGAC
stel2-R ATGCTGCTGGTGGTGCTGAT

Siliformis SEVSBAFRRACHAT Cde2d — 5t
=15 99%; gene8083 5 Flammulina filiformis H%
P Beml —ZEMEE IR 99%; gene7282 5
Schizophyllum commune H4-8 ste20-like £ F—Z
Pk 84% ; gene9504 5 Volvariella volvacea
STE11 HH—FMEN 85%; gened683 SR H
H4-8 ste7-like £5 FH— (P15 92%; gene32 5
Aspergillus homomorphus ¥ I /5 H — 2PN
80%; genel86 5 Aureobasidium melanogenum [7]
TR S5 R s T STE12 mRNA — By
74%. M MAPK iR GRFIE, i Lo
R SR e DRV 4 AT 2t A ) T ok -t B DA AR T 4
B b AN W] G R A] — B RN 22 (2 1%) 02
TN [F) Pk Z [ AT R e 51 B A SR A A
Wy I AEAE R SNP 37 5 T 77 A i Y

FMFID  GenBank k%5 fii ik Yy EM —E
gene ID  GenBank accession No. Description Species E-value Identity (%)
gene8607 XM 001833721.2 GTP binding protein Cdc42 Coprinopsis cinerea 9¢—123 82
genel088 MN661161.1 Guanine-nucleotide exchange Flammulina filiformis 0 99
factor Cdc24 gene
gene8083 MN661160.1 Polarity protein Bem1 gene Flammulina filiformis 0 99
gene7282 XM 003032752.2 H4-8 ste20-like protein Schizophyllum commune 2e—43 84
gene9504 KC748447.1 STE11 protein gene Volvariella volvacea 8e—26 85
gene4683 XM _003034025.1 H4-8 ste7-like protein Schizophyllum commune 1e—06 92
gene32 XM _025690173.1 Pkinase-domain-containing Aspergillus 3e-06 80
protein homomorphus
genel86  MNO086872.1 Homeodomain family Aureobasidium 2e-21 74

transcription factor STE12 mRNA melanogenum
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IR IK 5 ste20 (gene7282)FE IR o5 T
ik, stell (gene9S04)ENRK I EAR T FHF A
ste7 (gened683)TEA NIRRT E, FIME R4

%= 3 Reads 5&EEFBLEXTFREIT

i NS IRk s ste7 (gene32)7E W 2 1A
W T IHRIE; stel2 (genel86)TEAMHK I T o |
#Kiko

Horr, LA ede24 Fi stel 2 TEANR % B B HA
FirEREE, FHX 2 NMERTRES 5Lk
RE SR RE, D] RT-qPCR HAXY
X 2 N EE R R A R AT T HRAIE
2.3 EETRFEEE PCR

a5 B RE 5 mps h iY B e S 5 a1
SRR EF R WM RERL, - H
RT-qPCR B3iiF. 45 /R, RT-qPCR HihR4]
H¥aRs—28E 3), 2 MREE(cdc24 Fil stel2)
3 A S L I SR AT A A T i R A A B T i
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Table 3 Comparison rate between reads and reference genome

FE b & reads %% BENI reads B
Sample Total reads Total mapped reads
JE PR-1 13 180 000 11 730 394 (89.00%)
Primordium PR-2 14 060 270 12 474 939 (88.72%)
PR-3 15 534 922 13 871 588 (89.29%)
R S R ES-1 16 136 676 14 262 342 (88.38%)
Elongation stipe ES-2 16 949 982 15068 103 (88.90%)
ES-3 18 445 804 16 297 184 (88.35%)
iR 2 EP-1 16 559 622 14 848 028 (89.66%)
Elongation pileus EP-2 16 848 370 15 114 392 (89.71%)
EP-3 17 714 844 15 907 489 (89.80%)
B A MS-1 17 193 950 15 290 110 (88.93%)
Mature stipe MS-2 15 340 044 13 670 715 (89.12%)
MS-3 15959 110 14 233 650 (89.19%)
PR MP-1 16 496 902 14 642 491 (88.76%)
Mature pileus MP-2 15 554 088 13 786 641 (88.64%)
MP-3 14 682 558 13 033 496 (88.77%)
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) FREFSHABERATIHRRLBIHRIARN  A: cdes2 BNK L F Y FPKM; B: cdc24
LN K FIIY FPKM; C: bem! FEN 25K F N FPKM; D: ste20 JE[H K T I FPKM; E: stell
FEHA L BB FPKM; F: ste7 (gene4683)3EH4 K BRI FPKM; G: ste7 (gene32)FEN 4k & BT HA
FPKM; H: stel2 JEN L HNHY FPKM. PR: J5id; ES: (fIMIEN; EP: fRIMIE; MS: M
JA s MP: IR T Bl P EER DR, AF/NE P RER IR 22 5 .35 (P<0.05)

Figure 2 Expression of the pheromone signal pathway genes in different developmental stages of fruiting
body. A: FPKM of cdc42 genes in development stage; B: FPKM of cdc24 genes in development stage; C:
FPKM of ste20 genes in development stage; D: FPKM of bem! genes in development stage; E: FPKM of stell
genes in development stage; F: FPKM of ste7 (gene4683) genes in development stage; G: FPKM of ste7

(gene32) genes in development stage; H: FPKM of stel2 genes in development stage. Data are mean+SE,
different lowercase letters indicate significant differences (P<0.05).
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—RT-qPCR
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Relative expression level
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tel?2
1.2 ST RNA-Seq. 70
5 a — RT-qPCR
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5 130 &
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B3 EEEESEREERABERE FPKM 5 RT-qPCR  A: cdc24 R[4 &% 7 1HY FPKM Fl
RT-qPCR; B: stel2 J:H%& K BN FPKM #l RT-qPCR., PR: Jiikt; ES: MK HIFEW; EP: K
IR MS: BUAUHEER; MP: SBUNRE B I ER DR, ARNE FRROR 2 5 B %

(P<0.05)

Figure 3 FPKM and RT-qPCR of the pheromone signal pathway genes in developmental stage. A: FPKM
and RT-qPCR of cdc24 genes in development stage; B: FPKM and RT-qPCR of ste/2 genes in
development stage. PR: Primordium; ES: Elongation stipe; EP: Elongation pileus; MS: Maturation stipe;
MP: Maturation pileus. Data are mean+SE, different lowercase letters indicate significant differences

(P<0.05).
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