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Hub gene of Lentinula edodes at different developmental
stages identified by weighted gene coexpression network
analysis

SONG Ting-Ting"  SHEN Ying-Yue® XU Fei® FANLi-Jun®  CAI Wei-Ming"®

@ |nstitute of Horticulture, Zhejiang Academy of Agricultural Sciences, Hangzhou, Zhejiang 310021, China
@Central Laboratory, Zhejiang Academy of Agricultural Sciences, Hangzhou, Zhejiang 310021, China

Abstract: Lentinula edodes ranks second in production of edible mushroom in the world and has
a long cultivation history. The development of L. edodes can be divided into four stages, growth
stage (G), light-induced browning (B), primordial formation (P) and fruiting body development
(FB). Mycelial browning and primordial formation are very important stage for transformation
of L. edodes from vegetative stage to reproductive stage, which are crucial to the yield and
quality. Transcription of L. edodes in the preceding three development stages was analyzed by
using three different culture materials as replicates. Principal component and correlation
analysis showed that the expression characteristics of the genes were similar within the same
stage. Using transcriptome of growth stage as control, the genes related to mycelial browning
maturation and primordial stage were obtained, and these genes were analyzed by GO and
KEGG. WGCNA was used to analyze the differentially expressed genes, hub gene and the gene
modules related to mycelial browning transformation and primordial formation. As a result, 17
important genes in mycelial growth stage, 167 in browning stage and 67 in primordium
formation stage were obtained by combining differential gene and gene module analysis. The
combination of multiple analysis provides us with a more efficient method for screening
candidate genes.

Key words: Lentinula edodes, weighted gene coexpression network analysis (WGCNA), hub gene,

development-related gene
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MITRe € . B HMFHEA (RNA-seq) )
AR EE T BN ESE. A REe. [
FERE FHi R —FE, RNA-seq &FET 5 AR
EE RN TR R M IR R IR B EHA, B
SERNHAFHINYE 5, 7] USRS EFE K1E
Ho INBLFE K FLRIA M 2% 53 BT (weighted gene
coexpression network analysis, WGCNA) J&—
Fh oy M HR L L RFEEL (coexpressed modules)
FIEEIE K Chub gene) A %4774 (Langfelder
& Horvath 2008 ). #&FHeX KB/ HT (pairwise
correlations) WI75V%, % FIFERIEBEHM
FHREE R R T T LA 7 2] 1 A4 ER 1
I, WGCNA &4 B D i S FH 2 HE 4
W T R ) R 4 A 245 G A A7) PR 1

B IER] (Du et al. 2017; Garg et al.
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e AN (Yin et al. 2018). EEE Y,
Li et al. (2019) FIH WGCNA 7755 #T 1 i
RE R B R, Tk, KEEME
[FIERI A 5E R Tl (Chen et al. 2016;
Zhou et al. 2016), JUH: A& 7 5 F R 2H 1100 /77
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3ANEEMB (6. B M P) MURESHEATH
ST, BT WGCNA T3V, 315 T HF %
P BR 22 2R T 4 0 B R D3 o B o i A
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Mg T — MM, v g e &
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1.1 ##

1.1.1 BEERPR: (XA 25 R bR Le949 K H T
T AR AL Bt el 20t 78 BT WA k), 1%
PRAEWTE 6 S Z2MALH 1 MWk, il
PR¥EPhT PDA Bt R B5 F2 Jkrh 25°CH5 5% 15d 7%
1, T JE SRS A B FAS A

1.1.2 555 E 0L /7 PDA R 5535 /7 : 200g
LR E 2 U, sk 1 000mL 3
30min, ZbAn I IESAT HRERSEM,
20g HiEMEA 20g TEfE. A4E 3 FhEMBME
BRI T . ARG/ REE /MR 78%. %k
X 20% AER 1% 408 1%, % 1:1.2 KR
IKEEKs EIRFERIFEST, KA ¢15emx55¢cm %3
BHRBERL . RELE%E TR 2) 900g, =8 K,
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analysis of Lentinula edodes development.

1.2 RNA $2HX. SZEEH3Z Fn

= RNA 1 E.ZN.A™ % RNA W55 &
(Omega, Stamford, CT, USA) #2Hl. 434l
K F Nanodrop F1 Qubit 2.0 %%t (Life
Technologies, CA, USA) UL Aglient 2100
(Agilent Tech nologies, CA, USA) J5 it illl
RNA FEb SRS . WA S5V, DLORIEAE
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A& BIRE S AT e e N 7 o FF S &
e, ST SCEME, FERREW N M
A Oligo(dT)HIMAEA & SE HAZ A=Y mRNA; il
A fragmentation buffer ¥ mRNA #EATFENL$T
Wr: L mRNA AgEHR, H 6 BZEFENLSY)
(random hexamers) &l EH 1 & cDNA %%,
SRIGIINZE M. dNTPs. RNase H il DNA
polymerase | & & 2 % cDNA #, F|H
AMPure XP beads #fift, cDNA; 2Zli{k )Xk
cDNA FHHT REAZE 0 A IR 742
sk, #RJGH AMPure XP beads 4T F BERK/h
WPt BJEIET PCR EHEFH] cDNA L.
PER SR EER G A% Je . FH HiSeq2500 i
IrEnEEN A, Ky PE100.

1.3 EELESEFRIESH

FHZH 7% (LDAT00000000) LA K iFF%

& 5 https://genome.jgi.doe.gov/portal/
RIS % ZE R MG BA 340 MR A BL(>2kb,
N50=4.1Mb), K/NA 41.83Mb, FETMIZRSS
14 889 ™ H 1 4 i HE [F (Chen et al. 2016).
KB REA I AR HISAT2 (V2.5.5) L
SRIZHEEKIZH F (Trapnell et al. 2009; Kim et al.
2015), FEHRFRIAETIHERH FPKM (fragments
per kilobase of transcript per million mapped
reads) J7i%, BIRET 7 reads H LEX 25— 2
RIEET- B8 K B 1) reads 1 H , S iS40
R A R 2R R Rk KAl BTV
FFRIE M (differential expression analysis)
1 F] DESeq2 r #A-4 (1.16.1) %= R ik Ht
(differentially expressed gene, DEG) 1T
77HT (Benjamini & Hochberg 1995). &AL
i it 2 A, K5 FDR<0.05 H. 2 7 1% % FC(fold
change) 21 {ENifidEhriE. =& H T2
R A&18 (gene ontology, GO) IhRETER:
FIAR U E M (kyoto encyclopedia of genes and
genomes, KEGG) VEBE/HT.
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1.4 DEGs HYThEE B

T FERFERIPFER A A1L (gene ontologys
GO) ThREER & Hrh R BB, GO ik
B REDERE. T OIRe4fudink 3 4
oy, Z o AT RE A A PR A FE R I A
A . TR R AR g 2 L2
F ) KEGG i 4% Hh R IA I FE [
1.5 WEERERIEMEZFIRIE LR ERED
3k

FI|FH Rstudio # ] WGCNA 13 (Langfelder
& Horvath 2008) HEAT AL ek X 28 F E
B, BHTERRIET log)(FPKM+1)iE1T3%R
IRFERERRAEAL, TSRS R IR I A B e ot
% (median absolute deviation, MAD), i%
HCRT A 36 A i 47 WGCNA 4 #r . fi
pickSoftThreashold 115 & 1& NI &% B,
PL B=28 1 AR, ik SRR R AR Hh
HSHE, FFRHSMIIEIE R Bt

2014, HH 9 AMFEAR ) 9 2HU R FEAE S kgt
AT SRR RS 5E o

2 ERE04
2.1 FERENFLI
NTHEBEGHEAEZEK. Hewit
FSCEARH iR LT B 3 AN R B B B ) R R SR A A
X AFME T 3 NKE N HLE 3 Mk
FER B 9 NSRS, 9 M S B
PRSI IER 1. SEARRS T, 9 MER
i o A AN g, 3RS 531.7million
[*) cleanreads, V¥ MFEAZ) 6.5Gb 1Y
cleandata. #&Ff i Q30 Bl ZE H 7 LA I
T 86.06%. F|H®A ¥ cleanreads 55 %
SR A AT FEHI LS, SR TSR A
()7 B R AR B M AE 2 2 L R 2 s ] |
P BERERE. B4R, FEMMT
reads 57 148 1€ S 75 DR 4 (1) LU 23R A

T, HBEIANSH R E (Chin et al.  80.1%-88.51%.

*1 el FEESSEERENFIEEXER R

Table 1 Statistics of experimental data and alignment with reference on genome sequence

FE b SR RS Ebxof % VT Fic 22 5 GC & &
Samples Total reads Mapping rate (%) Mapped to gene (%) GC content (%)
B 22 KB B €S/Growth_CS 56133768 87.41 97.56 47.75
B2 KM Bt CW/Growth_CW 53016146 87.74 97.95 47.91

B 22 HE KB BE MB/Growth_MB 54764330 87.31 97.69 47.60

B 8L BL C€S/Browning_CS 56477388 80.12 88.83 47.9

B 2 4B 1L B BE CW/Browning_CW 52941312 85.47 80.785 46.57

W 2281 B MB/Browning_MB 57353856 83.08 90.34 48.00
JEELTE B Bt €S/Primordia_CS 53871596 88.49 97.13 48.73
JR LI B BE CW/Primordia_CW 50055710 88.73 97.48 48.77
JESE T BB Bt MB/Primordia_MB 57419516 88.51 96.65 48.72

Note: Growth: Mycelial growth stage; Browing: Light-induce browning stage; Primordia: Primordial formation stage; CS: Cotton

straw; CW: Cyclobalanopsis sawdust; MB: Mulberry sawdust. The same below.
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Ui WIS 2220 M AT AS B mr e o JR BT Ry
BRI St AR AR PR B i, AH G R HCH 0.99,
B 22 A K B AR R 2, AR RO
0.82, MWL ELN 3 ANE GRS A
A%, MRABCN 078, (B EEE T A
FEME (P<0.05),

TR, 3 AN EBASE #E 1
9 NEESRAANEA, HA R 3 AN,
B TR 22 A KA . T 22 48 4k 300 0 iR 32 2 i 3
(& 2B), PC1 1 PC2 M TT R 114 68.3%.
X — 25 Bl B AN [F] kB B BO e AL 52
M) 326 328 KT A [ 455 25 Jo 0k i S 2H R 52
B 22 AL HAAE 3 M IR R I 22 e R
M AE Ji 32 T2 B o B AN [] 68 355 44 L X6 A8 5 5
FER s e BN, B 22 AR KB BOAS R A
B SR A sz Jm e, £ R R B sk
2R IE PRI AR I DF (M EL. YF B
BELL K MF B BOAIT PR B B A IR A5 2 B 9 AH
L, XS AT R4 R E AR, R
HEMHE A EHUMEERA (L et al.
2019).
23 = NAEMBREFEERN SR

LR TR, A A8 7R 2k
Ji ] — B B g % s AR R B Y BRI 4
WES, BT FPKM fl, DIRZIE P<0.05 Fl
ZREECRT 1 ABME, %2 3 1MNKEWE
({22 3 Rk FE ] (DEGs). 7 224 K e
JRIETE R B2 T, 22 e B DR B o 3 5744,
BR] 22 4 A B BN Jir 3 T2 R B 1) 2 Sk R 4
93 609 A, XA B ZE SRR EC
HELER AR 31.9% (B 3). LLIH 445
AR LT B B, 30 DEGS B R 95/l o 1X
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S
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Fig. 2 Correlation analysis (A) and cluster analysis (B) of 9 transcriptomes from different cultivation materials

under different stages.
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Fig. 3 Differentially expressed gene (DEG) analysis (a) and the venn diagram for DGEs (b) at three stages:

mycelial growth stage (G), light-induced browning stage (B), and primordial formation stage (P).
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Fig. 4 GO functional classification (a) and KEGG analysis (b—d) of differentially expressed genes at three stages

by group pairwise comparison: mycelial growth stage (G), light-induced browning stage (B), and primordial

formation stage (P).
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Fig. 5 WGCNA of genes in different developmental stages of Lentinula edodes. A: Hierarchical cluster tree
showing coexpression modules identified by WGCNA. Each leaf on the tree represents one gene. The major
tree branches constitute 14 modules, labeled with different colors. B: Relationships between consensus
module eigengenes and different stages. Each row in the table corresponds to a consensus module, labeled

with a color as in (A) and each column represents a developmental stage.
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Fig. 6 Visualization result of the top 200 genes for Weight (20.5) of blue (A) and yellow (B) module connection.
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Table 2 Screening information of hub genes related to Light-induced browning (B) and primordium stage (P)

HH 1D e ISR i3 JE4 coG 43

Gene ID Gene name Degree Stress Cluster of orthologous groups of proteins (COG)
LE0O1Genel2251 Secreted protein (B) 38 4242  Coenzyme transport and metabolism
LE0O1Gene01737 Alpha beta-hydrolase (B) 38 3440 Lipid transport and metabolism
LE0O1Genel1225 Tetrapyrrole methylase (B) 38 2926 Coenzyme transport and metabolism
LE0O1Gene01360 Hypothetical protein(P) 97 9666 ——

LEO1Genel3703 DEAD-domain-containing protein (P) 61 4024 Replication, recombination and repair
LE0O1Gene01251 Hypothetical protein (P) 30 1052 ——

LE0O1Gene06581 Hypothetical protein (P) 12 102 —_

T HEEE ARSI S AR TR S AR R TR

Note: ® The abbreviations in parentheses after the gene represent the relevant developmental stages.
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Fig. 7 The analysis of differentially expressed genes (DGEs) in different stages related to gene module. A:

Heatmap of mycelial growth-related hub genes; B: Browning stage-related hub genes; C: Heatmap of

primordial formation related genes.
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