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Characterization of lignocellulose degradation by Sparassis
|atifolia based on transcriptomics and weighted gene
co-expression network analysis

XIAO Donglai*, MA Lu, YANG Chi, LIU Xiaoyu, LIN Hui, JIANG Xiaoling

Institute of Edible Fungi, Fujian Academy of Agricultural Sciences, Fuzhou 350014, Fujian, China

Abstract: [Objective] To explore gene expression profiles of Sparassis latifolia cultivated
with different lignocellulose materials and provide a reference for mining the key genes and
deciphering the mechanism of lignocellulose degradation by S latifolia. [Methods] We
examined the transcriptomes of S latifolia cultivated in the liquid medium with pine, spruce,
bagasse, fermented spruce, or fermented bagasse as the sole carbon source. Weighted gene
co-expression network analysis (WGCNA) was performed on the gene expression of samples
cultivated with different lignocellulose materials. [Results] There were only 20 differentially
expressed genes (DEGs) between the spruce and pine groups, and 486 DEGs (the highest
number) between bagasse and pine groups. Gene ontology (GO) enrichment analysis showed that
the DEGs were mainly involved in oxidoreductase activity, monooxygenase activity, and iron ion
binding. Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis
showed that the DEGs were mainly involved in pentose and glucuronate interconversions,
methane metabolism, and glyoxylate and dicarboxylate metabolism. The expression of genes
encoding glycoside hydrolases associated with cellulose or hemicellulose degradation was
generally higher when the strain was cultured with fermented bagasse as the sole carbon source.
The expression of genes encoding carbohydrate-active enzymes for lignin degradation or
modification was generally higher when the strain was cultured with pine, spruce, or bagasse as
the sole carbon source. A total of 10 co-expression modules were identified by WGCNA.
Significant positive correlations existed between the green module and bagasse, between the blue
module and fermented bagasse, and between magenta and turquoise modules and fermented
spruce. GO enrichment analysis showed that the genes in the turquoise module were enriched in
urea transmembrane transporter activity, methyltransferase activity, and monooxygenase activity,
while those in the blue module in hydrolase activity and B-mannosidase activity. KEGG pathway
enrichment analysis showed that the genes in the blue module were enriched in galactose
metabolism, fructose and mannose metabolism, phenylalanine metabolism, arginine and proline
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metabolism, etc. From the interaction network, 12 hub genes were obtained, which may be
involved in lignocellulose degradation or gene expression regulation. [Conclusion] Different
lignocellulose materials significantly affected the gene expression profiles of S latifolia, which
may imply the specific degradation strategies against different lignocellulose materials.

Keywords: Sparassis latifolia; transcriptomic analysis; lignocellulose degradation; weighted

gene co-expression network
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1.1 I E RS 7R 50

I B S latifolia (BIA B 2013005) K
H A AR B4 Be B F R 92 I R . oA ik 3
I, WAL KRR S A S s I ik, I
FEVEAE . FIFFTLAR (EAE 2 mm)BF 28 T 4% B4
IR R B (potato dextrose agar, PDA)I%fk,
HI R HFER T 100 mL FhFREFREE(F 5 20%, 1
PR 2%, OB I 0.2%, pH{H 5.5), 25 °C.
HEEIR SR 9 d (150 t/min).
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lignin, ADL) U™, iz 28 3040 4T 53 4 £ 4k
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Table 1

Ff i A SR AR T DESeq2! R4 AS
] S [R] 3% 3K & 25 S+ A% B (fold  change, FC), LD
llog, FC|>1 HZ 3 /% 1E 1Y P {E (P-adjust)<0.05 A5
HETH L ARAF R IEASARMNAR . AR L W/
KR PERE IFAR | R IRETRE I /R A e T v A K
TEERZ AR KR TR AR FU B TR (1) 22 S 3R IR BE X .
51K Goatools F1 KOBAS! {4 %} 22 57 ik %
R 51 7 3L R A K (gene ontology, GO)IIRE & 4 Fll
TUAEREE R AN L 4 A B4 45 (Kyoto encyclopedia
of genes and genomes, KEGG)ifi i & & 41T,
P-adjust<0.05 I 2 I 25 6 4R i 3 36 3 AR ) R A
F A KA 43 M1 = 1 H. (https://cloud.majorbio.com/
page/tools/) M A FRIEE BRI AR A 3 B i 5
F= 5 R R IAAH M (Spearman #H¢ 22 %0>0.85,
H. P<0.01).
1.5 MIEREHRIXME 57

WGCNA 7 Fl I &5 W = F &
(https://cloud.majorbio.com/)5¢ il . FHR PN 2 Bk
PRUECRC S 30, MBS T B(E I &l 0.25,
KM Pearson AHICHERG IR AT SHIROC R,
X ZRE>0.8, H P<0.05 B FEIEAK, Mk
UG, PR N E MR 30 A OCHETY S
Cytoscape 3.9.1 & CytoNCA ffif4-22 il 251

2 HZRE5OM

2.1 AREIEVRKRRALERES S
Rl o3 B 15 FhAS [ Ay Jo DOk b G 32 22
Ay AR IR 1. NR 1 AT LU T (Bag)

The chemical properties of five kinds of biomass materials

Sample Cellulose (%) Hemicellulose (%) Lignin (%) Ash (%)

Pine 48.75+£0.91bc 10.51+£0.21¢c 29.00+0.43b 5.17£0.15a
Spru 49.71£1.23b 7.37+0.63d 33.26+0.94a 2.36+0.04d
Spru-FD 46.19+0.42¢ 9.88+1.43¢ 33.90+1.04a 4.53+0.10b
Bag-FD 57.04+2.15a 21.4440.07a 14.97+0.17¢c 3.39+0.11c¢
Bag 58.65+1.73a 18.19+0.39b 12.64+1.03d 1.38+0.04¢

Different lowercase letters in the same column indicate significant differences (P<0.05).
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Figure 1
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Statistical histogram (A) and Venn diagram (B) of differentially expressed genes.
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K55 H0 Eb(Spru-FD/Spru) #5715 DEGs 383 4™, #2K
B SRR SR ML DEGs fie/b, b BRI
54, MIHERIE 154, BEAERSR SRR IR L
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5 I e A I I 22 R AR BN 3 A4
(EVMO0003544 ., EVMO0007291 F1 EVM0011928),
73 5 it 2 T A A 5 TR (L 1 (acetyl-CoA
synthetase-like protein) . #F% 2, 5l & 2SI &
H (zinc-type alcohol dehydrogenase-like protein)

39 %‘boo Q@ g@ Q'\(\e’
i T

2 ARRAUREHSEERXRERERRE SN

175 L B B (aryl-alcohol dehydrogenase).
WS 5 FPAS R A= ) o R o 41 4 2R 2H i
525 Rk FLH AR 43 Br (Spearman 4 5¢ &
%>0.85, H P<0.01), L3RG H5ARBEERGEIE
ML 2 4>, SA4ER 5 &I R
84, HRLFYER G RIEMCMEEN 17 4.
Bl 2 fras, SARBEEREGEIEMCHIES X 3
(subcluster 3)H 1Y 2 DML BIHEARFN , G i e
INRERFNE ;. 5P ER S B IEAACHE
737 2 (subcluster 2)f1 7% 3 MHi S iz £ H (sugar

N

transporter), 1/~ MFS i i Y%% iz 25 H (MFS

Subcluster l 1

ml 0

m2

u3 I =il Correlation coefficient
EVMO0007776 hypothetical protein 0.98
EVMO0013101 hypothetical protein 0.85
EVMO0005257 hypothetical protein 0.88
EVMO0002306 GroES-like protein 0.91
EVMO0007363 hypothetical protein 0.88
EVMO0006328 sugar transporter 0.91
EVMO0009980 MFS general substrate transporter 0.88
EVMO0011996 hypothetical protein 0.88
EVMO0011102 hypothetical protein 0.86
EVMO0007783 hypothetical protein 0.88
EVMO0006931 sugar transporter 822
EVMO0001628 short chain dehydrogenase 0.8 6
EVMO0001708 short chain dehydrogenase 0.8 6
EVMO0010970 hypothetical protein 0.8 6

L EVMO0002824 hypothetical protein 0'8 &

EVMO0008946 sugar transporter 0:86
EVMO0005121 hypothetical protein 0.86
EVMO0004268 hypothetical protein 0.88
EVMO0009541 mitotic-spindle organizing protein 0.85
EVMO0012229 hypothetical protein 0.86
EVMO0002992 zinc-type alcohol dehydrogenase-like protein =~ .88
EVMO0003808 hypothetical protein 0.85
EVMO0006146 MFS general substrate transporter 0.88
EVMO0004182 hypothetical protein 0.85
EVMO0003641 glycoside hydrolase family 115 0.85
EVMO0002333 hypothetical protein 0.87
EVMO0009940 hypothetical protein 0.85

Figure 2 Heat map analysis of DEGs significantly associated with differences in lignocellulosic components.
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general substrate transporter)lk M 2 %6 5% i &
fiff (short chain dehydrogenase)& & [ 4mfid 3L K .
SERYER Fm IEARCME S 1 (subcluster 1)
A1 5B CREIR SR 2R 1 . MFS @ R
i B P DL S OBEAT KRS0 115 (glycoside
hydrolase family 115)55 8 At LA, Hrp e
HH EVM0007776 FIBEF; iz EVM0006328
G iy L R 43 301 55 K JoT 3R R 21 4 2 AE e
e, A1 A2 % (correlation coefficient) K F 0.9,
2.3 ERFTIAEFER GO FIKEGG BEENH
FI ] Goatools Fl KOBAS Hi 4%t A [a] 4%
4115 DEGs #4177 HhEeE o, Ho 2 ARE:
FREMAREEFR WA AR B35 & F 2N GO
B, ULBIRTREH T2 R R Ea B, MR
ik PR e 38 Y e A 3 BOR AR IR P Re 1Y 22 Ak
AR, HAWKRAN GO BHE4 R IE 3A.
ME 3A ATLIE Y, KEERZ AT 5K KRS
AR$EFE L, DEGs 3 50 5 A7 A A [ i 1% e
(oxidoreductase activity); 7 & BERE#E LR IR S5
ARE IR LS, DEGs 205 70 B UG
(monooxygenase activity). LIS S, 1E
TR, 8 A 808553 F (oxidoreductase

activity, acting on paired donors, with
incorporation or reduction of molecular oxygen)

8k B F45 4 (iron ion binding)55 ; & e £y
I 5 AR R WEREIE I IR lUEL, DEGs F B R 7E
IAARETE T . R TS . WA A
(secondary metabolite biosynthetic process)Flfk
KAL A W15 (carbohydrate metabolic process)
SR R KIS REE R AR IR LI,
DEGs F % & £ 7 - H & B 1F M 36 1
(beta-mannosidase activity); & ERER KGR 50
AR$EFE L, DEGs & 4 i AE ) ol B A T I
fitfCitid Fi (alditol catabolic process). H il 2 fi#
R4} #2 (glycerol catabolic process) 2 g 2 b
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A3 % A i 72 (cellular carbohydrate catabolic
process), /TR H EEA L ES LR E T
E%‘E%%@‘ﬂ“@(transition metal ion transmembrane
transporter activity)fl D-7 M- 1- 1 & B 15 1
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AREEFREG R KA AR SR L, DEGs & &
i) o R AT R A W) & N (staurosporine
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¢, DEGs I 2 & 42 (138 A SR H @20
(fructose and mannose metabolism); & % jif i 5%
I 5 AR R WEREIE I IR HU AL, DEGs .35 & 5 il
% A % W D R 45 B SRR B it (pentose and
glucuronate interconversions). H%EfCiff(methane
metabolism) F1 § [ fi# / 4 i 5 A= (glycolysis/
gluconeogenesis)& ; K AL AR IR HIAARREF
FL# , DEGs .25 o 4 8 ¢ S TIOWH 11 A e W T2
MR s R WEREE IR SRR 5 AL, DEGs
b3 A A A OB R A R IR A A . F 3L
B8 (galactose metabolism) , Z JEFRER I — R R
AR (glyoxylate and dicarboxylate metabolism)
H i BE A (glycerolipid metabolism) A 55 3 24
L2 1L 18 (cyanoamino acid metabolism)5% .
24 AEHEBAEEREEERSH
R A W) Ll A5 2 1) S 25 22 S5 R GR L A iy A
L QS | i v /= A 1 Al N £ 2 T < )
SELH, SERE 4A iR . R 4A HT L
B, MARRESR T Rk i R i B ] 3 2 g Y
MFS il Y a | e T S RN £ It Tl
A G PR LIE A%, AR T RIAE T
FE IR F= 2 gt B-F LM 1Tl (beta-galactosidase) |
Jifi = IR W % FE BK T (proline iminopeptidase)Flk
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A Spru/Spru-FD Bag/Pine

Polysaccharide catabolic process cellular carbohydrate metabolic process
Hydrolase activity, acting on glycosyl bonds

Alditol catabolic process glycerol catabolic process
Small molecule bolic process high-affinity iron p complex

Carbohydrate metabolic process secondary metabolite biosynthetic process

GO term

Oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen

Oxidoreductase activity, acting on CH-OH group of donors
Oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor
Hydrolase activity, hydrolyzing O-glycosyl compounds

Transition metal ion transmembrane transporter activity

B Spru/Spru-FD

Galactose metabolism
Glycerolipid metabolism
Phenylalanine metabolism
Arginine and proline metabolism
Starch andsucrose metabolism
Glycosphingolipid biosynthesis
Tryptophan metabolism

Methane metabolism

KEGG pathway

Glycolysis/Gluconeogenesis -

Pentose and glucuronate interconversions
Glyoxylate and dicarboxylate metabolism
Pyruvate metabolism

Cyanoaminoacid metabolism |-

Fructose and mannose metabolism
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L & 0.04
Transporter activity [~ .- 0.03
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. . 0.01
L P 0
Ferroxidase complex | L[]
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Transmembrane transporter activity [~ . Number
- L]
! L ° ° .2
Carbohydrate catabolic process | ° b4 ®
Secondary metabolic process | ® @ 838
—_— I!;\dntclc_ulart'unlc.linn L L] . ® . 174
-methyltransferase activity
Monooxygenase activity — . . . 263
pspeion i B .
Iron ion binding r & .
Tetrapyrrole binding [~ : :
Heme binding | ® "
Transition metal ion binding | [ ] ®
p-threo-aldose 1-dehydrogenase activity L]
Catalytic activity e L L
Extracellular region = . .
- L L] L
- L] L L]
L L °
L @ ®
Oxidoreductase activity L ® ® @ @
= L] L] L] L]
L PO S R i L L
-0.2 .2 04 06-02 0 0204 06-02 0 0204 06-050 0510 15-05 0 05 10
Rich factor
Bag/Pine Bag-FD/Bag Spru-FD/Pine Bag-FD/Pine | p adjust
F @ 0.05
| ® 0.04
0.03
r @ 0.02
Py 0.01
-0
r o
. | Number
2
I ® ®4
L. @ ® @56
® ®s
[ ] @
® @
L

Staurosporine biosynthesis °

3 Z5%EMA GO (A)F KEGG (B)E&E 7 #f

0.156 0 01020304 0.227

1L 1 1
0 01020304
Rich factor

Figure 3 GO (A) and KEGG (B) enrichment analysis of DEGs.

i JE i (iron reductase)ds ; R K BEREE R FE T
Rk B B 5L KER DN RE AR N 5 & 9F e s
BR IR T KO8 R E A SE IR B e A OB i s
5 [ 2 (hexose transporter 2). D-Z|HHEE R
A J5 i (D-galacturonate reductase) . 5 i ik 145 52
5141 (ketol-acid reductoisomerase) . 5 & i
polyporopepsin , %5 5% i & | 4 I AL (enolase)

' SnodProtl 155, T2 4 a] A7 2= 57 SE A
o ) B TR 2 T T S il 218 AL 1) A AL A Ty L e
S I TE R B R T Rk il &
WEAZ AR S F7 T 2R 35 5 v 1 Sk A 3 S g it i
JGifif 1 (aldehyde reductase 1), F F:4L 2 ausD
(methyltransferase ausD)F1 MFS il K4k iz
B TR LUK KR BRI AR | AZAHI
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FEWE K 97 T, CUFL-R M i 7% iz & 1 1
(CUF1-dependent copper transporter 1), iz 2
WA SENRRG . Ol I B R MRERS AL IR
¥ Y B 4 B [flavin adenine dinucleotide
LG A
AR U A4 e 5 R BS61 (cytochrom
B561) 4 fith 5 [K] 2 35 1 YA AT 40 1

CAZymes TEAR T LF4E R M fe b L4545
FEAMEA, i) dbCAN3PEL FER T HXARH]
UL 0] i 35 22 Sk B KA T T I RE TR, At
TERER] 49 4> CAZymes. REIIHTE5 R (5] 4B) 2
N, TEARARBRAGERETOE SR, i
PR CAZymes FE[RFK IR 2 F 8K, AAREFE
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