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KT H £ F R A AR LA KL T A BRI A, AHRESHERRGHEZKEELT, FTHA
ERAERWR ., K& ZYIHYZ254 853K H Phaeophlebiopsis sp., BEED 5-7 Rixg. MAEK
3dE5 7dMELTELMNE] 12240274, A3dELAR, 22X LA, THALARS> A
826 % 406 A~, AFEEz#HF GO. KEGG Ffits G EREANEFAZ AR L EZE5F Rk K
WABES A KA. b, A 387 A CAZymes AE Rik, GHEER S, & 49.61%, HAH AA
(97)5 GT (62), £ & 25.06%%5 16.02%. GH16 (24 M) & GH 4 12.50%, 2 2® %, EZHDFH
. REBEBES, AAT AA3 37T A) b 38.14%, %R AIEE. BLABE., %R AW
ZYJHYZ254 ¥ A K 3d 5 7d A LGt EOMARNER R EAR T 25%4 K6 m. Kt
BB mARR., —FT AR EINLERNEKT I P CAZymes L FE R AR % 492 GHI6 5 AA3,
WM TZA® AT, KREEE, p-FIEHos. RMBEEHABESERFE, NHEMFRAY
R RR TR AR EEZZT L.
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Abstract: A fungal strain ZYJHYZ254 isolated from medicine residues was identified as
Phaeophlebiopsis sp. and its enzyme production activity was studied. The effects of differentially
expressed genes on the growth and development of ZYJHYZ254 at different growth stages were
analyzed on the basis of transcriptome to obtain high yield strain producing lignocellulosic
hydrolase and search for related key regulation genes. It showed that cellulase production of
ZYJHYZ254 peaked on the 5™ day, and xylanase and lignin peroxidase production peaked on the
7™ day of fermentation. A total of 1 232 differentially expressed genes was detected in mycelia
aged 3 and 7 d. Taking 3 d-old mycelia as the control, 826 and 406 genes were significantly
up-regulated and down-regulated, respectively. Gene annotation and GO and KEGG functional
enrichment analysis showed that differentially expressed genes were mainly related to protein
synthesis, metabolism and enzyme synthesis. In addition, a total of 387 CAZymes genes was
expressed, and GH genes were the most abundant, accounting for 49.61%, and AA (97) and GT
(62) ranked second and third, accounting for 25.06% and 16.02%, respectively. GH16 (24),
accounting for 12.50% of GH, is the most abundant in GH, mainly encoding glucosidase,
xylanase, etc. AA3 (37) is the most abundant in AA, accounting for 38.14%, encoding oxidase,
dehydrogenase, etc. Further study found that GH16 and AA3 were most expressed in CAZymes in
3 d-old and 7 d-old mycelia, indicating that this strain was rich in glucosidase, xylanase,
B-galactosidase, oxidase and dehydrogenase, which was of great significance for the degradation
of lignocellulose in special biomass.

Keywords: special environment; filamentous fungi; transcriptomics; lignocellulose; carbohydrate-
activated enzymes

K25 4 2 (lignocellulose) & — A= 1) i () —2F  (HIL4H 2 th R Aok b S RG0S
FCRE MR W AR B S KRR IER R IR AE ™ S EAIARE IR, PSS, iYL
AW S A FANE (L et al. 2019; Carpita & 1 M A S0 8, Xt 56 A 7 s A oA At R £58 R
Mccann 2020; fRFERISE 2021), SARAEE AR JTTEF 4 2 04 B 5 KI5 B4 (de-Oliveira et al.
o, ZA W R RV N A )2, AR AE 2009; HEEZE 2019; Ming er al. 2019; Bhatia
10-50 Gt (Taha et al. 2016), ZJHEBRAEY " E et al. 2020), JEBHAFH AU FH ) — FME S
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AR SR U W T A 38y SR A A ) B R
IR AER , SRR SR RE IR A 7™ W it
FEH L (Usmani et al. 20205 T f 2021).

TR, 22 R TR RE M L )7 4 o L A Bt
LYER | R YRR R /N, ST EE
WA A1, (B 2 R o IS 7k
PO s (-8 M S N | T 207 a2
(Abraham ez al. 2020). H 2 &K B AR F A1
Z2 22 IR B TR BB A IO 4F 4 K A S Bb, ol an
H [CKRE Trichoderma reesei B I LFYEE
it % (Silva et al. 20205 Zou & Zhou 2021); A},
FE B 7E WAL BEUR SR A Ryt Z B 1
E K fE(Deepak & Chen 2008).

(ERRE-E A A, A —RRPRAE Y,
WL R 7 I 52 . Mo RR B AR A, BT
FEAEBA I RUE AR ER, A EeH
DA 90 1) 19 T AR R S B % (Hassan e al.
2018), X HFIR A W) o D LA B i A8 i AR 5
HANE T REZBAEPI A RS TS Y e F
Wk, Horp 2l 2 SR YRRk A W T, T R STE
T SR , FE N DG 50 B2 7K 1)
&I, TR R 2N TS 7 AR 24 T PR i A T
ZAFIRYEA , G0 A HERA ARl ol
W5 g, X R AUE LG S8 e fie
H A B b2z v o LA FR A, (B4 RE
s 35 2 it 24738 PR B A DD BE R PR , % T IR AR 4P I
AV IERERE IR T L ERA B E A X, H HET
[ N A A A S AR ST, BRI FRAT TOA S DR
AW A B 3 5 i e EL A A R BT 41 4 3R T e
) 22 R LR A 2 A A S

I A SR 2 S) 2H 1) O R AR IE S AN FE ) R AE
PR IR b, i AT HRFNAS [FIAE AR BN [R] D) RRAR S
T IIRE LI ) 22 7 K35 (Chambers et al. 2019;
Voshall & Moriyama 2020), TEIE 5 T, A5
DA e PR E BT A W ek A 24 1 v o3 B 0 1B 30 %) RS

1636 EHIEIR

LA ZYTHYZ254 RWFFEA G, -AT T A0 508
7R BT A R B AR R, [RIEEA
PR SRA PO RRA K 3 d 5 7 d PRSI
KZESE, 248 OK AL G )i T i (carbohydrate-
activated enzymes, CAZymes)gE /], b Tl AH
7 il L G SR A B 2 R, 0 SN PR R
AP TEER A FHAT T BRI LA

1 #RE5FE

1.1 MR
1.1.1  EERKIR

PRIME ZYIHYZ254 AR FHE 2 154
WA 24 s, DRAT T v 30 S Tl A 0 D R (R e 2
Hul, PSS CGMCC 3.20830.
1.1.2 EFE

Tl 735 350 . #%THE 4.00 g I 10.00 g
1l ddH,0 1 000 mL . A 5T 5 & FE R AR SE 57 3 2
HREEFEQ0IS)MAL T« SRR LAJER K
[ RUNIE S g B 82 31 U N N
3.00 g. Z[1)F 0.50 g, FEERH 0.25 g NaCl10.25 g
KH,PO, 0.05 g. MgSO, 0.025 g. (NH,),S0,40.25 g
F1 CuS040.000 3 g THEIEIH, A ddH,0 50 mL.
1.1.3  EFZERFANEE

H,0,. NaCl, MgSO, Fll KH,PO, Z(5tM %
RIRHEYIRH A BRA F]), britton-Robinson 1buffer
pH 4.5 (BHFIEM AR A BRA R, ATE .
TR, AR . RO A RO RS R
HBE/A WD), PDA . PDB 555 55(BD), Miher4i% .
HEAR AT . H &R ABTS (Sigma-Aldrich),
DNA $2HUH & 4 LAY TR B
FRZ w15 Bl TR InkE % (Gilson), ThermoFisher
Legend Micro 21R &5k 5.0 ML Thermo), A4
LR BRI A A F), BIO-RAD T100
Thermal Cycler -4 5% L (BIO-RAD),
KR VKA (SANYO), epoch2 i il i A LA >
I T (BioTek).
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1.2 753%
1.2.1 EHEASENELEE

FREUH A= PR AR 253 A 5 2 ¢ T 100 mL 4
TR, A 50 mL JCH ddH,0,28 “C 180 r/min
WEE 12 h 5B, #E 1 h, W2 mL FIER
T PDA ™, FHEOEEEAREE ISR, 28 CHEIR
WEE 3-7 d, FRKHEE S B 5 25
H—FRRR, PHTIEASERT2E5%0E . RPN
B IR CRELMESE 2010), A4 AR 22880 T PDA
Bigpdhdh, 28 CHiFR 5 d, WERHEIEIEZE; A
FH R W 2% €83 (TR 3 R 1) 7R 2007) il | %%
1 000x5% P 22 R FIEAS s o FUEEH DNA
TR B Ef T, XFHITS J2 LSU P25 8 i -
ELXF NCBI EHRE AP, HEARRIIES,
Y E PP SR P S 58 2 NCBI 3B SRS
122 FEFEHKN

YRR ZYTHYZ254 BeRh TRl P B 333
28 C . 150 r/min K555 i /& @ 22, FREUH] ddH,O
VR TR 223k 2 g ()55 F 100 mL 3 Flk
FE AR SR 5L, SRR SR 11 d, 430
53,5, 7. 90 11 KIL 2 mL B5FE AR 25 0
10 min J5 /7 T80 CreilfgG . £F 4k G
(cellulase) S A M % (xylanase) | DNS 2l
FE (Miller 1959; Peciulyte et al. 2017), KRS
A AL Yy TS (lignin peroxidase) ] ABTS il &
(Childs & Bardsley 1975).
1.2.3 2 RNA ZERANEE AN F

B35 3-7 d 9 ZYJTHYZ254 E4%2 8 mm
DiEeFPE] PDB ik, 28 CHEIRIRG RS,
OYAFES 3 M 7 Kk U RO 22, B—
E B 22 AR VR G S L RNA 2 5ilbRie
L02 5 LO1. RNA PY4&HUS SO i A i
WA FRISERL, HEAT 3 IRAEYIFES
124 ZERRIEEEWNTFEFINGEEESNT

KR 2 AR P E R , 25T Tlumina NovaSeq
P54k 4 #5759 3] Unigene £51. K
Unigene J¥ 415 NR. KEGG %5 % ¥ 7% Ho Xt

(Kanehisa et al. 2004; Deng et al. 2006; Buchfink
et al. 2015), 732 EHELHR, {4 HMMER (Eddy
1998) 5 Pfam (El-Gbali ef al. 2019)FE AT, 3k
ERE A, % DESeq2 (Love et al. 2014)#H 7F
a2 [A] Unigene 25 Rk T, KRl 22 R 2 1%
PI_I FC (Fold Change) HA% 1E 7 FDR<0.01 [y %k [l
ERRAREZRIEN, FIH clusterProfiler
(Yu et al. 2012)5 /45 EREE] GO Bd i fAE b
HIa)2E 5 AR N P T 04, FIFH KOBAS
(http://kobas.cbi.pku.edu.cn/kobas3) il KEGG i
e F RN EE Gt E R
1.2.5 CAZymes 70

4 Unigene ¥F4)4tl FASTA #% X5 Hi
A %] dbCAN ¥ 51 (https://bcb.unl.edu/dbCAN2/
index.php) "' ] Annotate £ HH [ T H.i%#: HMMER
(Eddy 1998), Z##£+#¢ E-Value <le-15, coverage>
0.35113 2K A PTG PERSE R SRk 45 2R, 456
CAZymes B % (http://www.cazy.org/)iHE 1 1 53H7

2 BER54M

21 EHEE
WRk ZYTHYZ254 A=K 2248 , 8 28 CHigf

3dRTAREES R R ALK, BiRE 10 d A
KRNI, TEARTE PDA 55575 TE S ILIE 1A
ARVEEZEWEIL A6, 50 BUKER
o, WRRH, REDEHE, FHIRAE, 2S5k
FRHEARG) 518 o 3 F 50 S5 A R X R R S 1R
S & Phaeophlebiopsis BIFHLLEE K 99.70%,
FGRFMIE, Har4IX# N Phaeophlebiopsis
sp. ZYJHYZ254 , 7 NCBI 1% 558 MW659
157, FITIZLER M A 5 QW AR B, AT AE ik
Ba TSR I 2248 0B, WAL B V24 it
BURCIR BT, R WAL (& 1B).
2.2 FEgHRZNE

ZYJHYZ254 7 R R W% 1, KIEEK
ZAERWES 3 RINEH W, 5-7 d WSk

EFR 1637
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FIFERRI, 9 d JFBMrREAL. HA 7S 3 Kt
77/ lignin peroxidase (44.15 U/L), 7E% 7 K
iK% 209.96 U/L B i 0, 2Z Ji5 Fifi 2 9 I (1] 174) 2B
KM BEAL, xylanase 27658 7 Kk 2| g(E
(158.80 U/L), ZJat@1@%, cellulase WIFER
eSS S RS SR M{E, 4 149.80 U/L. #47 3 K
AW EE S o LUK R AR AR bR, TS S Ak
PR il Stk DA BB 00 b e 32 T il ] A
M 2).
2.3 Etk ZYJHYZ254 FUEFREF D
2.3.1 FUIERRIEIEEFN Unigene THAE TR 0
PR 5 e 7 Wl S B0 235 5, 40 e T s 7 it 40
(3 d) By it s W ST (7 )b o ) R 22 A A B IR
HEATRE SR, DA R AE ROR B b iy
KR I  Je 22 A8k . HE4R15 17.68 Gb Clean
Data, £+ Clean Data ¥Jik% 5.72 Gb, GC %
BIE 55.93%4 |, Q30 HsidL 4 LI 7E 94.08%
DL b DL ESS IR RABIR R A%, BT 1T
JEEE RS T o WX Unigene 2H % 5 LR 1S
17 883 4~ Unigene, HHKJEAE 1kb LI LM
Unigene A 9 008 1>, N50 Jy 2 572, ZHE 52 et
B SINRE BT 11 436 145 R, 7E Nr
BRI E RS 10 664 >, HlbmE, M
93.25%, fE COG FHFBRINHRIG 717 1),
1 32.50%. HEFAEHEC H1E 2 FEEHMAEYD

Bl 22 BE o (NMDC) P, JE R 4L 4 50
NMDC60 033 605,
232 ERFREEETFIE

ZYJHYZ254 (1) 2 PDASTRAE K B 2L
FESFIRIEN 12324, HbwERAIAE
1092 4>, VEFF] Nr A1 TrEMBL BRI 1 £
¥1h 1087 4, HBF COG s/, M 458 14~
PLKTEE 3 d BB 2255 st A st I, ERAEK 7 d
(R TR 2255 Sl AT 826 A JE R Feik it 28 i,
406 LR F kR B R IEE 3).

1 E#¥K Phaeophlebiopsis sp. ZYJHYZ254 £
PDA EHFEELHEFERSHMEMEES A &
PDA bHig% 5 d R W 2L ; B: FLERMIR I SY
@, RETHORAEECN 1000

Fig. 1 Colony and microscopic morphology of
fungal strain Phaeophlebiopsis sp. ZYJHYZ254 on
PDA medium. A: Colony morphology cultured on
PDA for 5 days; B: Microscopic image (1 000x) of
the fungus stained with lactophenol cotton blue.

R 1 Bk Phaeophlebiopsis sp. ZYJHYZ254 TEREE5E 3. 5. 7. 9 #1 11 RETHUZEELER

Table 1 Enzyme production results of Phaeophlebiopsis sp. ZYJHYZ254 on days 3, 5, 7, 9 and 11 of
fermentation
fity KR 3 R RIS 5 R RIS TR PN RIS 11 R
Enzyme Fermentation Fermentation Fermentation Fermentation Fermentation
on 3" day on 5" day on 7" day on 9" day on 11" day
RPN 27.34+3.17 149.80+5.78 112.08+3.51 90.47+1.82 72.82+4.12
Cellulase
S il 39.94+8.31 108.15+2.17 158.80£2.95 137.89+5.53 122.87+5.36
Xylanase
ENGESUE=NI2Y] 44.15+£4.30 114.82+0.73 209.96+7.63 192.14+7.49 137.89+5.64

Lignin peroxidase

T R AR EZE (n=3)

Note: Values are x+ SD (n=3).
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—e— Cellulase

-= Xylanase

250 - - Lignin peroxidase
=
S 200
>
@2 150 -
2S5 100+
g
N 50
m ¢
O 1 1 1 1 1 1 1 1
3 4 5 6 7 8 9 10 11
R TR (1]
Fermentation period (d)
2 B ¥k KX B Hi 8] Phaeophlebiopsis sp.

ZYJHYZ254 FoBRENERE (0. SHERE; 4
O REWEME; . RETRL AN

Fig. 2 Enzyme production curve of strain
Phaeophlebiopsis sp. ZYJHYZ254 during

fermentation period. Blue: Cellulase; Red: Xylanase;
Green: Lignin peroxidase.

Volcano plot
15 ;
:
i Significant
= ] . Up: 826
@ 1o . Down: 406
B ; ‘ « Unchange: 9 633
o
©
T
ol N\

-10 -5 0 5 10
log, (FC)

3 &%k Phaeophlebiopsis sp. ZYJHYZ254 N[5]
SRR LERFESHALE  Down: &
ETFRAMEEA; Unchange: T #HPEZERAFENA
Up: B3 FWEAREER; FC. PWIAES (8RR ik 5
fEHME; FDR: RIEEM PE

Fig. 3 Volcano plot analysis of differentially
expressed genes of strain Phaeophlebiopsis sp.
ZYJHYZ254 in different growth stages. Down:
Down-regulated genes with significant differences;
Unchange: Genes with no significant difference; Up:
Up-regulated genes with significant differences; FC:

Ratio of expression levels between two samples
(groups); FDR: P value after correction.

233 GO BESH

# ZYIHYZ254 P ARKEIG d 5 7 d)
Wit s F R ERRBEEIETT GO §
LT, HRE 4 HSEN R AE R | AR A
SrFOie 3 KIS, Hidr B 2E R KA 5N
1022, 627 #1954 4>, T 22 FHE 7350 274 |
272 F1 300 4> X 22 RN A TTE R R B,
e R R v 25 S RAR B B H i 2 iR A 2
DL = R BRI PR RN A 1 T R 4T B o AR A
#F F2 (metabolic process) 5 40 il i #& (cellular
process), 4 g 2H B% H 5 (membrane) il J& 3 43
(membrane part)Z= 5 W%, o FUIReHEfLIG
P (catalytic activity)22 5 i %, Hop & ALIE R
M 23 th, IXWRETESS 7 KT Rt A ke
PEME ARG 8, BACESE I, R TRk
Tt P49 £ B o
2.3.4 KEGG @7

groixs bR 22 Rk AL K BT KEGG 8
M, AREN], A 358 2R AL E AR TE
106 sk I, 255 3R1K838 B 2 oA e Ay
i, WHMEA TR E BACBE | 41 7 5 B
Bifg BRI THI(E 5), TEFTA 25 5 3RB 1 3 A
H, EIEEA 261 4>, 25T 99 &5 @i
P, VA 03 i KA i Ul (carbon metabolism) |
#i4: % B6 fUif(vitamin B6 metabolism), FEfC
4 (methane metabolism) . 1% 28 iz f T 76 N 1) 45 2
5 2 F i (proteasome) . PN 5T X H 8 1 0 T
(protein processing in endoplasmic reticulum)Fll
it AL W) (peroxisome) 55 1Y A I (] 6A), #
B R ARFE I AR I B, H W% 97 4>
THZESIEREED 99 &GS HEEF, —nk
H: )4 Rl (diterpenoid biosynthesis). 244
4 W (folate biosynthesis), &2 B (tryptophan
metabolism) . I %0524 -li% £} (meiosis-yeast) LA 2
DNA % ] (DNA replication)Z:(/&l 6B), i B354
S AL BE LR A OCHEE D 9, s TR AR AR
M
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Peroxisome [ | 11(3.07%)
Meiosis-yeast [ ]12(3.35%)
Phagosome [ ] 6 (1.68%) Cellular processes
Endocytosis [ ] 8(2.23%)
Cell cycle-yeast [ ]9(2.51%)

ABC transporters [ 7 (1.96%)
MAPK signaling pathway-yeast [N 8 (2.23%) Environmental information processing

Protein processing in endoplasmic reticulum | | 19 (5.31%)
DNA replication [ ] 5(1.40%)
RNA transport [ ] 6 (1.68%)
RNA degradation [ ] 7 (1.96%) . . .
Aminoacyl-tRNA biosynthesis [ | 8(2.23%) Genetic information processing
Ribosome biogenesis in eukaryotes [ | 8 (2.23%)

Proteasome [ ] 9(2.51%)
Spliceosome [ ]9 (2.51%)

Fatty acid degradation [ NEENNG 10 (2.79%)
Amino sugar and nucleotide sugar metabolism I 0 (2.79%)

Glycolysis / Gluconeogenesis [ HNNEGGG 10 (2.79%)
Glycerophospholipid metabolism [ N 10 (2.79%)

Pyruvate metabolism [ NG 11 (3.07%)
Cysteine and methionine metabolism [ NN 11 (3.07%)
Propanoate metabolism I 1 (3.07%)
Glycine, serine and threonine metabolism I 13 (3.63%)
Glyoxylate and dicarboxylate metabolism [ NN 13 (3.63%)
Fatty acid metabolism [ N N NN 14 (3.91%)
Biosynthesis of amino acids [ N NN 15 (4.19%)
Tryptophan metabolism [ N N RHNNEE 20 (5.59%)
Oxidative phosphorylation [ ENRNRmEEEEEEE 20 (5.59%)
Carbon metabolism [ NG 3 (8.94%)
Folate biosynthesis [ 5 (1.40%)
Glutathione metabolism [ 5 (1.40%)
Biosynthesis of unsaturated fatty acids [ 6 (1.68%)
Tyrosine metabolism B s (1.68%)
Beta-Alanine metabolism [ 6 (1.68%)
2-Oxocarboxylic acid metabolism [ 6 (1.68%)
Pentose and glucuronate interconversions B s (1.68%)
Pyrimidine metabolism [ 6 (1.68%)
Galactose metabolism [ 6 (1.68%)
Fatty acid biosynthesis [ 6 (1.68%)
Steroid biosynthesis [ 7 (1.96%)
Fructose and mannose metabolism [ 7 (1.96%)
Purine metabolism [ 7 (1.96%)
Valine, leucine and isoleucine degradation [ 8 (2.23%)
Alanine, aspartate and glutamate metabolism I 8 (2.23%)
Vitamin B6 metabolism [ 8 2.23%)
Glycerolipid metabolism [ N 8 (2.23%)
Citrate cycle (TCA cycle) [ © (2.51%)
Methane metabolism [ NG 9 (2.51%)

0 10
Annotated genes (%)
5 E#k Phaeophlebiopsis sp. ZYJHYZ254 FEIE KEHIE R RIEAEE KEGG 55 E

Fig. 5 KEGG classification map of differentially expressed genes at different growth stages of Phaeophlebiopsis
sp. ZYJHYZ254.
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Statistics of pathway enrichment

A
Peroxisome
Cysteine and methionine metabolism
Porphyrin and chlorophyll metabolism qvalue
Phenylalanine metabolism §F 1.00
Glyoxylate and dicarboxylate metabolism 0.75
Galactose metabolism
Biosynthesis of unsaturated fatty acids 0.50
Biotin metabolism 0.25
Tyrosine metabolism £0.00
Steroid biosynthesis
Protein processing in endoplasmic reticulum
Proteasome Diff
Propanoate metabolism . Up
Oxidative phosphorylation
Methane metabolism
Fatty acid biosynthesis A Gene_number
Vitamin B6 metabolism Al @10
Citrate cycle (TCA cycle) A
Fatty acid metabolism A 020
Carbon metabolism A
2.0 25 3.0 3.5 4.0
Rich factor
B
Phagosome
Taurine and hypotaurine metabolism Diff
Sesquiterpenoid and triterpenoid biosynthesis . Down
Glycosphingolipid biosynthesis - globo and isoglobo series
Glycerophospholipid metabolism qvalue
Alanine, aspartate and glutamate metabolism 1.00
DNA replication | s
Propanoate metabolism 0.75
Nitrogen metabolism 0.50
Monobactam biosynthesis
Glyoxylate and dicarboxylate metabolism 0.25
Fructose and mannose metabolism | 0.00
Pyrimidine metabolism
Pentose and glucuronate interconversions Gene_number
Cell cycle - yeast °3
Glycine, serine and threonine metabolism
Folate biosynthesis ®6
Meiosis - yeast ®9
Tryptophan metabolism o PSP
Diterpenoid biosynthesis °
5 10
Rich factor

6 EFFTELEEKEGG BEEEHMAE  A: FEERE; B: FIEERE; Hbr: @EEAK; Rich
factor: B AN 1, N2 5 B DR v R 8 2 g 1) Bk DR L 45155 A B AT v R 3032 1 % 1 BE A 491 ) L
{E; qvalue: EIFREIE, WRIEGH PH, BEEE 0 FoR B85, BIAR /NG BB E OE T ;
Diff: FFEIR, =R B, RIBAERT

Fig. 6 Rich hub map of KEGG pathway of differentially expressed genes. A: Up-regulated genes; B:
Down-regulated genes; Ordinate: Path name; Rich factor: Refers to the ratio of the proportion of genes
annotated to a pathway in different genes to the proportion of genes annotated to that pathway in all genes;
qvalue: Icon color, which is the corrected P value. The closer it is to 0, the more reliable the significance; the

size of the icon is proportional to the number of genes; Diff: Icon shape; triangle represents up, circle represents
down.
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2.3.5 CAZymes ERERIAFN

CAZymes tl$E 6 K2, R B S 0L 5
(AAs). KLE VIR (CEs) . £ b5 2L fif i
(PLs) . /K fi# i (GHs) . W55 A B (G Ts) 5%
IKALE W 2E -G M (CBMs) (Garron & Henrissat
2019), ZYJHYZ254 FEAN[RA: KB & B
387 I~ CAZymes [N KL, 7E iR 6 ZfiH
ik T 97, 17, 10, 192, 62 F1 9 4
(B 7), b GH RikfgFwE, 20 RIEDEW
49.61%, 23 E GH16 (24 1), & GH

16.02%

& W /KA (GHs)

o 4R AAS)

O WHERIGTs)

@ KA A YIBR R (CEs)

@ ZHEHR(PLs)

B KB YL AL (CBMs)

7 B #k Phaeophlebiopsis sp. ZYJHY Z.254 fix7k
WEVEMBEERENST A0 HERIEN
A CAZymes AT S H; CEs: okibG
Yolgns; GHs: BEH KNG GTs: BHIEEERNE;
PLs: ZHiZL#NE; AAs: FBIAILIR )5 ; CBMs:
FEMEAASE R RN K AL S 4l 5 R R

Fig. 7 Distribution of CAZymes gene expression in
Phaeophlebiopsis sp. ZYJHYZ254. Percent sign
represents the percentage of a particular enzyme in
all CAZymes. CEs: Carbohydrate esterases; GHs:
Glycoside hydrolases; GTs: Glycosyl transferases;

PLs: Polysaccharide lyases; AAs: Auxiliary
activities; CBMs: Carbohydrate-binding modules.

(1) 12.50%, Zmhb b Hmg . R . AR
BB B-2FZURTASE; HOUOh AA (97 5
GT (62 1), 3512 5 BE 25.06% 5 16.02%,
AA RIBFERZZE AA3 37 1), bl
38.14%, Zmtd%E AL . B SHESE, HIKE AAL
(154>, JEImABERnG . B4 T 55 i B R K% 5
GT IFE®EMHR GT2 (1714), HH 27.42%, *
B — LU G NS SR AR LT AR 5L
filf . RWEHERIGSE . HARY] ZYIHYZ254 Hh
M RAEH 5, BT EZM CAZymes, H
i GH16 Hl AA3 FJEfem, GHI6 4ihd i
FEfRAT AR SR 0 F L/, T AA3 G
TR E - Y SR N NTEIURES S
NI Ry A BT 3R 4 A i B 5 B
3 Wik

T AR 40 Tl A R e LA R A
HOGRELE 7AW EREIR A7 b, WK LT
AR LW B rh oAb SRR A= 7 SR B ST Y
P, FOP A SN RS SR SRR, AN SZ A 5]
AHAB A WA 20 (Wei 2016), TR T
i DR X A ) R ) 32 22 B, H AT C A Bt Pl
B, b £F 4 R W B T, HAKOE: B-
A 2 T AR R SR AR B 21 48 23R A= ) o 1 il
PR TTAL B J feli T 48U A0 K A , X SE R 22 1
Z2REG T A R, BT AR AE M) B B e
A= P AP A 7530 38 22 R LT XE DU AE A7 5 77 B

Phaeophlebiopsis sp.Jefi THF 124l
HTW—28, B THEER, Hiif 5 e
B, (X T8 B SOk iE R, HAEA
AP A FURRT B (ERH R 20165 Santos er al.
2020), TXS T3 R 7EHAL )5 T A4 Eh RE 1 R IR ER o
Phaeophlebiopsis 5V )& Phanerochaete
KARH R )® Phlebiopsis IR}, 5 KARHE
1T DR DAy ELAT iR R0 AR S5 2T 24 2 I ik Tl 2R i 4
] 1z W5% (Deepak & Chen 2008; Séanchez-Corzo
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et al. 2021), WA NBTLA YIRS FRAE H A0 253
oo B M — PR 2R LT Phaeophlebiopsis
sp. ZYJHYZ254, Ff-8 i< §if B A0 e 15 5% & B
LA W fiff A S5 £ 4 3% 0 R 1 (UL R 43 &5 SR A 1)
), kxR BERE SR, 0k T AR
AR R LA Ko AR J53 3 2o SR A W il 1 3% T 9 A
SR FETERIE T W2 AR K i) T 22 57
FREHPFRIEE GO &£/ . KEGG i %53t )
PRI CAZymes JEIH KRB WM . 455 & B
ZYJHYZ254 HABAF /= ife s, B B4,
B FAERIESS 3 KAV, WS 4d
P PR =, T 3 RS S AR BAESS 9 KIT
UHB WD

I 3 21 T PEAT v e BRI P AR 1) i S
PUIKE BE>99.9% 1 AT BEZE 94.08% LA I, FHHAL
PR, HHE Unigene B8 5 5508 v Fn B
o 06 R AT 50 B e e, T R4y
Bro 25 53R B R T e T 2 90 R 8% 7 d I B 425
SR PR FIRRER N AR 2 — 5 A A, X i
F FRRIEENT GO R £ S Y
B A A L T S 2 e A ) 3 PR A R A
HHE S a0 = RIRIG I LA B & 4, &
B AR R T 224 KA 7 RIHPRs & 5 415
RER AR, BEAh, 43 Ehfg e 0 A A I s
WA B ENEE, HIERN FERENZ, wilgk
ZJETEAN, XWHURE FLfGr A . A
Fid E AL AL JE Y — R, S A
FEPR R B UE T REHE S 7 R e IR
A3 A EJEATR WL FE T KEGG i ¥ 53H &
P b PR 2 S AR S B B S R
O, X5 GO £5 R — EHATE BN,
FESS 7 RAY N R BRI R Bl AR ) i
B, HEM AR ZYIHYZ254 124 K55 7 RIS
3 R R A 0 ) 3 U 2%

AT JUAF ) FH 3 S/ 4 2 0 10k g 7™ Tl o ) G
R 43 5 O BE AL R I TR R BT AR A (IR O B A
2021) A FE L XTI CAZymes 1Y 5E KA

1644 EHIER

RRMILA 387 MAHKILRRIE, IWIFZ E A
Tt AT YER T 2 R R R R IR 2 % Horp
ik Z 3]/ MKIKE GHs. AAs. GTs. CEs,
PLs #l CBMs, fIr A7 #H KB 5L GHs 24 /5
—2F, GHs P8R R L HZ GHI6, ZAER K%
PRLELAT DI WTRE T B S5 D RE T A E ST, ASIFE
RIS A BTG . RSB 2P 2L
A, AT W PR 2T 4 R RS
— CEFURET G AR R AT 4R R Y &
BB, XGRS P A R — S it
Hh, AAs FIGS AR R BB AE RIR E AETVF
R P A IRIECLTFE 2018), ABF5AH
AA3 BHA 37 4, & ZYJHYZ254 1) CAZymes
B EZMAE, AA3 Regwi et 4 A fbid
A | O A Jo £ 44 2% 1) I A v b o S T A
F, BN 2T 4 0 A I8 i i b 60 65 6 U i
i JE At X PRI T A S5 2R AR e A ke 1) AR
KA, AV 2B Fh A0 o A 506 o 1w
Phanerochaete chrysosporium Y8 LZ I, AA3
FIEAFAEWEIE T ZYTHYZ254 (1A 5 2 [ A
R, AN REMISERIET AA1 ZRTEZ A
HRIT 154>, RUTLEABRERET .

25 BRI AT DA o R RE B A MR ik 1) 24
by th— bR 2R ZYTHYZ254, Z4%0E
A Phaeophlebiopsis sp., KINILELA =414k
ity . AR SRMENG A R A ALY BRI RE D), E
X R 22 KA 3 R 55 7 R L A0,
PL3d XS, RIAES 7 R RE A G
P, o E ALY R 2, T 2R A
Y6 BURE DR ] B B ., X6 Tk b I R AR I
# CAZymes JERKG R AZ B AA3 HHGE R %, H
G ) 110 2T 2 W 28U 000 D X T AR J5 3R ) A
R ELAEN, HUOE GHI6, b i gae Y)W
B-1,4 WHITHE, XFLFHER TP YE R E
SR, AR TR A AR B 4E R Y
REJ) X T BR P Vgt iR i 52 Pt B
RS T AR T E R
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