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edible and medicinal fungi, were analyzed based on annotated proteins from 14 strains of edible and
medicinal fungi. By combining gene functions with substrate degradation capabilities, the degradation
attributes of CAZy extracellular secretory enzymes in relation to substrates such as lignin, cellulose,
hemicellulose, pectin, chitin, and starch were inferred. The phylogenetic analysis results showed that
truffles and morels belonging to the Ascomycota, clustered into one branch, while the remaining strains
belonging to the Basidiomycota clustered into another, being consistent with the fungal classification
framework and supporting their early evolutionary status. Analysis of extracellular CAZy degradation
enzymes showed that the top three strains with the highest quantity of such enzymes were Auricularia
subglabra, A. cornea, and Pleurotus ostreatus, whereas the bottom three were Tricholoma matsutake,
Tuber borchii, and T. melanosporum. The arrangement of strains based on the quantity of
lignocellulose-degrading enzymes from high to low was: Auricularia subglabra, A. cornea, Volvariella
volvacea, Pleurotus ostreatu, Ganoderma sinense, G. leucocontextum, Agaricus bisporus, Flammulina
filiformis ym5, Morchella sextelata, Flammulina filiformis wml4, Morchella conica, Tricholoma
matsutake, Tuber borchii, and T. melanosporum. This study aims at providing preliminary reference for
subsequent development of cultivation substrate formulations and ecological adaptability studies for these

edible and medicinal fungi.
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Table 1 Genomic and annotated protein information of edible and medicinal fungi

[Z] 73 A Sy HA AR KA GenBank YIAOKF  HRE
Strains Scientific Taxonomic Assembly /s sk Assembly %
name status type Genome GenBank level Quantity of

size accession annotated
/Mb No. proteins

AL 45 (HO7) Agaricus Agaricaceae, Haploid 30.2 GCA _ Scaffold 10 448

Agaricus bisporus Basidiomycota 000300575.1

bisporus (H97)

EAH(SH3-3) Auricularia Auriculariaceae, ~ Haploid ~ 69.1 / Contig 16 604

Auricularia cornea Basidiomycota

cornea (SH3-3)

PO ARE Auricularia Auriculariaceae, Haploid 749Mb GCA_ Scaffold 23 555

(TFB-10046 SS5) subglabra Basidiomycota 000265015.1

Auricularia subglabra
(TFB-10046 SS5)

4R (wm14) Flammulina Physalacriaceae,
Flammulina filiformis Basidiomycota
filiformis (wm14)

45T (ymS) F. filiformis Physalacriaceae,
F. filiformis (ym5) Basidiomycota
FIA R 2 (Dail2418)  Ganoderma Polyporaceae,
Ganoderma leucocontextum Basidiomycota
leucocontextum

(Dail2418)

2(220214-1) G. sinense Polyporaceae,
G. sinense (2Z20214-1) Basidiomycota
EE S| Morchella Morchellaceae,
(CCBAS932) conica Ascomycota
Morchella conica

(CCBAS932)

ANIREE T (SCLS) M. sextelata Morchellaceae,
M. sextelata Ascomycota
(SCLS)

R K M H-(PC9) Pleurotus Pleurotaceae,
Pleurotus ostreatus Basidiomycota
ostreatus (PC9)

WA £ (945) Tricholoma Tricholomataceae,
Tricholoma matsutake Basidiomycota
matsutake (945)

I FCHL TR (Tho3840) Tuber borchii Tuberaceae,
Tuber borchi Ascomycota
(Tbo3840)

AU (Mel28) T. melanosporum  Tuberaceae,

T. melanosporum Ascomycota
(Mel28)

HEE(WC 439) Volvariella Pluteaceae,
Volvariella volvacea Basidiomycota
volvacea (WC 439)

Haploid 33.9 / Contig 12 874
Haploid 36.5 / Contig 13 339
Haploid 60.3 GCA _ Scaffold 16 950

022813035.1

Haploid 49 GCA_ Scaffold 15478
002760635.1
Haploid  48.2 GCA_ Scaffold 11 593

003790465.1

Haploid 53.6 GCF_ Contig 13182
020137385.1

Haploid 34.9 GCF _ Contig 11717
014466165.1

Haploid 175.8 GCA Scaffold 22781
014904895.1

Haploid 97.2 GCA _ Contig 12 345
003070745.1

Haploid 124.9 GCF_ Scaffold 7420
000151645.1

Haploid 353 GCA_ Scaffold 11 448
001691835.3
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Fig. 1 Species tree based on annotated proteins from 14 edible and medicinal fungi.
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Fig. 2 Bubble chart of the quantity of CAZy families in 14 edible and medicinal fungi. AA: Auxiliary activity; CBM:
Carbohydrate binding module; CE: Carbohydrate esterase; PL: Polysaccharide lyase; GT: Glycosyltransferase; GH: Glycoside

hydrolase.
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Table 2 The quantity and proportion of extracellular enzymes in 14 medicinal and edible fungi

i CAZyme 50 K HAE
Strains The quantity and ratio of CAZymes
WokfbAYr  Signal  Secretome  BMAMISMIEE  SUAMESMIE(CAZyme)
i ik P6.0 P2.0 Total Total extracellular
CAZyme extracellular  enzymes (CAZymes)/%
enzymes
Hit B M H-(PC9) 533 303 296 410 76.9
Pleurotus ostreatus (PC9)
1 ARF-(TFB-10046 SS5) 671 380 366 512 76.3
Auricularia subglabra (TFB-10046 SS5)
WAEELE(HOT) 384 210 202 281 73.2
Agaricus bisporus (H97)
IR (SCLS) 390 220 216 279 715
Morchella sextelata (SCLS)
£ (270214-1) 526 307 393 371 70.5
Ganoderma sinense (220214-1)
FAH(SH3-3) 665 367 436 457 68.7
Auricularia cornea (SH3-3)
EE(WC 439) 510 284 371 348 68.2
Volvariella volvacea (WC 439)
FIN R 2 (Dail2418) 495 263 364 336 67.9
Ganoderma leucocontextum (Dail2418)
44 (wm14) 459 242 334 290 63.2
Flammulina filiformis (wm14)
R I (CCBAS932) 381 209 250 239 62.7
Morchella conica (CCBAS932)
a1 4 (ymS) 469 244 343 292 62.3
Flammulina filiformis (ym5)
FATTE(945) 300 122 195 172 57.3
Tricholoma matsutake (945)
AT B (Mel28) 199 73 82 106 53.3
Tuber melanosporum (Mel28)
W FCHL T (Tho3840) 233 93 128 117 50.2

T. borchii (Tbo3840)

e BMAMAMEEE signalP6.0 F1 SecretomeP2.0 TMEFIGHF . KE . REREAEITEANR, EHATEE/M T signalP6.0

SecretomeP2.0 Tl 25 % &

Note: The total extracellular enzymes were derived by merging, deduplicating, and removing transmembrane proteins from the
proteins predicted by SignalP6.0 and SecretomeP2.0. The resulting value may be lower than the number of proteins predicted by

SignalP6.0 and SecretomeP2.0.
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Table 3 The quantity and proportion of extracellular enzymes in 14 medicinal and edible fungi

(173 SER M5k CAZyme ¥ Jfigh CAZyme /5t

Strains Total protein count  Extracellular CAZyme The proportion of extracellular
count CAZymes/%o

A B(PCY) 11717 410 35.0

Pleurotus ostreatus (PC9)

HHE(WC 439) 11 448 348 304

Volvariella volvacea (WC 439)

FEAH(SH3-3) 16 604 457 27.5

Auricularia cornea (SH3-3)

KU 4 (HIT) 10 448 281 26.9

Agaricus bisporus (H97)

£(270214-1) 15478 371 24.0

Ganoderma sinense (220214-1)

S (wm14) 12 874 290 22.5

Flammulina filiformis (wm14)

ST 4 (ymS) 13 339 292 21.9

F. filiformis (ym5)

UG A F(TFB-10046 SSS) 23 555 512 21.7

Auricularia subglabra (TFB-10046 SS5)

NIRRT (SCLS) 13182 279 21.2

Morchella sextelata (SCLS)

R (CCBAS932) 11593 239 20.6

M. conica (CCBAS932)

MR Z (Dail2418) 16 950 336 19.8

Ganoderma leucocontextum (Dail2418)

BB (Mel28) 7420 106 14.3

Tuber melanosporum (Mel28)

P FRHT# (Tho3840) 12 345 117 9.5

T. borchii (Tbo3840)

WATTEE(945) 22 781 172 7.6

Tricholoma matsutake (945)
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(F 3)o TP FBERNE &7 LR AR (7.6%0), H4
AR 11 240 %o 50 BH S st PR, TR 3 AR X
Dy T ARG sh A5, HIsR T .
2.4 TEIfSh CAZy B RPEREE DT

SRS GFAP BRI RE . SCERHGE DL
dbCAN2 # {5t P/, RIS ARIESE CAZy
J T R AT B, TN 285 SR % BAS 5 2% A it T
AT 3 EEZ(3T7). REME35), BARH/M
FEI AT/ A R 2 (33); 142 AR B ECR T 3
FJEEL 45 (69) . RERZMIE(61), BAT(57); 4F
A 2R AR BEECEL AT 3 AR RDEIARE(59). BA

H.(46). $2(43); REFEMERECRRT 3 A2
Nl ARE(66). BAHE(62), NIKFHE@2); JL
TR AR EEECR AT 3 R (37) . HUBIEARHE
(32). HRARZ(2T7); EMFEEIEECERT 3 12
LX(15), BAEHA3) ., U6 AR H M5/
FaE(12)0 LARGERIREEZEARTREMILT
J VAT T HL ARG HI(37, 37), BRRSTELT4E R A%
AETT AT 344(69), FBI T A B4 S e o ik T
i (66), HAMARBGEE i ¥fs, R
JB& RIS (36, 42(EARTE /LT FkER5S
(" 3).

ngli- 15 12 13 12 11 12 9 6 8 7 6 6 7 9

Ml PO DO @D ® 6 0 @ O |y
o Enzyme
= 5 quantity
: pﬂ@@@@@@®®@@o@@a:m
= 40

LT
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AP CAZy
Extracellular CAZy matrix-degrading enzyme quantity

TR
Cellulose

Lignin

- O
- ®
- ©
- ©®
- ©
- ®
- ©
- ©
- ®
- @

olololollololc el RICIe;
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TAH(SH3-3)
Auricularia cornea (SH3-3)

G AR H(TFB-10046 SS5)

it Bz | H-(PC9)
Auricularia subglabra (TFB-10046 SS5)

S (Z70214-1)
Pleurotus ostreatus (PC9)

Ganoderma sinense (ZZ70214-1)
[ R 2 (Dail2418)

Ganoderma leucocontextum (Dail2418)

3 TEIEHBIAEIN CAZy ERIEMEEHE DT

WAL 4(HO7)
Agaricus bisporus (H97)

FS 1% (945)

Tricholoma matsutake (945)
G bl (ymsS)

Flammulina filiformis (ym5)
EFHE(wm14)

Flammulina filiformis (wm14)
B HL R (Mel28)

Tuber melanosporum (Mel28)
ANIEENTHE(SCLS)

i [CHL T (Tho3 840)
Morchella sextelata (SCLS)

Tuber borchii (Tbo3840)

ATHE I (CCBAS932)
Morchella conica (CCBAS932)

itk

Strains

Fig. 3 The distribution of extracellular substrate-degrading enzymes of CAZy of different strains.
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AT 4k & (lignocellulose) /& AR &R . £F
Y RN LY R AR KR AT R, T 1247
TE T W 40 i o (Zhang et al. 2021)., %% 5
AR GLYER | P4 E BI04
¥, 2 BRI A TR R R RICR I B R, R
B BERAE G A 2 00 TRl it R TR AT e R
ok it T ) HE e R O A HE (144)>FB A H(136)>
B4 (13 1)>KE M H-(130)>5 2 (110)>F A R Z
(106)> XS & 7% (80)>4: £1 4% (ymS) (78)>7NIkF
JE TR (76)> 2 51 i (wm14) (75)>ITiF 15 (74)>
P TR (41> [C I 8 (22)> B A R (19), 14 4
R T, A J5T £ 4 25 I i I A R 3 100 A
6 A, MEE—BHBN, T L B MR T A B £F 4
FATRE A BRI BEARRE T, 1 BE B RR 1) e s L
o — T A B R R I R i MR 4
St as . TR AL TS R DA (R ST 2T 4 X R
M EE 50-100), & BT BTEF 4k 2= [ A it
AR/ A2 R e R ik B B o0 S5 56—
BAKH Y, BH G AR PR R RR, TURE
NIAELF 23R |27 2 25 R R I 3 o ok oty T . L
BT T o F P LA 4 A R e A A I
O J% o i EL RS A L o, A i AR
e, Ml SR gibtrl, EIFE S SR
EELUNE L e E, Hi/hE S E i
B2 TR IR AV ) W B R A, X SRk b
2800 5 X B bR R T 2 R A AR A R e
> AHEFYER | LR U R L T R AR
AN 1) SIS B TR W) A 5 BB R 1B b 55—
Pof BN ORI £F 4k 25 R F i B AT 50), JL2F4
ESNIE S5 PNE B 9T S SR (Y =
L rRRS B R R 0T 2R A A RN B B —
PR, MR NRA e am, 565 =B AR &2 H
[ BASp  E Ge U  ) 5 ik AP N A
Yo | R RS, LRGE A 558 AR LT
Y R AW I R A AL, AR S TE EAEY)
B FRRG, U RIER TR AR ZE .

3 it

3.0 EFREXRNNERZE
FEPRIZH /N7 1T, B[R S e i R 2 1

IR ZubE, SRR EEFAE
NS RN SRR sk S
TFF 5% 2 WA 101 88 0 6 R 21 K/ e A i ok
JRRAEFHE R 75 NS F IR = (Gregory
2005). AAMZFVEEARENREE, NEA
SR R R I T3 Xt A 0 5 R 21 A 00 T
2 %% (Kurokochi et al. 2023), 3k [ g H i) i QbR
PSR, 5 R IR, v RE S SR AR
A AR R EE P IR A K, ALk
Fis TR FIER B Y SE R 4 B R (P FTB 175.8 Mb, B
A 97-125 Mb), SRiHISCERiE—2, (HIEH
B R MAR (P T BE 129.58 ~/Mb, B3 Y
59.41 /|~/Mb).

3.2 TWEHPHFREE CAZy RIEEFIFS

AR BAFSE T, Min et al. (2020)%& PRFA 1
LD 21 v AT A 4 ST Y R ) GHO F I 1
Mg, Gn oS F1 R B 22 WAS 2 35 Sl 1 S A0
BE AR SC I [R)AE BAT ZE RS 1 S IR 4 bk
GH6 FiKEAMHAAE. Wy R R EY 1 1)
UIRE R B S mENE  BK . HmAK sk, LA
EEFN RNA A, FEW LEEER . K
i TS 2 0 L TRV T 5 5 A M Ik 178 35 R Rk
TRl 4105 25 o A A T, 0 AR5 TG DR T R 500 Il
ESRE LA ANEF A 25 e A H ok R 1 e oo A
A XK(Kim et al. 2024) . X P S A 7 by 1 -5 H AL
RS AOR X,

Martin et al. (2010)7E2EH 5% 5L K 21 H Fi ]
2| 7496 N B gm LR, 5 ARSI H ) RS
T RE B S (T 420 1), MERTRH A
PRIZ B Bk = K iR K AL Y 24 i , AU e 3
A A ST — SE R 20 R A T, AN S5
WALE RS T MRECR ) CAZy MBS, 7
B A B R R AR KR T 2 TR
AR 2 e A R R B, LA W R 10 8 R TR f
Wrfa, &R TE TR, 5218 EEYIE K
T TRAR S AR A, A AE RN . RPN IR
P g X, H AR B I TGk 58 S BN T Ak 8
(RIS 2022), XAPA IR i 5 =L
ST AT TR T B CAZy J5 5 Rt AT Ry A7 7 B

N B IR T B A AR AR I
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AT BN SR SE I O 355 A4 7 (Zhang
et al. 2023), IR K RES 2025), #&
Brad AR B TR A 22, JF e HIER B A A
RR G RS A R INE SRS, IR 22 A
- 458 K A BB o v AR TR o TE NIRRT SR
TERE R R BEE T, A CAZyme B 4 I
f1(239-279), i TR AR I TP A B T RS 1T
A 2T LR B AR T o EATTIA AR J5T 2R o i T A
HIRAR(ION 4), L3R /A 48 5 [ fd i g
S5(31/39), RELKEAERE S 2 1 (36-42), GH %Kik
B i = T OOLf B 4, PL WAL £
(21-22), HEirH Z TR E AR, PR S
5 TR S JHE TR U R 2R R AR B AR, (ELX &F
iR . RIREGA —EW ), T, ik
Al DL 7E B R 48 rh B I SR e S ) s 4 B A
INFE, DASEBL L AR B B oS24 B b
F 2R T ACA R B LA LT R 1 L 3X ] fig
S TSl P fa S OS TEA i Vs el L 1 | S R
e WA R 2 RKEE AR R, e 1E
ST JC T Y IAEE rh b o i AR A s 1A X AT e
B T PO kel Je i B S A K SRR R Y
ARFELA

AAXTFARMERE R, ASHERFERESEN
$. A CAZyme % . 4 CAZyme /i K
LR R JER . JLT R LA
Tl PRE 3, B /s 3 8 LU AR T3 i TR A X S 5L o
RSy TR AT R T, X S AR AR 7 o R ek
B 2 — I SEAHAT (FK 2055 2023 5 XI3HE
S 2024) Rz, RTERRWAA s AT
A7 ERE TR AN o S AR AR (NS R
it Morchella sextelata . LR M. eximia
MR I M. importuna) (XFRIEEE 2024) ) E
AR R AN BB FE I M. angusticeps . =
R M. elata. 5O EIEEZERE Esculenta clade
&) XFEEF 2022), BUREXNROFRELS
N EREFBK, b T A FE R A AR
3.3 EiE CAZy EERES TR

TER g BT, P AR (2015) 7 B4k 7
HrhRE] AA9 FIEHEEN E Ik 32 A, ASLEH
HMMER T HALF RS Tz KSR 33 4>, 5l

FeEW G o SRR AN CAZyme B IR AL T
L1 Y R R FRE 69 A . LT R IEMRE 37 1,
2 MR A FHE L BDE IR AT A 54, & F
HABZI LR R, S0 S e e R0
B AR, 5 B T A A A AR DTG
34 RHEARESEBE RN CAZy BERE
SARHYIE R

AR SRS T, AR . BARH
PG AT . &8 E . ARRZ . £2 . Rk
H | R SRRV E IS A B, IR 4E R
LRI B EE , AN CAZyme S
(281-512), (5 HoA 55 (62%—77%) , it 48 HiAh 2 1
& BH I DR 21 5 U5 K SRR R A T %) A= 77 43 s
DI RT DL A W K R ) CAZy i A1 i 1) 241 it & Fi
FeEas ), W e B R R 2R Y RE
1AM TRAR B AR AR T b 11 B e FRe i
IR o AT S IE AR A R LA, e 4k
IUTRT B mc iR, bt Sy s R4l 2, At CAZy
SRR (106-172), AR 172 £ 1/5,
Mudh CAZy (5 AR (50%—57%), 26 H LR 4H
IR BAT LA AMIIN o> I, AR 4T 4 R A
e TR 91k , AP B B IRPR Y AA 0
H(27-48). 274k /o7 4 Z /R I RE 155,
AR TS . FBE CBM =, JEYiE N
(VAR EE
3.5 BEEEEES R ESEBENER

AR T, — B2 R N E -
B | Pk b PR K [ P B YR AL S 4 . iR 2
FRERT K R4 8 Cu® B Bl i W B e (e
FRMESE 2021), A B0 PR K AL FE R AT W
A —SE R E ARSI E, W 2021 A:pY)i]
Jule bk kot K EFRZ) 6 670 m?*, 2020 4F 3 A
T B ARk T KL 1000 4% ha, SEIRTEFL
7 80 4% hao KB E (1= J5 A W TR VE SR B
YR A2 55 A A8 TR 2 PR K o X S A R
ATEFEIBYOBIX, FRMARE T, Mo A AT
JEESE, AN T | PSR A g W
b BT LI HTEE A WA T AR B R R |
YR LT SRR AR, 2 T e
(1) 56 IO R i 0 RN 5 IR AE e 4 01 . BRI,
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TE X LE i 57 e IOt T AR AT 38, LR FTRR
B bRy 25 FL PR IE S AR SR T s T T AR
PASAL, F TR DB R PR AR RS, e
W AR S E B RR, (EE R A
IUPSST R/ § =48

ARSI YR AT A E B TB,
14 FrE 2y W ATERE A P e R 5k
BRER, I AR E R CAZy JEN SR
T MEANBE I MR RORTFUR | 2P 43R | Fer4E
ORI LT R WA R R R R,
X BB BT R 1 BB 7 T A B A Al A 0 A B
PRI SR, WA SR RENS O B A MY i vt 41 i
Bl G R E R I I S %

(0

B WO | KRR AT
Eill K BPAEVEIRIBAE S FTBE 36 CHIE.
F 22 9% R

RIIF 5 A7 B8 ) 36 0 0 7 M o
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