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Numerical evaluation of the main agronomic traits of the
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Abstract: Gloeostereum incarnatum is a rare edible and medicinal fungus in China, with high
therapeutic effect on gastrointestinal diseases. It has been popularized and cultivated in China.
However, traits mainly affected by genetic and environmental factors are still imperfectly known,
and the differences of traits between varieties also have not been standardized. In this study
R-model cluster analysis and principal component analysis on 26 G. incarnatum traits are
conducted. R-model cluster analysis showed that there was evident correlation between
agronomic traits of G. incarnatum. At the Euclidean distance of 3.57, the traits could be divided
into two categories. The results of principal component analysis showed that most of the
extracted values of traits were above 0.9, and the importance of traits was high. The 26 traits
were divided into 9 principal components, and the cumulative contribution rate reached
94.458%. In total, 12 traits regarded as main indicators for evaluation of G. incarnatum
germplasm resources are screened. This study provides basis for variety protection and
promoting sustainable industrialized development of the G. incarnatum.

Key words: Gloeostereum incarnatum, agronomic trait, R-model cluster analysis, principal

component analysis
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Table 1 Test strains of Gloeostereum incarnatum

s EHRAAR EPRORIE i BMRARR BRI
No. Name Sources of strains No. Name Sources of strains
1 MiH Mx-a AR ST R R BOR 15 zjax25-1  EMRLRY: CRESEIRD
Yuer MX-a FFRERFTAAT CGREFHEBED Jilin Agricultural University
Jilin Dunhua Specialty Technology (cultivated strain)
Development Co., Ltd. (cultivated strain)
2 MHCc1 EMARRE GRIFERD 16 zjbfl-17  FHIAKLRE GRESE D
Yuer C-1 Jilin Agricultural University Jilin Agricultural University
(cultivated strain) (cultivated strain)
3 MHT EARENTET CGRIFERD 17 zjbel-1  FHIARMLKRY: CRESEMRD
Yuer siping Siping City, Jilin Province Jilin Agricultural University
(cultivated strain) (cultivated strain)
4 yrzp-l HARE Y CRESE RO 18 zjbc24-129 FHHIAML R CREFTE R
Siping City, Jilin Province Jilin Agricultural University
(cultivated strain) (cultivated strain)
5 yryp2 ERE AT CRIFE B 19 zjbe24-5  FHMAMLKZE GREFEMO
Huadian City, Jilin Province Jilin Agricultural University
(cultivated strain) (cultivated strain)
6  yrysL wRAR R CGREFRIHO 20 zjcel08-5 P MAL K CGRIGER
Jilin Agricultural University Jilin Agricultural University
(cultivated strain) (cultivated strain)
7 A5 ERRILRY CGRESERD 21 AL S EMREIRLE CEFAERD
Qirou 2 Jilin Agricultural University Qirou 1 Linjiang City, Jilin Province
(cultivated strain) (wild strain)
8 HA 15 EMRRRE CRIFEO 22 il xb  ITETOE CEFAEEKRD
Jirou 1 Jilin Agricultural University Yuer xb Fushun City, Liaoning Province
(cultivated strain) (wild strain)
9 zjab23-24  EMRNRE CREFRHKRD 23 fH-fh AT CEFAEERD
Jilin Agricultural University Yuer fh Fushun City, Liaoning Province
(cultivated strain) (wild strain)
10 zjad23-1  HIARMKRY: CRESEIRD 24 MH gn-1 ICTAETOE CEFAEERD
Jilin Agricultural University (cultivated strain) Yuer gn-1  Fushun City, Liaoning Province (wild strain)
11 zjad23-5  HMARKE GREFRED 25  fiH gb-2 LA CEFAERRD
Jilin Agricultural University (cultivated strain) Yuer gb-2  Fushun City, Liaoning Province (wild strain)
12 zjae23-13  FHMARMLKZE GRIFE MO 26 fiH -1 HEHREKEFET EFEREK
Jilin Agricultural University (cultivated strain) Yuer cj-1  Changchun City, Jilin Province (wild strain)
13 zjac25-108 AR K2 GREEEMD 27 GY027 HHREA LT CEFARKR

14 zjad25-1

Jilin Agricultural University (cultivated strain)
HARARN RS CREF RO

Jilin Agricultural University (cultivated strain)

Baishan City, Jilin Province (wild strain)
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Table 2 Test character index of Gloeostereum incarnatum
FFs R IR AE Bl sk Gt
No. Character Statistics of evaluation method or record
T1 W24k 15 CH 2 KEE W
Mycelium: mycelium growth rate at 15°C Record based on actual observation
T2 W 224k 20 C W 2K HE b
Mycelium: mycelium growth rate at 20°C Record based on actual observation
T3 W 224k 25 CH 2K EE W
Mycelium: mycelium growth rate at 25°C Record based on actual observation
T4 W 224k 30°CH 2 AEKEE TS
Mycelium: mycelium growth rate at 30°C Record based on actual observation
T5 T 2L B TR Bi=1, =2, #%=3
Mycelium: colonial mycelium density Sparse=1, medium=2, dense=3
T6 WK WKTES EH =1, B E=2
Mycelium: colony morphology Not uniform=1, uniform=2
T7 WLk AL R AT §9=1, =2, =3
Mycelium: development degree of aerial mycelium Weak=1, medium=2, strong=3
T8 WLk RKIEHEGER AR E=1, BE=2
Mycelium: obverse side pigment of colony Not obvious=1, obvious=2
T9 [SRZA LN RS RITR RN AN E=1, =2
Mycelium: reverse side pigment of colony Not obvious=1, obvious=2
TI0 B2k RESPRHLMEBR A =1, #E=2
Mycelium: mycelium kinking state in the cultivation bag Not obvious=1, obvious=2
Tl Tk R HiRf=1, EjFM=2
Fruiting body: shape of fruiting body clump Single fruiting body =1,
Multiple aggregated fruiting bodies=2
T12 Ttk HAES =1, =2, {£iK=3
Fruiting body: morphology Fan shape=1, intermediate=2, flower shape=3
T13 Tk WHHG rEt=1, Hift=2, KBt=3
Fruiting body: reverse side color Pink white=1, pink orange=2, pink red=3
T4 Tk EIHBG e L) ta=1, HEjta=2
Fruiting body: ventral side color Not uniform=1, uniform=2
T15 TStk JRIFERRGEY AN =1, =2
Fruiting body: ventral side verrucous protrusion Not obvious=1, obvious=2
Ti6 Tk JEEILAAE S GT=1, &%E=2
Fruiting body: ventral surface ring pattern distribution position  Distributed in outer edge=1, entirely distributed =2
T17 Tk AGIEMRTT Fxi=1, FaE=2
Fruiting body: edge extension direction Upturned=1, sagging=2
T18 Ttk MBIES =1, =2

Fruiting body: edge form

Smooth=1, corrugation=2

EFIR 3147
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T19

T20

T21

T22

T23

T24

T25

T26

Ttk AEHEM

Fruiting body: growth period
TRk THITHETG

Fruiting body: dry reverse side color
T TR

Fruiting body: dry ventral side color
Ttk K

Fruiting body: length

Tk W

Fruiting body: width

Ttk R

Fruiting body: thickness

TRk TR

Fruiting body: dry-wet ratio
Ttk B Bt

Fruiting body: texture

o

Record based on actual observation
HB =1, FiEH=2

Light brown=1, dark brown=2

wB =1, FiEH=2

Light brown=1, dark brown=2

e

Record based on actual observation
i

Record based on actual observation
e

Record based on actual observation
e

Record based on actual observation
=1, =2

Soft=1, hard=2

43k 2

B mEELAEERE

A: Fi; B: 5 C: H

Fig. 1 Colonial mycelium density of Gloeostereum incarnatum. A: Sparse; B: Medium; C: Dense.

B2 mEELAREEEEER

Uik

Fig. 2 Pigment in the reverse side of colony of

Gloeostereum B:

Obvious.
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incarnatum. A: Not obvious;

A: A~NBHE; B:

re -

B 3 MERLERBERTPELALE
Bl B: HIR

A: A

Fig. 3 Mycelia of Gloeostereum incarnatum kinking

state in the cultivation bag. A: Not obvious; B:

Obvious.
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oy it

A: BrEfh; B: MGt C. M4t

Fig. 4 Reverse side color of fruiting bodies of Gloeostereum incarnatum. A: Pink white; B: Pink orange; C: Pink

red.
15°C A KR Mycelium growth rate at 15°C
30°C 24 Kl E Mycelium growth rate at 30°C
20°CH 22 KIEE Mycelium growth rate at 20°C
25°C I 424 Kk Mycelium growth rate at 25°C
[ VR 2 Colonial mycelium density
EaEs Reverse side color
HHES Morphology
DS e TT ) Edge extension direction
BUEZ SIZS Edge form
+E- IS PR Dry ventral side color
TEm gt Ventral side color
e PO 25 Ventral side verrucous protrusion
H R i Texture
[EapEa sy Colony morphology
Wik IFHtE Obverse side pigment of colony
HESmesE Reverse side pigment of colony
TSRS AL E Ventral surface ring pattern distribution position
BEE Thickness
MBS rh i 22 45 5. Mycelium kinking state in the cultivation bag
FEH I m igife Dry reverse side color
ShHLkkikfEE  Development degree of aerial mycelium
[ P31 Shape of fruiting body clump
FE Lk Dry-wet ratio
K Length
o Width
4 EH Y Growth period
[Tt
3.57 2.68 1.79 0.89 0.0
Coefficient
5R BIRAKSHE

Fig. 5 R-model cluster analysis results.

RKERNG NRAERE, KHE 105 15T,
20°C. 25°CHI130°C NI 224 K4S 4 A
PEAR, SR 1B 18 2 R ME . iR R
TEA . FSER/INGE 21 MR

R BRTR, R YIS RE AR KT LT 1
SR EAEAR Z [ IR D, (H IR A REIR 47
b2 WSS PRR AR B

23 EHA S

R TR R, 26 MR HEEL
HRZHHAE 0.9 UL L, TEHSMIREE M
(K3 . HP g EmGE. WKHm
R, WS, BHEmREEY. TH
Mgt EEM. BIERPE 2L
Bl B TR S TH B AR S IR 1 B
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Table 3 Communalities

PR wIah RN PEAR wIRh R
Characters Initial  Extraction Characters Initial  Extraction
W2k B IEHGBR 1.000  0.999 Ttk K 1.000 0.954
Mycelium: obverse side Fruiting body: length
pigment of colony
WALk IR 1.000  0.999 P22 30°C B 2 A K d 1.000  0.947
Mycelium: reverse side Mycelium: mycelium growth
pigment of colony rate at 30°C
WLk WKEE 1.000  0.996 TR FHAmEG 1.000  0.942
Mycelium: colony morphology Fruiting body: dry reverse

side color
TSR BEEPOIR Y 1.000  0.994 TR I LA B 1.000 0.934
Fruiting body: ventral side Fruiting body: ventral surface
verrucous protrusion ring pattern distribution position
Tk FHEmHE 1.000  0.982 W22k 25°C W KT 1.000 0.934
Fruiting body: dry ventral Mycelium: mycelium growth
side color rate at 25°C
TS AEH 1.000 0.978 TSk HOR B 1.000  0.923
Fruiting body: growth period Fruiting body: texture
22K RIS TR 22 S5 DL 1.000 0.978 W22k 15°C A KIE 1.000 0.922
Mycelium: mycelium kinking state Mycelium: mycelium growth
in the cultivation bag rate at 15°C
Tk, g 1.000 0.975 TSk FREE 1.000 0.919
Fruiting body: width Fruiting body: dry-wet ratio
TR T 1.000 0.974 WAL T 1.000  0.904
Fruiting body: shape of Mycelium: colonial mycelium
fruiting body clump density
Tk HHEE 1.000  0.972 WLk AW LR IETEE 1.000 0.894
Fruiting body: reverse side color Mycelium: development degree

of aerial mycelium
Tk G IEMTT 1.000  0.968 Tk BEHS 1.000  0.890
Fruiting body: edge Fruiting body: edge form
extension direction
W k. 20C 2 EKHE 1.000  0.962 FOk: BE 1.000  0.865
Mycelium: mycelium growth Fruiting body: thickness
rate at 20°C
TSk JEIEUE 1.000  0.955 Tk HRERES 1.000  0.799

Fruiting body: ventral side color

Fruiting body: morphology
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PEHEF SEHT, B A PR CEUE RN, B
PEIZ B PG

F R R R R N R AR R T35 T 1
) E R R TTER KT 80% (XE4E xR 55
2012) o ABFFRHET 9 A FE R AEE AR
T 1, RIFTTERZFILFE] 94.458% (K 4) . H
WA 1 3 B AR A 5.455, TTRR# EIA
20.979%; 5 2 FE M FHIEEZ 4.730, TR

x4 ERSOTERNERER

Table 4 Total variance explained by principal component analysis

FON18.191%: 5 3 TN FFIE(E /2 3.097,
TIHRZEN 11.910%; 2 4 F o F e 2
2.512, TIHRZ N 9.660%; i 5 A RHE(E
F&2.402, TUERE N 9.237%:; 6 T AL
/2 2.081, TIHAH N 8.005%; =7 FMA4HF
fE{E A 1.630, TTHRE N 6.270%; 5 8 T
FHIE{E /2 1.590, TTERZN 6.115%; 9 Tk
IVFREE R 1.064, TTERZEN 4.091%.

D% HILR R AEMH FEHT 7 FE N

Component Initial eigenvalues Extaction sums of squared loadings
ait TR RPTTHRE a1t TTERE RITTIR A
Total Ratio of variance (%) Cumulative ratio (%) Total Ratio of variance (%) Cumulative ratio (%)

1 5.455 20.979 20.979 5.455 20.979 20.979

2 4.730 18.191 39.170 4.730 18.191 39.170

3 3.097 11.910 51.080 3.097 11.910 51.080

4 2.512 9.660 60.740 2.512 9.660 60.740

5 2.402 9.237 69.977 2.402 9.237 69.977

6 2.081 8.005 77.982 2.081 8.005 77.982

7 1.630 6.270 84.252 1.630 6.270 84.252

8 1.590 6.115 90.367 1.590 6.115 90.367

9 1.064 4.091 94.458 1.064 4.091 94.458

10 0.798 3.070 97.528

11 0.470 1.809 99.337

12 0.172 0.663 100

13 8.92414E-16  3.43236E-15 100

14 4.59994E-16 1.76921E-15 100

15 3.47809E-16  1.33773E-15 100

16 2.63691E-16 1.01419E-15 100

17 2.17445E-16  8.36326E-16 100

18 1.01086E-16  3.88794E-16 100

19 3.38441E-17 1.3017E-16 100

20 -1.11493E-33 -4.2882E-33 100

21 -1.44657E-17 -5.56375E-17 100

22 -9.25016E-17 -3.55775E-16 100

23 -1.64759E-16 -6.33688E-16 100

24 -2.00614E-16 -7.71593E-16 100

25 -3.01146E-16 -1.15825E-15 100

26 -4.61848E-16 -1.77634E-15 100
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MERI A BRI R, /T 9 AR 1
FAAEEARAC AR B, Bl S B 3 i R A AR
TR (B 6) , BLEHIREUMET 9 4
BN RO RSN ERSE R E kPN (=
HI, SR 9 AN E R 1A 2

FHIEAH
Eigenvalue
O B N W B~ U O

1 5 9 13 17 21 25
Component number
El 6 77 HhEAaE

Fig. 6 Scree plot of principal component analysis.

FRE 32 B BeAar FE I AT N 9 AN Rl
FEANHER B0 B R B RVRRAE ) &, AR 251
RAE FE 70 HRFAIE A 8 1 K0S, A TR 1)
x5 EMITEEER

Table 5 Principal component loading matrix

HEEM (RS .

%1 ERROTTERE N 20.979%, &I
PEIR > A E RN, 3 H IS T R S0 o3 A
frE, AERMENRUESFEMIR, 5
1 EWMFRARMESH R T 3 2 F
Y TIBRE A 18.191%, BRAL T4 1 F 4y,
REAE ) S f K PRIR R R, AR M E1)
FONERIETEIR, 055 2 ERO O TS0k
NIRRT 5 3 RS DTN 11.910%,
B RAR T2 1 B RIEE 2 R0, HFEr
EEBCRH B2 T yR Ry, REhH
FRIE TR SR, 05 3 F s
TR A 2 T 28 W0 254 T A

5 4 ERST TTERE N 9.660%, HFIE H] &
{EL SR B PER 2 T H 1 e A 20°C 1 2242
KX 2 MR, EEA TR, 8
5 ERTTERNE N 9.237%, FHEAEE &K
FIPEAR R AR S P B 2 H 45 s 0l , REM
H R MIE SRR, 5 5 ER A
KMEEMEHATF. 5 6 ERDTTEREN

PR D %x
Characters Component

1 3 4 5 6 7 8 9
ST S5 A o E -0.854 -0.081 -0.098 -0.084 0.062 0.035 -0.016 -0.378 0.183
Ventral surface ring pattern distribution position
T B g T it 0.785 -0.296 0.078 0.087 0.177 0.174 -0.445 -0.075 -0.005
Dry ventral side color
WL 0.784 0.022 -0.084 0.209 -0.155 -0.319 -0.291 -0.084 -0.079
Edge form
[ IR -0.721 0.040 -0.311 0.327 -0.189 0.356 -0.147 0.298 -0.036
Reverse side pigment of colony
R AR -0.721 0.040 -0.311 0.327 -0.189 0.356 -0.147 0.298 -0.036
Obverse side pigment of colony
g -0.646 -0.075 0.012 -0.440 0.069 -0.199 0.194 -0.264 -0.451

Reverse side color
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4K 5
30CH A K 0.554 0.571 -0.245 0.103 -0.264 0.230 -0.187 -0.258 0.135
Mycelium growth rate at 30°C
25°CHH 22 4 K 0.511 0.477 -0.606 0.081 0.044 -0.073 -0.051 0.058 -0.240
Mycelium growth rate at 25°C
SAEW R RIETRIE 0.488 0.250 0.435 0.022 -0.271 0.410 0.388 -0.047 0.097
Development degree of aerial mycelium
KB -0.400 0.669 0.281 0.309 -0.160 -0.206 -0.230 -0.217 0.063
Length
THE & 0.399 0.063 0.138 0.523 -0.555 0.167 0.213 0.119 -0.301
Dry reverse side color
ES)|2 0.381 0.535 0.162 -0.410 0.129 0.495 0.004 0.286 0.073
Shape of fruiting body clump
20°C 2 A Kl E 0.366 0.622 -0.122 -0.517 0.211 -0.136 0.147 0.172 -0.209
Mycelium growth rate at 20°C
4 SE A8 7] 0.345 -0.624 -0.232 0.341 0.008 0.434 0.176 -0.196 0.175
Edge extension direction
H RS 0.332 -0.468 0.086 0.241 0.126 -0.385 0.413 -0.264 0.002
Morphology
P& THTPER SR EE ) -0.308 -0.018 0.717 0.296 0.203 0.209 -0.028 0.110 -0.445
Ventral side verrucous protrusion
TR 5 -0.263 -0.071 0.523 -0.469 -0.037 0.501 -0.199 -0.133 0.160
Colonial mycelium density
HFH -0.258 0.381 -0.405 0.442 0.363 -0.026 0.430 0.123 0.273
Growth period
i3 0.212 -0.634 -0.404 -0.426 0.182 0.329 -0.124 -0.140 -0.080
Width
15 CH 224 Kk T -0.204 0.762 -0.258 0.169 0.317 0.156 0.111 -0.202 -0.162
Mycelium growth rate at 15°C
TRkt 0.159 0.212 0.498 0.197 0.549 0.190 0.392 -0.221 0.148
Dry-wet ratio
e 48 R 22 4L A5 15 -0.158 0.200 -0.095 -0.397 -0.681 -0.322 0.196 0.094 0.363
Mycelium kinking state in the cultivation bag
WERES 0.104 -0.461 -0.331 -0.078 0.550 -0.019 0.119 0.577 0.087
Colony morphology
=8} 3 -0.096 -0.839 0.203 0.252 -0.104 -0.158 -0.088 0.062 0.011
Thickness
g T 0 £ 0.090 0.130 0.679 0.030 0.057 -0.343 -0.085 0.562 0.153
Ventral side color
H A miH -0.08 0.354 0.108 0.263 0.567 -0.216 -0.532 -0.134 0.205

Texture

EFR 3153



ZB1T F /MEMREREERZIERINBEITHE

Research paper

8.005%, R AF ) & A 50K I PR A2 T VR
FER IR 2 MR, R A 40 B
57 ERS TTHRR N 6.270%, FFAE 1A AE e
KR 2B A Fiih, ARME R E A R
FRAEPRIR, 028 7 F RN R 5 R
Ko 26 8 FE A TTikR A 6.115%, HFEIA
HERKNMYERE W LS AR mEe, i
A+ HE. H 9 ERO M EAN
4.091%, FFAE W) B AE g oK B PR IR 2 T T
o, ARERMEMBEREEIR, #2258 9 Fk
Gy RN B R T 6

ZE AL, 26 MR R EUE K 2 20D
£ 0.9 Vb, ULEHSPRRE E R, H
AL A B R R POR =
Y. TEHEEHE. 200 H2EKET . #&
RS RE 2 IS EREE. . B
A . VR A . BT B A TH B
12 NIRRT 8K
3 Wit

R EVERAZFEAT PP T TR VAN S DUS
WIBM MW EES R, W E P kA S )
R E (NY/T 2438-2013) . & TR E (NY/T
2523-2013) . XUFHEELE (NY/T 2524-2013) .
B4 ONY/T 2525-2013) .« & & O NY/T
2560-2014) . PEAKH (NY/T 2588-2014) .
B E (NY/T 3713-2020) . dfiEL (NY/T
3714-2020) . KiR#E (NY/T 3715-2020) .
GEFTE (NY/T 3716-2020) « Mk (NY/T
3717-2020) . K& RN H (NY/T 3718-2020) .
FARH (NY/T 3729-2020) FIZEBREELE (NY/T
3736-2020) &5+ H & DUS Mk TE FE 35
DAL 2R 9 AR o

ARFFH AR Z R R TR Hraesd
XTI UT s Wi A TR ] R AR DG, H — e
WA X HH, XE5HHAG LA
A, B K. R R o i

3154 EMEIR

AR, IR PR BUE R 2 HHRAE 0.9 DA
b, UMK E B EGS, WRE  fa EA
JRPFOT I 12 A EESEAR, RIS A S0 A i
B RE. BIeRGGEY) . THREmET.
20°C R L2 A B L AR R P TR L2 A1 O
WE L ot BB, wWiges. 1B
IE AT S, FIH R RIS A
3o, AT DL SE R PR A Z IR
D - (AR o B IR A SR e R e SR T
BRI

[REFERENCES]

Chen Y, Yao FJ, Zhang YM, Fang M, 2014. Numerical
classification of cultivated germplasm of
Auricularia auricula-judae. Mycosystema, 33(5):
984-996 (in Chinese)

Dai YC, 2010. Species diversity of wood-decaying
fungi in Northeast China. Mycosystema, 29(6):
801-818 (in Chinese)

Dai YC, 2011. A revised checklist of corticioid and
hydnoid fungi in China for 2010. Mycoscience,
52(1): 69-79

Deng WB, Tang XY, Hu DQ, Zhou YM, 2012. SPSS 19.
(Chinese version) statistical analysis practical

Publishing
Industry, Beijing. 1-300 (in Chinese)

Gao J, Yue DC, Cheng KD, Wang SC, Yu KB, Zheng QT,
Yang JS, 1992.
sesquiterpene from the fermentation products

tutorial. House of Electronics

Gloeosteretriol, a new

of Gloeostereum incarnatum S. Ito et Imai. Acta
Pharmaceutica Sinica, 27(1): 33-36 (in Chinese)

Jiang WZ, Yao FJ, Fang M, Lu LX, Zhang YM, Wang P,
Meng JJ, Lu J, Ma XX, He Q, Shao KS, Asif AK, Wei
YH, 2021a. Analysis of the genome sequence of
strain GiC-126 of Gloeostereum incarnatum with
genetic 49(4):
406-420

Jiang WZ, Yao FJ, Lu LX, Fang M, Wang P, Zhang YM,
Meng JJ, Lu J, Ma XX, He Q, Shao KS, 2021b.
Genetic

linkage map. Mycobiology,

linkage ~map construction and



R5IEX

22 December 2021, 40(12): 3143-3156

Mycosystema ISSN1672-6472 CN11-5180/Q

qguantitative trait loci mapping of agronomic
traits in Gloeostereum incarnatum. The Journal
of Microbiology, 59: 41-50

Li DZ, 2002. Studies on chemical compositions and
pharmacological activity from fruitbodies and
culture fluid of Gloeostereum incarnatum.
Master Thesis, Jilin Agricultural
Changchun. 1-138 (in Chinese)

Li X, Liu X, Zhang YF, Zhang YQ, Liu SY, Zhang N, Li Y,
Wang D, 2020. Protective effect of Gloeostereum

University,

incarnatum on ulcerative colitis via modulation
of Nrf2/NF kB signaling in C57BL/6 mice.
Molecular Medicine Reports, 22: 3418-3428

Li Y, Li TH, Yang ZL, Bau T, Dai YC, 2015. Iconography
of macrofungal resources of China. Zhongyuan
Peasant Press, Zhengzhou. 1-1077 (in Chinese)

Li YT, Song H, Li YQ, Liu Q, 2010. Study on
antioxidant properties of alcohol extract of
Gleoeostereum incarnatum fermentation. Journal
of Fungal Research, 8(2): 90-92, 102 (in Chinese)

Ma SS, 2008.
Gloeostereum incarnatum S. Ito et Imai. Master

Study on pharmacognosy of
Thesis, Jilin Agricultural University, Changchun.
1-91 (in Chinese)

Qi YQ, 2014. Study on chemical constituents,
antioxidant activity and new product development
of Gloeostereum incarnatum. Master Thesis, Jilin
Agricultural University, Changchun. 1-70 (in
Chinese)

Song H, 2008. Study on new variety breeding and
nutrient  physiological  characteristics  of
Gloeostereum incarnatum. Master Thesis, Jilin
Agricultural University, Changchun. 1-54 (in
Chinese)

Song H, Yao FJ, Tang J, Nie LL, 2008. Research
overview of Gloeostereum incarnatum. Chinese
Edible Fungi, 27(1): 3-4, 13 (in Chinese)

Tao SA, Li J, Yue GH, Cai YF, 2006. Antibacterial

broth of

Gloeostereum incarnatum S. Ito et Imai. Food and

Fermentation Industries, 32(2): 33-36 (in Chinese)

Wang D, Li Q, Qu YD, Wang MY, Li LZ, Liu Y, Li Y,

component of  fermentation

2018. The investigation of immunomodulatory

activities of Gloeostereum incarnatum
polysaccharides in cyclophosphamide-induced
immunosuppression mice. Experimental and
Therapeutic Medicine, 15(4): 3633-3638

Xu Z, Zhang LJ, Shang XD, Liu JY, Zhang D, Yang H, Yu
HL, Zhang MY, Wang RJ, 2019. Gradation and

Flammulina filiformis DUS

testing traits. Mycosystema, 38(5): 658-668 (in

evaluation for

Chinese)
Yu Y, 2013. Study on germplasm resources
evaluation and breeding of Gloeostereum

incarnatum. Master Thesis, lJilin Agricultural
University, Changchun. 1-49 (in Chinese)

Yu Y, Yao FJ, Sun ML, Zhang AQ, 2013a. Spring and
autumn cultivation management technology of
Gloeostereum incarnatum. Northern Horticulture,
10: 145-146 (in Chinese)

YuY, Yao FJ, Sun ML, Zhang YM, Hu X, 2013b. A new
Gloeostereum incarnatum cultivar ‘Qirou 1’.
Acta Horticulturae Sinica, 40: 15 (in Chinese)

Yu Y, Yao FJ, Zhang YM, 2016. A new Gloeostereum
incarnatum cultivar ‘Jirou 1’. Acta Horticulturae
Sinica, 43: 1013-1014 (in Chinese)

Zhang ZF, Lv GY, Jiang X, Chen JH, Fan LF, 2015.
Extraction optimization and biological properties
of a polysaccharide isolated from Gleoestereum
incarnatum. Carbohydrate Polymers, 117: 185-191

(Bt 3252 3CHk]

MRiz, whOias, sk, J78, 2014, ARE R
Joi B ) KR o R, WA A, 33(5):
984-996

K Ak, 2010, HE AR AL XA A R R I 2 R
PE. WY, 29(6): 801-818

e, FEMHE, WAL, I REL 2012, SPSS 19

(el gttt se H#0E. bt 7L
b H L. 1-300

e, R, RO, EME, L, MER.
Ml i, 1992, Ay B A I B £ 2 il —— A
H =W 450. 2552524k, 27(1): 33-36

22l 2002. i H- (Gloeostereum incarnatum)

TR RO BERAC S oy A BE TR T,

EFR 3155



ZB1T F /MEMREREERZIERINBEITHE

Research paper

WA R 30, K. 1-138

R, FERE, AR, BidK, 8RR, 2015.
W E R R R A TR A A s R R IR HE i
k. 1-1077

ZEWIE, RE, ZHAK, XL, 2010. M HIREK
T B M PSR 7L 9T,
8(2): 90-92, 102

L, 2008. #iiH (Gloeostereum incarnatum) 1]
AZERE L. EARAOR 10T, K. 1-91

FEMK, 2014, M HACE 855 BUEAGTE TR 7L &
B s AR R, KA.
1-70

KT, 2008. iy EHT hh Mk B JE IR A BRE T
Fo. BRI R0, KA. 1-54

K, WOTA, IR, FI¥, 2008. i H-wF 7T
M. R EEHE, 27(1):3-4, 13

3156 EMFIR

VR, AEgr, EEEE, 4K, 2006. HH K EE
AN B BT BT, £ S R T,
32(2): 33-36

T4, 2013, A E-RROTE ZEIR DT S A0 R S ANIE E
WA, SRR KRR s, K. 1-49

THE, WA, PMENN, Tk, 2013a. MiH-EK
R EEOR. A2, 2013(10): 145-146

T, WA, PMEIN, skAR, $ARK, 2013b. i
HEamM R 1 57 . @2, 40(5):
1015-1016

T4, B, kAR, 2016 MiHH WA ‘HA
15 . @24, 43(5):1013-1014

®E, mIPE, Mbek, XIEW, sk, BE, T
W, IKEE, FRE, 2019. &4F%E A DUS
WP R I 4> S V. B AR, 38(5):
658-668

(Rt sm: EH)



