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Phenotypic diversity analysis and comprehensive evaluation of Lentinula

edodes germplasm resources in southern Henan

Shi Hongge, Sun Lianhe, Ding Yatong, Gao Xiyang, Liu Ke, Guo Haibin, Ban Xinhe

(Zhumadian Academy of Agricultural Sciences, Zhumadian 463000, Henan, China)

Abstract: To explore the variation characteristics of phenotypic traits in Lentinula edodes germplasm resources in south-
ern Henan, screen high-quality core germplasm, and improve the utilization efficiency of Lentinus edodes germplasm re-
source, 30 Lentinula edodes germplasm resources from southern Henan were used as materials. Nine key quantitative
traits and ten quality traits were determined. The correlation analysis, phenotypic cluster analysis, and principal compo-
nent analysis were used to conduct diversity analysis and comprehensive evaluation on the phenotypic traits of Lentinula
edodes. The results showed that the 30 tested Lentinula edodes germplasm resources had rich genetic diversity. For quanti-
tative traits, the coefficient of variation ranged from 8.51% to 23.14%, and the Shannon- Wiener diversity index ranged
from 1.59 to 2.04; for qualitative traits, the coefficient of variation ranged from 22.14% to 42.17%, and the Shannon-Wie-
ner diversity index ranged from 0.64 to 1.08. Correlation analysis indicated that the fresh mass per fruiting body had the
strongest correlation with the dry mass per fruiting body (7=0.93); the cap diameter showed extremely significant posi-
tive correlations with the fresh mass per fruiting body (+=0.84), dry mass per fruiting body (/=0.80), and fruiting body
shape index (+=0.53). Seven principal components were obtained from different phenotypic trait indicators through prin-
cipal component analysis, with a cumulative contribution rate of 78.456%. A comprehensive evaluation model was estab-
lished using the variance contribution rate corresponding to the principal components as the weight coefficient, and 10
germplasm resources with excellent comprehensive traits were selected as important breeding materials. Through cluster

analysis, the tested materials were divided into three functional groups: Group I (10 germplasm resources) was the
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low-yield and high-quality type, with moderate performance in quantitative traits and superior performance in qualitative

traits; Group II (6 germplasm resources) was the high-yield and high-quality type, with an average fresh mass per fruiting

body of 31.47 g and a biological efficiency of 81.08%, suitable for fresh sales; Group III (14 germplasm resources) was

the small-sized processing type, with an average fresh mass per fruiting body of 25.32 g, suitable for dried sales, or processing

into Lentinula edodes cans and crisps. The research results provide an important theoretical reference for the evaluation

and utilization of Lentinula edodes germplasm resources, parent selection and matching, and variety breeding in southern

Henan.
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Table 1 Assignment rules for qualitative trait of Lentinula edodes

JR IR TR{EHL I Assignment rule

Quality trait 1 3 4

B # B PC T # t% Yellowish-brown 5 t4 Brown 21 #t% Reddish-brown

B S5 AR LSP [UTJE Concave V- Flat % Convex Atk Umbonate
I i S PR Hiks Loose 1 Medium 45512 Compact

% Fr 534 SD 4= Entire surface J#141 Peripheral

fi K71 SS Jel A% /N None or very small /)N Small 7 Medium K Large
WAEHES T GA H. Straight IR Undulate

% % GD Hiks Loose i Medium % Dense

I 5 KL SF # Soft 1 Medium 1 Hard

FR DI AR LSS 41" F # Obclavate I N%H Equal MR 4l Clavate

TS ARE FBA \ZE Caespitose #2E Gregarious

1.4 BUERSHH R2 BEBEEKRSHEMESN

K H Excel 2022 1 & & 144K 5 it & AR 1
7 S ZR 0 ) P U ()~ 350 Co FFR #E 22 (o) 1HEAT
10 532K, 55 1 B/NT x—20, B 1AIFE 0.50, 25 10
WRT x+20, B HIREN AR FH T S8 A% 2 1
TR (H'=2 PlnP:, P NFEVARES § SFO" ;s K H
SPSS 26.0 AT #H I 1% 73 (Pearson %) « 73 7
15 5K H RStudio (v4.3.0) #4752 53 #1 5 R A Ori-
gin 2023 2| % .

2 RS0

2.1 BEMRARHEHROEETE SN
FHER 2 AT, 30 43 1k AT SRR 9 N EE

R, 2 B RBEE N 8.51%~23.14%, P48 7 &

BN 16.37% , Horp 5 & 1R 5 R AR,

Table 2 Analysis of quantitative trait diversity of
Lentinula edodes

Hr ek ME ORME ARiEE S BRERH
Quantitative trait Min Max o CVI%
W 22 EKGEE MGR/(mm-d™) 6.80  10.90 133 15.26
B 75 FL4% PD/mm 48.60  68.50 4.86 8.51
B i 2% PT/mm 13.03  25.30 2.82 17.09
FREKE SL/mm 3120 51.55 478 12.63
FMEL4: SD/mm 11.50  19.38 199 1275
FATESE T FW/g 19.30  43.20 597 2121
T = DW/g 352 823 122 23.14
AR EL MSI 1.08 1.88 022 1411
W5 R BE/ % 36.87 8398  14.05  22.64

SR TN 3.52~8.23 g HOR AW AR, A7 &R
BN 22.64%, 2 FIETE N 36.87%~83.98%. H i
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Table 3 Variation analysis and ordered polymorphism
analysis of Lentinula edodes in qualitative traits

R %mﬁ of 2R . i — EE
Quality Corresponding Frequency/ EY
trait trait % e CVI%
T i F 43.33 0.66 39.65
PC Yellowish-brown
#th Brown 46.67
AR ARk 10.00
Reddish-brown
W A DI TH [U}% Concave 333 0.67 25.39
JEAR LSP I Flat 36.67
™ JE Convex 60.00
W XS PF B Loose 20.00 0.79 34.54
F1 Medium 30.00
2552 Compact 50.00
6 Jy 5345 SD  4=¥P Entire surface  36.67 0.49 30.01
J&121 Peripheral 63.33
g v R/ SS /N Small 46.67 0.57 22.14
1 Medium 50.00
K Large 3.33
BRI 7 HE Straight 56.67 0.50 35.16
GA R Undulate 4333
W% GD Bt Loose 26.67 0.76 37.62
' Medium 43.33
2 Dense 30.00
WA SEEE SF #K Soft 6.67 0.60 2591
1 Medium 56.67
i Hard 36.67
LN 4 R Obelavate  33.33 0.90 42.17
HPRLSS | R4 Equal 20.00
MR Clavate  46.67
TR WA Caespitose 33.33 0.48 28.77
HRA FBA 4 Gregarious 66.67
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Table 4 Analysis of genetic diversity of quantitative and qualitative traits in Lentinula edodes germplasm resources

o AR 734 Frequency distribution/% AL Z R
PR Trait o
1 2 3 4 5 6 7 8 9 10 B H
W 22 A K% MGR 0 0 23 10 23 7 10 20 7 0 1.82
I i EL#2 PD 0 3 17 13 20 17 13 10 3 3 2.03
W 55 )2 PT 0 0 3 30 37 7 13 3 0 7 1.59
B E SL 0 0 17 27 0 17 20 7 3 3 1.86
HE R SD 3 7 3 20 17 17 17 7 10 0 2.04
FLIE I FW 0 0 20 17 7 27 13 10 3 3 1.88
BIET R DW 0 0 17 17 20 17 13 7 7 0 1.96
TR MSI 3 0 20 13 17 10 17 17 3 0 1.94
LEVIEERCR BE 0 10 10 10 17 17 17 13 7 0 2.04
it PC 0 0 43 0 0 47 0 0 10 0.72
B S A VIR LSP 3 0 0 37 0 53 0 0 7 0.88
P 26 RS PR 0 20 0 30 0 50 0 0 0 0.71
% Fr 4347 SD 0 0 37 0 63 0 0 0 0.66
il Fr KN SS 0 0 47 0 50 0 0 3 0.70
B REHES 720 GA 0 0 0 57 0 0 43 0 0 0.68
W GD 0 0 27 0 43 0 0 30 0 0 1.08
PR S SF 7 0 0 57 0 0 0 37 0 0 0.69
BRI AR LSS 0 0 33 20 0 47 0 0 0 1.04
TIAREERE FBA 0 0 33 0 0 67 0 0 0 0.64
o K& VIR Quantitative trait
22 B 5 R Qualitative trait
oPD oSD oBE
2.0 oMSI eDW
. oSLovgr  ®FW
> 16 oPT
=
o4
=
;H.}_
& 12
4 BGD
B 1.0 mLSS
alSP
0.8
PF
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0.6 FBA
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Fig. 1 The relationship between the coefficient of variation of quantitative and qualitative traits and the genetic diversity
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Fig. 2 Correlation analysis of quantitative trait and quantitative traits
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Fig. 3 Cluster analysis of phenotypic traits of 30 Lentinula edodes germplasm resources
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Table 5 Multiple comparisons of quantitative and quality
traits across three major clusters

HEAR Trait Zﬁﬁigl éﬁg II aﬁglm
B 224 K% MGR/(mm -d ™) 8.25b 9.78 a 8.55b
i i E 12 PD/mm 5927a  58.50a 5491b
W #5 )5 PT/mm 16.12a  18.14a 16.04 a
B K SL/mm 39.53a  36.85a 37.09 a
W E4% SD/mm 1516a  16.78a 1538 a
P BT FW/g 30.17a  3147a 2532b
Tl DW/g 581a 5.90a 4.65b
EIAREL MST 153a 1.61a 149 a
VR BE/ Y% 4573¢  81.08a 65.60 b
B B fh PC 1.80a 1.67a 157 a
B S A VIR LSP 2.80a 283a 243a
I 5 55 SEBE P 230a 2.67a 2.14a
% Jy 434 SD 1.80a 1.67a 1.50a
fig§ K/ SS 2.60 a 233a 2.64a
w77 GA 1.60 a 150 a 129a
BFEEE GD 190 a 2.17a 2.07a
R 55 SEJEE SF 250a 233a 2.14a
BIARIDI AR LSS 2.00a 2.58a 207a
TSLRE AR FBA 1.60 a 1.83a 1.64a

T FATANF NG FRERIRAE 0.05 KT 2R B
Note: Different small letters in the same row indicate significant
difference at 0.05 level.
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Table 6 Principal component analysis of different traits in Lentinula edodes germplasm resource
VEIR Trait il 4 Principal component
PCI1 PC2 PC3 PC4 PC5 PC6 PC7

P22 KIS MGR 0.316 -0.299 0.605 0.211 0.142 -0.355 -0.054
Wi Bi% PD 0.790 -0.043 -0.271 0.266 -0.174 -0.292 0.217
LEASER ) 0.367 0.119 0.453 -0.432 0.054 0.195 0.457
PN SE SL -0.067 0.673 -0.379 0.199 0.507 -0.121 0.042
BN E % SD 0.626 0.177 0.042 -0.304 0.443 0.120 -0.337
P B T B FW 0.895 0.084 -0.224 0.026 0.042 -0.239 0.068
BT DW 0.898 0.217 -0.224 -0.004 0.031 -0.137 0.135
IR £ MST 0.513 -0.592 0.161 0.016 -0.574 -0.059 0.063
A=) 2% BE 0.200 -0.365 0.535 -0.125 0.408 -0.029 -0.124
B s PC -0.014 0.415 0.167 0.294 0.033 0.037 0.633
W DI H R LSP 0.056 0.398 0.186 0.279 -0.456 0.303 -0.108
B 5 RS PF 0.178 -0.050 0.256 0.296 0.047 0.711 0.294
% Fr 4341 SD 0.112 0.560 0.165 -0.530 -0.035 -0.034 -0.032
i Jy /N SS -0.539 -0.011 -0.269 0.112 -0.206 -0.425 0.259
BREHES 7 GA 0.405 0.567 0.182 0.158 -0.347 0.072 -0.252
HHRIEE GD 0.039 0.271 0.603 0.453 -0.045 -0.282 -0.289
DAV S SEFE SF 0.368 -0.133 -0.584 -0.141 -0.270 0.337 -0.294
BRI DI T IR LSS 0.270 -0.523 -0.283 0.246 0.435 0.153 0.153
TSR EIRES FBA 0.054 -0.018 -0.097 0.789 0.218 0.191 -0.222
FHE{E Eigenvalue 3.880 2.461 2258 1.929 1.693 1.397 1.288
TTlk# Contribution rate/% 20.422 12.954 11.886 10.153 8.909 7.355 6.777
L1 5Tik% Cumulative contribution rate/%  20.422 33.376 45262 55.415 64.324 71.679 78.456
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Table 7 Comprehensive evaluation score and ranking of 30 Lentinula edodes germplasm resources
Fh R T 54357 Principal component score - HE4
Germplasm resource Fl1 J Jae} F4 F5 F6 F7 Rank
Zlel 1.58 -3.57 —2.44 0.97 -1.59 2.02 0.06 -0.41 21
ZLe2 2.52 -2.59 0.65 2.83 -0.25 -0.98 0.86 0.64 8
Z1e3 —-0.64 1.77 -0.17 0.96 -0.73 -1.79 -0.61 -0.08 13
ZLe4 —4.73 4.54 -0.88 3.23 0.57 -0.89 -0.55 -0.25 17
ZLe5 -2.49 0.41 1.25 -1.44 -3.12 -1.55 —2.66 -1.31 27
ZLe6 -6.71 -0.40 -2.70 1.00 -0.50 -1.06 0.98 —2.14 29
ZLeT 0.02 0.34 -0.38 0.86 -3.01 222 -0.63 -0.07 12
ZLe8 2.63 —-4.58 -0.38 -1.23 0.65 -2.87 0.16 -0.48 22
ZLe9 -0.14 0.22 -0.19 -1.75 -3.82 1.09 0.53 -0.54 24
ZLel0 1.23 -5.22 0.74 1.61 -0.03 -0.76 0.43 -0.26 18
ZLell -6.60 0.87 -2.80 -1.87 -0.46 -1.30 1.39 -2.29 30
Zlel2 0.51 -3.19 1.90 2.58 0.22 0.28 -0.68 0.22 10
Zlel3 -2.92 1.55 -0.57 0.59 0.87 -0.35 0.87 -0.36 19
Zlel4 3.76 2.25 1.30 2.43 0.29 -0.85 0.15 1.82 4
ZLel5 2.35 -3.52 -1.50 -0.75 1.75 2.13 -0.29 0.08 11
ZLel6 7.59 2.20 0.10 1.37 1.46 0.73 1.16 2.87 1
ZLel7 4.45 0.37 -1.63 -0.55 -1.41 -0.06 -2.40 0.51 9
ZLel8 4.44 1.45 6.00 -1.57 -2.13 0.75 1.01 2.02 2
ZLel9 -4.38 0.75 -0.22 -2.63 0.46 0.59 0.78 -1.20 26
ZLe20 -4.14 -1.26 0.51 1.63 2.17 1.11 1.59 -0.49 23
ZLe21 -0.01 -2.31 0.51 -0.25 0.92 -0.08 -1.63 -0.38 20
Z1e22 -3.49 -0.25 5.53 -3.51 0.93 1.03 2.10 -0.17 15
Z1e23 -3.38 2.69 1.11 -0.06 1.16 1.31 -2.32 -0.21 16
ZLe24 2.57 2.98 3.48 0.94 2.80 -1.13 -1.19 1.91 3
ZLe25 -5.89 -0.19 0.32 3.22 -0.74 1.74 0.41 -0.96 25
ZLe26 —2.72 —-1.41 1.06 -3.23 0.93 -1.79 -1.14 -1.35 28
ZLe27 5.69 0.78 —-3.47 -1.71 0.51 -1.61 1.87 0.92 7
Z1e28 4.17 3.09 -3.47 —-2.20 0.91 1.93 -0.07 1.05 6
ZLe29 4.17 3.16 -1.06 0.37 —2.03 -1.12 1.38 1.26 5
ZLe30 0.56 -0.24 —2.44 -1.85 322 1.22 -1.58 -0.16 14
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