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[ Abstract] Objective: Isolate and identify Mycena, expand the resources of geminating fungus of

Gastrodia elata and optimize the culture conditions of Mycena, in order to provide information and guidance for
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the production of geminating fungus of G. elata. Method: Juvenile tuber tissue mass transfer separation and
purification technology was used for the separation and purification of strains, traditional morphology
microscopy was used to isolate the colony mycelia spores morphological characteristics, such as identification,
polymerase chain reaction (PCR) amplification rDNA (Ribosomal DNA) internal transcribed spacer (ITS) was
used for sequencing analysis and further homology with NCBI database retrieval, MEGAG6 software was used to
establish Phylogenetic tree by the Maximum likelihood method (MaximumLikelihood, M-L) , so as to classify
and identify isolated strains. At the same time, orthogonal test was used to optimize the optimal growth conditions
of Mycena. Result: A total of 86 strains were isolated, which belong to 21 species in 12 genera. WMMFJ,
SHXG,WMM-21 and MFJ8103 were identified as M. purpureofusca, and ZT01-6 and ZT01-8 were identified as
M. cf. purpureofusca. The growth rate of Mycena in wheat bran medium was significantly higher than in PDA
medium. The optimal medium composition for the growth of germinating bacteria was 100 g potato, 150 g wheat
bran and 20 g corn flour, 100 g glucose. And 1, 3, 5-Trihydroxybenzene significantly promoted the growth of
WMMF]J, and played a role in promoting the growth of WMM-21 and ZT01-6, and 2-Methoxyphenol promoted
the growth of WMMFJ. Conclusion: Six strains of Mycena were isolated and identified, four of them are

M. purpureofusca, and two of them are M. cf. Purpureofusca. The separation method improved the separation

effect of germinating bacteria.
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Table 1 Factor level table EXJX: .
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Table 2 Growth phenotype classification of isolated strain in PDA

PR RE T R B AR > R 1828, LR 2, [ 1.

L. DR S , . "
Ik - I3 A0 T bR 4 B VRTE A H b TR TR B
1 6 ZT01-6,ZT01-8, WMM-21,SHXG,MFJ8103, WMMF]J W2, B0k, RAER AR, W% ZT01-6,ZT01-8,

2 3 SW-1,SW-2,SW-4

3 3 SW-3,SW-5,SW-6,

4 5 WMM-3,WMM-5,WMM-11, WMM-19, WMM-7

5 7 ZT01-10,7ZT01-23,ZT01-24, WMM-4, WMM-12, WMM-
25,WMM-18

6 3 WMM-6,WMP-5,WMM-22,

7 1 ZTO0l1-15

8 3 ZTO01-3,ZT01-18,ZT01-19,

9 5 WMM-2,WMM-8, WMM-14, WMM-15, WMM-16

10 3 WMM-9,WMM-13,ZT01-2

11 17 WMP-1,WMP-6, WMM-17,ZT01-16,ZT01-20,ZT01-21,
ZT01-36,7ZT01-37,ZT01-38,ZT01-39,ZT01-43,ZT01-44,
ZT01-45,7ZT01-46,ZT01-47,ZT01-48,ZT01-49

12 3 ZTO01-13,ZT01-17,ZT01-22

13 1 ZT01-12

14 4  WMP-8, WMP-9, WMP-12, WMP-13

15 17 ZT01-5,7ZT01-25,ZT01-28,2T01-29,Z2T01-31,ZT01-32,
ZT01-33,ZT01-35, WMP-2, WMP-3, WMP-10, WMP-11,
WMP-14, WMP-15, WMP-18, WMP-19, WMP-20

16 3 ZT01-4,ZT01-7,ZT01-9

17 1 ZTO01-11

18 1 ZT01-1
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Fig. 1 Eighteen typical morphology of strains
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Fig.2 Amplification figure of its region of strain specific rDNA
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Mucor B 5 b &% & ik 3] 26.75%, H ik J& K% @
Trichoderma T , 15 &N 20.93%, 77 72 )@ Ilyonectria
Wb N 19.77% HoAh B 5 /b i | 5w
Y
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Kag b frile . Z2E KR A, £ PDA K 95 5
H, T Mk WMMEFT A ZT01-8 5 2 P F 5 vk WMM-21
PRARFION BRI AR JZ1H . R 22 Bk By 37 56 v, 0] I A
JZIH A & B e Bk, MFJ8103, WMMFJ il ZT01-8
W2, Wk 4,
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R3 HESERFA GG F4 HAEEPDAEFREMEBHREFREPERKBER (Ts,2=3)
Table 3 Classification and proportion of fungi Table 4 Growth of Mycena in wheat bran and PDA medium(x+s,
B RN B 3
J& % Yy 2
¥k /% /% 25 51 PDA ¥ 3 5 # E
Mycena Mycena purpure- 6 6.98 6.98 SHXG 18.045+2 95g:® 41.6584+0.59] %
ofusca
MFJ8103 17.563+2.008 43.952+3.532¢
Trichoderma Trichoderma har- 6 20.93 6.98
zianum WMMEFJ 20.785+1.449° 42.080+1.7622¢
Trichoderma vi- 5 581 WMM-21 13.427+2.447* 38.185+1.053
rens ZTO01-6 16.537+0.258% 37.383+1.287°
Trichoderma sp. 1 1.16 ZT01-8 20.683+2.645° 43.401+3.491%
Trichoderma 4 4.65 JZ1H 18.140+1.413* 48.220+1.855¢
atroviride N P —
EAR/NG PR A 2257 (P<0.05)
Trichoderma 2 2.33
erassum %5 HARBRBELKEEEMRLGHETRR
4 .
Cladosporium Cladosporium 3 349 349 Table 5 Results of L, (3*) orthogonal test for optimum growth
perangustum medium of Mycena
Penicillium Penicillium echi- 1 1.16 1.16 A B C D
iSES . e i s SEE 24 /mm
nulatum + 5k Tk H A H
Mortierella Mortierella sp. 6 9.3 6.98 1 1 1 1 1 23.943
Mortierella verti- 1 1.16 2 1 2 2 2 28.003
cillata 3 1 3 3 3 23.814
Mortierella glob- 1 1.16 4 2 1 2 3 28.69
ulifera
5 2 2 3 1 23.72
Mucor Mucor aff. abun- 15 26.75 17.45
6 2 3 1 2 25.20
dans
7 3 1 3 2 30.05
Mucor racemosus 3 3.49
8 3 2 1 3 26.33
Mucor abundans 1 1.16
9 3 3 2 1 28.97
Mucor racemosus f. 4 4.65
Ceratobasidium Ceratobasidium sp. 4 4.65 4.65 R6 HEHH
Fusarium Fusarium solani 1 1.16 1.16 Table 6 Analysis of variance results
Ilyonectria Ilyonectria 17 19.77 19.77 K% B2E )7 Fl H F P
radicicola _
+ 8 100.303 2 12.700 0.000
Chaetomi Chaetomium ho- 3 3.49 3.49 X
aetomium Aae omium ho %5k 27.588 5 3493 0.039
mopilatum
E ) 113.678 2 14.394 0.000
Pseudoclath Pseudoclath 1 1.16 1.16
rosphaerina rosphaerina ] 2 43.208 2 5.471 0.008
Lecanicillium Lecanicillium 1 1.16 1.16 B2 173.748 8
aphanocladii

W) R 2R B W F 8 C>A4>D>B, 4 H 13 i
WAETT RN T R KKK A B A,B,C.D,.
B 4 7100 g, # %k 150 g, £ K K 100 g, 7 % bl
20g., WFES,6,

3.5 /NEEEE R R EEIESRE K EKEme
MR8 & BN BR AR JZ1H, 75 PDA 5 35 35 Fll 42 5k
R b AT AW g WK 3. WL s il LU
R VR Y S AT 22 7, A K R AL [ 0 R 220
. 48 -

FORAERZHER RN R R a%, R8s
SEETAAER EENE SERLTE, @
W R B 22 5ol Lo b T T
I 3%

3.6 FEHFEI R WA RKYRIGE HIEEE D4
RWIR AR 5K, B 28 =M, 2-F AR, fif B
TE 2 B0k B % 7 Bk W K TR B ATt R AR
L ik e A X B K TR B0 R g ds L HL 3 R A
Xof Xk BT Bk JZ1H A 400 ] 4 3 R T A T Rk
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SHXG MFJ8103  WMMFJ WMM-21 ZT01-6 ZT01-8 JZ1H(CK)
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Fig.3 Growth of germinating bacteria in wheat bran and PDA media

A 15 RN, (B 2 =y A9 2 Rl BE XS WMMFT I T bRt B fe R4 0 o DRI, ) 258 = 1 i 2- AR
BRA B P AR KA X WMM-21 FLZTOo1-6 18 ik Wy nl A1 B i 19 8 A 02 oF A KW i,
BRAT A BEAE T 5 2- T S0 BE 0 1 2 b ik B X WMIMFT 3R 7,8,

RT ITHYAAEHELESE S RERKER F+s,0=3)

Table 7 Growth of Mycena treated with three substances on Sth day(x+s,n=3)

¥ 2% = 13 ¥ 2% = 13 2- S AL 1 2- A A 1 ik B ik B

a5 300 wmol-L! 100 wmol-L! 300 wmol-L! 100 wmol-L*' 300 pmol-L' 100 pmol-L"! X
SHXG 6.342+1.260 4.255+0.425" 3.493+0.873" 4.273+1.051" o 2.351+0.119" 7.722+1.057
MFJg103 7.855+1.260" 8.213+1.175Y 5.300+0.924" 6.925+1.475" o 1.972+0.263" 9.327+0.272
WMMEJ 7.763+0.268 6.822+0.960" 4.912+0.866" 6.233+0.697" o 3.070+0.273" 8.867+0.113
WMM-21 6.450+1.584 6.237+1.163 1.798+0.172" 4.533+£0.965 o 1.983+0.205" 6.627+0.878
ZTO01-6 5.157+0.978" 8.072+0.606 3.753+0.459" 6.613+0.868" o 2.597+0.470" 8.888+0.127
ZTO01-8 6.940+0.524" 7.380+1.553" 8.090+1.078" 6.433+1.082" o 2.553+0.378" 10.437+0.398
JZ1H 4.657+0.822" 3.883+0.730" 3.977+0.327" 5.443+0.284" o 1.927+0.231" 8.882+0.313

T : K ] Dunnett 75 7647 2 1 H A, 500 IR 4L L 4L 1V P<0.05,

R8 TMYRAEBEREE ISREKER (3xs,n=3)

Table 8 Growth of Mycena treated with three substances on the 15th da(x+s,n=3)

.- i A = i A = 2-H1 L) 2-H1 Ly i1 iR -
300 wmol-L"! 100 pwmol-L™! 300 wmol-L"! 100 wmol-L*' 300 wmol-L"! 100 pwmol-L™!

SHXG 31.680+1.623 28.732+1.762 28.010+0.820" 27.680+2.047" oy 4.022+0.420" 32.513+2.142
MFJg103 37.038+1.832 38.330+1.392 33.000+0.106" 39.905+0.361 oy 11.923+3.249" 41.845+1.457
WMMEJ 39.765+0.424" 39.650+2.382" 34.942+1.501 35.340+1.671 oy 17.578+0.811" 32.758+1.409
WMM-21 37.493£1.771 33.733+0.300 22.530+1.926" 30.478+2.298 oy 10.832+2.053" 34.598+2.399
ZTO01-6 44.042+0.754 44.730+1.266 36.643+0.272" 41.828+1.323 () 12.160+2.645" 43.180+1.424
ZTO01-8 39.038+0.476 35.980+0.028" 38.587+1.642 35.238+0.032" (I 18.577+1.663" 39.323+1.006
JZ1H 37.415+1.564 34.292+0.991" 30.705+1.274Y 34.475+0.728 (0 3.105+0.604" 37.068+1.285

3.6 STEEHEBERGE KB 4 i GenBank MFJ8103 Fll M. purpureofusca ¥ B KA [ — A~ 3,

BoyE A AR B X, AR AR ITS [ R P K F 99% )7 k% KRB IL ; WMMFI, SHXG, WMM-21 A

5. MEGA 8 {F e RASR LM R G LB W, W3R MFJI8103 5 M. purpureofusca W £k #y A7 ] B ik %

9, 4,5, 45% B/~ , WMMFJ, SHXG, WMM-21, 99.67%. 1M ZT01-6,ZT01-8 Fl M. cf. purpureofusca
. 49 .
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TMSC109 REAE M — 7 30, Bg KRR, WMM-21 fil MFJ8103 %5 % A M. purpureofusca, i

ZTO01-6 1 ZT01-8 5 M. cf. purpureofusca TMSC109
bk A L E ik # 100%. KF WMMEJ, SHXG,

®9 NEREEF LR

Table 9 Sequence comparison results of Mycena

$ ZT01-6 1 ZTO01-8 2 %€ i M. cf. purpureofusca , J&
Thag .

[CE R5 Fexk R 44 ARALEE /% NCBI%i %
ZT01-6 Mycena cf. Purpureofusca TMSC109 100 JQ676208.1
ZT01-8 Mpycena cf. Purpureofusca TMSC109 100 JQ676208.1
SHXG Mycena Purpureofusca 99.67 JQ364945.1
WMM-21 Mycena Purpureofusca 99.67 JQ364945.1
MFJ8103 Mycena Purpureofusca 99.67 JQ364945.1
WMMFJ Mycena Purpureofusca 99.67 JQ364945.1

TE 35 100%, IR 0,
WMM-2 WMM-17 ZT01-13 ZT01-16 MFJ8103 ZT01-6 ZT01-11 ZT01-3

ZT01-12 ZT01-4

E4 NEEBEBES %
Fig. 4 Classification of Mycena
4 Tt
H A, 32242 77 B9 07 & TR DA PR A 48 3 /N g

A b aE AN B LT T B TR T
WY & T R A B G AR B AR b Ts g IR TR R A R OR 1Y
I ASBIE S AE B AR S B A R b, R N JE
I A 6.98%, W EIR T BT I8 K% & Fl ok 52 J& 55
FLH o HEDNRTREJE /N as R M AR K B E 18 T E
SelE KB AR ST R SRR E AR S Bt A

. 50 .

ZT01-1 ZT01-15

SRV B NP e S NI U I N 9 R
JB AT C 2Kl B 7 L, 7 2l Al ad i v sk 86 0 v
TE /9 /0N 28 T T A A2 K A A SE M R AR .
R KPR 2 2R e 73 5 /0 T JR 23R 3 ELR A
SrES I RCRE R B, ABETE 43 B Wk Y T
AP TR R ERCR

/0N T TR R 5 B PR R, 22 B A T AR TE] A A
Be s b XSRS OR AR Ok . AR BEIE K
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B 5 gresom

MG230331.1 Mortierella sp.
KY305027.1 Mortierella gamsii
WMM-15

WMM-13

HQ630342.1 Mortierella cf. gamsii
KX227756.1 Mortierella fluviae

Mortierellata

iz
&

MHB862533.1 Mortierella verticillata
ZT01-2

|
|
|
ZT01-17 |
MK164209.1 Mucor abundans |
KP714572.1 Mucor aff. abundans Mucor
ZT01-13 |
LN809049.1 Mucor racemosus f. racemosus |
MF044043.1 Mucor racemosus
MH859855.1 Mucor racemosus f. sphaerosporus |
WMM-6 |
MK?267431.1 Mucor racemosus
WMP-8 '
WMP-9 Ceratobasidium ||
DQ102444.1 Ceratobasidium sp. 1
JF908384.1 Mycena acicula voucher 118 I
I
I
I
I
I
I
I
I

JF908437.1 Mycena flavoalba voucher 448t
KR673698.1 Mycena diosma voucher KA13-1230
MG654740.1 Mycena purpureofusca voucher NX0617
E J 1 Mycena purpureofusca

MG654741.1 Mycena purpureofusca voucher NX0628
ZT01-6
ZT01-8
JQ676208.1 Mycena cf. purpureofusca TMSC109
SHXG

W21
MFJ8103
WM-MFJ
l_ _____ J0364945.1 Mycena purpureofusca_
—Z101-11

|- KPL7230S 1 Meliniomyees bicolor _ _| Meliniomyces

T MG389148.1 Cladosporiumvarians
MH864765.1 Cladosporium clade

i
ioides

|
ZT01-3 -
| MK460331.1 Cladosporiumsp. Cladosporium ||
| — — — —  MKSI38341 Cladosporinmperangustu— — — — — |
WMP-11
ZT01-14
ZT015

|
|
K¥240805.1 Ilyonectria radicicola . 5 |
MF440369.1 Ilyonectria cyclaminicola | Llyonectria |
|

I
I
I
.1Ilyonectria destructans
| KF856956.111 ia de
[ WMP-10

[ 71
| —I:Z! !TIOEHI-IZZII 501 Fusai ani | Fusarium | |

ZT01-4 |

MH864766.1 C/ ium h il |
ZT101-7 Chaetomium

WMM.7 7 |

K¥294857.1 Trichoderma crassum
KU990874.1 Trichoderma virens
MK459332.1 Trichoderma virens strain
WMM-12

WMM-19

SW-5

SW-6

SW-1

SW-2

SW-3

FJ442631.1 Trichoderma harzianum
KU726963.1 Trichoderma citrinoviride
MH863493.1 Trichoderma asperelloides

—— ZT01-1 ‘

I_E MK304173.1 Lecanicillium aphanocladii | Lecanicillium
MH809372.1 Lecanicillium psalliotae 4

— WMM-9

L —ZT01-15

Fig. 5 Result figure of evolutionary tree analysis

LB K TH A5 PDA B 57 56 09 A < 0 548 T 1 A2 Ak o
FEEMER . AFTTIRIE , TR B B & TR e A e
WL SRR BREMEE M 22 R K. H I, A
SCHT 2 BR B SR R S KRR A Bk R A

B AR W K A S R A LR, B R OK R
WA RN 4 R BSR4, LU PDA 85 57 56
PR Loy TR W R AR KA SO B
A BR B IR LW 7 N 5100 g, 2 5k 150 g, oK K

.51.
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100 g, #i %) % 20 g By 2 (18] 4 =l , 2- W1 S L 1) )
H I 2 (R Rz AT ) xR A Y AR K B A R A
FHU, A AIF 58 R AIE S TR] R = B Y 2 B vk B X
WMMFJ [# kA 3 02 A K AE L X WMM-21 Al
ZTO1-6 B MR AT (2 HEAE FT 5 2- F A0 56 W5 119 2 ik Ji X
WMMFJ B B0 H A #E4EH

AR S S K R A 2 43 B A5 B0 1Y 6 Bk /N T TR
Pk h, WMMEJ, SHXG, WMM-21 il MFJ8103 % &
A M. purpureofusca, i ZT01-6 F1 ZT01-8 % % iy M.
cf. purpureofusca. X 6 ¥R A& B A HHE 19 0] & IE
P b, 3X O B R KRR B & TR Rl T B R LA

[&% k]
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