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Effects of different media on the isolation of symbiotic fungi
from protocorm of medicinal orchid Gymnadenia conopsea

JIANG Xiling, DING Wanlong, XING Xiaoke

Institute of Medicinal Plant Development, Peking Union Medical College, Chinese Academy of Medical Sciences,
Beijing 100193, China

Abstract: The terrestrial orchid Gymnadenia conopsea with important medicinal value has been
listed in the National Key Protected Wild Plant (Category II). At present, G. conopsea could not
be cultivated artificially, however, seed symbiotic germination has been successfully achieved.
In order to determine whether other indigenous fungi were also involved in seed germination
process besides the initial germination-promoting fungi, isolation of symbiotic fungi from
protocorms formed by germination-promoting fungi under natural conditions were performed on
six common media PDA (potato dextrose agar medium), MMN (modified Melin-Norkrans
medium), FIM (fungal isolation medium), MEA (malt extract ager medium), CAM (carrot agar
medium) and CMA (corn meal agar medium), and the relative abundance were compared. In
total, 75 fungal isolates were obtained from the 6 media, and the number of fungal isolates
obtained from MMN, CAM, PDA, FIM, MEA and CMA was 20, 16, 15, 11, 8 and 5, respectively.
The results of fungal diversity analysis showed that fungal diversity index (Chao 1,
Shannon-Wiener, and Simpson diversity index) of the isolates from MMN medium was the
highest, and that from CAM and PDA medium was less, while that from CMA medium was the
lowest. In short, MMN is the most effective, followed by CAM and PDA, and FIM and MEA
media have little effect, while CMA is the worst. Our results provide reference for the isolation
of symbiotic fungi from protocorms of other orchids. The fungal strains obtained in this study
hopefully could be further used for research purpose and development of functional microbial
agents.
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ZRHEHAR EA Y KR —, 4
£ B 83T 26 000 Fl(Joppa et al. 2011), 7] 5%
FRECTE A, SR 2B B TR i), Tk
FL, 76 HARSAF T & RIME, DR IL AR H O B A
Sy B EE & BRI 06 B ) E 7 (Smith & Read
2008 ; Rafter ef al. 2016), MIHEVERIFH5 & Flfl
Y194 K & B (Rasmussen & Rasmussen 2009),
R 22 B 5 B A E R R R . &
MR LT A Ry 25 e =2 BHAE ) 43 A1 i) B [
% Z—(McCormick ef al. 2018), J-7EZE ittt A4
PIREEAEYE a5 BRPEE | PR . U

S5 T R EEAEF(McCormick & Jacquemyn
2014; Diagne et al. 2020). HETA N 22 RIFHLEL
PR R 2R MR F} Ceratobasidiaceae, X
B B #}  Tulasnellaceae FlI Serendipitaceae %5
(Dearnaley et al. 2012; Jacquemyn et al. 2017),
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BB R IEERUR (Selosse et al. 2017; Meng
etal.2019). KL, 7B e = BHEY) IR BEREE
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P, T fe dERD 7B R R IR, DL — 2B
A MR ARSI I Y AR EE X
(Yang et al. 2020; Zhao et al. 2021), #R1, JEEK
2R FLTR A R 23 B 52 B Z R R SR, A
Ay B (Shao er al. 2020) . 43E5 )77 (Zhu et al.
2008)Fl IR FERI 2R (B 07 Mgk o 2013)5F .
H s IR BE RN X T 22 R W A EUR B ASCR
(R EE K, B0 Shimura & Koda (2005)7
5 FdE IR AL AWA (BRYEKBUIRHE 77 4E) (CWA (R
BEKEIER; FR3E) . PSA (4% B HEREET I S
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A HW AT 8, (UFE CWA Fll OMAL K5
Hores ] 3 PRI Rhizoctonia W) H
B o HT AN A G BAT 2R A AR E 1Y
B IR oK, 7RG Z R E B SR B BT M
PAA G, BRI AS [ 15 3 %o LT 40 o O RUCR
W FEAE I 3 2% 5 (Gao & Liu 2010; Qi et al.
2012),

F2 Gymnadenia conopsea (L.) R. Br.j&—
TP 3857315 A M A T 22 B ), R Al TN
AT S FRHT DA S BRI, 7R3 [ 32 %2
A TR ARG PRI = . PSS
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B A2 FOR S4B T T Y GS2 TRRSL,
FERN 1 & R RN K S5 T BURBRZE R ak FE v
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12 EFELRR

PDA $i7i5k: D85 200 g, #i%iHE 20 g,
G 12 g, 817K 1000 mL, SEEYIE5m
KW 20 min, HIUEEBOEREZZ 1000 mL,
121 "CK & 25 min,

MMN K # 3. CaCl, 0.05 g, MgS0,0.15 g,
NaCl 0.025 g, FeCl; (1%) 1.2 mL, KH,PO, 0.5 g,
Vitamin B; 100 pg, (NH,),HPO, 0.25 g, ¥
6 g, M 10g, IR O02 g, BE12g, £
BF7K 1000 mL, 121 CKE 25 min,

MEA RS 3k 22208 30 g, REHEFE 3 g,
TR 15 g, 2B F/K 1 000 mL, 121 CKE

25 min,

FIM 335 5L . Ca(NOs),-4H,0 0.5 g, KH,PO,
0.2 g,KC10.1 g, MgSO4-7H,0 0.1 g, F£EEE 0.1 g,
HEAE 5.0 g, Bl 12 g, X B§F7K 1 000 mL, 121 C
K 25 min,

CMA H:333E. KK 40 g, Bl 12¢g, %
17K 1000 mL, 121 ‘CK A 25 min,

CAM }530E. $A% b 200 g, W% 20 g,
BUlg 12 g, 27K 1000 mL, 1% MBS0
K& 20 min, FEEBUEREZ 2 1000 mL,
121 "CK & 25 min,

1.3 HAEEFEHNS S

PRI TE R BRZE Y 5 N Fh 4% Bl T
ACHENLI 10 N IRBREE, JrBgit R AT Bk 6 Fhh
FEH L BRI R IR 1 em HARMFTILAT
FU, B FRIE R s SR M, L] B ik
AT R, BRSNS 6 ML, # ek
TUAT e T, ARRIEAE 75% L TR
H1 1 min, 1.5% NaClO ¥ 1 min, 75%Z B0
W 30s, TCRIKIEE 6 Ik, EEIEAE. e &
TV 25 A KR B T IO s R v, A D i
TCIR7K , FH DR A 8 D R 2R R 2, Rl vy 22 141
FAE T O E BT 25 CHRE &AM R R 24 h
(Zhu et al. 2008),

R e
1 BRFEHT G2 H#BEFESMFHHEL  A: FITRUERE; B: BRMBIEEREE. F3R=500 um

Fig. 1
A: Seeds break though testa; B: Protocorm formation. Bars=500 pum.

Germinating seeds of Gymnadenia conopsea mixed with GS2 inoculum under natural condition.
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FLI 0 B R L 22 Aoy g i Ak, BAK
PRAENT  ZERAL R U T S WA B 15 5%
Y R IBCERAS T 22 P il K e e B AR 1 em
B 5535 3 (PDA. MMN, MEA ., FIM, CMA
A CAM B335 b, #ORE TG T 25 CHB
i S5 R R 3-5 d.

FETCWAMET , B R A PR 22 22 i
0.5 cm AT 22, SedE B AHN A IG IR I,
25 CRM RN EETR, Aotk 3 k. Halif
R EARFERE SRS T, 4 CIRAT .

1.4 BEHkREE
141 EEZFEE

H 8 L S T ) % A [ 35 552 5 43
B T TR B 0D S e (B s
1979).

142 DTFEVFEE

% W8 CTAB YL [H 4 DNA i 42 B 5
(AU 3 SRS AR W R A BR 2wl ) f U ] 4
HUA R Y DNA SR 38 FH5 149 ITS1-OF/ITS4-OF
(Waud et al. 2014)F1 ITS1/ITS4 (White et al.
1990)" 44 ITS 41,25 uL 4 PCR 414 [ WAk %
fu$5. 12.5 uL PCR Master Mix, 5|%J(10 umol/L)
£ 1 pL, DNA fi# 2 mL, F ddH,O #pE &
25 uL PCR ¥ 347 . 95 ‘CHiZAEE: 10 min; 95 C
Pk 15 s, 58 ‘CiBk 45 s, 72 CHEffi 50 s, 4t
35 MEH ;72 CHAEMH 7 min, 4 CHE7FE B 3 ul
PCR W] 1% bEEER f Ik, PCR 7™
Py el v 36 ZE AN (AL a0 LE RN PR Wl AT
m . ARAS )P A TE GenBank HiEfT BLAT
Hoxf, AR R S P E R, A @
WRIE S 2EHRE, i B RS
1.5 HIESH

HF RN R SR I BTSRRI A B
KB FE S ER 2R, RFAXT £ (relative
abundance) Pt 4325 14 B Y Ao B I B 2
TR /N, AR AR A 22 B I st 4

BB

956 EIFR

Fr(E 50 1994); K F Chao F & 5% (Chaol
richness index)F 4 & & ) 3= & £ A9 45 5 (Chao
1984), 3% 7% 2 #£ M 45 £ (Simpson  diversity
index) (Simpson 1949)F178 4 -Jgk 44 Z A PE TR 5L
(Shannon-Wiener diversity index) (Spellerberg &
Fedor 2003)43H7 AN [R] 3% 5 56 53 25 i 3 A= LA
ZREM . R R A EI1H545 S8R Core Team
2016). & A SPSS 26.0 (IBM SPSS Statistics, USA)
PATGE 0, GEITRIRN Kruskal-Wallis 46
5, PLa=0.05 1E M E K i

2 HEREHM

21 FEEKEHSERBIEEHEMR

PR 22 A 3 B 3R N 6 Rl ALt
AT 75 BREE, Z5ARTEAS M (DNA-ITS 75
I Sl 30 i, SE 12 AR, AN Z I
B3 AFE 5 & 248 B AL Schizophyllaceae
(42.86%) . MNERL Irpicaceae (22.86%)FIffHH
R} Ceratobasidiaceae (11.43%) (&l 2A), B4
MRIEA RS IR L B BRI 1,
22 AEHEFRENFSEREXEEERN
EMRAEN

TEM 5 T2 RS0 75 BRI AE BTN
o, Hi A MMIN 595356 145 1215 38 1) B 1 R A
B2 (20 k), BEET CAM R5FE3E(16 #R)FI
PDA (15 )./ B3 2 B bR B, 43 B TR Ak
B/ L IJE CMA (5 #R)o X HHF RS %
By B RCR, e B i9 8] 11 R TRER . 64 B
HFH, X FIM ¥i3R3 BR8] F 3w, H
AR S PRI S B B R TR 5 M\ 6 PR L
HER B B T H R, A E MMN Fil CAM B
FeHH B B T I IR TA A GS2, 76 PDA il FIM
BRI By B T MR A B-F-5B-1. It
Ab, FE 6 PG FRIE I 3 B 8] T AR AR TR,
ot B 2408 PR B PR X IR S R e B G, P
MMN 3535 50 2448 TR 43 B AR fe iy, LA
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SR E N 30%; FIM X 48 @R 3 0 2
B ALY, HARXN ZE R & 18.2%, CMA
5 35 R AT AT 4 B AR Ay, AR X 2 5 e
= 18.8% (& 1),

6 iR AL 0 B4 R WK 1, ) PDA
BB B B R B H W RSO A R,
2.40+0.80, HIKJE MMN (2.20+0.75)F1 CAM 1%
FRH(2.00+1.41), (HAHES IR L B EE2E
F(P>0.05); M CMA B;g55Lrp 2y B 455 Al FL
YIRS RAR, 1A 1.00£0.63, MMN, CAM
F1 PDA FiFR 5L b0 2445 2 A9 BUIR TR MR- 218 o
Mk 4.00+1.27. 3.20+1.47 1 3.00+1.90, FIM.
MEA .CMA &/, 435k 2.20+0.98 . 1.60+1.02
1.00+0.63, 6 Fl3% %I M 4 215 2 M A E
PRV YA A7 AE 3% 22 5 (P<0.05). 2 A H A
3B YRR B MR, MMIN 1% 35 FEAE XF
FSREERELA TR E R TR S5
B
2.3 Tﬂi“%%ﬁ%‘ FEEZHEMN

M6 FpEEFRE A B I 2R A

A

Pyronemataceae 1.43%
Physalacriaceae 1.43%
Psathyrellaceae 1.43%
Typhulaceae 1.43%
Polyporaceae 5.71% —<\

Diaporthaceae 1.43%

1.43%

Diatrypaceae
7.14%

Schizophyllaceae
Ceratobasidiaceae 42.86%

11.43%

[rpicaceae
22.86%

2 FEEXEH
B o B RIS HR A A X 2

Didymellaceae 1.43%
Calosphaeriaceae

i 22 55 (Simpson $8 %%, P<0.05;
Wiener #8%(, P<0.05), Htf MMN £330
Shannon-Wiener F1 Simpson 8 %% & , % B H H
A BAF IR AR, HAUGR: CAM R PDA
R#HFGER 2), CMA iﬁ?%ﬁﬂ’»] Shannon-Wiener
1 Simpson 8 HURAN, X FJHEE CMA Bk
X R MR R, U] CMA BR SR ELE
ToemERFEMBENERE, i, XAE
CMA }iF 3k /43 %] T Diaporthaceae ELIH .

AN, ARG SRR B R £ A D=
5#(P<0.05) (3% 2), MMN §3# £ Chao 145
A THADRE IR AL, 6 R
1) L TR ) i 2 B RD AE X 22 BE WS A 25 7, Hirp
MMN FI PDA (AR 2 B, 1l MEA #il
CMA 3 FE 5L AN 2 B IR (K] 2B), X A]fE
& T L RO B IR A RO W] I S B X B
FREEM W . Ik, AW R FE
FERP R ZREE TN 5, X B TR 0 28 B8R e i 1Y)
BRI MMN 35335, HORE CAM Fil PDA
FigRdk.

Shannon-

B
100 B m Schizophyllaceae
90 u M Irpicaceae
80 m Ceratobasidiaceae

m Diatrypaceae
Polyporaceae
Typhulaceae

m Psathyrellaceae

40 m Physalacriaceae

30 m Pyronemataceae

Relative abundance (%)
i
S

m Diaporthaceae
' Didymellaceae

Calosphaeriaceae

0
TAFTTEFN

SEERKTFHAMEZE A IrAERIRIVERENMN ZE; B: MR

Fig. 2 Relative abundance of symbiotic fungi isolated from protocorm of Gymnadenia conopsea at family

level in total (A) and each medium (B).
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Table I Molecular identification and relative abundance of fungi on different media

FEAR GenBank &35 e LOES
Sample GenBank accession No. Proposed identification Relative abundance (%)

PDA MMN MEA FIM CMA CAM
Z-E-4A-1 OL471317 Basidiomycota sp. 12.5
Z-M-5A-1 0OL471298 Ceratobasidium sp. 10 12.5
B-F-5B-1 OL471297 Ceratobasidiaceae sp. 13.3 18.2
B-H-5A-1 OL693805 Chaetomium sp. 6.3
B-E-5C-1 OL471318 Coprinopsis sp. 6.7
B-F-5A-1 OL471319 Cryptomarasmius sp. 9.1
Z-H-4A-1 OL693804 Diatrype sp. 6.3
Z-E-5A-1 0OL693807 Didymellaceae sp. 6.7
Z-C-5C-1 0OL693808 Eutypella sp. 20
B-M-2A-1 OL471289 Funalia sp.
Z-M-4B-2 OL471306 Irpex sp. 1 6.7 5 9.1 6.3
Z-M-5D-1 OL471304 Irpex sp. 2 6.7 5 9.1 18.8
Z-E-4A-2 OL471305 Irpex sp. 3 12.5
Z-F-4A-3 OL471303 Irpex sp. 4 6.7 10 12.5 9.1
Z-M-4C-1 OL693802 Lemonniera sp.
Z-E-4D-1 OL693806 Peroneutypa sp. 6.7 5 25 20
Z-P-4D-1 OL471316 Polyporales sp. 6.7 20
Z-P-5A-1 0OL471295 Schizophyllum sp. 1 6.7
Z-C-5A-2 OL471294 Schizophyllum sp. 2 20
Z-C-5B-1 OL471292 Schizophyllum sp. 3 20
Z-E-4C-1 OL471293 Schizophyllum sp. 4 25
Z-F-4A-2 OL471291 Schizophyllum sp. 5 20 30 12.5 273 18.8
Z-H-4B-2 OL471290 Schizophyllum sp. 6 15 9.1 12.5
Z-M-2A-1 OL471311 Schizophyllum sp. 7 5
Z-H-3A-2 0OL471296 Schizophyllum sp. 8 9.1 6.3
Z-M-5E-1 0OL693803 Sordariomycetes sp. 5
Z-H-3C-1 OL471314 Typhula sp. 6.3
Z-H-5C-2 OL471307 Trametes sp. 1 6.3
B-E-5A-1 OL471308 Trametes sp. 2 6.7
B-E-5B-1 OL471309 Trametes sp. 3 6.7

R2 TEEAFAENFEEREHLERENSHFMRIN
Table 2 Effects of different media on diversity of symbiotic fungi isolated from germinating seeds of
Gymnadenia conopsea

iRk YR EOgME B AR B (E Chao 1 =& FEFREL FA-HENTEEL AR
Media Observed species Number of isolates Chaol richness index Shannon-Wiener index Simpson’s index
PDA 2.40+0.80a 3.00+1.90b 3.80+£2.41b 0.79+£0.41b 0.62+0.11a
MMN 2.20+0.75a 4.00+1.27a 4.94+1.43a 1.10£0.34a 0.66+0.10a
CAM 2.00+1.41a 3.20+1.47b 4.20+1.08a 0.98+0.26ab 0.63+0.10a

FIM 1.60£1.02b 2.20+0.98¢ 3.00£1.76¢ 0.70+0.35b 0.48+0.26b
MEA 1.20+0.75b 1.60+1.36¢ 2.38+1.39¢ 0.54+0.30c 0.39+0.25¢
CMA 1.00+0.63¢ 1.00+0.63d 1.88+1.24¢ 0.42+0.07d 0.33+0.24d

T [Fl—8hnA AR NG TR 2 W20 8] 25 57 1 3 (P<0.05), AAIR/INE “FRE R R 22 5 A4 1.3 (P>0.05)
Note: Different letters in the same column indicate significantly difference (P<0.05), same letters in the same column indicate no
significant difference (P>0.05).
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3 W

A5 38 3 X O AS [ 55 35 3 %o 4 g e A
I Z AR, R T2 e ke rh A L )
BIRCR 5 P T RS TR AP TE — o 1 Rk, 5
MR RILT-Z R ek ZE v iy R B E A B Y
ZRE. BR T AWIE TR LK) 6 FhiEFRIESL,
SDA (W REHHEBUIRHSREE) . AWA, CWA,
SAM (HEBERUIE 77 2E) . OMA Hl GPA tLnf /0
I 2R FOR S B R (Qayyum et al.
2016; Zettler & Corey 2018). H FA[F] EH X E
I ZAEALTT K, AN ] B IR B 0 0 B A 70 2
HURATF, W MMN I PDA Xt AR 22 B A
R AR WU 970 B OR (Stewart et al. 20035
Adeoyo et al. 2019), 1ii CWA 1 OMA 537 LX)
2= g A B R IR B 1 73 B AR (Shimura
& Koda 2005; Shimura et al. 2009), AT & B
MMN., CAM } PDA ¥ Hexd T2 i pR2E 4
FLIR Y 20 B ROCR A, IX AT g h T iX Sl SR Jk v
1 KA G & (91 PDA=20 g #ij%i#/L)
B2 X B IR R R AR U RO Jp sk 2R 2
A ELE (BN R R R Schizophyllum sp.
& Ceratobasidium sp. .1 )M H Bk, Yokoya
et al. (2015)FIF] FIM 820 M-S 25 Ty v fff
A Bl AE RN AR AR R Ay B T LR
WHERRE, RE FIM B3Rk E Y & 8K
fIR(FIM=5 g FEME/L), (7L 25 HAth = B (191]
WY >%  Dendrophylax lindenii #1 K 4t 14X =
Vanda coerulea) )3 B 5 T HLA 5 AN 1
B (Aggarwal et al. 2012; Hoang et al. 2017).
b, SAHFEEBKAEYH CMA B FR LA
MMN 5 SR B e 7y 8 2 R AR B 7 it B
KLU 40 BICR (Marx 19695 Currah et al. 1997;
Pereira et al. 2005; Sousa et al. 2019; Xi et al.
2020), SRTIEAMSH FIM, MEA 1 CMA 1
I FE ] BE T A K AL & W A (1

FIM=5 g JEME/L)ak b5 5 rhrfe B s Jripk = 4k
A B A E SR T SO B R AME X
F W RUAF 2= B A TR 2 AN ek 2R 2 AR FL
KFEXTE TR RN T RAFTEZE T

AWFFELRA 53 B R PRI AL . AR
FLR AT 22 B fZREME AR BT 6 Rl DLRF 33
X T2 R ZE AR TR A B AOR A T PEAL 25
T 6 RIS TSR A E HE 05
RORAEAE 2 E 22 57, Horf MMIN (1953 B 8CR i
I, CAM H1 PDA k2, FIM Hl MEA ¥53& 3%}
B M B ROREAS K, CMA KE R0 50
SRR 22 o A I E HA 2 LR ) R R 25 3 A B
Bl fE %22 534, NFSEEkZE sy
B30 A LA LA FUD , AR ARl R AR b ke
(VR FH % AT RE I A S T RE 1A 75 76 4 I B WF 58 v
T
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