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Abstract: Coprinellus micaceus, the most common species of coprinoid fungi with extremely abundant
resources, having potential in enhancing seed germination of medicinal orchid Cremastra appendiculata
was investigated. Fruiting bodies of Co. micaceus were collected from the wild, and the hyphae were
isolated from inner side of hollow stipe. Hyphal tip purification method was used to obtain multiple
strains, and the two strains first obtained were named as S-1 and S-2 for subsequent experiments. S-1 was
co-cultivated with Cr. appendiculata seeds on oat media to observe seed germination. Acid fuchsin
staining was used to observe the morphology of protocorms formed on oat media and the hyphal
colonization, and ITS sequencing of S-1 was performed. Spawn of S-2 was fragmented and mixed into
potting soil, and covered with soil to induce fruiting bodies, while seeds of Cr. appendiculata were sown
to simulate field inoculation. Endogenous strain were isolated from the protocorms, yielding S-3, and ITS
sequencing of S-3 was performed. Additionally, dried and ground mycelial fragments of Co. micaceus
were added to oat media to test whether the fungus could still promote seed germination under sterile
conditions. The results showed that the fruiting body morphology and ITS sequences of both S-1 and S-3
matched those of Co. micaceus. Co. micaceus enhanced seed germination in both oat media and soil
substrates. Acid fuchsin staining revealed that protocorms could digest invasive hyphae. Moreover, the
mycelial powder of Co. micaceus in sterile oat media could also promote the germination of Cr.
appendiculata seeds. This study demonstrates that Co. micaceus possesses potential to support the
conservation and cultivation of Cr. appendiculata.
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F:B% 2% Cremastra appendiculata (D. Don)
Makino A %8} Orchidaceae 5% % )& Cremastra
ZAEAE R o T PR R 25 & S b 2 ——1l
Bk — (R R 2% 2y 2020), AA
THAEE . G LIRS . PUMIE SR (Liv et al.
2021), FEES =B A CE T R B AR A
W#sk), e, MIKEAAL, BHREEZE
Pl b L2 S A L2, ) M R —5 T S 2
BT, AR T XA B 2% YRR oK 2 K3,
o) BERAZ B B 22 AR BRI — Ak . SR
ZR AR —FE, FERS 2R Nk, Seb
JEFL(Shao et al. 2024), £ H RS T TS
H B 7095 F2 9 it i & (Dearnaley & Cameron

2017), WhAUH AL AR ELR IR LI 5 SR W B A RE
B & I L M40 (Kauth er al. 2008; #7545
2021) FEFRENETS, F2AEE T Hakhay
2, A AR R, R B RS AR S R, R
FCBEZ 3T, ORI K2y, itk , $e3)%kr5+
RN, JFAGE B RR PR B ROR , 2 T
FERG 22 BT IR ORI RN A H A AT 15280 o

L B f A AL Y 22 Wi & 1) LT AR TE /G
W aE BN LA J FIHE 2 oA 2 & | AnFa B/ T 4
Co. radians (EF5F 2023). K B2 Co.
domesticus (Yagame et al. 2013)., JERBi/NEA: Co.
xanthothrix X FF&/NYeAR T Psathyrella singer (Pan
et al. 2024)%0 sk /NRAR: Co. micaceus (Bull.)
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Vilgalys, Hopple & Jacq. Johnson 2001 &3 [ 43
At )z . IR LI T A2 ELTAT (TR e A AR 2
% 2020), W HOAHAEIET FENEME
U5, HAE S SEAL RS 2SR A, R WA .
ABEGE B TEIRIT AR/ Ja S X A Y 2= - 1 &
HISEHVER , ARG 22 B A R R N T F
HI PR HEROR S

1 w57

1.1 RIEH R
1.1.1 #E5=/F

RS 22 Fp 7 B AL A B AR — 2\ 24 b Rl oA
LSRR AL, 28R R 2 2= B4/ NAE
BB %8, oA AL BS 2% Cr. appendiculata.
4-5 QA NTEH, H4E 10 0 FF 5 3w al
Ao RFFHECRIK, ERTAKRHAT, BF
4-10 °CIRAFF H -
1.1.2 t5FE

Ty 4% 2 46] %5 M B IS (potato  dextrose agar,
PDA)EF3E . FRECE 442 200 g VIR, sk
500 mL 7 30 min J5 &2 98, BOLSRBOR N A
¥r15 g, #MVKZE 1 000 mL, &IERRKHEHR
121 °CK & 25 min, £5 F . 33 BiJig (oatmeal agar,
OMA)EFHE . FRIGHER 3 g, /K 500 mL
30 min fFid g, BOLARBORMABER 15 g,
JIZKZ 1 000 mL, K& H. DB ERARRESR
JE. FREUE A% 200 ¢ VIRE, MK 500 mL
30 min JEilUE, MRS, AR 20 g.
KH,PO, 3.0 g. MgSO47H,0 1.5 g, 4itE & B,
10 mg, ¥ pH A% 6.0, #/KZE 1000 mL, K
e KGRI PRI 15 ¢ BilRM, A
HEEM, #hKZE 1000 mL, KE&H.

wAL: MAFST 800 g, ZKEZ 160 g, MK &
2IRZ A P BIEURIRAS, B ATRAS, %,
TR ZEVR KR 121 °CK i 3 h, 45 M.
1.1.3 RIS

ZSA0850 % LR AT (AL S 1B (B PR ) 5K
WA RAF]), EX33 AY) BB (T ST
HIRATD, I e 2% /SW-CI-1FD-IE 5 TAE S |
DHP-9162 fHREF (K EHFE M),

2720 thermal cycler PCR ¥ (Applied Biosystems).
12 BN HRRELER

HHR B, b N AR A TR
FEERWRE 4 b TN, AR 1,
25 Gy LR TR B S A AR
SsTPRIFESE, MBI AR; Wik
FREECR 14555 2022), 2023 4E T il R4
BN Z R EAT E R RRIE A LR TS, IR ] 52
FE AL
1.3 EEMNS B R E MW

1.2 hIEEFIER, HIEERE ) R UIF
F, PRBULRHL, HFPE PDA BiFRIE L,
FEW TSR 3-5 d I FREZE K SRS R
HICH5 Y pER, R 2225k 464k 3
(HiEoR5E 2022), R R, fERMUEE
B HLIE A  aifb 5 H: R 2 PDA #HE R,
FIMBEIRE 2/3, 4 °CIRATE, EeWI B wibkay
R S-1., S-2, HIR AP R ERFAL A .
1.4 EFEMES =M FHERESF

AR P IBGE AT, DL A SR a2 T 4%
T, 75% B 30 s, ZEIRKMEE 3 IkBRE 2
s 0.1%JFREWIRNL 7 min, ZE/K Rk 3 Ik
BrZThoR; BBEMS TS, UL 1%KEARM
WWORL 1 min, JCRKMEE S WG, KRhF5
T 0.1%KBEH .

FHICHE KR B L) 2 mL RS 2 Fh 7
TR 20 100 KiFhF)HTE OMA JEFRIN L, 42
Pl S-1 TRIkK, BAN TAMESE AR, (23+2) °C.
60%—70%IE L, JEREREE 20%. 12 h, &S 12 h,
SE A LT 53 TR R 1 2 K R B 22 b 7 119 W
100 AR S F T JC TR KE 75 1 kL RS 22 Fp AN
2 EXTIR, AR 3 ANEATIL,

SR R T S ER ZEAN &, AR S Bz
Y RERS 2= PP AR & iR A A kR
(Yang et al. 2020).

4 % 8 =5 R 22 B0/ FUBR 25 50+ 1 2 A B9 22
$0)x100%.

1.5 HES=ZRIkZHLAFME

B 1.4 R 5% P9 A= K 98 A A S 22 3
BRI TSR, B SRR B s ER S-1 T
EjFERG 24 IR 254 SRIGBURBRZERET-), R
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PE SR LL G 0 INSE45 2020), s BN MER
HLAEFE GO
1.6 EBENMHREBHFISER FIAEK

B b /NI A S-2 BBk B DA A
Regpded ) BT, 25 °C. 150 t/min $55% 7 d,
PR o K B R R A, BRI i KR5S
THRUCE 15d, Frm ARG, 1A aprE
FeaE, L, fFH RRECEARRS 2 AT, Bk
TR, 15 57 S0 A I B A RS 2= Fh 12 5 B
WY& o
1.7 AEES S

PREC 1.6 H - A 22 R BR R T R T %
FHICHE I VI G BT PDA B3k b, Kisdt
AR 24N S-3.
1.8 EEMND FEERRGELESNN

XFS-1. S-3 #frorF22 4w, BAREE
. DNA 2. % Ezup #X A H L4 DNA
TR £ (B518259)#:4E . PCR § 4R FHiE H
59 ,1TS1: 5'-TCCGTAGGTGAACCTGCGG-3',
ITS4: 5-TCCTCCGC TTATTGATATGC-3', PCR
RWAKRZ: 0.5 uL DNA. 2.5 pL 10xBuffer (with
Mg*). 1 pL dNTPs. 0.2 pL Tag Plus DNA
Polymerase. . TFU#514¥45 0.5 uL (RAWKREE
0.2 pmol/L), MIAGEKZE 25 uL. FEF B E N -
94 °CHIAEME 30 s; 94 °CASPE 45 s, 55 °CiBk
45's, 72 °CIEM 1 min, 30 MEH; 72 CCRLLEAH
10 min, 4 °C FZ1k . BUIBMEER K : 1%
TS EE RS LTk, 150 V. 40 min HLIKWEL, ¥
HLUK P AT U (R, IF4% SanPrep #1:2 DNA
JBE Il iatR) &5 (B518131) 5 2404k DNA F B %
aifb =ik A TAY TR OE R
FIEATIN T o K 45 RS E ONCBI 17
BLAST, M NCBI F#AHCER ITS J751, IKFE
MEGA #fF:, fii f] Neighbor-Joining JEH4 % 2458
KEN, EEHEE 1 000 AT R GRS 32
EAEE MRS 2020),
1.9 EFELZMARILEEZH TS = FiE
ZWiIFESHIE

W ARORL/ N AP B R AL JS 2R 25 200 mL
TR A AR TR 500 mL 4ETE MY, 7E
25°C. 160 r/min &5 TR 10 d. DAint gk

FEVRRAT T 2248, T M) WIS O AHR:

Iy MIFRECEE 22834 0, 0.02, 0.1, 0.5 g, Jil
A 100 mL OMA B5335E, e il 5l & dihr /s e <
0. 0.2, 1. 5g/LAREFHEE, 121 °C K 20 min
JEBUH, BRET, R AEIE 40 °CLE AT M5 IR LA
ATCH BRI, BEE (4

W HC 2 mL {1 85 B AR RS 22 R BRI, 195
SIHCF R IR, AN TR 40, B
Fe&M: (23£2) °C. 60%—T0%IR A, SR B
20%. 12h, ZBEE 12 h, EHPEIC R AL RS 22 Fp
T RGO, W& 3 AT, MFEIZA TR
IS INTE 228 AR W RE SR AR g 25 LG R

2 EREHM

2.1 BFIMREF MRS IFIE

WA AR 1 L TR - S A 52 A T AT A S ] 30
e D), FEiES 24 cm, SPETEESEE,
HyaR ke, RE G, A A aPRCR S #
WA AFRK, AV AE ISR, BTER
B EIE; FAREK 2-11 em, i 0.3-0.5 cm, &S
S, s E. AT FEY 2-4 BT,
AT 7-10 x 5-5.5 um, KER P EHEBEC,
SRREIE ZMREDE , Sl , Aikfl; WamRaA
ROCHYEE R, T e A RO SR BRIE A ;
5 AL “Paraderm” BICR 145 2022), ITEK
W SAMGIRDE ; FEMFeRATC @, FEH, MR ;
PR TR A TR 220
22 EFENDEACEEMUE

PDA ¥zt b, WkEREE, KAf, H
221 R JE 4 (0.764+0.02) cm/d, A TR 223 F)
H%% (F 2A). S5 s T ST 225500,
PRI s 2 AeR, e BULIEEM; WL
BEIRPLSOIRZS R, 28& m T 4 B BUBUIRIK S
J& T ML B FH TR TR 22 25 ) 5 TR 2238 277 A 7R
1, EREERE 2B),
23 EEMMABSZMMFHEEFRRARNFNE

Faifbny S-1 RAR S5 HE RS 2 A1 7E OMA %
FebE b T IR A RS, AR RS R R A K
B, e, FirEsN, FFEK, 2491 mm,
A7 H g B (R B Tl 308% B Rh Bz 88 A
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1 @R R PR R 7S B A E

B 2 EHk S-1 BIERSRELES A S-1EEES;
B: WZRRHILE; WESKIE NBURKS ;s 20@Ek
Fre AT AR A=1 cm; B=5pm

Fig. 2 Colony of Coprinellus micaceus S-1 on PDA media. A:
Colony morphology; B: Microscopic morphology of hyphae;

Yellow arrow indicates the clamp connection; Red arrow
indicates an arthrospore. Bars: A=1 cm; B=5 um.

K% 60 d, 25 IR 4 BAMUEE T I A WAL 2]
R A B (] 3A),  Ab B4 AL S 2 Fh IR & T
PORR AT DL I L T003 HL 43 A= 21 23 40 R A BT S5 sk
25, AR M AT WABARE , i & % 42.96% (& 3B);
AR 6 A H B, P70l & & B R4
(K 3C)s
PAFEAERESR 60 d (LAY 22 BBk 25 I AL
W S-1 TR 55 AL 22 1A 254 o PRIAEE T g
R, W25 IR AREES 22 JFERZE (K 3B). 1
FUIREERZE, Bt Yo s P binm, JRER
PR eI A A L, iy
FEDRERZE R ES, Wi 1/5 TRYGES, £
AR E IR TR 22, K T 2278 1 2 2 4 i
W B, ROR G AT LR i T 22 B s 3 SR AE A0 i

\
. )
\ A T

/ = .Lo ”-‘—

A: ARG B: RMIERRIA; C: WHRZ; D: RIENEFME; E: e
AT Fo BFEL 4 HS—dHHMET; F3R=10 um

Fig. 1 Habitat and morphology of Coprinellus micaceus. A: Wild habitat; B: Cheilocystidia; C: Pileipellis; D: Veils composed of
yellow-brown globose cells; E: Basidiospores; F: Basidiospores in groups of four on the sterigmata. Bars=10 pm.

W, W85k oeE, nl ULRERE ; Rl TR 22 TR

A, HZATEG R )20 b B e, W

22 BB P GEATY O /N TR 22 A e ME LR S

Hrh R 25k, HEET, 8 RFEIXRZ
=YL& 4).

if - §?3

{ !

\
T

[ == e |

B3 HES=MFIALEKILE A: LRI 60d; B:
S S-1 HARETR 60 d INFEIREETE W 4 A 441 5
C: HEkE S-1 A 4537 180 d MM H AT AR
A, B=100 pm; C=500 pm

Fig. 3 Seed germination and growth of Cremastra
appendiculata with or without Coprinellus micaceus S-1
inoculation. A: Growing conditions of 60 days cultivation
without S-1; B: Growing conditions of 60 days cultivation
with S-1, apical meristem formed in the protocorm; C:

Growing conditions of 180 days cultivation with S-1, a
seedling with leaves. Bars: A, B=100 um; C=500 pm.

2.4 HEEM

sir L/ 2 AP T 1 RGP T L £ AR L P
FAF BT IR (8 SA), TERR A A @0k
Kb WA VLIRS, BEVR AR A,
BrRE, 5A/NE R RREIE— 20 AR
MRS 22 A0 3 A A R 8 ATE U ERZE (] 5B).

250148-5



A F | R/ REIHREZMF AL HIREER

EER | FARIL

60 d JE LI JEUR 2R T G B8 by, A7 R A2 R SR IR R
JRy RO, AT DL A RA R TR 22, AR B v she AT DL TR
B ZZ. R =1 mm

Fig. 4 Acid fuchsin staining micrograph of longitudinal
section of Cremastra appendiculata protocorm. The left
image shows the staining of the longitudinal section of the
protocorm formed after 60 days of symbiosis; The right image
is an enlarged view of the surface tissue from the left image,
showing loose hyphae within the cells and deeply stained
hyphae in the center of the rhizoid. Bars=1 mm.

5 MR/NREERERZASHEEZH/HE A FHUE
R TS A, TR (TR 22 o b AT DL (8 A A A S 2 ol
T3 B: R FETAIE IO NAAEREREE. ARR=100 pm

Fig. 5 Coprinellus micaceus symbiotic with Cremastra
appendiculata in a flowerpot. A: Fruiting bodies of
Coprinellus micaceus, with slender white Cremastra
appendiculata seeds attached to brown mycelial bundles at
the base; B: Germinated seeds developing into protocorms of
different sizes. Bars=100 pum.

2.5 EREZM RIS =FFigL N IRHIER
WA IR BBE 1) R/ )N DL S T 220 AR U im 2
OMA ¥izedtr, fefgfe iR 2 friik, H
I AAAE (B 6). TCUS AL fEAY 22 FP K
BEWT &, 1E0.2 g/LFI 1 /L AbFRLH B A R4 2%,
B R RAUN 1.9%F0 4.35%; 1M 5 g/L AAL FRA A
KR, N 11.49%.,
26 BRI TEERRAGAB S
RTHAE S-1. S-3 WERAIPIFI S0y, X
ST FAEYEEE . S-1. S3 T

ITS1/ITS4 5|4 PCR Y3 7 W14 B2 4351124 679 bp
1 683 bp; ¥4I E. 14 % GenBank, 3157415
435 PV067750, PV761652,

A B ( B
=\ '---":'r
‘ 1
Az Y
(g A
s . | . ; x}
T - = |
~ 1]
C er-
d v .
& s
A ﬂ’.- A
5 bw
A

6 FRRL/)N R B 22 0 R X AL RS = FhF AR & AU (R R A
Fig. 6 The promoting effect of the mycelial powder of
Coprinellus micaceus on the seed germination of Cremastra
appendiculata. A: 0 g/L; B: 0.2 g/L; C: 1g/L; D: 5 g/L.
Bars=1 mm.

W ITS FE911342 2 NCBI #£17 BLAST J#41
%t S-1. S-3 BEFEYS Sk NRAE Co. micaceus
(MK 120529.1) J¥ 81 [a] I 14 43 51 0 97.78%
99.40%., M NCBI T#AHXZHE T4, 2/ NJ
ARG R E P, 4REW], S-1, S-3 Witk
5 b/ NRAR RIS TRl — 43 3, 3CRF IR S e 45
R 7). GiRTEAFRE, %E S-1. S-3 Ftk
0 RN A Co. micaceus .
3 Wik

2B Y 5 B A A B T — 1k (M
2021), BRI FUR SR N I E R
Tulasnella . fA4HE & Ceratobasidium . W7e 4 &
Sebacina (Zhao et al. 2013; Rasmussen et al.
2015; Rafter et al. 2016; Chen et al. 2025), ¥:5%
ZBONFER, BRI, KU AR AN
RBAJE, DR THZ /N it 4i & (Pan er al.
2024), HEULAED, SR/ PSR A 2 fd i
iR, ARWFITE T OMA K557 Je ALY /PR
AR REFRUESE Iz . s R pL, &
95 K 3 N2 (Feldman et al. 2020): —&f2 A,
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96 Coprinellus radians PV422735.1
42 —ICoprine.’!us radians AB470820.1

51 Coprinellus xanthothrix AB693907.1
76 ‘—Coprinellus domesticiis AB597769.1
Coprinellus xanthothrix PV273176.1
S-1

T3 Coprinellus micaceus PV109502.1
Coprinus comatus AF345823.1

Coprinopsis cinerea AB097562.1
QEECOprinopsis neolagopus AB097564.1
62 Coprinopsis rugosobispora AB564411.1

B 7 &EF ITS FHHMEN NI RELXEAH o B3
HERTHRGEET 1 000 KEAREL); 20355 @A
THAFNCBI &S S-1 HEFINREMEIE . S-3 NTEAL
POAES 2 ERZE B AR, Bk A Coprinus
comatus %jﬁf‘%ﬁ%‘é

Fig. 7 NJ phylogenetic analysis constructed based on ITS
sequences. The values on the branches indicate the statistic
support (based on 1 000 bootstrap replicates). S-1:
Coprinellus micaceus strain isolated from the wild. S-3:
Endophytic Co. micaceus strain isolated from the protocorm
of Cremastra appendiculata in a flowerpot. Coprinus
comatus is the outgroup.

L 40 U 20 R R 5 A Tl 7 R, i ATE
FOARARAE ; —RiE A, fE At AR TR
2z, DNIHAECR R4 30, HE “BUk
BRI -7 R4 2P0 P B A B0 I3k 31 i e A
K ER. ABVNRA: Co. disseminatus 5FEEY == Fp
TR SR, ArE AR B, 2 EE
Pl R AE 2, H 22 AR S5 (G 4
2023), ABFSE RN, SRR 22 R i AL
Y =2 A, 7 SR R At AT B o Wb T R A
BIHEARA o TCRIGFRIT, Sk /N L A TR 22 Ky A
AL B 22 B 5 AR BE IR RN SR A T 22
PRS2 R Z AR AL, UL Ak AT e

FERG 2= W ARt B IR ARSI S AT T H A
— BRSNS ) R VR T TG A B R
UL BRI R o A B A S 22 AR 2R i
R IR ERRL N TR TR 2247 A B R , BIAERE A S >
WYMh , MR TCIEAR A o UL dlokr /N AL AT
220 DAAAZ B 2= BRI Bk = 0 A TR, (H 2
X T 100 4 A AL % pR Lo Ak AR AR ZE 4
LA NREE T, P A e R R m AR A

A, BRI (e 0 A I R, TE N
Pl 7 AR LS, XV AL S 2 AR BT AR
MILT-3A R K R R

AR/ N L AP S S A Ry i DL ) R A L
Iz FALRE X, EhEESRRRE, H
R Z i — R, AR E . DR
BN, 2024 4E 12 F 5 H, 8-15°C, 7EHER
R A el e e — Uk M s, 2025 4F 3 A 16 H,
2-12 °C, TEVDIAEE LB %S, AR 2 A e
R 800 m LA E I X, oA KRB AR A ki
AT o FEFERS 2 R R AR T, TR B
AR %, B R A AR N R R
SARHE EROE ARG 2R, IR R 1 XRS
B AR BT IR E R R, A B TR R AL Y 2= A
HARTE NG LR, PR A 2 RENE

(RN

AR REESCIRORE . LR SR
WIS 5 . REESCIRMRL ., 050 ; WK
E: SR T RSB TS SCR . Bl
AREE; XUSCEL: RO AR AUE B /NE
WIR T R H A, SRS

F 25 v R 7= A

PRI TEAAFAEAT A T M) i b 8 ) R ol
W55 KA
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