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Abstract: The single-factor experiment was used to analyze the effects of mycelium cultivation time,
enzymolysis time, enzymolysis temperature, enzyme concentration, and type of osmotic stabilizer on the
preparation of the protoplast in Oudemansiella raphanipes. The medium for protoplast regeneration was

optimized. Through fluorescence staining, the process of protoplast preparation was observed by laser
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scanning confocal microscope, and the yield and viability of protoplasts were determined by flow cytometer.
The results showed that the highest protoplast production was 2.0x10’cells/mL under the optimal conditions
as follows: cultivation in liquid medium for 5 days, using mannitol as osmotic pressure stabilizer, and
lywallzyme digestion for 5h at the enzyme concentration of 2% under 30°C. Flow cytometer analysis indicated
that about 57.69% of the protoplast cells were alive. In the optimal solid regeneration medium (RM), the

regeneration rate of protoplasts was (0.10310.025)%.

Key words: Oudemansiella raphanipes (Hymenopellis raphanipes), protoplast preparation, protoplast
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Fig. 6 Fluorescence staining of mycelia and protoplast after fixation. A: Bright field image of mycelia staining with PI; B:
Fluorescence image of mycelia staining with Pl; C: Merge image of mycelia staining with PI; D: Bright field image of mycelia
staining with Pl after digestion for 1.5h; E: Fluorescence image of mycelia staining with PI after digestion for 1.5h; F: Merge
image of mycelia staining with Pl after digestion for 1.5h; G: Bright field image of protoplasts staining with PI; H: Fluorescence

image of protoplasts staining with PI; I: Merge image of protoplasts staining with PI (laser scanning confocal microscopy).
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Fig. 7 Fluorescence staining of mycelia and protoplast with Congo Red. A: Bright field image of mycelia staining with Congo Red; B:
Fluorescence image of mycelia staining with Congo Red; C: Merge image of mycelia staining with Congo Red; D: Bright field image of
mycelia staining with Congo Red after digestion for 0.5h; E: Fluorescence image of mycelia staining with Congo Red after digestion
for 0.5h; F: Merge image of mycelia staining with Congo Red after digestion for 0.5h; G: Bright field image of mycelia staining with
Congo Red after digestion for 1h; H: Fluorescence image of mycelia staining with Congo Red after digestion for 1h; I: Merge image of
mycelia staining with Congo Red after digestion for 1h; J: Bright field image of mycelia staining with Congo Red after digestion for 1.5h;
K: Fluorescence image of mycelia staining with Congo Red after digestion for 1.5h; L: Merge image of mycelia staining with Congo Red
after digestion for 1.5h; M: Bright field image of mycelia staining with Congo Red after digestion for 2h; N: Fluorescence image of
mycelia staining with Congo Red after digestion for 2h; O: Merge image of mycelia staining with Congo Red after digestion for 2h; P:
Bright field image of mycelia staining with Congo Red after digestion for 3h; Q: Fluorescence image of mycelia staining with Congo Red

after digestion for 3h; R: Merge image of mycelia staining with Congo Red after digestion for 3h. The arrows indicate protoplasts.
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Fig. 8 Flow analysis of the protoplast. A: Scatter plot of protoplasts without staining, the target cells in R1 gate; B: Fluorescent
plot of protoplasts without staining indicate the cells inside the R1 gate in Figure A, the negative cells in R2 gate; C: Scatter plot
of protoplasts with Pl staining, the R1 gate is the same with that in Figure A; D: Flurescent plot of protoplasts with PI staining
showing all the cells inside the R1 gate in Figure C, R2 gate showing the negative cells which indicate the unstained, living

protoplasts.
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M 5 769 A, [RIA G 700 R A 54k
57.69%.
2.4 EFELINEE REFERNFN

W b SIS R AR ) A ) DR A B AR E A
5.6x10" /N/mL, HX 300uL %3 54 4f T RM. PDA.
CYM Ml MYG Ki7R2E I, BT 30°ClHEK 7=
i HE AT B AR B IE AN [F) K 7% 2 6 R AR AR 1 R
. 2d JE IR AE R EEK S, HEBER
W& 1.

*1 BEBFESBERNXA

Table 1 The relation between medium for regeneration and

regeneration rate of protoplast
PR R

Regeneration medium

AR

Regeneration ratio (%)

RM 0.103+0.025

PDA 0

CYM 0

MYG 0.051+0.007
3 Wit

Ji AR AR D EE AR AR, SRS
JBE B 1D J5R A O AR o T B A /) DL R e A R
RO, B R B /) B R T A T A 1 i 6 1o R
W 96 AR DL E < Ji e il 5 4R B R R IR A
B SR A TR R o 4 5 AR AR HEAT A AT, T RAKR
AL T A2 A 50 A e 7 THT S 56 1) 45 RS R R R I
IR —F (HIBEEE 2017, F4MsE 2017; K
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WA 2018; #HEE 2018; F & 2019) , H
DAl 2% S8 56 4 T LA SE ISR 56 B 1Y o PR ARt 55
FH B 7 A B VR R R T B 22 15 77 I [ B 2%
A S T A Tl S0 9 A ) B A R A o A ) £
(R0 5206 o iff 5 O /) BRLZ 7 I A o 1 o) % S 1
NVBRARER TR R WS 5d BB 22, )£ J5 AR T AR KR
SRR R R TR B 22 (5 H % 2015; 4
4% 2018; M HH4E 2018) , FEARSLE K
LR 5 77 10 TR 22 i A oA ) e R B v T [
R 22 [ 2 3 (B RRIEIR) o KRR ) m] BEER
PR 22 A B AR AOIRAS A G, BN, FEuh i 22 4 KA
P, HAEARE A R4 3.42d (E45t%E 2017)
WURHER 7> & W — A, H i T 2 i) 2% O £ /s B
T % AR AR B AR B O R AR E T (R R AR
2018; X% F4 2018; FiXk4F 2018; HEFHivk %
2019) o ARFFUERIE A FE REEERE, KI)TAR
B T A TR BT P s R Tl B A P 5 4 T AR
SR % R AR AR GRS 2018 X% 545 2018;
FEERESE 2019) , EAUERIREE 2%. 7EDL B 2kA
T, 30°C NEEMF 5h, SRAFM AR RS 3 s
1% 2.0x10° 4 /mL. HR4E £ &% (2017, 2019)
1) i 30 AT SR FH BT AR O AR ) T AR R % 2R
B, AR TEEIRE R, Fik H g
T A AR ) 1) % T AN IR ) AR R R R
A2 SEEG R IAE RM B FR B rp B AR RO S, AR
% 4(0.103+0.025)%. A LA HL, BN /)N B4 ek
J 2B AR T AR SR A, LR I T A R B R
H 0.71% Cik W% 2015) , XA AEER # Fh &
FREA K AREMEAERMEZER, REWHE
AFTIE 32.7%, PAERHAFETIA 41.6% (5K
AN AT FR R4 2014 VEIHSE 2015) , MIRAKM4
BE i A G T HE R AN B 1% R MG R0 26 R4
2014; KIS 2015)

T2 R 10 Ji A= JoT A o) % 1) T e ot A R0
e HCEMEE (BRI ZE R4 2014 SKANAN
R4 2014) , BB REE X 41
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B 5 A A%, A e R & 1 5 A o A4 2 5
AU RIZARAE, T H PR S RG]
DL 0 B 2 R AR SRR LR W o R, IF LR
% 35 48 b X 5 40 Al BE AN 40 B A% (B B &%
2019) o AHFFIRZEFIH PIFINIIR L5 0 Gukt
Xof B /N BUAER B 22 R AT e, 5 AR WINIR
CLGTAPRLEE | PLORTAH A% B A B I S R
I ' 3 O e S Tl R % A 3 R B 22 1
AL RE, SR A S A M g AT et AT LA
T AT W 552 B 1 22 2 BRI O, R AR I B
B CREE G P A g R R Z N A
BCA DNAD , SRJE AT BRI, 2R N IR A
JRAR/ANER o S5 B T R R S R A AN R B
JERRLEEAT I G

YR NS [ AR A IR R /N AN(7.330.74)um
— MR TR 22 7] DLW 271 1 2 A T AR AR /N ER o 75 TR
A AR % R 2 R AR R R (R T
fi 20 B BE D FNPEAR A, % G kv o 6%
(X 73 BE 3% 24 o 0 4 A mT AR T3 4 1 40 i
2 (B gt EE A4 , 8l e FSC
(A T DA PR fmd s s P e T LIX
SYBCIE AN, 15 BIHERAI . A5 0 IR AR AR 2K
o SamArEER, BRI A IR
AR TR . B BB I A S A0 2 A, SEBR Bt
A AR AE & F W AL & Bl s g SNz 1 M
M. 2 EMEEHETHOEMIE, 7%
() — AR U A B 22 SR L A, AR AT LLad
o JFUA BT A P AR VR IR AT B R 22 (R T A
2019) , {HAAFFR & HEHEZIR K. EAH
FEARI T 100 AN BR AR/ A I A A4 AR S
IR 22, RN NRIL R 2 (ERKER) .
it 2 A A AT LA s 40 A% 1 0 R e B A% T
2L AT WITE , 2 TR A o R ) % AR AT DU E
PR E 22, IPRE PR . R AR RS
RE 0% SIS M@ 1) B R 2 TR B R 2, R
i TR SO R A R, (AR HT R
R 5 AR SRNG5S, 3 A T 41 T RN R B

SEIN 3R = T B0 F R R B AR IS8T, A
FIU 4 R 5 5 e bn i R A 46 5 T BLA
S BUL R H R A G, BOt R
FB L WA R AR BRI N R A B T R
BAL H AT

AHIE FC I AR FUIFARAL T O £ /) B
JRZE B AR 4 5 A RS, KRR TR &
FHTE 8 Bl b B BT DA% T BNt/ B (38 4%
BARSEAE T B T AL
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