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Protoplast regeneration and monokaryotation characteristics
of Cyclocybe aegerita

WANG Hongxiu', ZHANG Lujun’, SUN Peng', HU Jia', CHEN Xutao', WEI Yunhui '
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Abstract: [Background] Genetic breeding is the key guaranteeing the sustainable development of the
Cyclocybe aegerita industry. The preparation of protoplasts and monokaryons can provide technical
support for the genetic breeding of C. aegerita. [Objective] To obtain the regeneration characteristics,
monokaryotation characteristics, and mating types of the protoplasts for the cross breeding, fusion
breeding, mutagenesis breeding, genetic transformation, and functional gene mining of C. aegerita.
[Methods] The mycelia of C. aegerita Aall were directly treated with mannitol solution and lysozyme
solution to prepare the protoplasts which were then isolated and regenerated. The changes of colony
morphology were observed during the hybridization of protoplasts derived from mononuclear mycelia.
[Results] When 7 blocks were inoculated for enzymatic hydrolysis at 33—-34 °C for 60—-80 min, the
suspension reached a concentration of 10’ protoplasts/mL. The protoplasts of C. aegerita could not form
regenerative colonies until 7 days after the coating and showed a regeneration rate of 0.71% and a
monokaryotation rate of 41.1% on the regeneration medium. The regenerated dikaryon and monokaryon
strains presented a time difference in the formation of colonies. From day 7, all the regenerated colonies
in 3 consecutive days were heterokaryonic strains, and mononuclear colonies began to appear
successively since day 4. Almost all of the colonies in the following days were mononuclear strains. A
total of 290 monokaryons were obtained in this study and classified into two parental mating types
A1B1 and A2B2 (A1B1:A2B2 ratio of 138:152). The monokaryons of both mating types showed
vigorous white aerial hyphae, and the monokaryon growth of A1B1 was faster than that of A2B2. A
dividing line, bending towards the parent colony with a slower expansion rate, appeared in the contact
area of the parent colonies, with the mycelia significantly sparser than the surrounding mycelia.
[Conclusion] The morphological characteristics of the two monokaryon strains and their hybridization

provide a basis for the selection of parents in the cross breeding of C. aegerita.

Keywords: Cyclocybe aegerita; protoplast; monokaryotation; mating type
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AR R AL . TH44 5 200.00 g, %54 20.00 g,
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(1) 0.6 mol/L H&#FEE: FREUH #EEE 10.93 g,
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1 ZRigERE BUAH &R A ERE L KIER
Figure 1  Growth of plate mycelia used for
protoplasm system preparation of C. aegerita.

B2 TRELERER
Figure 2 Enzymatic hydrolysis of plate mycelia.

B3 FHELEEMRYEMTRELERKBRL A-E: LASBREDHR L 3.5, 7/ 10

Figure 3 Growth of plate mycelia in different inoculum number of C. aegerita. A—E: The number of

inoculated blocks 1, 3, 5, 7 and 10 respectively.
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A Excel 2007 #1740 #1, FHLL SPSS
22.0 #4707 245007, A OriginPro 8 #E17E %
il E

2 BEREAW

2.1 AREEMREETHELIEFREF
[RERIKGE
FERRHECE Ty 7 A 1 D AR T AR A R
fo WER 1R, SR 13z 3 M
S, PEZLRRIRI Y B E K, M 280 h gD
% 136 h Ml 112 h, JFAE BRI A5 3R K B 3 1 ;
PR 5 BNE 7 i, 2B RE R
AR, (HE A A ), B4
T3 A% YRR SECEIE N R 10 B, JRAER
RAFRFE, hRMBBEES
22 AEMBREETHRERKYS
il 4 B, BEERLEE R 30 °C B ASP A
KA 1.86x107 4~/mL; B EE N 32 °C it
JE A AR B3 T, R 4.98x10" 4~/mL; i
fiff it B R 34 °C B A TR B i 3k B e R fE,

F 1 FREMREETHELIERNEBINEGE
FEERGFEE

Table 1 Mycelium culture time and protoplast
number per mL under different inoculum number

HMgE Rk Aall

Inoculated C. aegerita ‘Aall’

mycelial block 5% i [f] T T A BT AR
number Incubation time  Protoplast number per

(d) mL

1 280+8a (2.25+0.05)=10%

3 136+8b (3.060.04)x10%

5 112+8¢ (3.69+0.05)x10°b

7 96+0cd (4.79+0.38)x107a

10 80+8d (1.37+0.04)x10%

T RFE/NG FRERRTE P<0.000 1 KF B 2% 25
Note: Different lowercase letters indicate significant
difference at the P<0.000 1 level.
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Enzyme solution temperature (°C)
4 BERREXEREERGHEEMEZE AR
INGFHRFRIRTE P<0.000 1 KF EREEESR.
G
Figure 4 Effect of enzymatic hydrolysis temperature
on the number of protoplasts. Different lowercase

letters indicate significant difference at the P<0.000 1
level. The same below.

K 6.75%107 A~/mL; FEAE IR BE R 36 °C B Ji AR S
PRBOE 35 R, TR RARRIOE R %= 10°4~/mL
IR o DT R AR 1l PR, A A P A% UL B2 oA
33-34 °C,
2.3 AEESHRAET A THRREREKEE

WK s Fros, BEREETEY 30 min B, SR
4 JEAE AR R A 1.33%107 AN/mL; [ fife i i
60 min B}, JRAERTARCGE IS EI R, A
3.46x107 ~/mL ; it f i} [ 4EK: % 120, 180 min,
JUAE BRI 2 T B, 120 min B SS RE4E
FRESA 1.62x107 ~/mL; Ff#REFHE N 180 min
mF, JEAE BRSO AL 1074~ /mL., MR n95E
] AT R, e A ) it A ) 1R Sh 60—80 mins

G54 2,10 2.2 MZSIRATAL, FERIA R 4%
AR B, YRR 7. BRI TE
33-34 °C. JEf#EE R 60-80 min B, AT LIFR
(CLE AV YN,
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Figure 5 Effect of enzymatic hydrolysis time on
the number of protoplasts.
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AR 4 BRSSP A 1 D A B AR R R Ry
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%507 REFRIREDE] 0L BA B RE R, AR
10-11 KAl LIFEFIE-EM P AR K 6 FE 7
3 0 A% B SRS gk i A o A B LA TR
LI FBABAWEGINIE, Gt AR
TEH, SRR, TR Aall BUFRAE R 0.71%.

5 3% LA 1 D A oA A T T 1) A ROR B
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&6

Z P gk JR A B
Figure 6 Protoplast of C. aegerita (10x%).

B7 FWERERKBEREE
Figure 7 Regenerative colony of protoplast of
C. aegerita.
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B8 FWERERKBEEELES A FEEK; B: BHEEK
Figure 8 Morphology of regeneration colonies of protoplast of C. aegerita. A: Dual-core strains; B:

Mononuclear strains.

9 FMERERABEERBELEDSM@0x)  A: BEEKRGE RIS HBURKS); B: PR K
Figure 9 Myecelial morphology of protoplast regeneration strains of C. aegerita (40x). A: Dual-core strains
(the arrow shows a clamp); B: Mononuclear strains.

10 FREEERFBEEEAEBMEERHFRERER A 5 7 REOMEAERK;: B: 54 12
K FHETETE

Figure 10 Plate growth of protoplast regeneration colonies of C. aegerita at different picking times. A:
Regenerated colonies at the 7th day; B: Regenerated colonies at the 12th day.
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Figure 11
type; B: A2B2 mating type.

A ZEIHY A1B1 BB AR IEIES s B: ZCHCAY A2B2

Morphology of mononuclear colonies in different mating types of C. aegerita. A: A1B1 mating
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& 12 A-D:ZEM A1B1 HiA%
RTtR, A0k A2B2 BRIkHtR; A: 7d; B: 13d; C: 14d; D: 16d; E-F: /M AIB1 ik
Bibk, 470005 AIBL SRR bR s E: 7ds Fr 13 ds G WM FE M0 SR B 22 (R Sk B R BOIRIE ) (40%)
Figure 12 Changes of colony morphology during hybridization of mononuclear mycelia of two mating
parents of C. aegerita. A—D: The left show A1B1 mononuclear strain, the right show A2B2 mononuclear

strain; A: 7 d; B: 13 d; C: 14 d; D: 16 d; E-F: The left show A1B1 mononuclear strain, the right show A1BI
mononuclear strain; E: 7 d; F: 13 d; G: Successful hybridization of dikaryotic hyphae (the arrow shows a

FMEMMREEFRERHELAMNIFEFIREPEERSHEN

clamp) (40x).

RN RO ARSI IY T B R LR
Tit i T JEE R0 T AR S ) XoF A% AR 2% B A R AR A R
B RE , K AR SRR B o 7 AR IR R
33-34 °C, [ fift it [E]>h 60—80 min Hf AT R 15 4%
Z A TR, X5 2 RO A R 4
T B IF 5% 485 SR RN T 74 2 POV 0 1 A 9 4 R
—

M8 IAEBF S i, & B s A AR A=
F, PRAZARO TR BR HBURE . B TE /N . B2 AnEs |
W22 A KN, TR AR R LR &
TER . LR AR R, A
FREER BN, BB EARTE X —AE, J
AR TR ZZHE B . Bk, ROEXT IR 5

o TR S L A7 A — A5 1] A LU J] R T 22 A A
B B, T HL oy R ) T TR T R
18 R EA DTS M, 5 AR e R S P2 A B
A AT R v B R I T SR A A —

A5 AR JBTAAR 73 B5 F18) BRLAZ A v A K S
AN AR AR TR AR AR TR fE— Rl g i Al b, A7
TE— M5B F S A KA G, X TR
2 P RAG Sk 2 P AR B THESE, K
T B TR P 22 A R B Dy 22 B DR 4 ] 1) 5 IR
(quantitative trait loci, QTL)2®, H#h K EFS
LA | N i o N o 7S e b T I
HIX 2 Z WA K&, 1 H H AT 2 e
SEHC I A R B A B AN 1 B HAFAE T A F Y

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Tt 4%

AW 3 A A R AR A AR R AR R

2085

efafk B2V 8205 A2 Wi R 3 00 R
o e DR 0 2 142 400 ) A K 1t 25 0 4 L 4
A ICE, 2 W SECORE A 4y B E Al
M5 R, PO %S B PRy
H— NS B, A e AR AR R U Ak Y
Rt W B HFR TS FPY,

T 3 R A B 0 D A R P AR R L A
4&%‘@&Ei@ﬂﬂﬁ@ﬂﬁ“{, A Ry T JE A 4 1)
LB, MEFR . FEEM . B
wﬁﬁﬁéﬁfﬁ%éﬁﬁémﬂ, PSR 7 M
FReta e K.

REFERENCES

(1] XUAr A, 24 o 52 5 B 22 BE D1 00 1 R 48 2 B R 3 4
(35t 1% Z REPEDTSE[D]. B & TLPE RO R 2E 0 12
FLiE3C, 2020
Liu QM. Studies on multi-gene molecular phylogeny of
Cyclocybe aegerita complex and genetic diversity of
C. chaxingu[D]. Nanchang: Master’s Thesis of Jiangxi
Agricultural University, 2020 (in Chinese)

(2] XUArsd, XURBAK, FRUIHRE, E,ﬁ? ﬂfﬁﬂﬁ .
H =k 4 )8 19 3R 98 03 25 E WF T EP[E@H%E&!
2020, 39(5): 1-7, 16
Liu QM, Liu YL, Chen MH, Zhai ZJ, Zhou JP, Hu DM.
Study on the systematics of the genus Agrocybe[l].
Edible Fungi of China, 2020, 39(5): 1-7, 16 (in
Chinese)

[3] MR,
PEE T & AR | 7]
2020, 39(9): 94-99
Dai TF, Xu GY, Lu H, Zhang C, Ma FF, Zhang AM.
Development status,

TROCHE, A, SR, RRAEDT, KRR T
B[], A,

problems and suggestions of
edible fungi industry in Jiangxi Province[J]. Edible
Fungi of China, 2020, 39(9): 94-99 (in Chinese)

(4] ZEATi, HRA, 2RO, ﬂnnizﬁ[é, WHIR. K
mf"ﬂ‘%fﬁﬂl AP F] h EE A, 2007,
26(1): 17-20
Cai YS, Fu JS, Luo FL, Ke LN, Huang XZ. Studies on
the inheritance and breeding technique of Agrocybe
chaxingu Huang[J]. Edible Fungi of China, 2007, 26(1):
17-20 (in Chinese)

[5] WiE, BDUR, SKIEE, JUSGE, B, S84 s

ey
9(2): 1-5
Pan YJ, Liao HQ, Zhang ST, You ML, Zhao J. A study
on monokaryotization by protoplasting of heterokaryotic
mushrooms[J]. Acta Agriculturae Shanghai, 1993, 9(2):
1-5 (in Chinese)

[6] Fukuda M, Sendo I, Imahori S, Fukumasa-Nakai Y.

Transmission of mitochondrial plasmids in protoplast

REZAL[T]. BRI =R, 1993,

cell fusion between compatible monokaryons of
Lentinula edodes[J]. Journal of Wood Science, 2007,
53(3): 264-267

(7] SKSEEE, iHf, BRI, WRQHE. &k 135 Witk
SCAR FRICTE S5 A A B A Hp 9 A (). 2441,
2008, 27(2): 252-257
Zhang MY, Tan Q, Chen MJ, Pan YJ. Distribution of a
specific SCAR marker among Lentinula edodes
protoplast monokaryons for strain 135[J]. Mycosystema,
2008, 27(2): 252-257 (in Chinese)

[8] De Vries OMH, Wessels JGH. Release of protoplasts
from Schizophyllum commune by a lytic enzyme
preparation from Trichoderma viride[J]. Journal of
General Microbiology, 1972, 73(1): 13-22

[9] fEFF, Bilk, R, Eﬁéﬁé . AR
FRERS B R TR (D). A EOR AR, 2008(2):
42-44, 53
Ren X, Jia L, Yang FL, Ma FR, Li MC. Research
progress on the protoplast fusion technique in edible
mushroom  breeding[J]. Biotechnology  Bulletin,
2008(2): 42-44, 53 (in Chinese)

[10] Chang ST, Li GSF, Peberdy JF. Isolation of protoplasts
from edible fungi[J]. MIRCEN Journal of Applied
Microbiology and Biotechnology, 1985, 1(2): 185-193

(1] BR2GE, XA, HES, 214, WM, T,
W ok, 2Bl I A= BT 1A B9 3 e R A LA R AR TR
BRI 0 2L (7], P9 R R 22 4 (H AR B2 R, 2008,
30(12): 116-120
Qiu DL, Liu BH, Xiao ZQ, Peng WH, Gan BC, Wang B,
Yang ZR. Protoplast isolation and colony regeneration
in Agrocye chaxingo Huang and the screening of a
protoplast-derived monokaryon strain[J]. Journal of
Southwest University: Natural Science Edition, 2008,
30(12): 116-120 (in Chinese)

(121 KM, Eilk, skt skede. Jaid: BuiAk sk shik A
BB G I & B R 4, 2003,
16(4): 24-26
Zhang Y, Wang Q, Zhang XM, Zhang HY. The
breeding study by UV-inducing protoplast of Agrocybe

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2086 A 2 E AR

Microbiol. China

chaxingu[J]. Journal of Baoding Teachers College,
2003, 16(4): 24-26 (in Chinese)

(13 5K, Elle, TRAME, sRMeSE. Z83 0 A PR 4
LA WEFE )], AT, 2004, 23(3): 15-17
Zhang Y, Wang Q, Zhang XM, Zhang HY. A Study on
the construction and UV-inducing of Agrocybe
chaxinggu protoplast[J]. Edible Fungi of China, 2004,
23(3): 15-17 (in Chinese)

(1413177, XUE R, 2. AW a8 a2k S il 4 2 5 oF
E00]. BB, 2008, 29(9): 348-351
Jiang L, Liu GQ, Dou W. Study on preparation and
fusion of Agrocybe aegerita protoplast[J]. Food
Science, 2008, 29(9): 348-351 (in Chinese)

[151V00), Sfdm, 2w, j5 i, ZEmas 5500 R 4 )
A MR R A BT AR (0], £ BR 2, 2011, 32(1):
141-144
Jiang L, Huang JW, Ci LK, Lu YF. Protoplast fusion
and regeneration of Agrocybe aegerita and Copyinds
comatus[J]. Food Science, 2011, 32(1): 141-144 (in
Chinese)

[16] R, W%, Mg, KEH, T, KL,
TR, — bR B A A A R )] B
273, 2020, 27(4): 108-114
Li LM, Zhang LJ, Shang XD, Song CY, Yu HL, Zhang
MY, Tan Q. A new method for protoplast preparation in
edible fungi[J]. Acta Edulis Fungi, 2020, 27(4):
108-114 (in Chinese)

(171 5k € EZ, MBEA, WE, PRUIA, WilsE. &4 135
WARRF S SCAR FRICHy A MR AL RRPELT]. T
24, 2008, 15(4): 1-5
Zhang MY, Shang XD, Tan Q, Chen MJ, Pan YIJ.
Distribution and genetic characteristics of specific
SCAR markers in Lentinula edodes strain 135[J]. Acta
Edulis Fungi, 2008, 15(4): 1-5 (in Chinese)

(18] W ar. 7 1l X R A 5 15 A X ik A% 58 1y 1L B3 K% iz
FE[D]. Mt M AU RS E T A 08 3, 2001
Tan Q. Study on molecular mechanism and application
of symmetric and asymmetric hybridization methods of
Lentinus edodes[D]. Nanjing: Doctoral Dissertation of
Nanjing Agricultural University, 2001 (in Chinese)

(191 I, FHaps, #AH, Bl OBkl I AR pik
A R AR AL R OB 2T (0], T R S, 2001, 20(1):
107-110
Yan PS, Li GF, Jiang JH, Huang J. Regeneration and
monokaryotation

of protoplasts of  Stropharia

rugoso-annulata[J]. 20(1):

107-110 (in Chinese)

Mycosystema, 2001,

[20] A, MRBRIF, nEIF, kIl SWONB. B
TR g . FEA R B AR BT T (9], A rE ARl A s A
2007, 28(3): 119-121
Wang J, Lin JF, Yun HF, Zhang K, Guo LQ. Studies on
preparation, regeneration and transformation of the
protoplasts of Volvariella volvacea[J]. Journal of South
China Agricultural University, 2007, 28(3): 119-121 (in
Chinese)

[21] EWEM. RERS L E SR 04T . SR B B K dit
AALERIWESE[D]. M At B SIS A2 2 i
3L, 2007
Wang XW. Nutrition components analyse, extraction
and antioxidant properties of polysaccharide of
Stropharia rugoso-annulata[D]. Nanjing: Master’s
Thesis of Nanjing Normal University, 2007 (in Chinese)

[22] RIEEE, FW 24, BUF, REH, FEHE, BRUA,
R, WA, A S S AR R RS AR M S5
WAERUERLT]. &R AR, 2021, 28(1): 16-21
Song XX, Zhang LJ, Zhao Y, Song CY, Li CH, Chen
MJ, Tan Q, Huang JC. Nuclear migration and
cytoplasmic inheritance during mon-mon crossing of
Lentinula edodes[J]. Acta Edulis Fungi, 2021, 28(1):
16-21 (in Chinese)

[23] Larraya LM, Pérez G, Iribarren I, Blanco JA, Alfonso
M, Pisabarro AG, Ramirez L. Relationship between
monokaryotic growth rate and mating type in the edible
basidiomycete Pleurotus ostreatus[J]. Applied and
Environmental Microbiology, 2001, 67(8): 3385-3390

[24] &, SeLitfy, B, MMk, BAKH. T SPSS
FR A M0 P K 2k T 22 A K 5 S TC B AR DG 23 BT ).
VAR A 2% 4], 2010, 23(6): 1992-1998
Zhou HM, Chai HM, Zhao J, Wei YL, Zhao YC.
Correlation analysis between mycelial growth rate and
mating type of Agrocybe salicacola based on SPSS
statistics[J]. Southwest China Journal of Agricultural
Sciences, 2010, 23(6): 1992-1998 (in Chinese)

[25] A 2= B, A Sk o A 0 s K gy 2R L P 5E (D). R
B BB L RZER L2 A0I8 3, 2011
Zhou HM. Studies on the life cycle and classification of
Agrocybe salicacola[D]. Kunming: Master’s Thesis of
Kunming University of Science and Technology, 2011
(in Chinese)

[26] Larraya LM, Alfonso M, Pisabarro AG, Ramirez L.
Mapping of genomic regions (quantitative trait loci)
controlling production and quality in industrial cultures
of the edible basidiomycete Pleurotus ostreatus[J].
Applied and Environmental Microbiology, 2003, 69(6):

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EPT A M g SR A A A AR AR

2087

3617-3625
[27] Olson A. Genetic linkage between growth rate and the
intersterility genes S and P in the basidiomycete
Heterobasidion s.lat.[J].
Research, 2006, 110(8): 979-984
[28] Santoyo F, Gonzalez AE, Terron MC, Ramirez L,
Pisabarro AG. Quantitative

lignin-degrading enzymatic activities

annosum Mycological

linkage mapping of

in Pleurotus
ostreatus[J]. Enzyme and Microbial Technology, 2008,
43(2): 137-143

[29] A 2x B, XK B, Se40HF, sKARE. WM H Sk s
YAAST11 @bk F FACURSNEEE P[], o A
Bl 2019, 52(20): 3672-3684
Zhou HM, Zhao YC, Chai HM, Zhang YZ. The
extracellular enzymes activity of F, generations and

single-spore isolations in Agrocybe salicacola strain

YAAST711[J]. Scientia Agricultura Sinica, 2019, 52(20):
3672-3684 (in Chinese)

[30] Al W], ®X7K B, PRILR, Se40M3, BRZL, BX#r
BMnH Sk g S BC B 7 S 2 KB EXRT]. =
FIHHIBISE, 2010, 32(4): 315-322
Zhou HM, Zhao YC, Chen WM, Chai HM, Li SH, Zhao
J. The relationship between mating factors with

salicacola

2010,

mycelial growth rate
(Bolbitiaceae)[J]. Acta Botanica Yunnanica,
32(4): 315-322 (in Chinese)

[31] Ak B, BROFAL. B A2 HCHY PR X 4 AU (A AZ 2L 4y
BRI, BAEAEIR, 2005, 32(12): 1301-1304
Cheng SM, Lin FC. Influence of B mating-type factor

of Agrocybe

on recovery of nuclear types from dikaryons in
Lentinula edodes[J]. Acta Genetica Sinica, 2005,
32(12): 1301-1304 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



