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Protoplast regeneration and monokaryotation characteristics
of Cyclocybe aegerita

WANG Hongxiu', ZHANG Lujun’, SUN Peng', HU Jia', CHEN Xutao', WEI Yunhui '

1 Institute of Agricultural Applied Microbiology, Jiangxi Academy of Agricultural Sciences, Nanchang 330200,
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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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Bl1 ZRigERE BURH &R A EIRE L KIER
Figure 1  Growth of plate mycelia used for
protoplasm system preparation of C. aegerita.

B2 TIREZLEREER
Figure 2 Enzymatic hydrolysis of plate mycelia.

B3 FHELEEMRYEMTRELEKIBRL A-E: LAPBEDHRZ L. 3.5, 7H 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 47405145081, F£LL SPSS g‘70’ :
22.0 BATHH4HT, (I OriginPro 8 MATEIE & b
HIE 23 0 :
§ 2 40}
2 BEREAH 230
& 201
2.1 FEHEFREE T B0 £ 45 5 A (8 F0 2 ol ¢
RERKESE 0

FERRHECE Sy 7 A A D AR T AR A R
o WER 1 PR, SR m 13z 3 M
S, FEZLRRIRI Y B E K, M 280 h gD
% 136 h M1 112 h, JF A BRI A5 R K B 3 1 ;
PR 5 BNE 7 i), 2B IRE R
AR, (HE A A R, B4
T 13 f5; MR EBCEINE 10 B, R
RAFRFE, hEMEBEES
22 AEMBREETHRERKYS

il 4 B, BEERLEE R 30 °C B ASM o A
KA 1.86x107 ~/mL; BEH#IREE N 32 °C it
JA: AR B BT, R 4.98%107 AN/mL; il
fiff it B R 34 °C B AR T R Bk i 38 B e R,

R1 FEREMREETHELIEFRNEMEE
FRERKEE

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

HMgE Wik 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 23525
Note: Different lowercase letters indicate significant
difference at the P<0.000 1 level.

3‘0 3I1 3I2 3I3 3‘4 3I5 3I6
Pt At il

Enzyme solution temperature (°C)
B 4 MRIENEERKHSEHIEZW AFH
ING FREFIRTE P<0.000 1 K ERBEESR
G
Figure 4 Effect of enzymatic hydrolysis temperature
on the number of protoplasts. Different lowercase

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

K 6.75%107 A~/mL; FEAR IR BE R 36 °C B Ji AR S5
PRBOE 3% R, TR RABIOE R %= 10°4~/mL
IR o DT R AR 1) PR, A A P A UL B2 A
33-34 °C,

2.3 AEESHRAET A THRREREKEE

W 5 Fros, B TE R 30 min B, 254
4 5 ARl 1.33%107 AN/mL; [ fife i i)
60 min B}, JRAERTARCGE S B R, A
3.46x107 ~/mL ; it f i} [ 4EK: % 120, 180 min,
JEUAE SRR 2 T B, 120 min B S5 RE4E
FRESA 1.62x107 ~/mL; F§f#RETHE Y 180 min
mF, A AR A R 107 4~/mL. MY E
AT, AR AR A B 1] 28 60—80 min.

G54 2,10 2.2 MZSIRATAL, FERI A R 4k
AR BT, YRR GRS 7. BRI TE
33-34 °C. JEf#EE] R 60-80 min B, AT LIGR
(CEIEA VYN,
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B 5 BEefERtE) X RERAKHERF M
Figure 5 Effect of enzymatic hydrolysis time on
the number of protoplasts.

24 [RERAEBESFE

AR 4 BRSSP A 1 D A B AR R R Ry
6.7x10° A~/mL, 4 J5 A= S5 A TR B i R i Uk
fii B RIRIERM, & 25 °CHIREFR, &
5507 RETPIRBDE] 0L BA B AR RVE R, AR
10-11 KA LB R 0 A vE . B 6 R 7
3 ) Ay il B SR g D A o R R HL P AR T VR
LR R BAFAWE BN IE, S EAR
TR, S5 R, AR Aall BUFEAE R 0.71%.

B 5 LA 4 J A oA T2 TR VR 1 A R T
AERMNES, FEERHERER, WL

Bl 6 Zhigs[RERK
Figure 6 Protoplast of C. aegerita (10x%).

B7 FZWERERKBEREE
Figure 7 Regenerative colony of protoplast of
C. aegerita.
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290 >, IHEAR BRI T 41.1%,
252 XREBLEERFENE

FRE Aall Hil 5153 290 A AL R AR A
K, 25 m A, A1BL (A% IAG 138 #,
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B8 FWERERKBEEELRS A #&EK; B: BHEEK
Figure 8 Morphology of regeneration colonies of protoplast of C. aegerita. A: Dual-core strains; B:

Mononuclear strains.

9 FWERERGTHEERELEESWA0x) A BREEERG KIS BBUREES); B: BZEKE
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 FRGEEERMBEEEAEHBMEERHFRERER A 5 7 REOMEAERE; 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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3 wE&#

A5 8 1 R AL Bl A B IS 4000 - pl b 85
IR L2 D7 A8 T W SR A A, BIAE SR
A BEEACH PDA AR (B4 90 mm) EHEFP 7 4
KR 22 (% 4 mm), 55 4 dEHEA
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1 AR RV T 2

Figure 11
type; B: A2B2 mating type.

A ZCHHY A1B1 BB EAR TR TEIES 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%
RWtR, A0k A2B2 iiktk; A: 7d; B: 13d; C: 14d; D: 16d; E-F: /M AIB1 ik
MR, Gk A1B1 BURATERE; E: 7 d; F: 13 d; G: XTIRFEE SR B0 S A% 0 22 (8 3k s R BIUIRER ) (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

FMEMMREEFRERHLANIFEFIREPEERSHEL

clamp) (40x).
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