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EHEBURSEVBY)IREFE
KRR BPED NBET Fx HRAT B

(1. R R AfaBRlfsiBe VI8 Al 210095)
Q. LifFTmifl BB g HEvF R EE & HE TR AR G i 201403)

1 E. [8 8] 30 5 A RR BLEF &3t 2412 (Flammulina velutipes) B ARG L 280R, Thik i
BMERePae b AMRA s KR E . ANE. ABEHNFHREERNIGBES . [F
H1 AR LA AR F-4889 HAFRAFE, B LATRIRK I 2.0 kb 49/RF dsRNA, &
RT-PCR % 2i% a7 A &4+ 5480w &2 (FVBV), KA B L KE0 B . REAAE &, RAKKE
AL A A FAFAL TS 5 AL A B AT B AR EAT L L 2, A A dsSRNA 42 AKF= RT-PCR
LR, [BR)] FLL20BBAERE | LERK, REAZSFERGEME R
A RRBRACEEEIFE) 3 ARBL AL B AR A 2 AR A IBLE AR A A T R R AL
JoF FAZE IR 23 A B F0S RBLEH AR 8tk A EBPLESIFE S M EBM AR, HEE
KRR A 25.0% 0. 7.5%. 57.5%F= 100%. Bl R B LA RKRE . AME. S8EHFHNR
FhHABER. AL RBRREAESBAKR. [4E8]) X 5FHEPRERIKREAZ., A AT
Ferz B AL LA R LA R BUE, HRA KPR FVBV, AR E, HECRAMALAKRE. A
WE. FEEENEFHRRRG.

X7 dsRNA # K, RE#FE PCR, FVvBV, B, BRAFIREAZL, AHAHE, HHEH

Elimination of Flammulina velutipes browning virus

ZHANG Jun-Ling'? ZHANG Lu-Jun® LIU Jian-Hui®* LI Liang’
SHANG Xiao-Dong® TAN Qi"*

(1. College of Life Sciences, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China)
(2. Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, National Engineering Research Center of Edible
Fungi, Shanghai 201403, China)

Abstract: [Objective] To eliminate virus contamination in Flammulina velutipes, we assessed five
detoxification methods. [Methods] F. velutipes F4889 was used to isolate 2.0 kb dsRNA, and the virus
was identified as F. velutipes browning virus (FvBV) by RT-PCR. Five virus-eliminating methods, i.e.
hyphal tips isolation virus elimination (HTIVE), primordium tissue isolation virus elimination
(PTIVE), protoplast monokaryotization virus elimination (PMVE), sexual reproduction virus
elimination (SRVE) and nuclei migration virus elimination (NMVE) were applied to prepare virus-free
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strains. The effect of virus-elimination was detected and identified through dsRNA technique and
RT-PCR. [Results] Only one virus-free strain was obtained by HTIVE method. Strains of PTIVE
method remained the virus. PMVE method achieved three monokaryon strains and two protoplast
monokaryon hybridization virus-free strains. Twenty-three sporulated monocaryotic strains and 8 single
spore hybridization strains were virus-free after using SRVE method. NMVE method acquired 5
virus-free strains. Hyphal growth rate, biomass and laccase activity of virus-free strains by PMVE,
SRVE and NMVE methods were obviously superior to the original strain and strains by HTIVE and
PTIVE methods. [Conclusion] The detoxification effect of PMVE, SRVE and NMVE methods was
apparently better than others. These three methods completely eliminated FvBV and had higher
virus-free rate. Moreover, mycelia growth rate, biomass and laccase activity of virus-free strains

significantly improved.

Keywords: dsRNA technique, RT-PCR, FvBYV, Virus elimination, Protoplast monokaryotization,

Sexual reproduction, Nuclei migration

G EF 4 (Flammulina velutipes) &R E T.) fb &
JE . BEHEERT . A E R K EHE. 7
G o R A AR 7 R o B R AR R A
M RSN E RN, BAWRIK .
JEAFRE . AR AERER, —HAEHERERT
2l ARTEHRGE S5 E RGNS %
M2 KRS, FRgiasE . Bk, 55
JE RS — BRI ARIE R IR BRAR T ST s 00 5 5
R, W astas T Az R it A Rk 3 ©A
—FfaE . I, XEEEE TR EE, I
X e 1 PR MR R T R AR B, o AR PTG
SREEL R, XML B . BRhEA
el A EEE L

H i 4l 1 B A H AR A K 28U
XU RNA (Double-stranded RNA, dsRNA), 1M iE%
AL ARTETE dsRNA, dsRNA 246 K24
RNA Ji#1 £ B X miA B3 R A e,
BT E RN B H dsRNA B9A TR R/ NEA T
T EE M KM, RT-PCR A 3k — 25 % 2 9 2
Pl HAT dsRNA FARE 12 B TR 4
27 FRER T (Pyricularia grisea)™ 25557 dsRNA
Fr, FAeFast | At SO | e
S R s A Hh oA 3 1 H

T T O T b 0 o A T 224 s )
JE LA A5 B VR B A A I Ak T2
Ui 1 25 L BE 5 A ) 25 AR 03 A6 2 S B S RN

AL, JE e UV B 22 R A T AR R, ik
AR TR, MBS I 2 A R IR RR T
Ji LA 273 2 I 2 S 10 3o DT P i i A g 2 21
O3 B B SR AS B R AP, RS K2 ) B (Pleurotus
ostreatus)H I BFAICRAE s S A Az AL 75
T SR B 22 VR A B A A, DA oA kA
R SR B JOHG RE AL BRI RR , RS K ) -
A B i A B D BORE dsRNA IYFFAE T
B, AERE A TP B A TR R B B AR A K
TUUSTO) A 45 5 S 3o PR A LR
R AR A T A B R T B R, TERE AL
M E-(Pleurotus ostreatus) TD300 H 152 Johx#El 1
SRR, (IR AR R H 3 B ER
SRR R A A it e P A AT RS B ol
GiE3 Ly NIV RS E R e vea sl v 3 N TIE R ¥ P
TR TCRE UL IE VR 7 %

AHETER W 2290070 15 . IRV | i
A A B AL A AR B AT R AL 5 R RE Tk
X A AR LR EE(FVBV) B IR F-4889 HEFTIB 77
AbFE, FIFT dSRNA AR RT-PCR X i 82 Rt A 7
KAl MSEE , A ST MR 224 K | 2B
ORI DA, RS 5 RO R,
e R R R R R AR R B
BRI, ARG A . BRI . TR
B IR AF R TOR TR OO SRR, e TR Bl
MV AR E A
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1 MRS
1.1 i Ek
“F-4889” Bt/ L LI AR B A RH A R A
T AR A, i BT R R B A
W TR A ORI IR AT
1.2 EFRESHKER
PDMS FiA= 15555 (g/L): + 5 200, #iZh 20,
TERE 200, BEARKY 20, ZEIBKEAZ 1L, 1x10° Pa
K 30 min; GYM K53 sk(g/L): #i% 100, B2
RESRIRY) 4, Z2ZFEEU 10, ZEBAKERZ 1 L,
1x10° Pa Ki# 30 min; D ZEHAMEBS (Potato
dextrose agar, PDA)FI 4% 4] %5 i (A 17 (Potato
dextrose broth, PDB)}53E3(BD A A, 35 E)# i
FEHG, 1x10° Pa K # 30 min,
FERECT (T HELE): 30%AK)E, 40%F KL,
26%E N, 3% TR, 1%AF, REFIMKES
JKHE 65%, 1x10° Pa K& 150 min.
13 £HEBUFBEEFEFVBY)RIENFNEE
218 Magae U205 B AL HH F-4889 TH PRI 24
&, Redzol % M AL 3 )5 B 22 v $2 BUBUEE RNA
(dsRNA), #4f 2 A FVvBV Fi~ 414 (dsRNAT
1.915 kb, NCBI & 3¢5 : AB465308; dsRNA2:
1.730 kb, NCBI &5t%5: AB465309)A5E K 751 15
TS Ii1T RT-PCR, 4" 1§45 F 28l PRI e 1 55
F-4889 Fitk Fitifs FvBV M, ARSCRHAT dsRNA #
AF RT-PCR (54 FvBV-C2-S)Xf A [a] it 25 77 1=
Ol € Sy walll s
14 AERBHERESHRAELER
141 B2RIHMERALSBRE: F-4889 Fk
K 22 B ), dEsE 7B R,
fR60 MEE, XS, 6 M7 ARAEIE A BERIEA T
FERCRAGI ; X F-4889 BERK#EAT T Ak i 251k
PO B EIIE UG B R g0 A R
ZUYBEHRR, BEHLIME 30 B AETn wARIEA T
FERCR A
142 JFHERIRBZURE: Hi 5 F-4889 HEM
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AR, #E5 4 PDMS FAE R RBP4 P AE K
52, gtk DEEEEEE, fr R AR
BEACY, BEHLAME 40 ARIEAT I B AR AR I A sg L
RIS E (FF F-4889 A A% T 9 A~ 4% 1) 28 TE Y 7 Sy
A1B1 il A2B2)P, K A2 B 10 25 4 i 7 BAA% T
HEAT BC AT 2% 52 345 i A2 A2 [0 B DA VR O 3464790 7
dsRNA ¥,
143 BAMHEERS: ULE 141 Hrite s
F-4889 WPRIT AR N SEAIRL, B BETF< iy 43
Bt s, WAEAFERRY, TR, BRIBCAT
W%, gaifh. WGEEE SR, H TR
BEAR), BEHUAMEL 40 RRIEATIEFERCRARI . K52
Tic 781 3 R0 P 00 T A TR R 1A T C X 2% 38 AR A BT
FACFE MR I T HEA TR EE dsRNA A6l
144 #ZEBHBE: KB 1.42 PRSI IRA R
TR TRRR, PEEEZARIA dsRNA FIJG dsRNA 28
P R AN TR AR R TR e s ™) R A AN T A%
TIAEAS B R P AR A 4P B R s bR A 4
MR BN R, MRS AZ A B i 3 AU
Witk BARDIRITS . 1 S0f IR i S A iR A
ERRIEF T PDA B5R1IL(90 mm)ES R0 10 mm
Ab, 19 °C BREHFE 5 d, FREEANRE AL TR AR
T R, MRS ZAEEEIZ) 20 mm, 19 °C
ARSI SE 710 d J5 , PREUSCHERP I I 35 R iR I
PRk —m N 2, DA A PR
G, BAEBURBCE Rk . BE eSS
BAAGAT R UL TR
1.5 BREMRBERN

BRI R T3 A GYM RiREEm = A
Hr, 19 °C. 120 r/min #R3%355% 10 d SR 221K,
M Magae 75 B b SRS RG I T Ak 1) T 221475
B T JE B VR WL, 1% B TR VR O BB O L
(OPTIMAL-80XP) 150 000xg &.0>» 2 h, Fi PBS
(0.1 mol/L, pH 7.0 IFUIIE, £ 2%MEHSIR A gLt
90 s, BETHEE(H 7. H-7650)MER 2R T AR
T AL S FRAE
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1.6 TRBESHFFCEFEKREKRE. £
FRERE 1 LLER
1.6.1 ELZAKEENE: KRR ELRE
PRRAH & AR FTALER (B 5 mm)ihil & i mh
FHL, Sl PDA BEFRILAY, 19 °C #EHEFE,
Fb 3 d R —k, k)2 Wk, THEE 21 PDA
) FAPA A K, 3 AN EE P

W5 [ Jd 75 Ak BB R R O A TR AR SRR T
FERH B IGRAE (3 emx20 cmx0.15 cm)H, 24
PRI 22 2 A R T il b 7 d R 224
KRR, TR LA IR H P AR,
3AEEP,
1.62 SHEMNE: B10 4 1.6.1 HAHFTFLAH]
R ERD T84 120 mL PDB R 553500 =M
W, 19 °C G 4F T, 120 r/min HE3% E5F 10d,
g SRR, 50 °C MRt R FR R A AR
AR FRE, 0.
1.6.3 REGFAMNE: HELBLE 1.62 Kt
W2z, 14 d BPBUEFR 1-2 mLP, F] ABTS #:00
RE RS 1Y,
2 HR5HH

2.1 dsRNA RYIREX. EEVIIEIEAREHMELEE
NG 5T 1 F-4889 TR B 1 B 22 AR h i B T

2.5
2.0

1:5

JGEEM dsRNA, 70 T K/N )2 kb (F 1A), 5 FVBV
(9 75 20 53 K/, FF 4R ELE dsRNA 430 4
DNase I #1 S1 Nuclease fii4b 2 , f{Ffx DNA Fl mRNA
THE(E 1B), FIH] RT-PCR %5 F-4889 T kkH 14
B dsRNA, 737 Ik RNSS R . FvBV $i 5
2 PR SR/ NE 1.8, 0.6 1.7 F1 0.5 kb,
4 4R BERIRFA U AR/ INE 1), KR e
WO & 8 FvBV R 841401, RT-PCR 1 LU
FvBV-C2-S 5 | 91485 & W75 )7 A0 B Tk ) 3t
TR

22 AEREAZERSNRENFILE
221 HLRIFFREHLEL D BHRE: F-4889 Fik
W22 5. 6. TS| 3. 3. 4 BRI
(FCEH BT R 5.0%), XHHIET dsSRNA
K, g5RFRIE 24), W22 5. 6 1R
PRI dsRNA 78S, 5 R AR L 52 A BT
S9(VKIE 2, 3), M 7 fCHER A —#ETC dsRNA 75
(VKB 5); JEHELHLUIT B ARAT 80 MRAFTG BRI AR (73 B A7
TG% R 80.0%), R 30 £k, dsRNA H KA
SEREW, A RSV B EH Y S dsSRNA
WRIGKIE 6-18), 3 A5 BEA P ss (VK iE 6.,
13). ¥ iR dsRNA FIARFER A H)4: RT-PCR 4
T, SRR A AR dsRNA 7 1 TR AR AP

1 F-4889 EHKAY dsRNA. EEALIEFN RT-PCR ¥ EHER

Figure 1 dsRNA extracted from F-4889 strain, dsRNA treated with endonuclease and identification results of RT-PCR
TE: My, My: Marker. A: F-4889 BHRHEHA dsSRNA. B: dsRNA £ DNase I Fil SI Nuclease ffiZb#, 1 f13: F-4889 Ffk; 2: F-4889

BFRZ DNase I BgAb3H; 4. F-4889 HitkZ S1 Nuclease fakb3. C: RT-PCR XELEH, 1-4: 43518514 FvBV-C1-L. FyBV-C1-S.

FvBV-C2-L F FvBV-C2-S §/" B 45 .

Note: M, M,: Marker. A: dsRNA extracted from the mycelium of F-4889 strain. B: Endonuclease result of dsRNA treated with DNase I and
S1 Nuclease, 1 and 3: F-4889 strain, 2: F-4889 strain treated with DNase I, 4: F-4889 strain treated with S1 Nuclease. C: Identification
results of RT-PCR, 1—4: Amplification results of the primers FvBV-C1-L, FvBV-C1-S, FvBV-C2-L and FvBV-C2-S, respectively.
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A kb

M1 234 567

2.0
1.0
0.75

B b

0.75
0.50
0.25

8 9 1011 12 13 14 15 16 17 18

M, 12 3 45 6 7 8 91011 1213 1415 16 17 18

2 E#RIFEDBERFREBELASBEEK dsSRNA 12IF1 RT-PCR £7E
Figure 2 dsRNA detection and RT-PCR identification of hyphal tips isolation strains and
primordium tissue isolation strains
T Ar GBS MR R E S B MRAY dsSRNA; B: RT-PCR %EZ5H. My: Marker; 1: F-4889 Biitk; 2-5: 2R

MBS, 6. 7. TAUERE; 6-18: JRILHLU B IE.

Note: A: dsRNA extracted from strains of hyphal tips isolation and primordium tissue isolation; B: RT-PCR identification results. M,: Marker;
1: F-4889 strain; 2—5: 5, 6, 7 and 7 generation strains of hyphal tips isolation; 6—18: Primordium tissue isolation strains.

B K/NR 0.5 kb HIY R BL (K] 2B), iEAT % dsSRNA
i FVvBV BUSRRELLSY, ANFELE dsSRNA A58 (R bk
WAY M HRK ™Y, VI g5 RRN . W Rumsy
BEAT DR B R R 80 B R RS
WREEER, 2RO A

222 FREREBEZUIRE: K F-4889 bk IFEA: i
REAZAL, ARAT 292 BRIFA: A A% R R (TR0 5
94.0%), BEMLAMEC 40 FR AT RESCR BRI
dsRNA 25 R 01 | 26K B0 A AR PRAZ R
FEA dsRNA #78, HAF 3 BRJG dsRNA 5 I (32 it A
350 A1B1, A1B1, A2B2), Jkifi 1-3 (€ 3A),
WEERIE 7.5%, WEERAEAREON 225885 1) 2
PRI BAZL SR B R TP TG dsRNA 478, ki 7. 8 (&
3A), VEBAZIT R LA B RE R kR, TRl BT
FRETERRIR TG I FYBV ANELEE 2R 40
(L

223 BHUEFERE: F-4889 HkG A M5k
PR ERAL TR RR 225 BR(FEIE 2 91.4%), BEALAIHEL
40 K, dsRNA RrUZ5RFI, FEflF AR,
4 Kk dsRNA 7 BIFR5E(10.0%), 13 ¥k dsRNA 7 fls:
FE55(32.5%), 23 #k dsRNA 1 HISE 41 2R (57.5%),
VKIE 9-19 (Bl 3A); JREEf T FRAL TR PR LR 2458 3k
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131 8 PR A AE I 75 B MR AR AN FEAE dsSRNA
WAL, YkGE 20-23 (K 3A).

RT-PCR Y45 KM . PR 222 f1 223
fE7E dsRNA B AR 474t B Y 260 1k ]
dsRNA Jy FvBV [EEE415r, JC dsRNA 778 (1) 18]
PREGARY 3G 25 (18] 3B), RMIZIE MR A TFEAE
FvBV, BEEMIIK.

224 ZIWHBE B S MR A TR R R R L
BCAY A1B1)7r5il 5 s AR (SC LAY A2B2) AR
5, BT 5 MRIZITR DU HIbR, BAADIRIL 1.4.4,
FLPAZRAT AR RS XU T R . G 2 AN T 4 s
B IRV E R T dsSRNA K, 45 5K0. Fr
PR WA AR 3 T8 dsRNA w78, JKiE 7-11
(K1 5); 7E 5 RAZIER B AR T RT-PCR YR
W E AT, RV RAZ R R H A
PRAYAH A T SO AL H AR, (HIA 3545 FvBV 95
BERLT, WORE AR AR N
PR, WULH FVBYV i 80T AN AE7E B 22 14 19 240 il
s

23 BEBMRBRLNER

Fr AR W22 SRS —BUNTEL T,
F-4889 & RIPK . B 22430 15 BB 73 I B ) AR A
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A kb M,1 2 3 4 5 6 7 8 91011 1213 14 15 16 17 18 19 20 21 22 23

2.0

1.0
0.75

kb M, 1 2 3 4 5 6 7 8 9 10 11 12 13

0.75
0.50

0.25

3 FEERKBZERIIATEZEK dsRNA 121F1 RT-PCR £7E
Figure 3 dsRNA technique and RT-PCR detected and identified strains of protoplast monokaryon (PM) and
sporulated monocaryon (SM)
FE: Mp: Marker; A: JFUA: TR AR TRMRRIE FEAAL TR dsRNA R0, 1-6: JFA: AR SARTA MR 7-8: JREAZSEFEBibE; 9-19:
AR 20-23: RAZRSBEREK. B: RT-PCR EELR, 1-3: WA BARBIEHKRCETEE); 4-7: ATHEREKAFE); 8:
JEAE JEAAR AL TR (B RE) s 910 JEUPAIR A RERI bR s 11 fFRAREERROBITS) s 12-13: Afudsc Bl dE Tk,
Note: M»: Marker; A: Strains of PM and SM were detected by dsRNA technique, 1—6: PM strains; 7—8: Protoplast monokaryon hybridization

virus elimination (PMHVE) strains; 9—19: SM strains; 20—23: Single spore hybridization virus elimination (SSHVE) strains. B: RT-PCR
identification results, 1-3: PM strains (virus-containing); 4—7: SM strains (virus-containing); 8: PM strains (virus-free); 9-10: PMHVE

strains; 11: SM strains (virus-free); 12—13: SSHVE strains.

4 BRRTRBZITIHRZERBMIREEE00%)
Figure 4 Mono-mono mating and microscopic
identification of nuclei migration’ dikaryotic strains (400x)
TE: A PEIRE, B: RRBIEK. a Flb: ALK, a2 5
BCAISH A1BL; b: ZCRCHIN A2B2; e: FRIEIIAZIFR AR
/SRS Sl TP E P UL NS

Note: A: Mono-mono mating; B: Microscopic identification. a and
b: Monokaryon strain, a: Mating type A1B1; b: Mating type A2B2;
e: Indicate site of dikaryon strains obtained from using nuclei
migration; f: The arrow indicate clamp connection.

AT B i3 TR T HEEAY dSRNA  FELJRAS N2 St
A HARSE(E 2A, VKGE 1), 55(F 2A, JKiE 2). oA
5, VKiB 9), ¥iX 3 P EHRZA TR 1.5 AbH, EHTH
T R B AR 2 SR AN IR 6 TR« F-4889 TR
TR T HAR KNG 25.0 nm, HEREZ (K 6A),

kb 1 2 3 4

5 M6 7 8 9 10 11

2.0

1.0
0.75

5 BIBWLE K dSRNA 23l

Figure S dsRNA detection of nuclei migration’ dikaryotic
strains

TF: My: Marker; 1-5: w72 AL BUA SR TR, Z8RCAH A1BI;
6: BLEEIEEBUA SRR bR, SERCRN A2B2; 7-11: BT
A3

Note: M,: Marker; 1-5: Protoplast monokaryon strains
(virus-containing), mating type A1B1; 6: Protoplast monokaryon
strains (virus-free), mating type A2B2; 7—11: Nuclei migration’
dikaryotic strains.

BRI 22 07 7 S 0 75 B bR PR BE R B F-4889
RRFRAR(E] 6B), MIAZIEA 3 BRI 58 2 AN AR
FRERLT (B 6C), X5 dsRNA HLIKRHINSE R —3L,
KU AR | ALPESEE—EROT AL, dsRNA H
TKtT B (A O 5 BEAE — e AR ] S L B KL
T A JCAIE R
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6 F-4889 A EME. HLRIKADMEFRINZTIBREERAES BRWRER
Figure 6 Electron micrograph of F-4889 original strain, hyphal tips isolation partial virus elimination strain and nuclei
migration virus elimination strain

TE: A: F-4880 AHINR; B: WL RR; C: BATRMsRR. HEmZItE 200 nm.

Note: A: F-4889 original strain; B: Hyphal tips isolation partial virus elimination strain; C: Nuclei migration virus elimination strain. The bar

represents 200 nm.

24 AEBREFERSURAELE

XF 5 PR R I EE RO T LR, SRR
B JFSL 20U B IR RS R R R bR, X PP
TrERORAME, MEZR0 8 . A B A% L
FNZER M E R A 2 0 R bR, BEEE )
WA 25.0%. 7.5%. 100%, {HE 2290505 8 i 151
Oy BTG RBAR s A A I B T R B I T
Fr, HBEREIL 57.5%, EARESR SR 5 E
BRCEE 1), IR IR H 0 . S EE A
I AR P 2 7%

25 AREBREFAELEEHRERKEE. Y2
FiREETE 1 LLAL

251 HLEREREMNE: NFRBSEIECHRE
PRIE PDA BiFR IUMIRRS A i 22 2 (O PR ik
HIARIAN], D5 2200 SIEmEARALL, W
22 9 S 1 U 2 2 B A 7 ) BRI 22 A I
JEFE AN E 5 R 22 v o 7 A R 22 2
(PDAYESFRE, MAERIRR P ERARE; JHH
2% A2 T R TR R B I 7 T PR B 22 2 O 3K
FIZES B EKV-(FR 2); 4 PRIAFZR S RE IR PR 1 22

R1 ARBEH RSN R

Table 1 Comparison of detoxication effect in different virus-eliminated methods

YL 2% 3 P £ ¥ == e =k 3
L ) B I OB
surviving rate Number of . Number of virus  Virus elimination ~ Number of virus-eliminated
Methods .. . dsRNA detection L . .. .
(%) surviving strains elimination strains rate (%) original strain
1 5.0 w35 5,6, THEKk 1 25.0 1
2 80.0 80 FEDLIHR 30 #k 0 0 0
3 94.0 292 REBLAIR 40 Bk 3 7.5 2
4 91.4 225 BEHLAHEL 40 R 23 57.5 0
5 100 5 5 Bk 5 100 5

T 125 RUCHR 22000 15 . IWIEE U8 | JRUE AL | A PR S AT R I 750

Note: 1-5: Followed by virus elimination methods of hyphal tips isolation, primordium tissue isolation, protoplast monokaryonization,

sexual reproduction and nuclei migration.
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®2 TREBREFFABERELERE. EMSFRETE N LR

Table 2 Comparison of mycelia growth rate, biomass and laccase activity between virus-free strains and original strains in
different virus-eliminated methods

-l M iiifﬁ%:zgm Mycelia iﬁfriffl(ﬁ%ff:ﬁ)mateﬁals) e s
Strains Y £ (mm/d) Y &t (mm/d) Biomass (g) Laccase activity (U)
1 5.45+0.12 2.45+0.04 0.90+0.05 0.92+0.12
2 5.50+0.17 2.60+0.34 0.98+0.08 0.99+0.14
3 5.64+0.10* 2.54+0.03 1.01£0.32 1.01+0.11
4 5.39+£0.59 2.35+£0.16 1.05+0.01 0.93+0.02
5 5.49+0.14 2.4740.13 0.96+0.11 0.94+0.08
6 5.67+£0.12* 2.64+0.19%* 1.12+0.16* 1.06+0.05*
7 5.69+0.11* 2.6240.06* 0.97+0.14 1.13+0.16*
8 5.644+0.10* 2.54+0.07 1.08+0.32* 1.10+0.02*
9 5.61£0.12* 2.6240.03* 1.13£0.16* 1.05+0.20*
10 6.06+0.10** 2.854+0.09** 1.04+1.08* 1.04+0.01*
11 5.72+0.10* 2.83+0.12** 1.05£0.06* 1.14+0.08**
12 5.89+0.19%* 2.88+0.17** 1.05+0.07* 1.08+0.05*
13 5.89+0.17** 2.70+0.14* 1.04+0.09* 1.12+0.05%*

T BN 3AREEMGEHER. *: P<0.05 2R EEE; . P<0.01 (2253 BENE 1. F-4880 HULBIbR; 2. PHZJSGIRIMBR
WK 3: WZImBLREER; 4. BURMLSUNEEM; 5. BURRSCTREREM; 67 AT R 8-9: HTBMTE R,
10-13: FIZ ST MRE PR

Note: Statistical data calculated from 3 replicates. *: Significant difference at 0.05 level; **: Extremely significant difference at 0.01 level. 1:

F-4889 original strain; 2: Hyphal tips isolation partial virus-eliminated strain; 3: Hyphal tips isolation virus-eliminated strain; 4: Primordium
tissue isolation strain; 5: Protoplast monokaryon hybridization virus-containing strain; 6 and 7: Protoplast monokaryon hybridization

virus-free strains; 8 and 9: Nuclei migration virus elimination strains; 10—13: Single spore hybridization virus elimination strains.
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