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Abstract: Flammulina velutipes is one of the most popular edible mushroom species in the world. In
this study, 3 uracilauxotrophic mutants ‘NG1-65", ‘NG1-92’ and ‘NGI1-95’ were obtained from the
monocaryon 5-fluoroorotic acid (5-FOA) -sensitive F. velutipes strain ‘DG1-1" by UV irradiation. UV
mutagenesis was conducted under the conditions as following: an irradiation intensity of 10 W, irradiation
distance of 15 cm and irradiation time of 12 s. The mutants could grow well in MM media containing 0.05
mmol - L™ uridine and 0.5 g L' 5-FOA, but could not grow on MM medium without uridine. PCR
analyses revealed that two critical genes pyrF and pyrG in the uridine biosynthetic pathway were disrupted

in mutants, probably resulting in the inactivation of related proteins. The survey of the mutation sites
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(1

suggested thata ‘T’ inserted the site between the 39th and 40th base of pyrF in strain ‘NG1-65 and the
104th base ‘C’ was changed into ‘T’ of pyrF in strain ‘NG1-95" . The mutant T—C at the site of 236th
base was critical to inactive of pyrG in strain ‘NG1-92” . The uracil auxotrophs of F. velutipes could be
used as a tool for genetic transformation study and strain source identification.

Keywords: Flammulina velutipes; ueacil auxotroph; pyrF; pyrG

G54 [ Flammulina velutipes (Fr.) Singer] & 3 & 1078 7R 5 LA 2 WSS 2 Fhas MY it (181
S, 2011 FAEHL A%, 2012), R EEZPRS TR —, P EERE g 2015 2
b [ Gtk S IR R 2755 1 t, HATT IR Y H T .

HuraEt a2 5Ny TAECA e CFE 2, 2015), A& W0 Fiate 2t scse it 7
FER, ARAE B AT, R D ORI IR A AR R, TXORKIR T 2 I AR A IR
WU TAERITRE . 2R B AR R i, A 2 MEoRA ki $e, W PEG N SHALIL. &
PR S SEDREVESE o o PEG /1 3 N T VL BOOR AL BEAIG, (HAN TG 2 55 5 IR I
BRAIE P9 DI, S — PP 5F s I8 8K V5 - PEG A I FE A6 71 CUN 7 4 (Sun et al., 2001).
XUl (van de Rhee etal., 1996). ~F#k I #E (de Groot etal., 1998) 25 fr HI M%:4k: 1f PEG
I F VAL ARAR R h FEAL SR I], MsEbrd G 2 Mok, gD, JrEREN
PERRIC AU P bR 0 5 o B IR BRRE Y I ARl AN 2 N IRAR AL BOR 38 T SRAG I A ik
DAL FHBRT R A2 ) e A P TSR % 0, #02 — PR I I I bR o BT 4 45 oA — PRS2 1 o 2 o
(R R A, AR AT I R, SR B R R B AR o6 T o AT B s 1R e k.

LIRS TR RS B B AR IR e AR I IR RS . SRR JRENE . AHlR. R R, AR,
SEER . WRBAWEESE (EAR 4, 20010, HIRGEIIRCEER Ural (A FEMR) Pabl

(p - FEEARFM op3 (BRI 55 CHIRIE N H T i Agrocybe aegerita (Noel & Labarere,
1994). K5 YA Coprinus cinereus (Granado et al., 1997) FIXUHES 1% Agaricus bisporus (Miranda et
al., 1996) [¥liEfk#4k .

DRI B B BRI 3 AR ) 2 G v — P WL () R i B R BT PR, 0 PRI E Mk s
W T pyrF FED G i R FLIE IR BEIRAZ B e 2l (OPRT) 8 pyrG JERI G5 LG T - 5' - SR M
i (OMPDC) K4:587F (O'Donov & Neuha, 1970; #fI kM %, 2009), ANHEIEH A R,
I ABANRERE 5 - FLIHIR (5-FOA) JERUAT#EII 5 - SURMEREAZ TR, I HAT 5-FOA Hitk;
T IEH WA K P S 5-FOA B TR 5 - BURBEIEAZ IR, M4 K2 2 F06]; AR
WENE M 5-FOA [P35 7R n] LU T PRI e 5 SRk B B T AR 1K 978 (Kondo et al., 1991). I JREERE
BRI RIC A B 2R B BERETR T O SR A TR AR, W g 4 B Sulfolobus
tokodaii (BT 45, 2008) HL[KAKEE Trichoderma reesei (FIEME 55, 2011) WFFELLIERE Rhodotorula
benthica (L5 %5, 20100, L&HB%E Mucor circinelloides (5KWRIE %5, 2016). 48 E}; Candida
versatilis FI'& [CIERE Zygosaccharomyces rouxii GEF5EN %, 2016). {HAEEHE T HEr AKX T/
i Lentinula edodes JRVEWEE FRERIATERRIOHGE (FifEs 55, 2014).

AHEFU LGt i AR, TS AN AR TR RS SRR A B AR, T AR BRIKP 6 -
AR PR EWE AU B8 A0 T ) OS] pyrF 5 pyrG AT T 5074508, N E— DT B b A A Ak
R R
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1.1 R RHEERE

PR EE AL R ‘DGL-17 F1 ‘DG1-29" i L riv Aol Rl Be £ F BRI ST BT B A O g 0
Fefit,

AR BIR R IR L (PDA): SRR 200 g (F202), /KAEJGIEUE, JEBUMAEZRE 20 g, 3
fEHY 15 g, I/KZE 1 L, K, IV, L2l 52838 1 . SR S8 A iR AR 783
(PD): PDA B:FRIEARINBIAGH, 2503445 250 mL [ =F+, S 100 mL, K@, ftEz
Rigg. FARIRIE (MM): KH,PO;1.0g, (NH,) ,HPO;1.5 g, MgSO,-7H,0 0.6 g, Thiamine HCI 500
ng, THEKY 15g, MKE 1L, K. BAEFAF TR (OPDA): PDA RN D - H i
B 110 g, KR e HE AR % o

1.2 BEERASIEERBE

WRh AT PD MAARE TR L, 25 CHiR 7d R dE AR 22, I 1L5% M RERE () ARGk
YIRESEHT, M), 30 'C 70t - min 450 FAEFEIR_LEGEAR 4 ho FTRD ISR 1 1L DERG AR, WEWAE 4 °C
3000 min™ B> 10 min. 3 F3EH, 0.6 mol - L H M HE &, 4 ‘CF 3000 min™ % 10 min
JEFE LIEWL WP BEEA 1~ 2 W Bn AR R A R B e T I AE R 0.6 mol - L H #REEIR A,
FH R B B SR AR (A - mL.,

8 i (1 JEU A A A PR W U AT 7 OPDA “FAR P AR RE 770 |, 25 "CHE SR 7 d Ja Mg s A= i 4t
MRS, E S A RV A

1.3 SHTEREZERN 5S-FOA BISURE SR

2015 £ 11 A 20 H IFAEW AR ST 2 v AR 14 T8 22 43 9 B2 2 A [E)9R FEE 1) 5-FOA (0. 0.01+ 0.03.
0.05. 0.1, 0.2 F10.5g L") I PDA M I, 25°C R 7d, WELIIHE B AT A Erd Ko
1%, BANKE 3 IREH,

14 SHEREFAEREINHILIAE

H AR BRIV B ) 10° A - mL™, HX 100 pL 35949940 B AR B 55 OPDA “EAR |, B
IR J 10 W RS E R G (B 15 em) “PARGERTH, TSI 200008 04 5. 104 15, 20, 25
F130s, FEAKAMNESIIE 3 RER ., 25 CRNEER IR 7 d 5, WA AT AEN, i
AR TE S
1.5 &HERERKETSEFRIBE R TR FILRIE

J A AR A ML A AT B AR R TR L COPDAD . MR ISR MERE (0.05 mmol - L) HHAE R
FiHE (OPDU). ¥RANJRMERE (0.05 mmol - L) M1 5-FOA (0.5g-L™") MIFERLRE 3 (OPDUF)
Ly AR 100 wLo BERPRAR G TR 3 AN E R ARG X, H4&VRAifE OPDUF P4k L,
ROMESS 1250 25 C FREGRFRMR, MR IE 2L

PEX OPDUF /B K[ B BvR, B BIU IR EBE (0.05 mmol - L) H1 5-FOA (0.5g-L™) 1
PDA i3 dE AR b, 25 CTHH55% 7d ), BRECBE A 4R B AL 7R (MM S INJRIERE (0.05
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mmol - L' HINE R FRIE (MMUD. SIJRIEERE (0.05 mmol - L) F1 5-FOA (0.5 g- L) %51
Rigedt (MMUF) LRMTRAGIER 7R, FLL ‘DG1-17 FEARAEXR, TR 2 K. 25 CTIHIE7d
i, MEYITHRAAREMY ‘DG1-17 HAM L B 5-FOA Hitk.

X P IR UE A0 4 I Ky PRI o SRR P L IR B PR, 72 MMU B5 908 EARAR 5 IR, PR RN 3]
MM. MMU K& MMUF 53238 A_E TR RIS UER 72, IRl ‘DG1-17 BARAEX . 25 C FH 9%
7 d ST I GEAR [l ST I G B o K TR AT 2 R R 8 TR P R B RT ‘DG1-17 B
Sy AR E] MM, MMU M MMUF R332 360 b, 25 CRR: R 7d, W00 @ v e b i A=
Kftr, MMRTFRL 3 EHR.

1.6 S ERTEKERELE DNA BRI RBIEEFRIEES FEE

K CTAB 4 (MHERMZEEZE, 2003) $2H0 ‘DG1-1" BEMRAIRAS AR N 4] DNA. R4 44
EIEPNAAE & pyrF (GenBank 55 : KY401433) Ml pyrG (GenBank 3¢5 : KY401432)
(519, TS5 0 PR e B e P R B R R R R R (3R D)

F 1 {1 pyrF F0 pyrG EEHK PCR 51§
Table 1 The primers to amplify pyrF and pyrG genes

B ISR EIL/EAS S1F5 (5-31)

Gene name Primers Primer sequence

pyrF GIF8F TAATGGGATTCGGGTTTC
GIF8R TCTCGCCAACTTGATTTA

prG Fv5nwholeF TCTACTATCCATTGCGCTACT
Fv5nwholeR CGACTTCGAATGGCTTCAAAG

PCR # " H41A R 50 uL, % Pfu DNA Polymerase (A2 LAY TEKRMAMR AR, L) 0.5uL
(5U-pL™), 10 x PCR Buffer 5 uL (Mg*" Plus), dNTP Mixture 5 pL (2 mmol - L™, #H DNA 1 pL
(100 ng - pL™, SIM%& 1 uL, MK 36.5 uL. PCR NV AEF: 94 °C 5 min; 94 'C 30s, 55 °C 305,

72 °C 2min, 30~35 MFEF; 72 °C 10 min; 4 CLRjE.

PCR =) HEAT se DI RE o o P45 PR B R 47 ) DNAMAN B0 AT B 138 470 G 0 R0 P s 12k Pl )
LRGN 80 DR 5 7 e o TR TR Ao A 75 7 2 R DR 58 A% DA B S8R S 75 5 S PR A Ik B DS 1 K 224k
¥t R B AR AL R AR S DDA SR B AR A I SR BRI PCR P A b Bl s, R AH Y. (9 g 1A T I
D1, 1Bl BRI RERER F vk, WS SR R AR I R D) 1 B R A R R A L A R A A Y 11
A

2 HiIR5 0

2.1 S EBRERELZLAR 5-FOA RIS IR I8
Big% 7d KL, {EAT 5-FOA [ PDA #5577k b, Bk ‘DGI-17 KA KA W& & T B bk
‘DG1-29", K% PDA }iFrlE 5-FOA WKEEEW I, PRI B V& A K AR AL /)N,
KU B 22 £ K2 3] 5-FOA (30 (B 15 H ‘DG1-17 WiE A K420 F R E & T ‘DG1-297,
4 5-FOA 0.1 g- LI, ‘DGI-1" WHEMIHE T A K2 B &L T HE ‘DG1-297, XEW ‘DGI-17
X} 5-FOA 5 s I AUs vk«
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LR, EHER DGI-17 1E P RAMBA I A WAk, kA K se a2 24
I 0.5 g - L ) 5-FOA WRJE (& 1) 1 Nk i .

3.0 m DGI-1 O DGI-29
25

*

2.0

7% 4 K2R /em
Colony growth radius
n

1.0
0.5 ﬂ
0 ! ! !
0.01 . 0.05 . 0.20 .
5 FOA/(g L)

1 &4 EEEHKE AT PDA 1SR E S FOA Y BERLE
* RN W] 22 R B
Fig. 1 The sensitivity test of Flammulina velutipes strains on 5-FOA

Asterisks show the colony growth radius respectively significant difference between two strains.

22 &% ‘DGI-1” BEHRREERIMKEIIEILIRE

‘DG1-1" TE IR A A A0 A 115 A2~ ARis 77 9% (OPDAD R AE 3 Gliy 1 ¥ /e A 4 i
O N 2.89%. BEFEANIT I 1A I HG I, S5 AL AR R BRGSO 25 s I IR
PESFARMDS B A A 0 (I 200 AR B TSR SR IRUR AR R i A A< M 2, oF B30 HR Ji A oA A ) i
N 50%0 - B ANRES ] 11.38 so Fe T, 269 12 s A N 504615 A8 Jgt 28 T 44 i SRS i i)

100
80
60
40

20
0 ! ‘ ‘ PR
0 5 10 15 20 25 30

RO IR R/

UV irradiation time

of protoplast

SR AR AR R %
Relative germination rate

B2 &%% ‘DGI-1" BHRRERBEXNMBHTHEMNELE

Fig. 2 Relative germination rate of the protoplast of Flammulina velutipes ‘DG1-1’ strain under treatment with UV irradiation

2.3 EEHEE PRIELEE Fr 68 b B B PR RY 5 IE AN LG E

SEFIE DGI-17 BRRE L AL B4 5975 (OPDAD . W HIJRMERE (0.05 mmol - L) A
B4k (OPDU) IEH /L, WS KR, WgF e, aRnsmnE (0.05 mmol - L)
HI5-FOA (0.5g- L) MFEMk 325 (OPDUF) L J5 A B4k 1 28 52 20 W) B4k, A /b
VI, KRN DGI-1 VR AMNIESH S, 76 OPDUF Ri3idt LRI AR, Sk
AZBHEE 102 Bk o 200 P U TAR 15 230035 [ 5 ARARER IR I, 7EHERR B BH PR 5 7] 42 548 1
PRIE, I AIGIRAT 3 MRIRIEE B IR BB SRR RPR 'NG1-657. ‘NG1-92” H1 ‘NG1-95". WERA
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WS ‘DGI-17 EAFERFRIE LREE RN (B 3): ‘NGI-65". ‘NG1-92” Fl ‘NG1-95" 7&
MM R 758 FAEKZ2HH], /£ MMU, MMUF £ 7738 Faess 1% £ K 1 ‘DG1-17 £ MM, MMU
Bt RS IE A K, 7F MMUF £2753E 1A K52 334006

3 SHEFER ‘DGI-I EHREERTH ‘NG1-65’. ‘NG1-92° f1 ‘NG1-95’ #£ MM. MMU 1 MMUF #5352 b 894 K157
Fig.3 The growth of auxotrophic strains ‘NG1-65", ‘NG1-92", ‘NG1-95’ and wild type strain ‘DG1-1’
of Flammulina velutipes on MM, MMU and MMUF medium

WK 4 fior, 25 °CFE:7d, ‘DG1-17 #F MMUF R 753 FIER A KRR 0, IZE MM,
MMU R 7# % ERs A KRR B ‘NG1-657. ‘NG1-92” Al ‘NG1-95" 7 MM #5753 LR
BRI, (HFE MMUL MMUF RB: 958 F vk B KR g i, R ‘NG1-657 L ‘NG1-927
M NG1-95” X} 5-FOA HA$HitE, Mm@k ‘DG1-17 X 5-FOA ARAHulE.

- EMM OOMMU & MMUF
251 4%

g 20
=
53
2otk
I 5
25 10
H 2
¥
'S 05

Q

0 ! !

DG1-1

B4 SHEFER ‘DGI-I’ EHRRERTH ‘NG1-65'. ‘NG1-92° # ‘NG1-95’° £ MM. MMU # MMUF
ESFE LEEEKER
Fig. 4 The colony growth radius of auxotrophic strains ‘NG1-65’, ‘NG1-92’, ‘NG1-95’ and wild type strain ‘DG1-1’
of Flammulina velutipes on MM, MMU and MMUF medium
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24 SHERBIEEFRGEEEXRND FEE
XFDGL-1" RS 3 BRPRmEmE S FRE AR Rk (‘'NG1-65". ‘NG1-92” fil ‘NG1-957)
(1) R W E S AR B AT T K pyrF R pyrG SEIEAT IR 73 M7 )5 . “NG1-65" BRI pyrF FEDA 5
39 71 40 ALBREEZ AN T T, XATRESEL pyrF St i) FL TS IR B M AZ B4 o W 2 SR 591 45 13
{7 @ IER S5 IR iL, pyrG JERIR K AR ‘NG1-92" WK pyrG FERI S 236 il T 58484
C, XHe T pyrG WIS FLIGH - 5" - R MORB = M 755 63 Mz kM L 548N P
(CTC—CCC), pyrF FERNKKERA; ‘NG1-95" FAKK pyrF FEH 104 AL C RAEK T, X
A Re 33 pyrF i B FLI R BE IR A2 W e B 2 S5 R 7 91 36 35 AT AE IR S AN L (TCA—-TTAD,
pyrG HERIR KA RAR
XFDGL-1" PR S IL 3 PR PR e 8 TR B T g bk K AR S8R V) pyrF A pyrG S X H] DNAMAN
AT BRI D)7 SO0 M R B, BERR CNG1-927 pyrG FERIEE 236 ArisbEs 48 51 Xho |l
GREFH: S'CATCGAG 3" 1E 235 (it 2 i B IPERG DI S 2R, SRS AN I ) v B &
H—B, KJERN 48 bp, 177 bp A4 225bp (K] 5).

Xhol Xhol Xhol
‘ (58) (235) (283)
DG1-1 | | | J
Xhol Xhol 902
DG1-92 | (5‘8) (2‘83) |
90 bp 902
L
Bs5 £HETFER ‘DGI-1I” MREH ‘NG1-92° pyrG EE B Xho | BEBRHIMEBFYIM S
Fig. 5 Restriction sites map of pyrG gene in ‘NG1-92” and ‘DGI1-1’ cut by Xho [
SRR ‘DGI-17 Fl NG1-92° pyrG FH Marker  DGI-1 NG1-92
(1) PCR /~#aif i, M Xho 1 BB, 250 bp
DR )7 AT B IR B eI FRLVK , 45 2R 100 bp
6) KW, Bk ‘NG1-92" 1] pyrG SEFAHALH
A Xho | BEINED) B2 IR — B, MU B o EHESEN DoLI WRRS NG
SN S o . pyrG EBR Xho 1 1
IR /ANHED Jg JE R 51 58 235 7B dt 2 )5 1 Fig. 6 Electrophoresis images of pyrG gene in ‘NG1-92’
Xho 1 B PR PR B AL s 2 and ‘DGI-1’ cut by Xho |
3 iR

T RIS 5T T IR B gk PR I T TR A R AR S G A, TR PR AERR RIS 5-FOA ik
JEN0.5g- L', B ANIIR 10 W HIRAME, FREEEEA 15 cm, FETHRIN 125 @RI P K
TUGHE J RAF 0 3 MR Gt o PR e B SRR A B e AR, S AR ARG 7% S IR LA L, R BRIRI 52 5848 B
o TR, IXSESA R R IE A R AR T I R BEIE IR pyrF B pyrG R AE T il NS4 Bl A
AR, IXLETAR N RE G [ T AH N SRR T A R A, AT BURMERE A e 13 2K

LR (2014) MR RSB 7K (ARTP) H4M 5-FOA ik 1 MEKRAE
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(Trichoderma reesei) RutC30 pyrG K| A2 5878 (1) bR WE 5 FR BB BU BRI bR ;s £ 920655 (2010) @it
RAMBALIRAT 18 BRI LLEERE (Rhodotorula benthica) S8 [P JRMENE S FEHLIERI L, FHA 16 ¥
REfg e e il SRR HET A EIESS (2014) FIHERANE BRI 5-FOA fHikskfs 1 18 kA
45 (Lentinula edodes) 1.26 ¥ RMEREGRIEAY, Horpr 8 BRI AR T PRIERE A g A6 1 SR AL R R AR
AHH G P T s PR W W R B R B AR R T DO I R AR AR AT, (HR AR AR e AR TR
IREC D 3% A B PR P DR I 75 1 0 o 28 B R 1 155 2 0 0 1 45 AR, 2 BOX MR L 1) Ji R
AIREAE: AR AR AR B AR R, R B A I AR oA, DABR v D AR oA P AR TR AR I 4
AR P ERIIE R SR IS IR G, AR AR RIS IR K AR, (FUE e E MR, IR 2
ARTRARAS I R By AR Y, LR B AR U — P9

S Bl PRI T R 2 PR (R IR A DA A J5 RIS S A RIE T . BRI AG Ul S 31 R L 5 6 e 4
Pt TA R AR LA > T hRd

References

An Li-ying, Yi Xin-xin, Qin Li-na, Shi Si, Tao Yong, Wu Hong, Dong Zhi-yang. 2014. Isolation of Trichoderma reesei RutC30 pyr4 gene mutant
by atmospheric room temperature plasma (ARTP) and establishment of a transformation system. Mycosystema, 33 (6): 1272 - 1280. (in
Chinese)
ZRIB, BIRIK, ZEOEE, W &, BB, {h 40, FEEH. 2014, BIUKEE RutC30 FlLH RS T8 (ARTP) BARIE pyrd B
DRI b 0 AT S A R ST. ID2AAR, 33 (6): 1272 - 1280.

Bao Da-peng, Feng Ai-ping, Zhang Mei-yan, Tan Qi, Chen Ming-jie, Niu Li-ying, Pan Ying-jie. 2009. Cloning of /e-pyrG, an orotidine-5'-
monophosphate decarboxylase encoding gene from Lentinula edodes. Acta Edulis Fungi, 16 (2): 13 - 20. (in Chinese)
SRS, 1N, dKRIRE, WOE, BRI, ACmoE, WRIHE. 2009. FEEFLHMRIZE - 5 - SRR BUREE ML IER le-pyrG MITIRE. &
TR, 16 (2): 13 - 20.

de Groot M J, Bundock P, Hooykaas P J, Beijersbergen A G. 1998. Agrobacterium tumefaciens-mediated transformation of filamentous fungi. Nature
Biotechnology, 16 (9): 839 - 842.

Granado J D, Kertesz-chaloupkovaK, Aebi M, Kues U. 1997. Restriction enzyme-mediated DNA integration in Coprinus cinereus. Molecular and
General Genetics, 256 (1): 28 - 36.

Huang Qi-hong, Shen Yu-long, Ni Jin-feng. 2008. Optimization of selective conditions for the selection of uracil auxotrophs of thermophilic archaea
Sulfolobus tokodaii. Journal of Shandong University (Natural Science), (9): 6 - 10, 17. (in Chinese)
A, WX, R 2008, HIE G T Sulfolobus tokodaii R VEWEE FR I IE R 07 106 4 1 (K B 5E AL MADE A, A2 (2
i), (9): 6-10, 17.

Kondo S, Yamagishia, Oshima T. 1991. Positive selection for uracil auxotrophs of the sulfur-dependent thermophilic archaebacterium Sulfolobus
acidocaldarius by use of 5-fluoroorotic acid. Journal of Bacteriology, 173 (23): 7698 - 7700.

Miranda D Vande Rhee, Paula M A Graca, Henk J Huizing, Hans Mooibroek. 1996. Transformation ofthe cultivated mushroom, Agaricus bisporus,
to hygromyc in B resistance. Molecular and General Genetics, 250 (3): 252 - 258.

Noel T, Labarere J. 1994. Homologous transformation of the edible basidiomycete Agrocybe aegerita with the URAI gene: characterization of
integrative events and of rearranged free plasmids in transformation. Current Genetics, 25 (5): 432 - 437.

O'Donov AN G A, Neuhard J. 1970. Pyrimidine metabolism in microorganisms. Bacteriological Review, 34 (3): 278 - 343.

Sun Li, Xu Wei-hong, Cai Hua-qing, Hu Yuan-lei, Lin Zhong-ping. 2001. PEG-mediated transformation of Lentinus edodes. Acta Botanica Sinica,
(10): 1089 - 1092.

van de Rhee M D, Mendes O, Werten M W T, Huizing HJ, Mooibroek H. 1996. Highly efficient homologous integration via tandem exo-B-1,
3-glucanasa genes in the common mushroom, Agaricus bisporus. Current Genetics, 30 (2): 166 - 173.

Wang Lian-hui, Mao Wen-jun, Bao Da-peng. 2014. Selected and molecular verification for uracil auxotrophic mutants of Lentinus edodes. Acta



SRR, JiET, F0R, WEE, EE, SO0
L 0 DRI SR B B TR RR (R 0T 5 00 T 4
i Z244), 2017, 44 (3): 495 - 503. 503

Agriculturae Shanghai, (3): 6 - 9. (in Chinese)
EH, M, SRS, 2014 . A4 IRIENEE TR B Y M AR I E 5 4 THAIE. _EIEARMEAEIR, (3): 6-9.
Wang Pei-wu, Wang Dong-chang, Li Yu. 2001. Advances of genetic engineering in edible mushroom. Journal of Jilin Agricultural University, (3):
23 - 27. (in Chinese)
TAR, TRE, & £.2001. SHRER TEFRERE. SRR ZER, (3): 23-27.
Wang Ya-qi, Yang Xiao-li, Bao Li, Gao Hao, Yao Xin-sheng, Liu Hong-wei. 2012. Isolation and identification of secondary metabolites from the
solid culture of Flammulina velutipes. Mycosystema, (1): 127 - 132. (in Chinese)
EAHEH, BRI, T, om0 R, BEEA, XU, 20120 SR ORI E 22 R AT A B S E . R, (1) 127 -
132.
Wang Yu-guang, Lei Lu-wang,, Sun Jian-bo, Lu Xue-hua, Xia Qi-yu, Zhang Xin. 2010. The selection of uracil auxotroph strain of Rhodotorula
benthica S8 treated by UV-induced mutation. Genomics and Applied Biology, (5): 838 - 842. (in Chinese)
FF0t, WA, INERL AR, BRE, K BT 20100 SAMAARIFILIFAELIRERE S8 M) IR NE BB AR, SERI 412 5 N R
(5): 838 - 842.
WuMing, Zheng Lin-yong, Xu Xiao-yan, Jiang Nan, Wei Wei, Yang Zhi-rong, Luo Xia. 2011. The study on active components of Flammulina
velutipes and its effect. Edible Fungi of China, (3): 6 - 8. (in Chinese)
o WA, JERRA, VRmERE, UL ®, B #L, MaRsE, B H5 2011 SErEIETEY R K SUERBEGEE. hEEHE, 3): 6-8.
Yan Zuo-mei, Zhang Xu, Li Jie. 2008. Construct of ura3 gene auxotrophic of Trichoderma reesei by Agrobacterium tumefaciens-mediated
transformation. Journal of Northeast Agricultural University, (7): 147 - 153. (in Chinese)
EMEME, sk 0, A N 2011 ARAFEA A BLROR AT wra3 SERISRAR MBI, ARIARM R, (7): 147 - 153,
Yang Hua, Li Lian-tai. 2003. Research on edible fungi DNA extractive methods. Edible Fungi of China, (1): 19 - 22. (in Chinese)
¥tk FHEZE. 2003, B DNA SRIOPEDTFE. T EEE, (1): 19 -22.
Zeng Xu, Liu Fang, Chen Juan, Wang Wei, Xie Bao-gui, Guo Shun-xing. 2015. Genomic sequencing and analysis of genes related to terpenoid
compoundbiosynthesis of Flammulina velutipes. Mycosystema, (4): 670 - 682. (in Chinese)
W, X g5, B, EOBG WS SRINUR. 2015 SRR RS OB R A BT, A AEAR, (4): 670 - 682
Zhang Ying-tong, Chen Hai-qin, Song Yuan-da, Zhang Hao, Chen Yong-quan, Chen Wei. 2016. Isolation and characterization of Mucor circinelloides
pyrG negative mutant strain. China Biotechnology, (3): 38 - 42. (in Chinese)
sk, BRIEES, Kook, sk BROICR, B T 2016, BB pyrG HEREE IR AR RIL S ¥, P EAY TRERE, 3):
38 - 42.
Zhao Xiu-li, Zhang Shan, Song Lu, Wang Meng, Hou Li-hua. 2016. Construction of uracil auxotroph of salt tolerant yeast. Food Science: 1 - 9. (in
Chinese)
BFEW, sk W, R OB OB, BEETE. 2016, T R EERENEE FRAE R R RR IO . iR 19,



