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Screening and molecular verification of uracil auxotrophic
mutants of Ganoderma lucidum
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Abstract: [Background] Auxotrophy is a widely applied biomarker in production and scientific research,
but there is no report on Ganoderma lucidum. [Objective] This study was conducted to provide parent
strains and technique supports for genetics research, cross breeding and spawn identification of
Ganoderma lucidum. [Methods] The uracil auxotrophic mutant strains were obtained by UV mutagenesis
of protoplast. The randomly selected uracil auxotrophic monokaryon strains were used as parents, and
crossed with each other by Monkaryon-monkaryon mating to establish uracil auxotrophic dikaryons.
[Results] Eight uracil auxotrophic mutant strains were obtained by UV mutagenesis of protoplast. Seven
uracil auxotrophic dikaryon strains were obtained by Monkaryon-monkaryon crossing. [Conclusion] The
testing results showed these auxotrophic strains restored their growth on PDA medium with uracil. The
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uracil auxotrophic dikaryon strains would be used as a tool for genetic transformation study and breeding.

Keywords: Ganoderma lucidum, 5’-Fluoro-oritic acid, Uracil auxotroph, Dikaryon
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R Z 7 HIBFEUESE , R 2 205 HAT B I |
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X —RREPUERIEHUEER, 40 kan FEH (5L
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A G L 58 AT AR AR AT 5 2 PR e SR G
BT () A AR TR MR, JEXTERBE T B RR Y pyrF il
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R WAL BRI RS BRI T HR B A
R
1 MRS
1.1 E#R. EERFIFLEE

AR TR B AR TR PR 80 (SCHCAYH ALBL).
B LE TR 535 ML R P 214 (SETC Bl A2B2) 34 Hi 4
S R WA R SZAR R AR P A R 1550 8
B8], PRRE 15w REgdOlRl= B & F Rk
ST AP PR O B AL

T 4 B 5 A T B A A R A B IR
BD Awl; WEEME, JTARATMAEMBIRET; JRAE R
ATl 25 1 DNA $RBUITTARHA, E25( R Al B
L, Eppendorf W] FEIK, IR HTIER
IS A PR/ ; PCRAY, Bio-Rad 2AH],
1.2 EFE

LA IE(PDA): PDA MK 39.0 g I5 T
1L Z8MKk ., JRmEE S G SR 5L (PDAU) : 7E
PDA 15 23 Hh AN JR W 0.005 6 g/L, i ik 44 2%
K35 5L (PDAUF) . 78 PDA 1535 35t b I8 hin PR w5 g
0.005 6 g/L % 5-FOA 0.5 g/L., Eh4% 54 Wi 1A ks
F:H(PD): PDB K 24.0 g T 1L ZE48kh. J5
e T A FE AR 85 55 5L (PDMS) 18 I 1 2 2% SCiik[21] .
NI bR e B AR AR P AR B 57 56 (PDMISU) - 7E
PDMS $5 75 K s Il R 0.005 6 /L. JEiA: i
Ak 55 35 5 (PDMSUF) . 7E PDMS 535 5 iR
HNPRMEIE 0.005 6 g/L & 5-FOA 0.5 g/L., JEA s F 5L
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(MM) A BE 11 2 2% SCHiR [21] o R W5 e ik AR 1 9% 3k
(MMU): 7EHEASE SR B U R % E 0.005 6 g/L.
ARG FREL(MMUF) . TEREA B FR I rh s bR
WIE 0.005 6 g/L &% 5-FOA 0.5 g/L. ARJEE:FR%EE. K
J§ 78%, F%k20%, fE 1%, JEHE1%, SKER
60%-65%, 1x10°Pa K 2 h.,
1.3 RZFEERIKMEINTE IR

W 57 A 7 R 2 PR TR 80 452 PD KR 3t
Wi, 25 °C }5i3% 7 d Je il g URAE 22, FHZEIR/K ob
YeEk, FEA 0.6 mol/L HEREE M, MA 2% %
BERE, 30 °C. 65 r/min 250 TR 4 he FRMGTR
St YR EEAE A, JEWAE 4 °C. 3 000 r/min .0
10 min, #£ 3%, FH 0.6 mol/L H &gl &, FRE
L, R, WAABEE 1-2 R, BIRLEE R
JEEF I ASE Y 0.6 mol/L HEREER AT, FHImER
BT OE s A R B P2 o I TR A
AR RS 100 AS/mL, B 100 pl X503 A6 3
PDMS i gR 3k B, LIl 62.5 md (456
M EMEG(FEE 15 cm) PARR A, FESTETE 200
0. 5. 10, 15, 20, 25, 30s, 3K&EX . 25°C
WEEREFE 14 d J5, SR A SRR AR TS L
O AE VA5 -
14 REZEBERKEIIMNFTEEFHBABERT
Tk B 07 158 36 1iE

W S RN AR RS 10 4S/mL, BX 100 uL
AR AL, 3R AiiE] PDMS ., PDMSU
PDMSUF kst | LAThR Ny 62.5 md i 4L 5k
e E AT ES 15 cm)iR i 5 Y PDMSUF P-4,
WA i) PDMS, PDMSU A BREHE S XHIR . 25 °C
w14 d, WAL AN L. PkEL PDMSUF -
M b & A BATE Y e 3 5] PDAUF SRS 3738 |
25 °C #5372 7 d 5, PRBGLZ I 22K HE:F T PDAU
Rigpdk P PRESE, W ER 5 s, e AR
R, PR ICBURIR A R 22K, WIKh
BRI G P 221 . A TCBUIRI A 10 TR 22 (R 4
TAEEFREE MM, MMU., MMUF, #7885
WERE SR, [RIETDUE® A AR, TR 3 K.

25 °CI55% 7 d, #kitihEE7E MMU Fl MMUF 4=
KAELE MM EARA KA T, B BRIGE S S5
il 574 PR B B R TRTRR o
1.5 REREEEFREEEKREREL DNA BY
BB PCR mEHEXER

il CTAB 1Pl H S, 2 R s e 785 5 B b 10 1
PRI ZH DNA, H4ER 2 pyrF Fil pyrG LK 1511
THricsII(EE 1), PCR WA ZR(50 ul): ExTaq
(5 U/uL) 05 pL, 10xExTaq buffer (Mg® Plus)
5 uL, dNTP mixture (2.5 mmol/L) 4 uL, Fikx DNA
(100 ng/uL) 1 ul, IE. S5 [45(10 pmol/L)4S- 1 ul,
ddH,0 37.5 uL. PCR JZJii5fF: 94 °C 5 min;
94°C30s, 55°C30s, 72°C2min, 35 MEHF;
72 °C 10 min; 4 °C {43,
1.6 H#E

W R 2 DR W E SR b R AL AR T bR 80-2.
80-3 1 80-108 (AL1BL)%)3I|-5 1] Sy Al B A 7R B Az
RE Bk 214 (A2B2)Z= 52, 153 3 MRk A &S Btk
SLN2. SLN3 F1 SLN8 (%ZHL#I#4 K A1B1+A2B2),
AT H IR
17 REMBEBRSBRBEZELBEANEILS
K7

SUZARHFE SLN2., SLN3 Higi i e dE [ 4R 5
ST KRR AT ASEAT TCRIK Y EP
B FR,  ERT RGBS B G
KFREE 10° AN/mL. B 100 uL 5 4k A £
PDAUF 5355t b, T 25 °C A4k 3a 46 e B 1%
F%, — M7 d NATILEIE T R AT 221K, H T
W R T 2216545 PDAU 50 |, % 7d )G
PN 22K T35 PDAU 53538, itk

R 1 ¥ pyrF 0 pyrG EE A PCR 514
Table 1 The primers to amplify pyrF and pyrG genes

HEAFR ISR 51915
Genes name Primers name Primers sequence (5'—3’)
pyrF L2F4 CCTAGCCCAACTGCACAAGA
L2R4 CGTGAGTTTAGCCACCGGAT
pyrG NLG-F3 AGATGTCCAACAGAAGGGCG
NLG-R3 GTTGACAACCGTGATGGTGC

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



2660 (G

Microbiol. China

S YR, e BB A, PR BRI
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MMUF A [R3EFREEH 73557, Pkt BE7E MMU Fl
MMUF FA4KAHZE MM EAE K EBAAET-, BN
PR W W 7 FR e R B B 2 P R 244K
1.8 RERBIEEFHRAEBMFRZE

W PR g WE B % G I 7R PR W & A AR 0 X AR
MMU }57i3E EFF 12448 ZesC i 22mh i), Pkt
flA Ab T 22 A TG, A BUIREG A B R PR MR I
FRERBE TSR TERE o
1.9 RZRMEBIEEFRIEETAZAEFREK
i E M E

PDA A ARl . g R 2 R s g 3 7
BRBE RS IR R R T PDA SEH |, 25 °C 1
IR MBI T, TE R 22 0 St 8 28 24 1
W22 E KR IAL, 6 d JERIS 4%, MR
B, MR HYEREE, 3 4EK . PDAU AR
(PR TR - g TR 25 R g W 7 S e o PR LA A TR
R RN T 545 0.005 6, 0.0112. 0.022 4 g/L JK
WERERY PDA AR b, JFHCRA EaRHIR MR35
AN, DA R
2 HBRE5H5H
21 RZ 80 MHKREERMEEIBILIRE

RZ 80 JF A 5 A 4N A AE P A O AR 8 R 3
(PDMS) I 1) - A 56 (W & 181 7% 1> 500 T A1 4 A~
BNy 0.566 7%, B 48 4 IR S I [ fr % 7 44
I, JEAE AR AT R WA, EANEST 25 s )5
(R R AR A SN 0. ARTEI 1 a3 R 2
80 J A T A ) - BB SR S RS E] N 8.7 s
2.2 RZIRWEVEE I ERAEEE MR FIZ NI iE

XFR 2 80 JiA B R 8.7 s IUERAMIEST ),
Zat 5 WA ARG TR I T, 2Rk
8 WRFRA 75 IRENEE IR EBE R AL : 80-1.
80-2 . 80-3 . 80-6 . 80-8. 80-26 . 80-64 i
80-108.,
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B 1 RZ 80 WHREERMKERINBY TRIEIEH
Figure 1 Relative germination rate of the protoplast of G.
lucidum strain 80 under treatment with UV irradiation

W15 B 00 58 8 IR TR PR A3 B RN T MM
MMU Fil MMUF 53826 [, i3 86 R 5 e 5 57 il
M RE AT LIZE MMU FI MMUF 8535 3% | 4=
K, NEEFE MM RigRdt FAE K, SLAlZs R 2
Fiim
23 RZREBIEEFRAEEKRNS FEE

LR 2 PR I S TR o TR P AR R R R K]
20 DNA #E47 pyrF 1 pyrG LKA PCR A&, 1)
JE IS 3264 700 P 43 M o 38 e % R e W R AR
T pyrF A1 pyrG & H B9 4Rl & B, ZeAR AT
PLorRy 3 AEOL, ALFE B G | fAS H FB
FAHA (R 2) XEEHH AL R AT R T EOE A
Snb A EE I RE R JSUE Pk, 7 AR R S E O SR B
RIGA bk

2 IRIBEVEEFRIGESZIKEIR80-1 5 80 ERFE
FE FEKER

Figure 2 The growth of the uracil auxotrophic
monokaryon 80-1 of G. lucidum and G. lucidum strain 80 on
different medium
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z2

R EHRAY pyrF # pyrG EFE 54 B mHRE E F 5 bt

Table 2 The sequence alignment of pyrF or pyrG mutants compared with wild type strain

L3 TR AR, HIERRIT I

Strains Genic changes Amino acid sequence changes

80-1  pyrG: JE[E 687 fi G Hlik 55 193 (UG BEER IR AL
pyrG: g. 687 del Frameshift mutation after the 193rd amino acid

80-2  pyrF: L[K 440-441 {i; CC fliZkEk 55 122 R MR LA IS AR T 5 TR L
pyrF: g. 440-441 del Frameshift mutation after the 122nd amino acid

80-3  pyrF: FL[A 386-392 fifilidk Btk 55 104 AL EIERR VLIS ZIERR P 5 1R L
pyrF: g. 386-392 del Frameshift mutation after the 104th amino acid

80-6 pyrF: JE[F45 544-545 fHbL GG—AA 45 158 (232 G—N (GGC—AAC)
pyrF: g. 544-545 GG>AA The 158th amino acid G>N (GGC>AAC)

80-8 pyrG: FE[H 332 fii G—A % 93 i1 AR D—N (GAC—AAC)
pyrG: g. 332 G>A The 93rd amino acid D>N (GAC>AAC)

80-26  pyrG: F[H 777 fii C>T 2|5 (CGA—STGA)
pyrG: g. 777 C>T Termination codon mutation: CGA>TGA

80-64  pyrF: FL[A 301-302 fii GG—AA 5 77 (=R G—-N (GGC—AAC)
pyrF: g. 301-302 GG>AA The 77th amino acid G>N (GGC>AAC)

80-108 pyrF: JL[N%S 483 545 484 i Z [AlHHA C. 5 138 2 146 [ EIEMRIR AL, 147 U2k
5 526 (5 527 i Z [Al4fi A CG Frameshift mutation from the 138th to 146th amino acids, the 147th
pyrF: g. 483-484 ins C, g. 526-527 ins CG IS S Er e 2 223

24 HEE 25 REZHBRMOBRBIZELBHKNETL

W R 2 PR T SR A R R AR TR AR 80-2 .
80-3 71 80-108 (AL1BL)73ill 5 W] S Fl Ay A= Y LA
TRBARE 214 (A2B2)2438 3145 3 PR 28 Wbk SLN2.,
SLN3 Fl SLN8, X 3 FRIATERIG MARIGFF T8
REME A 2R (1 3 O SLN3 i Zif1) o

&3

RZZAFH SLN3 B EEER
Figure 3 Fruiting body formation of G. lucidum strain
SLN3

ZAC PR SLNS [H kS BE A Ab AR RE A AR 2]
AT, FIRRASC R SLN2 F1 SLN3 Hyiitde
FHHAF . B TR RRR AT PDAUF 3R IR
R, BEHLPRE SLN2 iR bk 89 kRLL K
SLN3 fiFFAE B fk 75 k. 78 PDAU #5373k 4800
5 WG BT DM TR, JFARA SRS
AR IR TR BR 83 0k, o SLN2 f0F B (R BRI ik
3LBE, SLN3fflFERAZIRR RN 52 ¥k, X 2L JRIEIE
B IR EE T AR TR AR REAE MMU Fil MMUF EA=
K, {HfE MM _EARBEAE K (A 4).

4 FRIBIEEFRFEE BAZIKE K SLN3-51 5P KR
Z 1 SEAREFE LHEKIER

Figure 4 The growth of the wuracil auxotrophic
monokaryon SLN3-51 of G. lucidum and G. lucidum strain
HuNong No.1 on different medium
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2.6 FREEIEEFRFAE BB FRIZA

SLN2 F1 SLN3 177 4:= Ay i m g 75 S i 7 B
TR A BENLEE 1 Bk 19 PR BT L
Xfo #5381 RAA, e 2l G AL i 22 1 T
K, A BRI 180 7 Sy PR s I 5 I3 e g 28 X%
W22, T2\ SLN2 AT Bl S T 1 PR W e 785 S il
AR [ S AR Rk 5 (v 8 UL6., ULS.
UL11, UL13 1 UL17), M SLN3 EAGRIGAACH
Bk 2 A~(fir#4 A UL26 il UL40).
27 REZRBZEEFHRFAEGSIKAT 5-FOA IIE

W AR B 7 R R 2 PREE S TR BB BB
KM (UL6. UL8. UL11. UL13, UL17. UL26
A1 UL4A0) 3 5EER T MM, MMU., MMUF B 3535
b, XIS LATE MMU 5375651 MMUF
RS FAEKTAGETE MM 353358 FAK, R
ZEIRLANA 5 Fis .
2.8 REREEEFRIAEEEKIEKEENE

HE L3R 7 MR R 2 PR SRR U AR TR AR
Rl PDA B 3% 3L A5 A A [6) Mk B DR 5 B 1)
PDAU }ifsdt, Rk, 6 d JirmilaEt kK
T

SERANE 6 Fias, 7 FRR 2 PRWERE GG Y TR
PRAE PDA 55755 AR K R P17 1.87 mmid,
AL TR AR AR 15 456 mm/d, RZJR
I W i o3 TR0 TR MR FE AN I T IR MERE ) PDAU K5 3%
B EMAERKEES PDA B EAH L EA AN R R
BER R . ULE 7ERMERETS NG 0.011 2 g/L B

5 RIBEEFREEIZIAEK UL26 SPRRZ
1 SEARRERE LHEKIFR

Figure 5 The growth of the uracil auxotrophic dikaryons
UL26 of G. lucidum and G. lucidum strain HuNong No.1 on
different medium

6.00 Media
0 PDA

= PDAU (0.005 6 g/L)
o PDAU (0.0112 /1)
| @ PDAU (0.022 4 g/L)

5.00 +

4.00 f

3.00 ¢

2.00 r

Growth rate (mm/d)

1.00

0.00 AL 4 :
b % G (SN
& & N R
VTS

Strains

6 REZERBEEFREEINZEAEKRESEFARR
BELEIRE B PDA 1558 FREKIRE

Figure 6 Growth rate of uracil auxotrophic dikaryotic
strains of G. lucidum on PDA and PDAU media

AR B, UL8 WS INA [R] v B PR W e I A 4
B JLP—5, ULLL, UL13 7R W i
0.022 4 g/L By AE KB IR, H 58P AR A KO
AEL. ULL7. ULAO TERMERERS AN A 0.005 6 g/L I
AR RS R, RIS [] T ke i A 0 R M E 1Y)
TN, e AR R A 1 SHREGF
SLN2. SLN3 7EASINIKIENE PDA RykEFRAE FAE K
HE57E PDA eIt B RKRARL, ] DL IR
WEAE Ay —Fh SN IS TR B A B T2 i R 2R s g
B AR PR I AR R R, I KA T
PR 7 1B 50 A SR AR 7 o I 0 PR i T R
TR TR XA TR R
3 WwikE4®w

B B T DA R AE B A i Y B AR
L ATPE SRR IC B A I S8 A 3 AR st A A LA
FHATE R . TEAMERG B, B IR G
GEAS R H W B A LU G A S 7120, 5
Ab, EIRRBERIWE A AR IC AT LA P TR T
W58, MIERABT IR R I-F- & . Tripathi 2520
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TEMEF iR T Clostridium thermocellum HPA pyrF
S DR S TR R BRI TR R . Bl AT
FA T B T R e I A A R R g S £ ) O o A
A A TR e R AT T SR I IR B0 R e, TER
W R R AL I A I RE IR (upp) (FER Z P 2hy pyrF
R DR ) ke 2 119 JEC 2 A4 M S it 30 Aok A R[] 0 i 2 5
BT R HA M IR . AT LATE 5-560 R %
MERE SR EAE G, WA RN R AN A AR A BE A K
SRR R PP SR B AR RE X-33 (19 URA3 JE[H
(TERZH pyrG FEIN), RAG 1 IRIEIEE FREGE
R, SR URA3 1E ik fEbric, W T
OCH1P JE DA% itk . Chen 25y T35 T4
HURL D) PRI E A ) G B L RUAS (FER 2
“h pyrG KR Ay 1l i e BRIC ) CRISPR-Cas9 2 K]
GRS, WA URA3 S48 T1E R NIREF 1Y
PDA 1 dk FtifE K, Chen %1\ URA3 it
DR 12 5 2 0 o 0 i A A BT A T A SR IR . SR
ERATFHARK TR S HEAN PDA BFEA
Ko AR RS 2 A 2848 F [FFE AT LA7E PDA
AR, HEE MM B3R5 Ptk 1
PDA R 72514 o F R 4% 2 vh 5 A R 1t PR %
WE, DI T35 PR g e B AL B R i B . 7ELL
IR PR £ S ) DX SRR I R Ay 7 o S s £ LA Bk i
W Tl 5 7R Ay H 2 TR S 30 i B R A 7 IR
W IE 1) S AR R FR A E R B A M T 1 R 3k
RENHAZARTCE Bk, EN 2 Z 3R
il o 38 3k BB 1 S8 A5 30 DR I 7 S Gl S UAZ A T
B, SRR T RAFMak R E, ATRE R
S FAEYIEIE T ERE, R ZBHE E R
PR RL . SXEBGEASRRAE N B PR IEE AR I i) A
RFREPIRRIER ALK, 78 PDA Ki3Rdt BimAER
SR RE AT A R B, TETR PR MERE Y PDAU K537
3 B A ORISR E R, X S A s
H BT FE A A — 3, R R e 35 S B B B TR
A 1 e A 22 AT AR BN X 43, 33X Sk A A B s e
B I TR TR A ) 2 TR RN R IR R 04 T R i S ) 4

BT BORIER, S ik— 2D IF R R R 2 PRI & 57
BREE R AR IR T ks R R
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