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a crucial role in the study of functional genes and genetic breeding of plants, animals, fungi, and
microorganisms. This review provides a comprehensive analysis of the application of this technology
in gene research and genetic breeding of edible fungi. The review covers various aspects, including
the delivery and expression strategies of Cas9 and sgRNA, genetic transformation methods, mutant
screening, and repair strategies for target sites following DNA double-strand breaks. Additionally, the
review summarizes the main challenges and optimization strategies associated with the application of
this technology in edible fungi. Lastly, the future application potential of this technology in edible

fungi research is discussed, drawing from the authors’ personal research background.
Keywords: CRISPR/Cas9; edible fungi; genome editing; Cas9-RNP
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Table 1  Application of CRISPR/Cas9 system in edible fungi
Species Promoter for sgRNA Promoter for Cas9 Target gene Selective marker Materials Methods References
Agaricus - - ppo - - - 9]
bisporus
U6 gpd ppo4 hyg' Mycelia ~ ATMT [10]
Coprinopsis U6 ded1/gpd gfp hyg' Protoplast PMT  [11]
cinerea Synthesis in vitro Synthesis invitro  crel split-marker Protoplast PMT [12]
Flammulina H1 gpd-fvs mads-8 hyg' Protoplast PMT [13]
filiformis None gpd none hyg’ Mycelia ~ ATMT [14]
H1 gpd hk1/hk2 hyg' Protoplast PMT  [15]
gpd gpd fugper Ufvgper2  hyg' Mycelia ~ ATMT [16]
Synthesis in vitro Synthesis invitro  pyrg 5-FOA Protoplast PMT [17]
ué6 gpd pyrg 5-FOA Protoplast PMT [18]
Ganoderma  T7invitro gpd ura3 cbx’ Protoplast PMT  [19]
lucidum transcription
U6 gpd glerzl/gler22 chx’ Protoplast PMT  [20]
T7 invitro gpd ura3/gl17624 bar' Protoplast PMT  [21]
transcription
U6 gpd ura3/cyp515018/  chx’ Protoplast PMT  [22]
cyp505d13
T7 invitro gpd ura3d/ku70 hyg' Protoplast PMT  [23]
transcription
U6 gpd glcrz2/cyp515018  hyg' Protoplast PMT  [24]
T7 in vitro Synthesis invitro  pyrg 5-FOA Protoplast PMT [25]
transcription
T7 invitro gpd ura3 chx'/5-FOA Protoplast PMT [26]
transcription
Pleurotus U6 ef3 pccl/clpl hyg' Protoplast PMT  [27]
ostreatus U6 ef3 pyrg/fcyl hyg' Protoplast PMT  [28]
Synthesis in vitro Synthesis invitro  pyrg hyg' Protoplast PMT [29]
U6 ef3 feyl hyg' Protoplast PMT  [30]
U6 ef3 feyLivpLivp2/vp3/ hyg Protoplast PMT  [31]
62347
U6 ef3 mer 3/msh4 hyg' Protoplast PMT  [32]
Synthesis in vitro Synthesis invitro  fcyl/pyrg 5-FOA Protoplast PMT [33]
ue6 ef3 vp2/vp3/mnp2/  hyg' Protoplast PMT  [34]
mnp3/mnp6/lac2
Schizophyllum Synthesis in vitro Heterologous hom2 nour’ Protoplast PMT [35]
commune expression
Ustilago U6 otef be/bw chx’ Protoplast PMT  [36]
maydis UG/tRNA hsp70 eff1-1,2,348  cbX Protoplast PMT  [37]
ue6 otef um03848/ hyg'/chx’ Protoplast PMT  [38]
um03849
U6 otef don3/rual/emtl/ chx’ Protoplast PMT  [39]
mat1/cdk5
GE3)
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EZ3)
Species Promoter for sgRNA Promoter for Cas9 Target gene Selective marker Materials Methods References
Pleurotus u6 gpd pyrg chx’ Protoplast PMT [40]
eryngii
Lentinula U6 gpd hd1 hyg' Protoplast PMT  [41]
edodes
- - pyrg cbx’ - - [42]
Hypsizygus U6 CaMV355gpd urab cbx’ Conidium ATMT [43]
marmoreus
Cordyceps T7 invitro gpd ura3 bar'/5-FOA Conidium/ ATMT/ [44]
militaris transcription protoplast PMT
tRNA/PtrpC gpd ura3 5-FOA Conidium/ ATMT/ [45]
protoplast PMT
tRNAVAfUG-tRNAG, gpd cmwe-1/cmvvd hyg' Protoplast PMT [46]
551/552/U6 gpd urab 5-FOA Protoplast PMT [47]
Synthesis in vitro Synthesis invitro  cmhkl hyg' Protoplast PMT [48]
Shiraia ue6 efla sbapks hyg' Protoplast PMT  [49]
bambusicola  U6/55rRNA gpd pyrg/kuso 5-FOA Protoplast PMT  [50]

PMT: PEG (polyethylene glycerol)-mediated transformation; ATMT: Agrobacterium tumefaciens-mediated transformation; —
indicates that the data were not reported; hyg: Hygromycin resistance; 5-FOA: 5-fluorooric acid; cbx’: Carboxin resistance; bar':

Phosphinothricin resistance; nour': Nourseothricin resistance.
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SHIE) Cas9 BT AR TRIE Cas9 Fl sgRNA JIit
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22 FERERN
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JZIT, PR Cas9 2K 22 DAL A (13 0 30
FUKSl, AR R K F B 23R8 T ORAIE S S A%
., {0 cas9 FENTETE EARNMFFELtk m R iE &
TFEUE FRRM Cas9 HEEITUA, MTHE i
4 XU o

PRl #E £ P U P R A CRISPR/Cas9 RS8R,
AU B sgRNA B8R 0 AR S P4 s 1Y)
sgRNA JP SRR A ; i — LB T B
Y o UK E HE S I 4% R (primer  extension-mediated
sequencing, PEM-seq)%§ it fk sgRNA X #Uv/ 15 9
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PIEgeR O w35 4% sgRNA JFA K
SR S AN I A I A A T R AR i
LSO il sgRNA AU B L) K WGt 2635 7F
e 7 Xt A RGRE S B S 0 B0 b b,
A DA% e R 72 %5 Cas9-RNP & S W) )ik
SEME SR AT AN N Cas9 HUIFLEFRIK; BH IS 1)
Cas9 XTI DNA £ PAM J¥ 51| i) 45 5 15 1) BE g 1
SR, FRAR T ARRR S UM o mT LS (i
SRS 8 TOKEN Cas9 1E4%E &1 F 52
Fik,
2.3 RTTHIEE M

1 T 5 1K) G 5 8 A 7 328 R Y ) = 2 i
Nz —RAEEAR Al G g o B o i S e E
HAE A R S AR 2 R iR %, R
BN T G MERE o L, 28 R ER L
i B B AR T AR, Zou ZEPME B
Ak R RS RN B 2R 45 T LA RUCHE & A%
A AR £ %, feilf, Yamasaki ZEB2ET
A S CRISPR/Cas9 H A M IN7E-4 WUA%
FPR PCOx#64 Haisl T it , JFuEm]
2SO T LA F A ) 28 75 1) £ FH B A%
AT P 0 5 R A, Ay A £ FH B b DAOBUR TR b
R SR R TAESR AL T RO RIS LAl

2R 74 AR 1 58 R X 11 57— Bl DL 28 2% T A
WEARICA I o 8 FH P P e i I R i b e 4 2l
PR IE NS SRR TIARIC o SR1T, X LEFRICHERAT
FE SR BRAE RIS AE ), B8 AR BT 25 b v] LA 2
PR, DR b 7 1 L R DR G AR A, (R A
iEbRiCREEART , 2 LG RG AT
FRI R, 78 SR B AL AR L R %
F14) 75 S e S5 R I oy T e, SR AR A A BB FE Bk
RRFEAE LIER AR, Hgoh o AR AT 27
BOPRAS AR A R 2 AR A, FESE BRI i AN B
PRAUE IR R S5 Wy AR R R —3, ik, BRT
BT HA I BRI R T 6 P R AR R I 1 ,
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B R | AT RS M R B TR I

Q001 3 ) R R A )y R T i 2 AR AR LA
SR A A AR I R R N T BAR

S

24 H£Y)RE[E

Az ) 2 4 T JL S A B TR 77 b 3 [ i Ak
BTG Pk R =2 — o 3 DR g 4 AR Al A=
7RI AR 7 P R A A T )V P O R
H HTE A A HOE B g 4B AR n SU SilhsE TMUHA
PU A A8 AR 1 S AR B Sz (0 4G, FR B e 4
AR T AR TR E MR g euE R,
CINDS TIPS SN E T 22 % N S Y S BT S5
NS & o SR, Fa R GV T =
P s 1548 5 DL SR B % CRISPR 2 [H] 4
SRR S5 K —HOR R IR 75— R
AN 53/ X0 A B AR R — 3, D i
LR L R TCAIMIG e PR A B 56 DR 2 6 7= )
SRS AL, T2 Syl P it
Rt , ZEA0M A= 77 H i CRISPR REEM—1~ 3
BEPR AR R ARAT IO SE R H A o ml s AL R
1) 5 DK G R )

Tnfar 3145 Jo ik LA B K CRISPR/Cas9
RS T & T & Fh s A 2550 7 A [ 8 36 o
AR R E S AL P AN DNA R 2845 3
Jetafk b, R GE s 1% o3 85 7 ik R T L%
AT TR W 58 A, (AFERTFE ST, HE MW
A B 2 ML SR T A B X ik
FpANIG 51 (5% B8 [n) 2, o] LA S5 ad 5 | A A
AMAL H 2= 77 50 1 TR AT R0k G LR 5]
i ER R IEE AR BRI
B0 3 i R A B AR 5 A Y BRR J5R e B
RNA 7€ 58 5 U1 55 2 45 40 I N U5 19 A% TR 1 )
R, AILLSCIL4FE DNA-free FYSEL R ZH gt , 1F
R 2455 A ) G 455 1 FH TR 0 50 1 i DA o 1K
FIF R ¥ N RGE, AT LVE S R,

http://journals.im.ac.cn/cjben

FETF RSN % Cas9-RNP & AW B AL AT ZEATL
& CRISPR/Cas ik &, W/ 1P A 87 %
ORGSR, HE & NS fe 2k
LN R B, A RO T B g UGS, 2 H i
I 1) £ FH T o A v a0 A ke o 28 5K DR A
VEAR WG . AR, B FT LS5 F kR B A
P4 40 5 DR R 32 oF e AR A/ 1R 491 7% B 1 (]
A, ARG L POERCH B . 9K AR
AR UL R e FE T A 3895 B 2R (transgene  killer
CRISPR, TKC)!™, 4K, 254 BT & i v
WE il JL Ji 45 75 (cytosine base editor, CBE)FI N
W I 4 i %5 (adenine base editor, ABE)%5 X i
A B T A G A R AT O AL BT AR Y
THAJEARRAT ML A S RTIT 7 1] .

3 #wE5RE

CRISPR/Cas9 F [H g 5 45 A J2: A A k27 40
GRS KR e B 22— o R R T A A
ELT  IZHOARAE R I ELTE b 1 I A Fn i AT Ak
FRENWE, BAMREBREFMILRE, HE
2016 PR LI, CRISPR/Cas9 R4 A HE
Z B FIPIFIREAE . FooE LR gl 25 T
filte 456 BA B R AHCHE , ¥ CRISPR/Cas9
N T BASE R IS5 DUT RS . (1) 5t
T PMT A 2 B AL, JFds & L)
Ak 2435 Triton X-100 #EA7004L, AT LIS H &
. FEMIRIEHALIR R  (2) B FREEET
FEON AR, FEEE R KA Bh A0 . BE
FESE sgRNA JF51 5 (3) ek IR U6 Ja 3h
FUKZ) sgRNA , N gpd J&3 3l F UK 5l Cas9 £ ik ;
(4) WY BARRINT Cas9 HEATHAL TARALIF IR
I ENAE S 5 (5) RAMRIIZE sgRNA Fil Cas9
52 A VR SR I AT AR AR AR (6) REBR
NHEJ &5 HLii i) S HERE L P ku70 F1 ku80 ] LA
B R TR R B A AR
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{44 ) ZFNs 1 TALENs A M I,
CRISPR/Cas9 REGMHW & A —Fh RN &
FH P PRI A AB 1 T R O T H AR A Y
W FIF &AL U2 . 5 CRISPR/Cas9 #
GeAe HoAh B R G b 0y W T 1 — B2, wib
TR R LI 25 R W Fr e B0y H bR & A T
R 75 R OO B R N5 2 I U, R A S
DRl Gt 8 8 A AR (A T e A i o [R5 R R AR L
b B FH P R T BRORS: B  F E JE  EEAE B AR
R SEBURH B AR IR R ST o A, B R
A4, CRISPR/Cas9 RS /i i AT
i Cas9 & H AT A HHE £ Cas [AH & H %
Z 5 T ARAGHE— 25 s AR Ak, DA S 42 il 1ot
FOARONE . ek L AR TH BR PAM P X Cas 251
) BRIV FH DA B 45 e R i TR R 4 | 3 Pl 3
WA EFZBEARE TR AR R 7 R
PR W4 2 22 U N o AN AT A LA
[, ZEARTES) | A DL I 22 R B S Y SE A
T REBIF 7 AR st 4% 4 1 T e B H R 1 5 4
FPa] B R RN RV 7, 46 B g | U
2t e LA RN A il Bk 56 G 16 R A A B RO 1Y)
I FHARGE , T 25 HAR R AE B R AH DG Sl A2
FERE I A2 | 2 1) R e R D R B il i A o
RIS S N AN . 48R, N AT 2L
JEHHT CRISPR/Cas9 7 A 7E £ B H 14 1 A
FETEIE WAL AR, | S fE A8 3R L 5 722 4k PR W
NI, T B AR A S A DT SE LA
BB R LR, AN, 8
AR B R L GRS E, A
BV E TR T, B SRIEHRSER S K
LA FAY, BB/ N L, M
AL LB T F g 7 — B Rl 2 Y W AR
FORA R T AE T, U IR G
B4 T () B R 20 # 2l £ T T e IR G 6 7 ot 1
Ak, IF5E AR ORI R B Y
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