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CRISPR/Cas9 R L e tEMEFHRB P AR
Kt 5 B ET RO o it R

FEYL, BB, ke, RiETT, TR
IR R R 2R 2B, % 271018

FE  CRISPR/Cas9t A 41 g 413 A AL — WO 3k R AL HEAT RS HEMS R HOR, 7T SRR SEARJE A (B EE AR N . 52Kk BUDNA
JiBUE . G AAIIX CRISPRICasQ R GLH 1 AW iniR, FAERMIT. ARV Ty 45 4008k ) N AR KB 2 o 1% 3L ] 22
/4 7 CRISPR/Cas9%: K 2H 4 i B AR (1R e LA J TAEJFBE, 45 1 JUAE R B BEAT SR AL 5 5k iR i 7E 3k e, B0 38 L 1
AR IERTE . SR A G AV B O e BTG oA 2 8 DA L 22 S DA RIS i L 66 DR 4 0 A 2 A P R BT DA S R
BB e 5 R DR [ e Sl 4%, DUIDRIR N TT X — SUS i e e 2%

Xx$#i5 CRISPR/Cas9, f:FHgm%k, B R, HYILHH
HARYL, EREEI, BKES, RIS, EEE (2019). CRISPR/Cas9 % 41 Hi )k BF 40 g i b 435 R st 5 61 O Fe it J8 .

Y24k 54, 385-395.

FEIARAEY B i, R 4 9 48 43R (genome
editing) & — Fl ik A T8 TH A 50 A% 1R i 15 210 2
Y JE 4T 2 B A I £ R (Chamberlain et al.,
2004). ZFAR T DU TN D3 AR B PR B[] P ASE 40
FE I H AR AR, F A Re s 58 i 3 ARG £ o e
3 PR AR . MRV E RN D)
(meganucleases) (Puchta et al., 1993; Redondo et
al., 2008) 3 %5 1A N A% R W V) Bl —— 4 48 % 12 g
(zinc finger nucleases, ZFNs) (Durai et al., 2005),
PR 240N AR A D) il —— 2R 9 S B0 3OS R 1
¥ B2 % (transcription activator-like effector nucle-
ases, TALENSs) (Miller et al., 2011; Li et al., 2012),
DA Sl JUAE X% i) 55 3N T W Ul il —
CRISPR/Cas9 % 4:(Cong et al., 2013; Jinek et al.,
2013), & [K 41 g B0 R O 20080 7 RN 6 R 5 Je
BRI T ek 7 v AN AT ek 1 15 R - Be (Shan and Gao,
2015). Jii CRISPR/CasQfiA, M H R .
JEAMRAN R A ] 5250 95 (Gaj et al., 2013; Musso-
lino and Cathomen, 2013), H fl4s ¥)E EIHH AR
W RE IR AT SR . 2013428 1, 35S = [ KK

Wk H #9: 2018-07-02; 252 H #1: 2018-08-09

T CRISPR/Cas9 i A 7 1 # 3 [X 21 9 45 H 11 )92
(Shan et al., 2013; Nekrasov et al., 2013; Li et al.,
2013), Hit$iJT 7 CRISPR/Cas9fsi A7 ka4 5 ]
5. AR ENHCRISPRA S K KI5 JEE,
U IR T AR A AR A A 5 CRISPR/Cas & 4t idk
1T B A 55 s DA R 356 DR 2 4 8 5 A A A 47 Ak i
I FIBk 5% o

1 CRISPR/Cas9& FE‘EmiBIA

1.1 CRISPR/Cas &L HyiEiR

CRISPR/Cas % % i - /& H1 H A K BK 2% 1) — AN B
FC 141 BAAE 1987 45 X6f K fiy AT v Bk 28 198 1 1l 3k DAL 347 1
FEI R B (Ishino et al., 1987), HJ& i ix — Bidr
PR E S AIE AR 51 v . BRI ORI
TE 20 B A0 T 20 T PR DR 2 b )i A A X R AT (] B
JFBI ) 2 A EE AR L5 . 20024F, FHE R w24
B X FhE K 7 51 1F Ay 4 ACRISPR (clustered re-
gularly interspaced short palindromic repeats)/7 %l
(Jansen et al., 2002). ESR AN1RGIZ 751 AT fig 5 40
B 1) H 5 % DiReH 5%, {HE $]20074, Barrangou
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55(2007) 74 18 1 5256 15 R W I IR B W HBE BR R
FICRISPR/Cas & Gt LI 1 A T2« 20084, #iff
N B3 AE 3 % ) %) Bk i (Staphylococcus  epidermi-
dis) (Marraffini and Sontheimer, 2008)F1 kAT
(Escherichia coli) (Brouns et al., 2008) )% Ik
#ff)crRNAs (CRISPR RNAs)A[ L5 Cas9%E Mk
T, Hoid STURIE 1% 5 G R BT DA HE R A
Bl . X5 AHCRISPR A 5 58 K f itk & i
BEoE 7k, BlERHILIES I T CRISPRASHE
FANLER AP FR I 2D o

1.2 CRISPR/Cas9E FAHBHAN RIE

Hr, BT HFEH %R EMCRISPRAS EE LK H

Bl ik %% K 1 (Streptococcus pyogenes) i) CRISPR/
Cas9RG N H &I, Bt A NEY. Z RS H
Cas9 & 1+ crRNA #il tracrRNA (trans-activating
CRISPR RNA) 3/ 4HRk. HH, crRNAJZ Hipre-
crRNA (precursor crRNA)ZtracrRNAFIRNase 111/
TJER3], EE7 55 FCRISPR/Cas & A xl i 57
f7 £ KR 5 (Deltcheva et al., 2011). &:4~crRNA R
JUt A, 5 AT 240 2 B 4 4% 48 5 K ZFNs
TALENsAHLL, #AAARGE/N, EMEHE, HiX
MR GH A FIPAM (protospacer adjacent motif) /5
FINGG) iz A7 1E T & W) A 1 3 (K 41 > %1) v (Gasiu-
nas et al., 2012). Jinek%(2012)#7~ 1 I CRISPR

- Cas9

3 /5 /~saRNA
20 nt JUICERSSS

S TOTTTTTTT

P—

3'111'rrrrm1rrrrmmm*mmnmr5'
5 LU, LML
DNA XU K% (DSB)
DNA £YENEER
DNA } Bréiti
TITTITTTTTTTIITTY
LU
AEFEA NGB (NHEJ) FIEE4EE (HDR)
T T TTITITTTTIT TITTTTTTTTTTTITITTTITTT T T TTTITI T
LU wA R
TITITTITTITTT. =

R TSI A=
DOV L B

E1 CRISPR/Cas9#%: X 4 4% 5 i (Jiang and Doudna, 2017)

FERA B R B

K B B BEER 15 (Streptococcus pyogenes)it)Cas9i [H(SpCas9) 5520 ntil A7 FI 1A FRNA (sgRNA)ZE &, SR )5 & P EIfr
T I ] B 7 S ML AT 5 e (PAM) X 35 L7 11 50 31 3 U BE T 24 (DSB), e 28 BhAE Mk ) B 1 5 53 S 30 56 R 20 4w

Figure 1 The schematic diagram of CRISPR/Cas9 genome editing (Jiang and Doudna, 2017)

The Cas9 protein from Streptococcus pyogenes (SpCas9) and associated guide RNA (sgRNA), containing a 20 nt recognition
sequence, will cleave a target sequence located upstream of the protospacer adjacent motif (PAM) region, resulting in dou-
ble-strand break (DSB). Ultimately use the repair in the organism to achieve genome editing.
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% 4 V) HIDNAXLUEE 19 73 -1 Bl 1 I 5¢ 5 4 CRISPR/
Cas9 2 4 i & AR AL, AT T G 14 b HE S5 A 43 T
f Fl i crRNAFI tracrRNAEE 5 7 11 4 sgRNA (sin-
gle guide RNA), JINHLTERSN 2 D) E 28 P 5 5%
R A BOFFRIR FURIDNA. A AIT3E % Cas9As [H] 44
R RT A DA S PAM T 71 (1) B 2 465 22 A 1] /i gE AT
WEFT, X EEHF 7T i CRISPR/Cas9 35t [K 41 4 5 7 4t
AR V2 B T A WA I B EE L Al (Cong et al.,
2013). 2, CRISPR/Cas9%: K4 %iE ik & S5
. fai4k )5 ICRISPR/Cas9 % 4t H i i s 73 2H ki
sgRNAFICas9E H . &%, IR LMsgRNAI IS
F & [f1Cas91 T-(Cas9 handle) 5 Cas9E A IE il &
Gk, RJE, SEEITIRE I IFILEIPAMT S, Fff5
SORNA (1) 25 AN EC X [X 5 1) 368 3ok Ak 5 T T %o
IR H AR R L 55 B e, Cas9sE HAIH H &
R R% R N U0 I 3% P B8 e 51 #4701, TE i DNAXL
55 Wi %4 (double-strand break, DSB)(/&1).

HIZAEVAMBPAA2MEEZDSBIY 7 A — M2
JERIVE AR b % #2 (nonhomologous end-joining, NHEJ),
A — 2 [F] Y E 4115 & (homology-directed repair,
HDR). 7E£ BT, [FVEEHE S H I NEZE )
fiX, Btk gn - DSBIE & J7 2 FE £ ANHEJ (Sy-
mington and Gautier, 2011). fENHEJ{&R T2+,
T SR 1) A i o> ELIR B AL IE SR, 12 5 )5 I DNAXUE
45 Ty I ol Bl 5 Py e 2R B N, (S0 B9 R AT PR A TR
FPB R ARG AL, AT E0HE R D g () 250, TR A
% — g ] UM 4 1 CRISPR/Cas9 £ 4t 4 i )5 1) 5 [X]
Wb, AESRAEEIE ST, HDRi&AE 2 BLIE
V5T B EAT & B, Tk Cas9 P I 1) H
FrDNAF FIZEAT R g 8, Wy € A% 5 1R 91 1) 78
RS B N AR

2 CRISPR/Cas9EFE A B ARIEE
e R O S 81 #h

Hul, 7EEE2%(Liang et al., 2015). 4\l (Xing et al.,
2016)F14E Wi 25 (Peng et al., 2015)%5:45k (1 F 7t
1, CRISPR/Cas9#E K 4H 4 4B £e R #R K 4% 1 A vl &
REIVER . HHECSHI A4 Y, CRISPR/Cas9tEREY)
IR SR AR IS, AR JLAEE R R IR S5 )
', CRISPR/Cas9 # 4t {Eta 1) il HH 43 2| 7 A W iy

Bt Sk, BERBRE AT, EEERAELITIL
AT .

2.1 CRISPR/Cas9f R 4migHH

2.1.1  CRISPRAS i34 & E AR AE RN
BTN B AL LR A (BRI GC 5 &) Cas9
(1) 2 328 7K P DA R B IX 33 110 26 W0 382 A 6 0 2 o) 26 IR 40
YR RCR R . Mae(2015)1F 78 & IH = GCRs 5t
(50%—70%) % &= 1E /K& (Oryza sativa) B brIE K 21
(1) S 0 R0 A 0T By, [N S8 & I sgRNAH H bR ic
X 7 51 ZE I G5 14 B TR AT AT 2 ARG ik R 4 G 0 28505
Xu%§(2014) 0 Tt R AAL R4 5 1f1 Cas9 2 K g
W, o nME A K FE & RS TR AL AT\ S (Homo
sapiens)ZH il % 15 A ) ) Cas9FE [l (p Spcas9Fll
Spcas9) #2 7] Zw 2 A HH A ) A7 5, SR KW p
Spcas9ttSpcas9RAL R # i E e . AR E XL -1
b, Al R AE N HEAT 0L S B S T A R
AT DLBEAT 0 R 2 2 4B, Cas9&E: K %5 i+ ) e
AT REFEA R LT . Ak, 18I AL =2
SgRNAMICas9iE 47 3 [ 2H 4 45t m] LA vy 2 8] 2H 4
AR . Hendel%5(2015 )i i 4% 1 L B I % 6 sgRNA
A E VE FHBEAT IR EE M, 45 R EoR, 7E3'HI5 K i
X 3N AR vy 1% BR I A 20 1 3L 5P O A R
() s B AL 25N AT T T B

20184F, HHF it 5K 5 £V R T
#5574 DA {8 B 5K (Zea mays) DMCAZEK JE 31,
¥ #DPC (DMC1 promoter-controlled) CRISPR-C-
asOHA RS, HHHBT RGN, o5FKMPiiE
R A7 A 2 ) B DR o 4 R 1k 100%, T AE TofUAE PR
Ht I T 60%—70% 14l & BN AL AR R, &4
FEDRH My 43 Hr, FEFINEI1 0002 AN 78 B SE A7 A
WA RO EL 55 (Feng et al., 2018).

21.2 HREERMNERREHENEND

Le Blanc%(2017)/ 5t 45 KR W, SAEFRERE
(22°C) PESAK MMM L, 7£37°CA 1 M1
7T (Arabidopsis thaliana) 7 H B i A 3 P 4 4
R . KT GFPHR & FE K € B i R0, RS I
TE37°CAH 5 4 4t it 25 IR 3R 08 = v DASR R B, AR5
Y1 DR e TA B T LLAR B 10045 DA Lo iz DA IR R B
T P R AR F S A RT3 R I, 7E37°C RV
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4% (Citrus reticulata) - CRISPR/Cas9 i #1 ] 28 48
ORI N, ARAMSEIGIERA, >R B LIk EERR
B HICas9 (SpCas9)7E37°CLL7E22°C T if 4 ¥ &1,
5 5 A UEEDNAIKT R, iR BT 2 X CRISPR/
Cas9m& I AE ML B A BRI .

2.2 CRISPR/Cas9#i RAI4miEEE

KN B f1SpCas9st, HBAN AR Cas9th B
BB G Re 77 . WEFTN 50 A\ 4 3 €36 % BR B (Staph-
ylococcus aureus) H % | 1 7 ¢ /)N [¥) Cas9 #% I B
(SaCas9) (Ran et al., 2015), ‘& [t SpCas9/25%,
PAMiR A7 51 ANNGRRT . M 4h, oK [ 18 HrL e Bk 1
(Streptococcus  thermophilus) () Cas9 #% R i
(St1Cas9)nl LLH HINNAGAAKPAMJF- %1 (Deveau et
al., 2008; Horvath, 2008). Steinert%:(2015)# 4%
g T4k 1 SaCas9H1St1 Cas9 M Fi Cas9 & FH ki T W
AT I, JF5895 T8 m B R H B g . X
46 SpCas9 [Al Y5 & [ (1 K I~ K 7 FE K 41 4 48 11 318
B, NEEFRN At 7 2 1k .

Meng%s(2018) % B CRISPR/Cas9 £ i it it 75 /K
e rh i ORI N G BENAGAT £, M E AL S ING G
i, NAGRI I JE 77 BEAL s () 258 e 1 SEAIK, R T
IC R B B R o IX TR 5T R AN & T CRISPR/
Cas9 # 4t 71 /K F 2k R 20 (1) vl Y ], FLAB 3R
B AE 1EAT JE (R 4H 9 ) 75 0 2 2% R BINAG AT L 52 7
A D A G SR AN o I KRB AR AT AT E v 81 R A
(Hu et al., 2016)i# i 5 i RAZ ) J5 1% SpCas9tk 1
BT BGE, K18 T 25 SpCas94E 1A (VQR M VRER),
i Ik — R () FE R S IR UE B, 7E KRS R VQR AT
LA BOR IINGA T PAMT 41, 1 VRER U AT BL R Sl
NGCGHIPAMF 4. iX2F A4 #3CRISPR/Cas9
FRERAE KRG T 1) AT o 8 V0 L 4 2 B SR A 245 DA
BE 5, AT SCE 15 i sgRNAK &5 1) DA B2 f FH 5t Y
BRI, &R T VQRA AR 1) 4 8 3% (Hu et
al., 2017a). W&k 2#David Liu 5t ] AR FH s g 4
i Bh #5523 4k (PACE) J7 14 3 15 SpCas9 & it R AL 4
xCas9, xCas9n] iR A [JPAMAL 5 NG . GAAFIGAT,
I HLRCTh B F e S Bt 5 IR R B A0 il S 4
LR, xCasOAY N AV Bl BE K, 1y H A e 1 2
= T SpCas9 (Xing et al., 2014).

2.3 ZERERNRESEEHERERE
TE Ja FE R AL AR, Thfe 5 DA ZEL A 70 1 2500 33T F o —
KB 1A 2 FE A Th e 7t . CRISPR/Cas9f A L1
FOMRT L o REE A UMl 2 6 R[] et B AR A5 P AT o
Xing%5(2014)f 2 71 &E & AT Y 2 2 K ga 1)
CRISPR/Cas9#ifk % 4, fEM I TARHSEIL 1
= FE R . XieZs (2015)F) F P ¥ 12 RNA
(transfer RNA, tRNA) I T 2 42 7 CRISPR/Cas9
BEAT 2 BN g (1) e /T, A ATTHs 2 MRNA-ssgRNA
SER BRI, IR A 2R R LR E
N ssgRNA. FI| FH X — S W& 1L KRG S T 218847
RUF S 5 AR oA AN AL SR =5 100% . BT
tRNA K H N T R Ge 48 Fr A A b 3R 3 O sF, Rtk
X — HRIS A AR SR I 2 B K w2 A
Yu%5(2018) U & LA il Ik 2 B DRI, 3 A A2
S AN FE R ¥ i 14 sgRNA, X Fis it 75 vk BRI &
TR, (HEZ N1 % sgRNA, B8 KUK 5 fie
Bsn. T ARYIX — R, AT T2 DL G S AR
IF A% B AR K T 3 AtRPL10 2 5 1= 19 34 [ Y5 3k [A]
AtRPL10A (AT1G14320). AtRPL10B (AT1G26910)
JAtRPL10C (AT1G66580) NI i, @it 7414 ¥t
R 21 [ ) 375 72 i 4 34N JE [H 1) 1 26 sgRNA,  FI| FH Cas9
[F I g 3L R . 22 o BRI 7 A0 i i it, onAE
Line9ka#k, AtRPL10A. AtRPL10BLL K AtRPL10C
HI R AR RCE 5 5 N8.8% - 3.8%/%23.6%

20164F, 7L 7L 30 W0 40 g Rk Ty ) 8 s 256 [ s
LT PRI R (C-T) . Bl S, S AR TEK
4. /NE(Triticum aestivum). EK. LEGIFAIE i
(Solanum lycopersicum)=5:Z FtEYIF R 2N, 44
i BT R FH () APOBEC 1 it 15 e i 22 fiff 3 20 HE % TC 1Y)
TbFrE, X751 AGCHI AR BK. Tk, Ren
S5 (2018)K H N [ AID H s i Jit 22 5 % 5 APOBEC1
W73, FEKFE gk T TCm T i @, %fGCHTC
A B R R

K AT 1T e e T 2 IS (ecTadA) B % X 1E &
DNA F I IR e AT 2, 4 IR PEEIA AR 75 Sy IR 3 e
W1, 45117 DNATE B Sl i B R A B EH, &
FA-THEG 5 e  G-CHLXT (Gaudelli et al., 2017).
201844 H, H [E AL R} B AE 4 R 3 i 9T B Yan 5§
(2018) 5| ATadA J& H: 21 5% 4% fA TadA*7.10 #1 Tad-
A*7.8, H ¥ HE ik )E, 45 CRISPR/Cas9
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ARYRG, P& TrBE14. rBE15. rBE17/IrBE18%
BG5S, T OsMPK6. OsMPK13. OsSERK2
S OsWRKY45 VU A~ 7K & P4 U 5 DR B8 A R i3E 47 2 4
FRVIERAS TR K G R AR AR, 32 51562% . [F]
B, ZE RGN T AL INEEGFPR I &R 4,
A DO TR R AT BRI KFEH LY, 6 )5 AR
A Ry S TR o ARSI - 43 ] . Molecular PlantF]
WA K 227 vp [ Rl B b e i 4 3 855 25 W 2 it e b
O 2R A REAIE 5T 41 A O T B 2 4 B (0 Y 7, 2SR
i, @it 4 SpCas9 (D10A)FlecTadA*7. 10512
SEHL TN IPAT S BE R W g e, o B R 15115 45.2%
(Kai et al., 2018).

[ R 2 B AR 5 R E A S LT i R B AT
7 41 F) Fl Cas9 %% 1k (nCas9-D10A) il & ecTadA Fll
ecTadA* k(L et al., 2018), & 7 3FUAL T =%k
¥ IAEYABE (Adenine Base Editor) fifi it 4 45
ARG, TERHYFSEI T & A- T N G-C R 2
Brife, A R 2H T Re AT AN E Mg A% o5 R BT
Pl AL T BRI

2.4 CRISPR/Cas9fi R =&

NAITXF CRISPR/Cas 94 A 2 4= 4 (1 48 0 3 il 58 2
AN, — R R AR RS RN, e FE A
H G i FE AR AR EE R RN

241 [BERBREHE
FUHT, BT FR 4= DR 20 4 48 B3R #8476 It B8 1) (5%
%5, 2018). 1E 58 A FE LRI (I L T, o] LA
FATEZR T H T B BEAL R, AT A4 4538 5t B AR 2 A T A
ICHISgRNAZEAT 5256 . KT, V22 AEA 1) ik DR 48
Areaily, HAEVZAEY, HRYR A E &
T 7] AR L R e ik LA 22 45 1% (Mikami et al., 2016). #H
EL W L3 W) & 4t b K & 115 B (Corrigan-Curay et
al., 2015), H iR Y+ CRISPR/Cas9 K 2H 4
I A 25N B IR b, ) B G RT RES MR HE
FURESEVE RV AE R R M ANTE A
WAEYE B AERE, B DNAFEF 5 2
B AL o S B I 9 R BB, (R FUE(2014) R I FE N
17-19 ntif)sgRNAL R H HE R 2520 ntft)sgRNAF &
FORE A SE P, A R AR TG, SRT, KsgRNAGE—
YR 15 nthl] FEOLEVEE R o AT RN (E

FECAL A4 52 1 sgRNA LS DNA 45 4 e /T BRAK, A
T DR AR 8 v P 0 8 20K R DA A P ot A A5

Endo%§(2015)# 7t & I 75 HE 4 Hh i2F AT 5 (8] 9
W, I8 FEE RS 2 A R SE A, R R A AME
AAHE FIDNAF B BB, DR EAEE R A, T2
fi i1 FH CRISPR/Cas9 ) 1 F i #1255k 175 5 £
T 9050 32 DA i o AL S 200 A 30 B Rt S iy
B2 (CDKB2)#: it T —Bt20 bpf 7 51k JusgRNA,
iX20 bp 5 H & /K CDKILE (CDKAT. CDKA2HI
CDKBT) LA AR H M EIC, FHAEKREH 5 T
TR AT AT M . Kweon%5(2017)F & i — Fh il &
1] 7 RNA (fgRNA), i@ id 5 Cas9MCpf1i H 4L [A
RAE Ty RE K B A B0 A 282, I BN 22 PR AR R =
P R0 2 B AR

242 HMRSNEEERBA
AR, HEREREMIN 2 At — H AR T4 S BB X
FIRZR, J R H YR BRI B AEY) 43+ 8 P fit
T HTFTRA BB HLIE o 4% Go i BRI AR SN AL s Bl AL,
WSR2 AFIGE R, G o8 5 DR AR B A5 TR
DUER; 1 25 D5 2H G 60 P 4 N A7 5 4 7 e 5 A B
Bz, i 3R BIF AR, W LR B 0 B
13 BUAS A IR HE DR Ay (R R v

Woo0%5(2015) K 41k ) Cas9 2 FH 5 sgRNATH 4
PR AR E AR, 2 ERAARMEDRE S
VDG GBI F T . 5 (Nicotiana tabacum). 55
Ei(Lactuca sativa)Fl/KFa i i A= Ak, 76 A2 Al
Vb S T 46% )RR IR FE AR, HLEE ) o7 5K SR AL Gl [+
HAR A —FE, ArLLEd A stk as T —1R. %
JIEAEA K A JE DNA TN SH B R 50 4 8 A8 47 =
[RIZH, %0 1 {5 H AT e 22 S EIMEDNAA N AR AT
WA Tk, et E R,

Liang%% (2018)il it 3 [ #:4 CRISPR/Cas9 IVT
(in vitro transcripts)fIRNP (FZ4E 1% & A 2 A1) FA
N R BGABIIE, LT B 2 E SUE Y DNA-free
SRR R o %0775 R TR 29118 R A ETof A5k
A SMIEDNAREE FfE /N RA . T IVTAI
RNP & DA ik 77 O VR, #i0RT a2y o o0 I
DNARE A 2115 5 K2 oh HRKPBEAR T BLSE RN o

IKAE I CYP81A64 B PAS04N iR th R E 1, %
B SR TS KRB0 o B R AR A R AU . R i
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J& IR in B CRISPR/Cas9 £ 1E B 1F & FiA 5t
SN IR A R ILBUK . WITT K67 PR S0 78 1 Bk ¥
Fr N CYP81A61HRNAIT# F Bt 5 CRISPR/Cas94i
HIuIF R PR A G B96 4 MO AL A, 294
FHAE X AIA R R I BUK (CRISPR/Cas9 1F i #ik). J&
Sl AETARBEIAIA S, 35 AT 7 6 453 B B A A
K RERE(Lu et al., 2017).

A Hp ROl K 2 0 2 R 9 B R B R A
5 5 CRISPRE R filt &, JF % Hi = 2 25 B & 5 Cas9
FAL AR R, @ B R A S e R TR
HMRHS A &4 Cas9 (He et al., 2018). iXL4DNA-free
5 DR AH g R R ST B T D e AR A
RIH g oA, ik R 2 2w B = AL E AR

20174F, FE[E AL H (USDA) B A ks A2 %6 5%
BE K 4H 4 4 T H CRISPR/Cas9ilt 478 % T.72 tri& 1)
UL 45 (Agaricus bisporus)SEii 5 . X FhE 4 &
52 A7 VR JE N S R Z [ #78 & (Yinong Yang) iRt
H B0E 1 — R i AL FBE 25 (Waltz, 2016), 2 4Bk
55— 3R AT R M Ak VAT 1 DR G

25 ERRBREBASER

H i, CRISPR/Cas9 % 4t {£ fe 4 45 dsk H (1) )87 FH K%
o HR I NHEIE 5 77 3001 AR TC, AT 3 i 25 D 4
)b, MIERE A Y kb i N BUE e — BT 4l
— H LR W PR R — M, 0 A B
HDR1EE 77 R A fefi ¥ . Schiml%E(2015)E XIRIE T
il id CRISPR/Cas9 # 4i #| I HDR A 3 {18 B ML il £E
LR TFADH 1R A7 i 1 SEE R BRPIME B SN
Sun%:(2016)i@ it HDR& & J5 2\ A& i 7 7K F 9 Y5 14
ALSHED, T AE B AT HUBR R, I 3024 o
RLFT E B XUEE DNATE 25 [F I A7 E I, 42 ftHDR it 44
RES A S MY R E B R AR, FE, mES
B\ 5 2= 52 7 B B & 1, FI FH Cas9 A1 4 sgRNA M
DNAftAR FBIY) T — BT 51, 2 )5 Fdd N B 7K i dk
BRI ZH A b, DT S B35 TR PO ) i\ (L et all,,
2016). #EdkiE, LANERE4HFEWDV (wheat dwarf
virus)E ik, @i 52 = LA DNAT ¥ D14, 7] Lo
KIGSR TR, FHAERRE IR ), @R
I A1i519.4% (Wang et al., 2017).

AR LA ARIE T — PR R I R T AR
Ak 3K 1% 5 CRISPR/Cas9 £ 4t (#8381 B s 3%

FEAERN LK B R (Miki et al., 2018). ‘© L 7T
A A T 4l B 78 AR T DA 0L B 7 25 PRI ZER 1 5 1o 3 I
I PR R BIOR P B 4 N B 4, 2036 1k 5%
10%, WKHHES) T S Jk K g 4B 2 R 1 R e

2.6 HWEERIFEREE

FEAFE DI REER B (R sl B s BOS I E B o)
5dCas9 (Dead Cas9, J.DNAUJE|IE M Cas9)ft
HRIE, M HsgRNAMRS LS| S Ih8E, T LLSEIL
SR A1 1) B e S V0TGSO [ B 8 4% 4 F . Baazim
(2014)% F CRISPR/dCas9 % 4t 7 JiH % 1) % i 5% 4k,
SEEG TR IS T H bR B DR Rk 1 0E S .
1EdCas9 ) Clii it & s 3 0% X T EDLLERTAD (TAL
effectorififi 45 14k, it E EPCRELL, 450K
W] GUSH [X] 5l PDS#E A ] LA 0% ; fEdCas94 H
(1) C o fih & SRDXHE s A | 25 ey 4k, 45 2R & Wl dCas9-
-SRDXHJ A ) 4 H HE PD S A 1) 3% . Cheng
o6y M EH — M AR ERE RS, A
Casilio R %4t. % R4 WHEdCas9&E [, Miiih £ 4
Pumilio/FBF 25 & £ £ 1) sgRNA LA & 5 Pumilio/FBF
45 M s Rl A 1R AR B, K CRISPR/Cas9 % 4t Al
Pumilio RNASS & 8 H 45 & 76—, 7T SEILX 5L Y
e RO . SR B B2 R e P SE g S E
B R 7 7K 55 9256 % S AE T K I CRISPR-Act 2.0k
%S00 FE R IE 1 25 118 dCas9-VP64 R 4t i 5t i
TR, CAEKARAN N b S AT 2 R R 0, R W]
% 2 98 A5 1 W) 5 DR 9% o B AR 4 i N R R
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3 RE
Epr2/Q%E K gn AR L, CRISPR/Cas9# A H
LRI KB SRR T — AT B L BRAN HL 38 i
FEEAET &, RNLRE N IR 78 2450 K S, 1©
REHE Ty fE IR 40 2 PR T 0 S SR T o) 7 it e A (2R 40
F R, 2017). JCHAEREYIBE e, 3K H g B
AR LRI H— AW KA B )8, = e
RUORERE R D IR R W /N, BIAEAE To XA ML FE I R K
Az, T JE AR 8 At R DR B AT A5 B

b # CRISPR/Cas 93k [X 2H 4 4 1 A 1A~ W it
FEIHE, A% CRISPR/Cas9 & Siis /T HLEL I 1 fift
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Bz ik 2 H i, b5 7A€ g
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AT, ABAEAEARIBR T4 i B Y L ZH 2RI
FRRM, FEARERH T B A Y A S35k, Bl
K 22 B0 5 DR 40 4 04K T H 2R £ T 0 | DS Bk 17 il A8
FHFIhRe, A DB IRE 212 HHDRE E 75 LA i
V5 FE RIEEAT PP 514 N AN 8, G 32 B R T =
o 35 LR 40 4 %5 () 23 T HLFRAIE 7T, ] B o fple 2 B A, 22 i
BERHAmBEMEENTFRS TR RRSE,
2017).
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Recent Progress in Evolutionary Technology of CRISPR/Cas9
System for Plant Genome Editing

Yuekai Su, Jingren Qiu, Han Zhang, Zhengiao Song, Jianhua Wang*
College of Agronomy, Shandong Agricultural University, Tai’an 271018, China

Abstract CRISPR/Cas9 genome editing is used for precisely modifying the genome, enabling nucleotide insertion,
deletion, or DNA fragment replacement in targeted gene(s). With more understanding of the CRISPR/Cas9 system, this
technology has been widely applied in research, agriculture, medical treatment and other fields. This article briefly intro-
duces the discovery and working principle of the CRISPR/Cas9 genome-editing technology, and summarizes the re-
search progress in optimizing and improving the technology in recent years, including improving the gene editing effi-
ciency, the range expansion of gene editing, base editing and multigene editing, the safety enhancement of genome edit-
ing, replacing gene fragments and transcriptional regulation of targeted genes, to provide references for thorough re-
search work in this area.
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