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S Bt R, 8 8 T Anti-CRISPR & 11 411 4l
SpyCas9 1% 1 43 F AL » X L F 5 R i — 2P 58
128

# CRISPR-Cas9 $ AR 47 35 DX I 25 4 7 M 1) 6
1 G R (G LAt L How 26000 R A s )
PRFELE E L DI fig. Bl T Cas9 & 11, 0] LUA%
spCas9 K 5 (1) PAM J¥ 31 (NGG) §™ 72 ] NG,
GAA.GAT.fix % xCas9, [ B B A% T 1 50 %,
e Ky T CRISPR & 4 %F 4L [H 4 %5 19 b FH 7
[, Anzalone 255158 13 %% CRISPR/Cas9 & 4 H
Cas9 B [ 5 5% S 09 2 AT I, © &K1 R
Tl P 00 L AT LA 3R I o o R A REOR
CRISPR-Cas9 4 R X} el A & K& X,
CRISPR-Cas9 $ A A8 % £ X 1E 95 A< 5 119 3k [H 3
TN 2278 B o B, 35 DN g A E VR ok
e (R BIF 5% 36 78 10 51, X0 6 55T Gt R K R
J7 B R AR AR O T RS A T R AR X T
PR AR I N o T SR IR~ N N = 7 =
SCBEVE By PUBR B A UK AF 7 1A ERF922,
SWEET13, Nramp5,Sa F/Sa M, Sc,SITPR/
S1A4/S1A6. CSA. TMS5. Hd2/Hd4/Hd5.
DEP1/EP3. Gnla. GS3. GW2/GW5/TGW6,
SBEIIb, Waxy. BADH2, ALS. EPSPS. ACC,
SLR1 % 5P 4T 48 . Miao 885 ) H gle ik 11
CRISPR-Cas9 £ AR Xf /K #5 it 4 2 CAOL Fi 43 BE
Je iy LAZY BEAT E #5878 , 5848 43l ik 3] 83 10
91, 6% . ALK PRHBE 8 15 BT A R B 1
) A T S 051, 2 745 3 A5 7K e 3 T 4 4 O AR o
ZEME Rk #] 80% KL . Qi DY & St R A
CRISPR-Cas RS | /N2 FKAE WA VE D) 1Y
5 AL DA, /N 22 56 i DR I 28 AR 8 R Ry 14, 506 ~
38. 0% . Jf HARAS T BT 11 Ak R /s 32 ALK R
FRAMK R F 2 SRR pds FEH, RARRE N
4.0% ~9. 4%, Lu 252 F) 1 2 & 19 CRISPR-
Cas9 KRG i AT 22 FE PR 4R i, 4% 067 1 14 R B 23K
LK F 40-75%, Du %3t T TALENs Al
CRISPR-Cas9 1E K &1 1 52 A8 %05 i Y 3R A5
S A TR i 6 10 S AR, T 3k T b B R AR R A
B 58 A B R F B, Meng &9 0F 58k B
CRISPR-Cas9 7£ 7K #F H BE 1% =5 R 4 4% PAM Hy
NAG fi &5, #i & CRISPR-Cas9 % K %t %8 5 R 16
K FE b R G R, Cai 252 F) | CRISPR-Cas9
JRCED W R R S A ) I AR 3 ) GmET2a Al Gm-
FT5a, 28 T GmFT2a fl GmFT5a #F K /5
H RS I st A2 200, B T B F A, JE 48 R



2

# K B % . CRISPR-Cas9 # K /£ 45 4 & BF 70 33 &

A IS 58 A8 bk, Karkute 2600 %t 36 R 4

WAL ZAEY ey R A O S EE geit . kB

HIH CRISPR-Cas9 17 5 [H 4 58 i 2 F & /Y

SHEMAEFM . B ES 1L A, TR A

457 CRISPR/Cas9 R G TERLAEY  RAEY)

W RARAAN ) EAE Y AE 21 A Y Fh b

A7 5 DR 20 4 8 ) ) 2D 91
By TSI (SMRT) I 7 £ AR BE 95 [a] i ) 5

FTAR A 5 B 6 PR 21 2 i 65 S L 3 i e B R oK g

WEFE DNA B S Y g S it 1T —Fh o7 ik, i 2

B 7 XE AR S . SMRT DNA ¥ RE 6% R 7%

VAR AT — o7 A5 By S5 PR 2 4 B 45 R L AN g 2 9F &

et R, i A T R A g H & .

PR T X AR B Y, CRISPR-Cas9

ARAE TCAT AL A B 7 2B i B 2 Sl 0k

— Y B A,
fifi % B 2 CRISPR-Cas9 43~ #IL il A1 JE fih 14

R 2 A 0 Ji A 2 000 Jd M0 B 4 A AR

RGN AR SR R, 2 3 R R B SR AR I A B)

Ak v e B AR S BT S a5 PR 4 i S R A

Ytk ol R SRR (PO BB 3, DU R4

i 1R A 7 R

S E WK

[1] Mahfouz M M, Li L. X,Sha M M, et al. Denovo-engineered
transcription activator-like effector(TALE) hybrid nuclease
with novel DNA binding specificity creates double-strand
breaks[ J]. Proceedings of National Academy of Science
USA,2011,108(6) :2623-2628.

[2] Jinek M,Chylinski K, Fonfara I,et al. A programmabledual-
RNA-guided DNA endonucleasein adaptive bacterial immu-
nity[ J]. Science,2012,337(6096) :816-821.

[3] Cong L,Ran F A.Cox D,et al. Multiplex genome engineer-
ing using CRISPR/Cas
339(6121) :819-823.

[4] Mali P,Yang L H.Esvelt K M, et al. RNA-guided human

systems [ J ]. Science, 2013,

genome engineering via Cas9[ J]. Science,2013,339(6121):
823-826.

[5] Anzalone A V,Randolph P B,Davis ] R, et al. Search-and-
replace genome editing without double-strand breaks or
donor DNA [ ] ]. Nature (2019) doi: 10. 1038/s41586-
019-1711-4.

(6] THIM ., kA, BHe, 5. CRISPR/Cas Jk K 41 Z 8 £ A F
FEHE R B FCAE AL W i T LT . A 4 AR 3 AR 4R 2019,
55(4):411-424.

[7]  iEHS 3K 35 . 5K R 42 L 25 CRISPR/Cas9 R 48 sgRNA #%
5 BN AR )] . 8% ,2015,37(11) « 1125-1136.

[8] Lei Y,LuL,Liu H Y,et al. CRISPR-P: A Web Tool for

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Synthetic Single-Guide RNA Design of CRISPR-System in
Plants[J]. Molecular Plant,2014,7(9) :1494-1496.
Duan Y D, Hong L, Ling-Ling C, et al. Recent advances in
genome editing using CRISPR/Cas9[ J]. Frontiers in Plant
Science,2016,7: 703.
Liu H,Ding Y.Zhou Y,et al. CRISPR-P 2. 0: an Improved
CRISPR-Cas9 tool for genome editing in plants[ J]. Molec-
ular Plant,2017.10(3) :530-532.
AR S, E B 5. CRISPR/ Cas9 H A I H 75 % 4
BB s R L], b A 8 TR 2% L 2015, 35C 6)
109-115.
Zhang H,Zhang J,Wei P,et al. The CRISPR/Cas9 system
produces specific and homozygous targeted gene editing in
rice in one generation[ J]. Plant Biotechnology Journal,
2014,12(6):797-807.
Jin M, Dong S G,Jin Z Z, et al. Targeted mutagenesis in
rice using CRISPR-Cas system [ J ]. Cell
2013(10):1233-1236.

Research,

Feng Z,Zhang B.Ding W, et al. Efficient genome editing in
plants using a CRISPR/Cas system[]]. Cell Research,
2013,23(10):1229-1232.

Cai Y, Chen L, Liu X, et al. CRISPR/Cas9-mediated ge-
nome editing in soybean hairy roots[ J]. PLOS ONE, 2015,
10.

Sun X,Hu Z,Chen R.,et al. Targeted mutagenesis in soy-
bean using the CRISPR-Cas9 system [ ]]. Scientific Re-
ports,2015,5:10342.

Mao Y,Zhang H,Xu N,et al. Application of the CRISPR-
Cas system for efficient genome engineering in plants[]].
Molecular Plant,2013(6) :2008-2011.

Liang Z,Zhang K, Chen K,et al. Targeted Mutagenesis in
zea mays using talens and the CRISPR/Cas system[]].
Journal of Genetics and Genomics,2014,41(2) :63-68.

Li J F,Norville ] E, Aach J, et al. Multiplex and homolo-
gous recombination-mediated genome editing in Arabidop-
sis and Nicotiana benthamiana using guide RNA and
Cas9[J]. Nature Biotechnology.2013,31(8):688-91.

FAE G PR R EE L A ) B IR A g AR R B R e
B /N2 7). 45 ,2013,36(8) ¢ 848.

AR S R . AW DR A G i AT A R SR 5
JRLI]. #if%,2015(10)  7-27.

Shen B,Zhang W, Zhang J,et al. Efficient genome modifi-
cation by CRISPR-Cas9 nickase with minimal off-target
effects[ J]. Nature Methods,2014,11(4):399-402.

Zhou Y,Zhul S,Cai C,et al. High-throughput screening of
a CRISPR/Cas9 library for functional genomics in human
cells[J]. Nature,2014,509(7501) :487-491.

Slaymaker I M, Gao L, Zetsche B, et al. Rationally engi-
neered Cas9 nucleases with improved specificity [ J]. Sci-
ence,2016,351(6268) :84-88.

Tsai S Q,Nguyen N T, Malagon-Lopez J,et al. CIRCLE-
seq: a highly sensitive in vitro screen for genome-wide

CRISPR-Cas9 nuclease off-targets[ J]. Nature Methods,
129



Z &

ok X #H F 2

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

2017,14(6) :563-564.

Cameron P,Fuller C K, Donohoue P D,et al. Mapping the
genomic landscape of CRISPR-Cas9 cleavage[]J]. Nature
Methods,2017,14:600-606.

Dong D,Ren K, Qiu X,et al. The crystal structure of Cpfl
in complex with CRISPR RNA [ ] ]. Nature, 2016,
532(7600) :522-526.

Fonfara I, Richter H, Bratovi M, et al. The CRISPR-asso-
ciated DN A-cleaving enzyme Cpfl also processes precursor
CRISPR RNA[]J]. Nature,2016,532(7600) : 517-521.
Wang M,Mao Y,Lu Y,et al. Multiplex gene editing in rice
using the CRISPR-Cpf1 system[J]. Molecular plant, 2017,
10(7): 1011-1013.

Ma X, Chen X, Jin Y, et al. Small molecules promote
CRISPR-Cpfl-mediated genome editing in human pluripo-
tent stem cells [ J]. Nature communications, 2018,
9(1):1303.

Hu X, Meng X, Liu Q, et al. Increasing the efficiency of
CRISPR-Cas9-VQR precise genome editing in rice [ J ].
Plant Biotechnology Journal,2017,16(1) . 12771.

Lu Y M. Precise editing of a target base in the rice genome
using a modified CRISPR/Cas9 system [ J]. Molecular
Plant (Cell Press),2017,10(3): 523-525.

Li S,Li J, Zhang J, et al. Synthesis-dependent repair of
Cpfl-induced double-strand DNA breaks enables targeted
gene replacement inrice[ J]. Journal of Experimental Bota-
ny,2018(doi; 10.1093/jxb/ery245).

Dong D,Guo M, Wang S, et al. Structural basis of CRISPR-
SpyCas9 inhibition by an anti-CRISPR protein[J]. Nature,
2017,546(7658) ; 436-439.

Wu D, Guan X,Zhu Y, et al. Structural basis of stringent
PAM recognition by CRISPR-C2cl
sgRNA[]]. Cell Research,2017,27(5):705-708.

Hu J, Miller S M, Geurts M H, et al. Evolved Cas9 vari-
ants with broad PAM compatibility and high DNA speci-
ficity[J]. Nature.2018,556(7699) ; 57-63.
XMEOE, 254 S8, TR HE #8245, CRISPR/Cas 4 9 J I8 20 %

in complex with

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

BEORWE I R LT, A Rl K% % i, 2019, 40 (5)
38-49.

Miao J,Guo D,Zhang J,et al. Targeted mutagenesis in rice
using CRISPR-Cas system [ ] ]. Cell Research, 2013,
23(10):1233.

Qi W S,Yan P W,Jun L,et al. Genome editing in rice and
wheat using the CRISPR/Cas system[]]. Nature Proto-
cols,9(10):2395-2410.

Du H,Zeng X,Zhao M, et al. Efficient targeted mutagene-
sis in soybean by talens and CRISPR/Cas9[ J]. Journal of
Biotechnology.2016,217:90-97.

Meng X, Hu X, Liu Q, et al. Robust genome editing of
CRISPR-Cas9 at NAG PAMs in rice[ J]. Science China
(Life Sciences) ,2018,61(1):124-127.

Cai Y.Wang L,Chen L,et al. Mutagenesis of GmFT2a and
GmFT5a mediated by CRISPR/Cas9 contributes for ex-
panding the regional adaptability of soybean[]]. Plant Bio-
technology Journal,2020,18(1) ;1-12.

Karkute S G, Singh A K, Gupta O P, et al. CRISPR/Cas9
mediated genome engineering for improvement of horticul-
tural crops[J]. Frontiers in Plant Science,2017,8; 1635.
Hendel A, Kildebeck E J,Fine E J, et al. Quantifying ge-
nome-editing outcomes at endogenous loci with SMRT se-
quencing[ J]. Cell Reports,2014,7(1):293-305.

KR, 4% Wg. CRISPR/Cas9 Ay R F K fid 8 %% R ®F 9% itk
JRLI]. #%.2015,37(10) . 1003-1010.

Fu Y F,Sander J D, Reyon D, et al. Im-proving CRISPR-
Cas nuclease specificity using truncatedguide RNAs[ ] ].
Nat Biotechnol,2014,32(3): 279-284.

Wang Y, Liu Y, Liu J.et al. Macbeth: multiplex automa-
ted Corynebacterium glutamicum base editing method[ ]].
Metabolic Engineering,2018,47,200-210.

F A, E 3L 8. CRISPR-Cas 5 Gt 76419 1k [ 4 25 % vl 1) B
FEHERLI] AR TR %%, 2017,33(10):1712-1722.

Chen K,Wang Y,Zhang R,et al. CRISPR/Cas genome ed-
iting and precision plant breeding in agriculture[J]. Annual

Review of Plant Biology,2019,70:667-697.

Research Progress of CRISPR-Cas9 Technology in Crops

XUE Yong-guo, LIU Xin-lei, TANG Xiao-fei, CAO Dan.LUAN Xiao-yan
(Soybean Researchlnstitute, Heilongjiang Academy Agricultural of Science, Harbin 150086, China)

Abstract; The emergence of CRISPR-Cas9 system provides technical support for gene function research and

crop improvement. This paper briefly introduced the background and development of CRISPR-Cas9 technology,

summarized the principle, characteristics and prospects of CRISPR-Cas9 technology in gene knockout, site-spe-

cific integration and regulatory transcription, including the latest research results on the improvement of

CRISPR-Cas9 technology,focused on the application of CRISPR-Cas9 technology in crops,and its application

prospects in crops outlook.

Keywords : CRISPR-Cas9; gene editing; crop; sgRNA

130



