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Fok T YIFIZ5¥ 38 . Fok T 54535 45 H B0HH %, 24
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Fig. 1 Schematic principles of ZFN type of engineered nucleases

iR . 5 ZEN ARl th TALE & DNA 45
BN Fok 1 WIHSZr S 4 45 T 14 7058 H A5 P
i S TR R A AT AR AL R D
TALE 45 H 2 A8 4 5 SR 51 50 3 23 6 19
— BN F L BR S 4 F 45 A DNAY,
TALE &1l 3 #4rdin 55 1 M40 k A 7K
S8 TALE 3. H N s 5 A7 [ 28 5300 28 4 T i 19
G AN Ty (045 . B0 By 6 25 R B A 2 R g 2
DNA £ & 453, 2 —BEE @XM F 5. th £
MREANF M TALE B0 i, B4 34 2%
MRZH A 1 A~ TALE B0, Horbimg B2 OR ST 1) 24 2 R

A 324 RS 12,13 i & AL 2 2 1Y . RE 8
LA 1 AR T A R X P R R
B FR R 2 AR 7O ER FE (Repeat variant diresi-
due,RVD), A H RVD GE98 K¢ 5 5 1 Fh
o Z R 58 3 FAr O RAR TALE & C
i, A 1 AR E NAE T R S T L ) AR B
TALE & F1E AL T 240 M4 (7] I 25 45 e s 0 1k
FHER Foke T4 1) I35 P4 4 1 6 181 45 44
W R, WA For T B4 —RIALFA SN
DNA XUEEZE A7 7 %) (B 20 TT7 % 40 DNA
P03 o T A A S R

TALEN-L
B TIT TTTHP 3
HERRRRRRRRR R AR A AR RRRRRR AR
3 AEEEEE NN NEEREEEEEEEEEEEEEEEEN -
NG—T @NI—A Fok1 0 .

NH—-G [HD—C TALEN-R

B 2 TALEN T RZEEMNERRRE"
Fig. 2 Schematic principles of TALEN type of engineered nucleases

1.3 CRISPR/Cas
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Fig.3 Schematic principles of CRISPR/Cas9 type of engineered nucleases
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Table 1 Differences in new gene editing techniques

WiH Item ZFN TALEN CRISPR/CAS

KIT Source %EE:? ;ﬁrﬁzﬁj and microorgan- Eﬁlﬁi%ﬂ%ﬁomonas iﬂziﬁc‘ri%;l—?archaca adaptive
. Structure ZFP+Fok | TALE+ Fok Cas9+sgRNA
?kaﬁ  Technical difficul- H¥E  Difficult W4i%  Easier W4y Easier

P H I FE-DNA H I F-DNA RNA-DNA
Recognition mode Protein-DNA recognition Protein-DNA recognition RNA-DNA recognition
i 4R A AL R e 4 B Z L

Editing features Single point editor Single point editor Multi point editing
ﬁi?iiﬂi%on characteristics Bes Weaker R Stronger # Strong

BT HE  Edit range /N Narrow #5 /N Narrower ®r Wider

KW Accuracy Joik i Unpredictable A%  Lower % Higher
RN, Off-target effects K Lower A& Lower ¥ Higher

#HP: Toxicity 55 Weaker 05  Weaker R Stronger
Pt Cost performance fit Low it Lower % Higher

Jri PR bR SO A AR &M R JI5d L 7

Limit Context dependent effect Duplicate construction vector Off-target seriously

‘ o \ PRSI % %7 B IR R, BT — B I
2 FEEZERBEAEEDTRA i mm s T . B

U B L G RER C R SR VB RSN AR 1T g A 7 7 A b
B e A R DL R R S adhl Caleohol dehydrogenase 1) R
F ELBE R TR 563 R E R, R AT Z K 104 Cransparent testa)  Forh
S AE Rl A AR RN KT RS A 6910 adhl G5 I 3301 o FEASTRASE i

BN . & 45 Ja AR, Osakabe 25178 %} 481 B JF ) AB-
2.1 #EAXEW SISCIC ACID INSENSITIVE 4 % [H #1728
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M) abid (ABSISCIC ACID INSENSITIVE 4) %
AR, FhFPE]FRTE T, ZEN AT 3 R 4 3 4T
PR TS R WF 5 vh A B2 v JIROAA ) Ak A 2 4 1)
16 B R0, TALEN 76 80 B % i J5 AR o 44
R 2 G P TR R B R A R BRSO . Cermak
UV H R — & B T Golden gate Jr ¥k 4l %
TALEN, X I/ o7 R A ik v ADH 1 (alcohol
dehydrogenase 1 ) FePH AT = 800 %748 15 %)
6 N AL B RAAK, £ XF TT 4 (transparent
testa 4 )FIER BT E]FE 230 bp MY sg RNAs,
SR Bet A, Feng 450 X 0 mg IF it il 3¢
% J [ BE % W BRIL ( BRASSINOSTEROID
INSENSITIVE 1) i % R #F GAI(GIB-
BERELLIC ACID INSENSITIVE ) #4174
BELARAG 50 MR Ty AURE 5 R B ORER 23 B Ak
PR L A K B B R B 2 b A R R A, oo
BRIL B 3P Bk A — 2 R I AR KB A
Gl GAT B2 ZE A R P AT 1/4 B A Bk AP IE 4%
/W,

2.1.2 JAE I ZEN X 08 5 40 i fd B 3 [
VP AT 988 L FLT R RS . Wright 400
B35 e B B 2 1) Gus: Npt [T i 25 55 [H (371 A
TR R ol < 7 2 2R R TR e R T ) BE AL K 5 30 0 R ik
PR2H B AN ) 67 it o A8 52 12 6 T felf FL BB A% 1E 0 3R
ik ALSRAG e BE AR WU W] ZFNs 0 2k A A7
S DIRE . XM LR A 2 I LR S A A
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SuRB %8 J5 » N 5 5 PR 3 OR AT ik 40 %0 BT
oK A k) D 8 6 MO 25 B R0 B &S MDY . R
TALEN 5 A& € 8] B B AR N e IF4E-6 Cewkaryotic
translation initiation factors 4E) R , $& 5 Xt
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PCR-RE ( polymerase
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Ji® CRISPR/ Cas9 ik [K f Bk 97 i 23k R 58 .
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RNAs, 52803 B R B iy il ok | 28 4250, il H
CRISPR/Cas9 4 AR 1l Ty i) 76 A0 B v @i Bk e IF4E-
6 JEPH L AT 2 i 4 PV'Y 9 2 e

2.1.3 &4  Shan F UK PIX TALENSs £ A

chain reaction-restric-

IR AR TR K s v, SE 3 Os BADH 2a
b(Oryza sativa betaine aldehyde dehydrogenase
2a s 0) T BE A B [\ B 5722 . B X 7K A A [+
PR B B R R AT R A AL 45 B IR R B R RE LS
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N H A R 25T 4 e KRR X 1 A
FIFCPE . FI ] CRISPR/Cas £ 48 & i fill b
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R TR IR R I 8 AR 28 AR K R Rk A 4
B B HI B 5 7S (Bentazone) it 3 K CYPS1A6
(cytochrome P450 monooxgenase) s 58 A8 5 R 2
2. 730 s Ty AR AR A A R 58 AR AR R b R A1
PR ZE KRR SRR ) R CRISPR #5R
A i XK R§ Os BADH2 (Oryza sativa betaine
aldehyde dehydrogenase 2) 1 LOC_Os10g05490
G iy DX HEAT G 5 AR A5 7K R 7 oK R 2R RIS % 1 A
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S BN kTR A A7 A9 L (AR R B R AR S B
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PAT ffi A E K WG 3L F TPK , 4R 159 9T B =0 51 4l
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CRISPR 5 A T He @A w5 77 2% 58 i Ff b, 4R 4510
R i 4[] 0 gt R oK 7 AR )
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FIH ZEN 53y b X K o 5 P2 v s i i

Fo 5 EAT 5 AR B . TEACHE TR SE A ZEN
BRpYUE B Y 3T Golden Gate J7 i 4 £ 11
TALEN £ A 8y B e 20 b a5 B R4 5 o 19— &
HIFEPSY, dE ik TALEN $ AR g 2y i bk ok 22 o
B grf(growth hormone releasing factor) H&H,
ARAL K % v BT e b i £ 45 s R0V FH
TALEN & B WA Jig 197 R 25 40 il 5 ) FAD2-
la(The Fatty Acid Desaturase 2-1a) f1 FAD2-
16(The Fatty Acid Desaturase 2-1b) ,ffi K T B
TR AN AR D IR & B R R L R PRI . G
TALEN #i KR &€ 0] ® % + & Vinv (Vacuolar In-
vertase) R, BCE A+ 7 1 ¥4 JRE B TR B
TE/NA TR A TALEN SRA3 50 F k3 19 /0 22 ik
FUYU, R TALEN AR 4% 1 A 545 5 5 &R
LIRS B ORI 4% Tk e R0 PRLBE 1Y) 25 s 1Y) (] B Al 42
o LT A AP
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Vi Sy ik DY) 2H 20 4 5 R 1 8 J7 18], CRISPR &
W) Zia . i H CRISPR/Cas9 %4t 0] %t £ fif
A /N2 e PR R AT 22 o7 A [ I 5 78 g B A7 6 ) 28
AR FEFTRE b S R A B A A Cas9 LU
B ) sgRNAL G # 48 17) CsPDS (Citrus
sinensis phytoene desaturase) Fe[R, % 3 {fi % 3%
PR A 5 AR i oy b A AR N A AR Y
VR L MaPDS (Musa phytoene dehydrogen-
ase)  SRAFHAZERR F O LU i — 20 BF 9% B4
it St M (Populus to-mentosa ) 1) PDS 3
Wt AT 2 st 2 T A AR RS B AL
ARPRES . Fan #5953t 4 AS AR B gRNA 43
5 4 5 B A AN (] 5 DR A AL 05 N T A 2T R
A HFH N 8PtoPDS( poplar phytoene desaturase
gene) LA FOAHSR 1Y 3 K R T T A 5240 S B
DI B 3R 3 B A Ak R 8L, R ] CRISPR
B AR g AL 4k (Agaricus bisporus) WP gl 55
175 W) 22 Wy B AL B8 ( polyphenol oxidase , PPO)
FLR 505 PPO i 1) 1 1 BE AR 30 Y0, filf XA 75 4
S5 s i # E0) , CRISPR/Cas9 £ 45 il 2y Hb
I T g R G S WEFL IR A R 1 ALSI
(Acetylated lactic acid synthesis) It 315 Gk &
FobE LY, il CRISPR £ 45, 6 ¥ 45 7 il 31
SE L [ RIN (Ripening inhibitor ) HEAT 4
B A PR T 52017 4 X3 AR N STACS2
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1-carboxylicacid synthase) P f71&1f , SIACS2 &
ARG CHE e BRI 45 R 42
LN Y b i 3R Gk AT R R T A A . R
CRISPR/Cas9 41 A XS 4 il 7 Jiii it 5 1B 25 19 SIA-
GO7 FER AT R o 5748 Rk /Y 0 7 A5 i AR Y
I F A L BT 2 10 5 AR 1 M T
Wi i SIAGO7 JEIR ¥ T fE . L4k, CRISPR/
Cas9 7 S5 40 B 7 2 B T 0 5 RO T
R CER Y SR T
3 R Z
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FR TRJ RS, B0 ZF N — G fuf 1 5 B 48 45 A9 e S LU
FeAnArAS i i 52 ZEN (19 3235 s TALEN — Ui fa gk
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25 5 DR G B R R 1 B O T 224 AR AT A R G
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% I B8 %k 7 5 1 78 CRISPR/Cas W B, F] FH
Cas9 FAY) A1 R X6 B9 sgRNA DL X sgRNA
149 TF A 398 456 10 35 DR 2 s 6 v R e o 800 A T
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1) —Fh Z D) ae L R i T HAR” 2 T HA 7L
TALEN F1 CRISPR/Cas B4~ 2 4 F K 4, AL
A S B[] o i 22 A 56 BRI B K R B 3 AL iR
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PR B BRI 45 A F0 AT T 5 2K A A 400 30 o ol s £
HEA Y A 77 PR R

ST 22 o 7 70 2 R 4 6 R TE R R B2 R
JEE 1) B I 2 1 VB OR B R A A L S
VSR S M EZE TH,

S E ik  Reference:

[1] VOYTAS D F. Plant genome engineering with sequence-
specific nucleases[ J]. Annual Review of Plant Biology .
2013,64(1):327-350.

(2] BASHAR. = 85, Y 3k TR 2 o A B A0 A R e F o e
[1]. #f%.2015,37(10) :953-973.

SHAN Q W,GAO C X. Research progress of genome edi-

ting and derivative technologies in plants[]]. Hereditas,



. 622

(LS| A S s S 14

27 %

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2015,37(10):953-973.
GAO F,SHEN X Z.JIANG F.et al. DNA-guided genome
editing using the Natronobacterium gregoryi Argonaute
[J]. Nature Biotechnology ,2016,34(7) :768-773.
CHAMBERLAIN J K., Schwarze U, Ussell K D, et al.
Genetargeting in stem cells from individuals with osteogen-
esis imperfectal J|. Science,2004,303(5661):1198-1201.
JOHNSON L,MERCER K,JACKS T,et al. Somatic activa-
tion of the K-ras oncogene causes early onset lung cancer in
mice[ J]. Nature,2001,410(6832):1111-1116.
BEARD C, HOCHEDLINGER K,JAENISCH R, et al. Ef-
ficient method to generate single-copy transgenic mice by
site-specific integration inembryonic stem cells[ J]. Genesis,
2006,44(1):23-28.
SYMINGTON L S,GAUTIER J. Double-strand break end
resection and repair pathway choice[ J]. Annual Review of
Genetics »2011,45(1) . 247-271.
WOOD A J,LO T W,ZEITLER B, et al. Targeted genome
editing across species using ZFNs and TALENs[ J]. Sci-
ence,2011,333(6040) :307.
LO T W,PICKLE C S, LIN S,et al. Precise and heritable
genome editing in evolutionarily diverse nematodes using
TALENSs and CRISPR/Cas9 to engineer insertions and de-
letions[ J]. Genetics,2013,195(2) :331-348.
KPM Y G,CHA J.CHANDRASEGARAN S. Hybrid re-
striction enzymes:zinc finger fusions to Fok | cleavage do-
main[ J . Proceedings of the National Academy of Sci-
ences s1996,93(3) :1156-1160.
F A IRAF DY L SRR L. AR R I A R K] 20 R 1) s A b
A LT w2 s 5 0 TR S 4R 2009, 25 ()
585-589.
WANG L,ZHANG C F,ZHANG ZH Y. Application of
zinc finger nucleases in genome targeting modification[ ] ].
Chinese Journal of Biochemistry and Molecular Biology ,
2009,25(7) :585-589.

BITINAITE J, WAH D A, AGGARWAL A K, et al.
Fok 1 dimerization is required for DNA cleavage[J]. Pro-
ceedings of the National Academy of Sciences, 1998, 95
(18):10570-10575.

KIM S,LEE M J,KIM H,et al. Preassembled zinc-finger
arrays for rapid construction of ZEN[]]. Nature Methods .
2011,8(1).7.

JEI AR SRR AE. . i DR 20 9 A 5 R i AR ) B TR 2 B 2 %
Yy mbeb g9 2 LT . gt 1% ,2016,38(3) 227242,
ZHOU X CH,XING Y ZH. The application of genome ed-
iting in identification of plant gene function and crop
breeding[ ] ]. Hereditas,2016,38(3) :227-242.

MOSCOU M J,BOGDANOVE A J. A simple cipher gov-
erns DNA recognition by TAL effectors [ J]. Science,
2009,326(5959) :1501.

BOCH J, SCHOLZE H,SCHOMACK S, et al. Breaking
the code of DNA binding specificity of TAL-type [l[ effec-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

tors[J]. Science,2009,326(5959) :1509-1512.
PR B AT A W IR B ) PR 20 o R B 5T ik
JELTT. b A TR 25 . 2014,34(2) :98-103.

YANG F Y,GE X L.,GU F. Reserach progress of new tar-
geted gene editing technique [ J]. China Biotechnology .
2014,34(2):98-103.

MUSSOLINO C, CATHOMEN T. TALE nucleases: tai-
lored genome engineering made easy[ ] ]. Current Opinion
in Biotechnology,2012,23(5) :644-650.

BONAS U,STALL R E,STASKAWICZ B, et al. Genetic
and structural characterization of the avirulence gene avr
Bs3 from Xanthomonas campestris pv. wvesicatoria [ ] ].
Molecular & General Genetics,1989,218(1):127-136.
KAY S, HAHN S, MAROIS E, et al. Abacterial effector
acts as a plant transcription factor and induces a cell size
regulator[ J . Science,2007,318(5850) :648-651.

URNOV F D,REBAR E J,HOLMES M C,et al. Genome
editing with engineered zinc finger nucleases[J]. Nature
Reviews Genetics ,2010,11(19) :636-646.

GRISSA I, VERGNAUD G,POURCEL C. The CRISPRdb
database and tools to display CRISPRs and to generate dic-
tionaries of spacers and repeats[ J]. Bioin formatics,2007 ,
8(1):172.

JANSEN R, VANEMBDEN ] D, GAASTRA W, et al.
Identificationof a novel family of sequence repeats among
prokaryotes[ ] ]. Omics-a Journal of Integrative Biology .
2002,6(1):23-33.

JINEK M,CHYLINSKIh K,FONFARA I.er al. A pro-
grammable dual-RNA-guided DNA endonuclease in adap-
tive bacterial immunity[]]. Science,2012,337(6096) : $16-
821.

SAPRANAUSKAS R, GASIUNAS G.FREMAUX C,
et al. The Streptococcus thermophiles CRISPR/Cas sys-
tem provides immunity in Escherichia coli [ J]. Nucleic
Acids Research ,2011,39(21) :9275-9282.

LLOYD A,PLAISIER C L,CARROLL D,et al. Targeted
mutagenesis using zinc-finger nucleases in Arabidopsis
[J]. Proceedings of the National Academy of Sciences,
2005,102(6) :2232-2237.

ZHANG F,MAEDER M L, UNGERWALLAC E.et al.
High frequency targeted mutagenesis in Arabidopsis thali-
ana using zinc-finger nucleases [ J]. Proceedings of the
National Academy of Sciences, 2010, 107 (26): 12028~
12033.

OSAKABE K,OSAKABE Y, TOKI S. Site-directed muta-
genesis in Arabidopsis using custom-designed zinc finger
nucleases[ J ]. Proceedings of the National Academy of
Sciences ,2010,107(26) :12034-12039.

ZOIRCRMESR . E B BT R AR ] A
AR .2007,42(12) :8-10.

LIL,ZHU Y R,WANG Y. Advances in gene targeting of
plants[J]. Bulletin o f Biology,2007,42(12) :8-10.



FHTT A 20 I R o BB R R K AR AR )RR A T .

623

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

K 4 Ik, AF Jk B, TALENs: — F 37 19 35 (K 2 518 1 5 R
[JJ. Pk, 2013,25(1) 1 126-132.
ZHANG J M,REN ZH R. TALENs: a new genome site-
specific modification technology [ J]. Chinese Bulletin of
Life Sciences ,2013,25(1) :126-132.

CERMAK T,DOYLE E L,CHRISTIAN M, et al. Effi-
cient design and assembly of custom TALEN and other
TAL effector-based constructs for DNA targeting[ ] ]. Nu-
cleic Acids Research ,2011,39(17) :7879.

MAO Y F,ZHANG H,XU N F,et al. Application of the
CRISPR-Cas system for efficient genome engineering in
plants[ J]. Molecular Plant ,2013,6(6) ;:2008-2011.

FENG Z Y.ZHANG B T,DING W N,et al. Efficient ge-
nome editing in plants using a CRISPR/Cas system[]].
Cell Research ,2013,23(10):1229-1232.

CAI C Q. DOYON Y. AINLEY W M. et al. Targeted
transgene integration in plant cells using designed zinc fin-
ger nucleases[ ]J]. Plant Molecular Biology .2009,69(6) :
699-709.

WRIGHT D A, THIBODEAU-BEGANNYH S,SANDER
J D, et al. Standardized reagents and protocols for engi-
neering zinc finger nucleases by modular assembly[ J]. Na-
ture Protocols ,2006,1(3) :1637-1652.

TOWNSEND J A,WRIGHT D A, WINFREY R J,et al.

High-frequency modification of plant genes using engi-
neered zinc-finger nucleases[ J]. Nature,2009,459(7245) ;
442-445.

RIS A MG I JT 5 3 L 4. W TALENSs 2 A % il i B
MHE eIFA4E-6 3L [T, 2R B2, 2017,45(4) : 142-
146.

SONG L N,.YANG P J,WAN X Q.et al. The directional
knockout of ¢eIF4E-6 gene using TALENs technique[ J].
Journal of Anhui Agriculture Sciences,2017,45(4) 142~
146.

ot 6 XA . 7 JRL %, CRISPR/Cas9 R 4 78 A% 4
LR R i R LT A F AL E AL 2017, 15(1) £ 30-
38.

YANG X F,LIU Y J,GAO Y, et al. The application of
CRISPR/Cas9 system in gene knock-out of Nicotiana
benthamiana[]]. Molecular Plant Breeding ,2017,15(1)
30-38.

BELHAJ] K.CHAPARRO-GARCIAH A,KAMOUN S,
et al. Plant genome editing made easy: targeted mutagene-
sis in model and crop plants using the CRISPR/Cas system
[J]. Plant Methods ,2013,9(1) : 39.

WAL X e, JT 5 4F. MR CRISPR-Cas9 4 [N 2 4
R E [ BRI B eIFAE-6 M [J]. 2 THY T M.
2017,15(2) :538-544.

PAN H X,LIU X, WAN X Q.et al. Directional knockout
of eIF1E-6 gene using CRISPR-Cas9 genome editing tech-
nique[ ] |. Molecular Plant Breeding ,2017,15(2): 538-
544,

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[53]

SHAN Q W,WANG Y P,CHEN K L,et al. Rapid and ef-
ficient gene modification in rice and Brachypodium using
TALENSs[]]. Molecular Plant ,2013,6(4) :1365-1368.

LI T, LIU B, SPALDING M H, et al. High-efficiency
TALEN-based gene editing produces disease-resistant rice
[1]. Nature Biotechnology »2012,30(5) ;390-392.

SHAN Q,WANG Y, LI J,et al. Targeted genome modifi
cation of crop plants using a CRISPR-Cas system []]. Na-
ture Biotechnology ,2013,31(8) :686-688.

LWH WAL, 55 % W TALEN $7 R 2 S %48
IKAEHE KA E B B CYPSTAG [J]. 4l 4= 1 4 AR 2 42
2016,24(8):1225-1232.

JIANG M J,CHANG ZH Y,LU J W. TALEN-mediated
mutagenesis of bentazone resistance gene CYPS81AG6 in rice
[J]. Journal of Agricultural Biotechnology »2016,24(8)
1225-1232.

Bl fiE . 9 BT, MR %, 4. ORI H] CRISPR/CASY £ AR 45
PR FEFAREEH Badh2 [J]. KRR, 2017, 31(2)
216-222.

SHAO G N,XIE L H,JTIAO G A, et al. CRISPR/CAS9-
mediated editing of the fragrant gene Badh2 in rice[ J].
Chinese Journal of Rice Science ,2017,31(2) :216-222.
k& . KR LOC_Os10g05490 fif ¥ il 41 T % ik 4
Bt CRISPR/CAS 7€ ] 45 8 [J 1. W7 7L 4k % #z . 2017,
29(2) :177-185.

SHEN CH X. CRISPR/ Cas9 editing and expression analy-
sis of LOC_0s10g05490 in rice under cold stress[ J]. Acta
Agriculturae Zhejiangensis +2017,29(2) :177-185.
SHUKLA V K,DOYON Y, MILLER ] C, et al. Precise
genome modification in the crop species Zea mays using
zinc-finger nucleases[ J]. Nature, 2009, 459 (7245) ; 437-
441.

LEDFORD H. Gene-editing surges as us rethinks regula-
tion[J]. Nature,2016,532(7598) : 158-159.

CURTIN S J,ZHANG F,SANDER ] D.et al. Targeted
mutagenesis of duplicated genes in soybean with zinc-fin-
ger nucleases [ J]. Plant Physiology.2011,156 (2):466-
473.

SIZOVA 1, GREINER A, AWASTHI M, et al. Nuclera
gene targeting in Chlamydomonas using engineered zinc-
finger nucleases[ J]. Plant Jowrnal ,2013,73(5) ;873-882.
CHEN K.,SHAN Q.GAO C. An efficient TALEN muta-
genesis system in rice[ J]. Methonds,2014,69(1) :2-8.
HAUN W.,COFFMAN A.CLASEN B M.et al. Improved
soybean oil quality by targeted mutagenesis of the fatty
acid desaturase 2 gene family[ J]. Plant Biotechnol Jour-
nalogy,2014,12(7) :934-940.

CLASEN B M,STODDARD T J,LUO S,et al. Improving
cold storage and processing traits in potato through targe-
ted gene knockout [ J]. Plant Biotechnology Journal,
2016,14(1):169-176.

WANG Y P,CHENG X,SHAN Q W,et al. Simultaneous



. 624

(S| AR N .

it 27 3%

[59]

[60]

[61]

[62]

[63]

[64]

editing of three homoeo-alleles in hexaploid bread wheat
confers heritable resistance to powdery mildew[ J]. Nature
Biotechnology,2014,32(9) :947-951.

JONES H D. Regulatory uncertainty over genome editing
[J]. Nature Plants ,2015,1(1) : 14011.

JIA H, WANG N. Targeted genome editing of sweet or-
ange using Cas/sgRNA[J]. PLos one,2014,9(4) :e93806.
B B H]L PMR K, . B A CRISPR/Cas9 % [H 45 i
HARGZ M ESL ] P EAR R, 2017,50(7) - 1294~
1301.

HU CH H.DENG G M,SUN X X,et al. Establishment of
an efficient CRISPR/Cas9-mediated gene editing system in
bananal J]. Scientia Agricultura Sinica, 2017, 50 (7):
1294-1301.

FAN D,LIU T T,LI C F,et al. Efficient CRISPR/Cas9-
mediated targeted mutagenesis in populus in the first gen-
eration[ ] ]. Scienti fic Reports,2015,5(12217) :12217.
X0 3, B E L4 B CRISPR/Cas9 45 R #E#H
s AR 22 A SRR [T . 3 £%,2015,37(10) 1044~
1052.

LIU T T, FAN D, RAN L Y, et al. Highly efficient
CRISPR/Cas9-mediated targeted mutagenesis of multiple
genes in Populus[]]. Hereditas,2015,37(10) ;1044-1052.
WALTZ E. Gene-edited CRISPR mushroom escapes US
regulation[ J]. Nature,2016,5329(7599) :293.

L1Z S,L1U Z B,XING A Q,et al. Cas9-Guide RNA di-
rected genome editing in soybean[ ]J]. Plant Physiology .
2015,169(2) :960-970.

ITO Y. NISHIZAWA-YOKOI A. ENDO M, et al.
CRISPR/Cas9-mediated mutagenesis of the RIN locus that
regulates tomato fruit ripening[ J]. Biochemical and Bio-
physical Research Communications,2015,467(1) .76-82.
oz Rk & B R, 55 BB A SLACS? B
CRISPA/CAS sgRNA By 82 i #1487 [T 1. A4 9015 B %
2017,15(1) :7-15.

BAIY F,ZHANG A P,YAN ] J,et al. Design and evalua-
tion for sgRNAs target editing SLACS2 gene in CRISPR/
Cas system[ J]. Chinese Journal of Bioinformatics,2017,
15(1) :7-15.

BROOKS C,NEKRASOV V,LIPPMAN Z B, et al. Effi-

[65]

[66]

[67]

[68]

[69]

L70]

[71]

[72]

[73]

cient gene editing in tomato in the first generation using
the clustered regularly interspaced short palindromic re-
peats/CRISPR associated 9 system[J]. Plant Physiology »
2014,166(3):1292-1297.

JIANG W Z,ZHOU H B,BI H H,et al. Demonstration of
CRISPR/Cas9/sgRNA-mediated targeted gene modifica-
tion in Arabidopsis,tobacco,Sorghum and rice[J]. Nucle-
ic Acids Research ,2013,41(20) :el88.

MUTHONI J. Tetrasomic inheritance in cultivated potato
and implications in conventional breeding [J]. Australian
Journal of Crop Science ,2015,54(3) :185-190.

WANG S,ZHANG S, WANG W, et al. Efficient targeted
mutagenesis in potato by the CRISPR/Cas9 system []J].
Plant Cell Reports,2015,34(9) :1473-1476.

BHAM A UL LD JE. R A B AE IR ELUE B A R R
Wazy Fe P78 2 i€ (], v [ A 2 38 4, 2015, 31 (12)
181-186.

LI X D,SHI M,WEI X Y. Advances for starch biosynthe-
sis and Waxy gene in cereal crop[ J]. Chinese Agricultural
Science Bulletin ,2015,31(12) :181-186.

ANDERSSON M, TURESSON H, NICOLIA A, et al. Ef-
ficient targeted multiallelic mutagenesis in tetraploid pota-
to (Solanum tuberosum ) by ytansient CRISPR-Cas9 ex-
pression in protoplasts [ J]. Plant Cell Reports, 2017,
36(1):117-128.

BUTLER N M,BALTES N J,VOYTAS D F,et al. Gemi-
nivirus-mediated genome edting in potato(Solanum tubero-
sum L.) using sequence-specific nucleases[ ] . Frontiers in
Plant Science ,2016,7(1045) :1-13.

TIAN S,JIANG L,GAO Q,et al. Efficient CRISPR/Cas9-
based gene knockout in watermulon[ J]. Plant Cell Re-
port s2016,36(3) :399-406.

CHANDRASEKARAN J, BRUMIN M, WOLF D, ez al.
Development of broad virus resistance in non-transgenic
cucumber using CRISPR/Cas9 technology[]]. Molecular
Plant Pathology .2016,17(7):1140-1153.

CERMAK T,CURTIN S J, GIL-HUMANES J,et al. A
multi-purpose toolkit to enable advanced genome engineer-

ing in plants[J]. Plant Cell ,29(6) :1196-1217.



534 FHTT A 20 I R o BB R R K AR AR )RR A T . 625 -

Development of Novel Gene Editing Technologies
and Its Applications in Plant Breeding

WANG Yanfang,SU Wanyu,CAO Shaoyu,ZHANG Lin,
LU Xia,ZHANG Yinghua and XU Jungiang

(Yunnan Agricultural University, Diantai Engineering Research Center for Characteristic

Agriculture Industrialization of Yunnan Province, Kunming 650201,China)

Abstract Several novel gene editing techniques have been developed in recent years,it involves in zinc
finger nucleases (ZFNs), transcription activator-like effector-based nucleases (TALEN) ,the clustered
regularly interspaced short palindromic repeats-Cas9 system (CRISPR/Cas9). These techniques can
site-directly edit genomes by recognizing the target sites according to the specific structure followed by
endonuclease dissection. Novel genome editing techniques have been applied widely in studies on the
gene functions of plants and improved the agronomic traits directionally in plants breeding because of
its advantages of higher efficiency and easy-making. In this article, the characteristics, principles of
three novel gene editing technologies and its applications in breeding of arabidopsis, tobacco, rice and
maize were reviewed,and its differences were compared. The problems of gene editing are pointed out
and the application of these techniques in basic research and breeding practice is prospected.
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