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JAbstract] Elucidating gene function and improving biological status is one of the key research contents of biology. The use
of gene targeting and transgenic technology is accompanied with problems including low efficiency, long time, safety doubts
and others. New genome editing techniques based on novel and efficient DNA targets include ZFN, TALEN and CRISPR/
Cas. In this paper, we first review the three technology principles, which all based on DNA/DNA damage repair to achieve
editing function, can perform target gene deletion, single nucleotide or polynucleotide fragments replacement, and target
gene modification in different species of the target gene. The new technology is simple, rapid, efficient and accurate. Then we
compare the three techniques in terms of composition, target recognition mode, editing features, technical difficulty and off-
target effect. We also summarize the status and prospects of the application of this technology in crop genetics and breeding,
livestock improvement and gene therapy. The review points out the shortcomings of the technology including off-target effect
and construction problems, and provides with possible solutions. The application of ZFN, TALEN and CRISPR/Cas in the
model plant and grain crops is emphasized. At the end of this paper, we also introduce the present research situation and our
research ideology concerning the technology, proposing the establishment of the technology platform of genome editing based

on viral vector, which will make simpler and safer application of genome editing for plant genetic improvement.
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191122, 38 IR SCRYFE A8 A AR 1) =R st A S e 2
i BhoE A i R AP 5 20148, TR AR A5 B 5 A DNAUIR
Ji€ 45 KA 15 T LA S DNATE 20 £ AR 13 A2 73 Tk B I T

Ak 7 21 NSRRI A TR 1 5 R

ARk B AR, M AATHEA T JE AR

TEm A, — B Y AR SE B R DNAFF S FR 2 %k
P20 (Genome) . XA PR JE R AL S5 4 . DI RE X 32357 W)
HIBE S IR T AL A B . 3 25, EW) o RS Y 2
AEE N IE ] E R I UEAY, RIAR G 12 N Sk i S B 1 R o)
RE, 2 5k DK Bl i 9 s 22 B R O D BE AT K BT I, ik
PRI R T REW R 2 AS BRI JLAF B A 5 s i i
PR AR) 52 AR —— ke DR L 2 B R T PR 1 B | T e 52 R
FEPR2H F R PR R B, T G PR R o L R DR A
FENARSE | B gl 755 55, Z BT RBESE A B bR, 7EAE
Y. sl i 3 PR D) REATE 5 s 1 5 R L K PR IR 7 45 07 THIAS:
BTz e L

i1 RS (K] 2H G 28 B [ 2 AN 2K 2

FE K20 448 (Genome editing ) J&7F 2 [ 41 7KF- [ XTDNA
FE 9 A AT A ok BRI A A B st R B B R T I R
“Ja BRI A A B AR ST B B A . LR PR A
N TNYIES, e3840 5 YIWDNA, 7= 4 DNA B K 24
(Double-strand break, DSB) , #1175 T 41 il N AYDNAE & 5
% AT [E 5 K 3% 7% 8% (Nonhomologous end joining, NHET)
F1 5] 5§ 2046 & (Homologous recombination, HR) . il i iX
WA S iR A5, DR 2 Gt B 0 R AT DS 30 66 PR I L
SRARG| ANHE S, A g5 h32%, RIRER R
(Zinc-finger nuclease, ZFN) 7R | 8 5% 300 IR 4% 7k iy
(Transcription activator-like effector nuclease, TALEN) $; &
RIS 355 90 1) o 46 1 SC #5422 (Clusstered regulatory interspaced
short palindromic repeat, CRISPR) 7 K.
1.1 EFIERERER AR (ZFNIZAR)

ZENsH; ARl i 8 45 2 11 (ZFP) AL TR N Y il Fokl
Wy B AEAEF. ZFPil a5 REE (0 S 25 5 R P I i
SRR, NBRRERASH L ENZFPE MR, 4
ZFPLE5 #a B AT R 51— B 9-12 bpRYBfi KL FE 4. A [E ) ZFPE A
ZEUY Cys2., His2ul Cys4Z5 FHESE , ZFPZE & DNARF7 57
SHESR MR TR A F A O, Fokg —FpaERe My
B UG, U —RECRES T A RS E IR, AT
F B S 4 15 o IS R Fo kPR il vE N Yl Fl 2, b A5 3]
ZFNs, ‘B REH M V) B RF 2 751, 724 DSB. B X ZFNsIW 45 &
JF 1 f 1) B X 38388 3 R 5-7 bp, LABR R Fokl — R R K.
FAHE ZE NS 7 170 55 B 2 25 v R o5 TR I TR A s e
P, ZFNsH i) a3 w75 B RO i RO . TR =K, Rt RA
DR E R X AT A,
1.2 RERHEEFZEBRERA (TALENHAR)

TALENF)#4 1% 5 ZFNAHA, i i TALE& ['IDNAZE 5 35
I FokIi% 8 i & AEVE . 108 Do 80 % 50 e S iR, s
B AT S A VI E] . TALER R4 90 JFA 55 B0 B 430 Y
— YN E AT, BB R R WA G DNA, IS Ga —B

224 BUCE AE 351

i AR ST 9 B A2 BRG, IR R IT R 121305 9 2 FE R AN [
1 F 4 A TALE B LRI 1) 1A% 5 R, % 4 — 0 5 Y
ERFA B — AN TALEN, H RUCIRZS FFok1 2 U1%HY.
TALENSHS A AR U7 b i g T ZFNSH; A AETE 1 #4128 R e . i
AR VAR SR A 2 ) B (H R TALENS: Rt 3k 58 25 1Bk,
AT B XA [RIH A, 4 YRR TS #4 22 B B TALE array, T./E%
Hi.
1.3 EMEERERXESEFMCasR S (CRISPR/

Cas%& %)

CRISPRJE —FIRNAFE F ARG ERIE RS, KT
20 BRI T AR R R K R R R TR) B A S ] S R A
(CRISPR) i FHAM 3 (1) CasE P 41 Ji,. 20084, Marraffini
& N RAGTEB] TCRISPR/CasZ 43 ] E| DNAI RE /7. CRISPR/
CasZR i J 3k, Hop TR iy o, Wi 2. B 1l
Cas97E 1 5sgRNA ( Single-guide RNA) #J 5%, i i sgRNA 5
#J3 I DNA Y L L XF, $% J5 F Cas9 2 11 5% V) #I DNA XUEE
=4 DSB. 5 sgRNAGH 3 e XF 1) 71T 204 2 LA K2 3" i Cas9 il
BB = FFRNGGHJPAM ( Protospacer adjacent motif) J5 5|
4 % B #I DNAJE & 8 22, Cas9UI I s/ FPAMLiF3 nt
5&[5]_
1.4 3FhEBMLILEL

ZFNs$i A& | TALENs#; A& 5 CRISPR/Cas#fs J2 25 20 it 5 A
W HF AR, 3P H AR ILT “DNAK 2 /DNAR B E”
T S2 P RE DR 20 4 3014 P T DNASR 348 B WL AL [ By b
M AEAE, R 3R A BRI EAE R R 4 R b @ FOE 45 B
. ZFNs5 TALENsH A G B AFmT 3 k. REE Fokl#
iz P D) 6 e A LAt 5 Ry 25 1, U] S B AT DAAR AR — Fh 4 T G
AR SR R R R IR TT & 1 R RN 1 A
SO R T B SR IR T T IR R 4 A DN A T i 45N
ZFNs# AR 5 TALENs# AR [0 & e i3 A 8976 7). R H R
L BMERE, ZFNs5 TALENs{/) 2 85 SR 00 il 48 | 5 S 1 00 g
A AR B0 25 B 4 DR 4 Gt T L AT SCIR AR IS, I SO
A F 5 CasOB Ml A, UL RE S 52 B X R 58 XA % S i v
JRA% I ¥ % 5 T ZFNs 5 TALENSs, {HCRISPR/Cas97E ¥ 7
TP RIS LA R e A e S A I A

B (K] 28 2w 48 H AN H N

2.1 BEEARBEHAEEDHARTHHIER

F DR 4 G i R ASAS R T R 9 1 R R R AL 5T, i
B FHF AR A Y A i B, 5 B b TR 2 S e L o
HiE s E Y . BA, AR E A g RS, ©
ZAEBVEY LR TT . R DL RO B VEIK RS . Bk g
TRV A4 1 25 2 T 47 e 52 01 O 3 DR 0 R B AL (362)
2.1.1 ZFNsE#EYHMEE 20054, Lloyd% E e el
IF R ZENG S e o A R 7= 2 5 5 9848, R ARG A8
FERIK20%LA L, Hir 10%11% 28 28 1T ARS8 L 21 F — 4R
20094F, ZFNstn 94 5 Dy I F # R 5 K P9 TR T B & 550 JE [A]
ZmIPK1 7, R4S T PR o F R L 09 B ok, A BF 5 A 5 A
FHZENsIRAG BT bR R R e 5. 2 )5, B KR ZFNs
St PLEE IF I ADHI, TT4. ABI43E RS2 B T 52 o5 28 An 5,
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Table 1 Comparison among ZFN, TALEN and CRISPR/Cas
5] Category ZFN TALEN CRISPR/Cas
Fay TALEZ 4+ Fokl
Structure ZEP+ Foll TALE protein + Fokl Cas9 +sgRNA
- Ok AN R A TR AR A1 IR DN AR 3 i
; 4x 7R WY . . . - ‘
R (A PR S EED R EHL S AR S PG IE R4
xisting in plants, animals and . .
Source . - From a plant pathogen Xanthomonas  From bacteria and archaea adaptive immune
microorganisms .
system against exogenous DNA
HL AU 1R % -DNABL 1 Fi-DNA 51 RNA-DNAiHL
Target recognition mode  Protein—-DNA recognition Protein-DNA recognition RNA-DNA recognition
o B R R P 1 G A B 2 ZANL 1 G
Editing features Single point editor Unit point editor Multi point editing
AR Rl XfE B BE D
Technical difficulty Difficult Easier Easier
JI5d A4 N g B B
Off-target effects Lighter Lighter More serious
. . [N i 0 10, Su Pt RIS
I FAL e, e, L S R, S TR
: oy SCRERT MRS, R, L T SRR
TCHEM L Fe gl M PRI BRI, Gl oyeymes ) TR A
. TRIREEM - = . Sequences, cells, species less restrictive,
. No gene sequences, cells, species R . . o
Advantage No gene, sequence, cell, species S . . simple experimental design flexibility and
. ] i restrictions, experimental design . .
restrictions, by acting dimer . short cycle, suitable for high-throughput
simple and accurate, and short- . . : .
. e experiments, without having to build a
cycle, high specificity . .
fusion protein
ORI R R IR, B B
MO B, S R S, R B ) AR, PRS2 e U2 e (R S5 . SNPRFE DU I,
B BB A HEA T AL A oA 55 1 e 41 Al AR JBEHE T, Il A A
Restrictions Part of the triple base pairs not found a  Construction of the fusion protein to  Identification of chromosome structure, SNP

corresponding zinc finger, dependent,
affecting specificity, it requires a lot of
time and cost optimization and screening

be repeated, the recognition sequence
by chromosomal methylation-sensitive

and copy number affected by serious off-
target, not targeting any of the sequences

Marton%§ T 20104F 7F 5% 242 4= v 19 B ¢ 14 2R TRV IBE i 3%
SKEZENFEH A B fa g 4x 4. 20114F, Curtin %5 ) /] ZFNs
X 5 B PR A v v B T R A E AT A A e B ARAS AL Dy, Xt
BERAER G [ HZFNE R E N, I H AR R AT H AR
A I ZF N #3541 20124F Sizovae 7E & P S EL T
ZENGE R N IR B PR A1, ZF Nt AT [ it X 795 A4 356 PR 2 o7 o5
PEATHE IR, PR R S LA R L BN, QisE AR
ZFNsH AR AE PRI ST g A7 T 9000, 45 a0 SO A 2 T 4 o 4
F B K T ARG e A, pl A 3 DR R R BOE R
AT 0kt ) FH 5 PR 20 s B 0 A 0 58 A R I 48 B A B2 R R
SRIGEFR. 12 AR 78 0 5 FHEL R 7 19 5 A B R o A5 i
U MR AR 1 38 i UL AR 8 . T UL, I FHZFNsRE #5)
FI IR DNAFF S, 52 80 B DR ) i B /e A, T LA 3 4 e
RIS 5, 48 A R B B 50K

2.1.2 TALENsTEEWHMEA  H20094F TALEN; A fi
T, Bt R 2045 A A . B S e SR IR
JE A A ST P YR R IR e B L 201248, Lisk A
TALENSs{fi 5 /K F5 85 3 N OsSWEETI4)5 3 T & 4= =48,
PRI HE 5 T /KRG X A RS B bk, 20134F, Shan’ 38 it
¥t T— R HITALENs, BT BR T K F b 5 7= &4 i —
2G| P UnOsDEPI, OsBADHI, OsCKX2., OsSDIKEP 4| [A]
4, Shan%: A il Golden Gatety) 7 TALEN = 5% ik 55 T % Al 52
T — R FI LA 20144F, Haun: 78 K b A I TALENs X
I 17 1522 i 420 T i DX FAD2-14/1BRE R HEAT 158 s g B, RO
PR TR GV E VR A 5 R EN. [W4F, Liang%5 A H
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TALENst A Ty i 2 B £ K R A ZmPDS . ZmIPKIA ., ZmIPK,
ZmMRPAFER |, 9728 % 15 5", Wang%5: F) FH TALENSsAEL 2 3k
FEXF/INFE MLOKEFIAE A, BFIDEE R 20 1 5934 ¥ DL = A5 5
A5, AR NE BUME SRR A, AR R 28 AR W] LARR S 1AL B S
ARIEAF A i R e AL LR ) ) 35 DR 2 2t B AR S B T
SN FE A ) R AR AL N R RS AR IR, AR B E R
PRIE, J PR 2 4 B AR 0 B e R N E B M R AR, K
KL T 3K — AL
2.1.3 CRISPR/CasTEfEYIHMIRZA  20134:CRISPR/Cas
Fe AR TER Y A THRET 22 BN . 20134, Li%sEF
CRISPR/Cas e Ul g 7 FIUAR 5 J5 AR T AR v ™ A 10 98 A8 4R d 3
1 T R FH A R TR A S A s A5 5 A6 1) TR 4F, Shan% A
FHCRISPR/CasZ 4t 50 s, il b3 /K R 0 PDSHE R, 77 Az 1) 58 A%
B b 5 DR K R P R R AR SCR | Y. e SR B9 AR
CRISPR/CasZ G TEK B . &l . SFHEY P AR AF 2 H
AL TR i g A8 (A 222 CRISPR/CasZ 45 o] LU T 3L A
o 5, L i o A [ S DRLER ) 1 0, % B R 32 B — s BRI
4N ISR G A F T RNA-gRNASR B 5 2R ik 24
eRNA, A 3 i 1 % R 5 R B B (R R B2 S8 oA g
BHE IR, B AN ELAT B35 P %) Cas95 1 5 A3k KA 26 1)
PE TR TR R A, T DA B I DR 5 S AP B ik P,
22 BERARERAREIMHARFONA

BRI g e R 20 AE MY R T, O 4B Mt T al
. HTijZFNs, ALENsFICRISPR/Cas# A B 248 £ Fp | i
M4 3. 20024F, BibikovaZs: fi] FH ZFNsfifi H i yellowRE N &
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Table 2 Genome editing of ZFN/TALEN/CRISPR/Cas in plants

DNA& Hiifiy 25 5 FeRl A 1% 77 18 Y 5 EE PN
DNA modification type Type Delivery method Species Target sequence Reference
PR SN
- [A] C "
Characters ZFN DI FE AL XK %E[ﬂ. [27]
. Bombardment corn Transgenic
superimposed
faE s Ar?bf?sis ADH]I, TT4, ABI4, MPKS, Transgenic [8,9,11,28]
Stable integration Je ﬁp
. DCLI, DCL4, RDR6, HENI, Transgenic [10]
Soybean
RNAJ #f TR FE AR A 29
RNA viruses Tobacco; petunia Transgenic (291
ZFN K
B 8 BT IR B 50]
T-DNA(B# ) Arabidopsis; tobacco Transgenic
ok §IE A -
Barley Transgenic
IE T ADHI, TT4, MAPKKK1, DSK2B, (32]
Arabidopsis NATA2, GLL22
TRERS K
Stable integration Soybean FAD2-14/B [16]
K#E
Barley PAPhy _a [33]
HUBA T 6 T-DNA(HE ) T
Agrobacterium tumefaciens Ri SWEETI4 [14]
T-DNA (instantaneous) e
ARG I .
Arabidopsis; tobacco ATTY, AtADH, NbSurB (13]
TALEN JELAE A IKFE | AN R
Protoplasts Rice, Brachypodium OsDEPI, OsBADH2, SPL, SBP [15]
LR AL INAE
Bombardment Wheat MLO (18]
A A FEE RS ESP/S
Protoplasts ., Stable integration Corn PDS, IPKI4, IPK, MRP4 (7]
ENE TR RTELI, TT4, GAI, BRI, JAZI, CHLI, (34, 35, 36]
Arabidopsis API, ADHI; TT4 Transgenic T
. - SWEETI1/13/1a/1b, PDS, PMS3,
HE DR SR f{(iﬁe‘ EPSPS, DERFI, MSHI, MYB5, MYBI, 37, 38]
Knockout B : ROCS, SPP, YSA
Stable integration N -
PRI IT . KA AtBRII, AtJAZI, AtGAL, OsROCS, [39]
Arabidopsis; Rice OsSPP, OsYSA
JE AR A SEEAR R AL IR i /N OsPDS, OsBADH?2, Os02g23823, 015]
Protoplasts, Bombardment Rice; Common wheat OsMPK2, TaMLO
JE A A AR AR T IR
3 s N i 'é.' w7 g
CRISPR/Cas T DNA(H@%E‘J‘) ) ju%ﬁ\ }:ltl '?\ 1 SN ZK*H AtPDS3, AtRACKIc, NbPDS3,
Protoplasts, Agrobacterium Arabidopsis, tobacco, . [19, 26]
. . OsSWEETI4, Transgenic
tumefaciens T-DNA sorghum, rice
(instantaneous)
e I+ .
M R AT P T-DNA(BERT) Artllbliﬁg;sis Transgenic, PPO [40, 41]
Agrobacterium tumefaciens " N,
T-DNA (instantaneous) Ji s C %{ﬁ.” A ) CHN?50, Transgenic [12]
Tobacco (suspension culture cells)
DNAZK il 7 s A [42]
DNA replicon Tobacco Transgenic
ZFN P T
Assbdopsis b o
J A A i
Protoplast: i
rotoplasts Tobacco Transgenic, Sura, Surb [43]
P H TALEN VUL ik M5t Sura, Surb [12]
Gene replacement Protoplasts Tobacco
IKAE PDS 20
Bk TR 20
Protoplasts HE B
CRISPR/Cas Tobacco PDS (19]
FE A PRIt
Stable integration Arabidopsis ADHI [44]
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%32 Table 2, continued

DNA{E i (1) 24 7 FH e 1675 1 Pyl R 275 SCHR
DNA modification type Type Delivery method Species Target sequence Reference
FaERA e
ZEN Stable integration Cole Kasll [43]
FE#A PRI IT .
Stable integration Arabidopsis RD294, Transgenic [46]
o ] 5 R 2 0k 5 HT- D
P B R i TALEN AR A FF B T-DNA(BEI) o K
Control of gene Agrobacterium tumefaciens Tobacco Transsenic [47]
expression T-DNA (instantaneous) ¢
U B T-DNA (BRI -
CRISPR/Cas  Agrobacterium tumefaciens Tobacco PDS, Transgenic [48]

T-DNA (instantaneous)

A i 22 AR 20104F, Takasus ) JHZFNsfifi 52 72 1 BmBLOS?2
FE R 5 s 578 T L S R A 4R 114 5 A8 e AR ST DR
Hoss L ) F—ARE 20124F, MaZ: (i FHTALENs A Il IR 5% 7
H)BmBLOS23E N, RASAMAFZ L H il Ze AP ; A8, il i il
FHPIZHTALENsYIESE 3 851 A P AL 5, 38 B T L 1 9 v
[a] B B g 2. [R4F, WatanabeZ5 i FHZFNsF1TALENsH I
FARMENE, SRR TR (Gryllus bimaculatus) fLac2
LRI 20124F, LinZE i FHTALENsEL YR G 73 g vellow
FEHPI 20134F, GratzZ i FJCRISPR/CasHi A & A 85 174
Wyellow) rosyEH, i I SCTE T 200 s ddE, FBoIB:,
DI K BT RPRE A B R Y. 201448, ik 2% FIHTALEN
AR BR ZE A BmBlos 255 K, A4t SR IMGEAZ IR,
B FAR A PR UL AL T R4 T 00 A, T AR E Bk | 4
AR | BT I AR S L2 P g AR I DL AR AR o
ZFN, TALENsHICRISPR/Caso; A 25T B o il B &
ARSI AY, BB R ARIEAE B A E 1] B, AR KR

N mMEHE AW EEHA TR ENRR. 20114, YodflE
AR FHZENGBR TAFLERE 11(BLG) B ™. [F)4F, Hauschild
SEAERE R ZENSE AL Tal, 3-2F FLAESE R AR, 5600 TR
WEIR B ARAEZ B i I BE /1P, 20124E, CarlssonZ5 764 Al
R EACHI I S T TALENAS 2 1 SE R AR, T L TALEN
1E R 7 o P RERS & FEVEHIEY. MICRISPR/Cas97E Z i X 5h
YA T NI I R (ORI &R & 7 T 8RB, JE R4 4w
R AT AU e N P2 DT R R K &, Hnre B
PEARTICRL . P R D R s vl L 5y 1.
2.3 BERAREFATEEREETHAIMNA

LM I PRI IT A —E L &, ZFNs,
TALENsHICRISPR/CasZ T ELB B, S8 T XFhESC ., iPSC
S ZFh 0B 2R A AVSIHZ S AICCR S 05 1Y 7E s XWUEE W 24 DSB
FIFED A A (5 4n . ZEN sl FH A A8 5260 25 P00 I 48 A 1R
AT AL R A BB S 0 4 A9 A S 3L RISNCA 5 FIFITALENSs
T S A VI g TR R (13 I COL7A L, Y87 K IR 1 32 2 WA e
(RDEB) ; F|FICRISPR/Cas$ AR [u] /N Cryge K& R 34541 ik
F, B EE R R MRS AR R, 16T N Cryge B R 5E
ARG A B N BE. BRT B R ki AR — LR LA, K
PR 20 2 e AR T AR TR O BRI, MNPk & AT 6 TR i 3
e, TEVE YL ARG Fb A B AU L A2 . #1240 i 77 1005 25 Y
FEHAIT R R AR AR Beah, FE R 4 g R A
Wy 25 A B, LR B 20T 0 o 20 B AR A (g 7
S AU RRERAL TR T RN A Bl v S A S T T
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1525 R T 56 R Al 4R B R\ B LAk s 32 21732 ¢
1, EHTAMEET A A, T RE R IR 2R DL
FLRIE Y B BB T LR 2H 4 i R 5 1% e B AL SR B
AR AT AR K B 3, 0 B2 L TF A RIS 1l 107 3 77 A 5 — Sk
(s (1) ) FH 32 DR 4 2 e 3R AS RO AL R L5 5 8 0 Tk —
U2 (81 PR v R B 40 A B 5 L 2 R 4, PRI
A3 PRI TG T 43 3 35 DR 2 2 6 A5 A M) 28 73 Ak 5 B2 A
s (2) FE R4 g B3 AR A T RE =2 R4 N 5 (3) ZFNs
F R A | TALEZR () g fd )7 4lid 4, CRISPR/Cas R Gi %
PAMF BN HSPE R SR Rl R0, O Z2 0 TAE 5 AR J& 1A
A JE DR L i, el FH % T R B 2 0 R, i — Ak
b TR A A AR DNASE 6 14 J5 12, 45 m 7E R e I 4n g
RUTIT o5 BOAZ BRI 1, 380 DDA R T B0 R S RN 2 1, 3
IS 2 e R A R g i) A

SR FE N AL 4R 4 R B AT A TR B A, (Rl 5
FAEYF BRI A BB B SE 57 W B AR WHM B, X S
AP AT K e 5 R, ] DL i # A 5eRE | DiAk FokT#)
ZE A | MO sg RNA G AR AZ B2 i 1) 7 38 K7 25 0 =R 2>
MR AL N, P U TALEVR I EE (il 45 9 S1A% BR i - TevInl —
B Ak Fo kIl 28 1% 5 750 i TA LEN A D 25 1R £ S F 1) . 5 Rl 4
B AR AE AW R SR SE 3, N AR, W i a2 s e
N T 53 32 DR S B X6 25 AR RN A 3 DA S Bl L A
P R R A AL a0 DR 2 S R S e, R i R
TEIT AT A B S R 2 G A R S5 IPS AT AN i AR A 4
A, Bl AR,

SR N AR MG, e DR 2 2 i R X e TR 414
BT SR S, RS RN A S, (HJE R B AR T
SgRNAKER FIRNARE 5] N ) i CRISPR- Cas 9K N S A MY 240
Jf . 7 3 R A 2 5 R, X SRR R R A 2 4y, T RTRER
Wil AL A L 1 L A I 2 5 | R L TR 22 A ik Il . ) A 1
ZAE I A P I8 o 8 ol R ) VR 2 N B R e A B SR TR L
ARRINE . By, WO SR A A O e M LA B AR T e e
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