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RNA (single guide RNA, sgRNA ) , 4 A7 A S A7 Cas9 B L1 PX330 FURL, 73 SIF E Sixc 1 BEPR AN Sind BE A B 3 T#E 2444 PX330-
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AR, 2250 e 5 AT 44 A AT RN R, Hob Sin 1™ Sind 4N ZR N 134>, Z5i8 il CRISPR/Cas9 JE K 4 4 A AT
TR AT S 1 B DA Bt 53 40 22 R Siow 1/ Sind UKL DR B BR AN AR | Al 2 0T 2 8 ol 3 sh B4Rt T 6tk , A5 B 005
Sixc1 1 Sizd BRI FERE B NE & B A DIRE

[S&4#IA] % ; CRISPR/Cas9; Six | FEF FEFRANNE R 5 Sixc1/Sind FEF mBR AN 5

[FESES] Q26 [XHFRERD] A [XEHS] 1007-4368(2018)02-143-06
doi: 10.7655/NYDXBNS20180201

Establishment of Six1 and Six4-deficient pig cell lines via CRISPR/Cas9 targeting

Wang Junzheng, Li Yanru, Zhao Lihua, Liu Manling, Zhang Manling, Jin Yong, Chen Qiaoyu, Wang Chenyu, You
Zhihuan, Li Rongfeng

Jiangsu Key Laboratory of Xenotransplantation , NMU , Nanjing 211166 China

[Abstract] Objective: The concept of animal organs regeneration via stem cells injection and blastocyst complementation has been
proved. To apply this principle for organ regeneration, the specific organ-deficient large animals must be created firstly in order to
make the specific organ ‘developmental niche’. In this study, we attempt to generate the Six1-deficient and Six1/Six4-deficient pig cell
lines by CRISPR/Cas9, in order to construct pig kidney-deficient model next step. Methods: The first exon of Six1 and Six4 gene was
chosen for the target to design the sgRNA and the two sgRNAs were cloned into PX330 plasmids containing Cas9 skeleton respectively.
The efficiency of PX330-sgRNA vector was tested by T7EN1 enzyme assay analysis, then, the efficient PX330-sgRNA was co-
transfected with the G418 resistant plasmid (pCMV -tdTomato) into the primary porcine fetal fibroblasts (PFFs). The monoclonal cell
populations were obtained through the G418 screening and the genotypes of monoclonal cells were identified by sequencing analysis.
Results: Cas9/sgRNA expression vectors for Sixl and Six4 gene targeting were constructed successfully. Total 48 monoclonal cell
populations with presumed Six1 gene mutation were obtained and identified by PCR , among them 21 cell colonies showed Six1 bialellic
mutation (Six17). By the same way, we obtained total 44 monoclonal cell populations for both Six1 and Six4 targeting and 13 of them
showed Six17" Six4™” genotypes. Conclusion: The Six1” and Six1” Six4™ cell lines were obtained by highly efficient CRISPR/Cas9
targeting, which can provide the possibility in production of the pig kidney - deficient model and also be helpful for the function
investigation of Six1 and Six4 genes in pig kidney development.
[Key words] pig; CRISPR/Cas9; Six1-deficient cell line ; Six1/Six4-deficient cell line

[ Acta Univ Med Nanjing,2018,38(02) :143-148 ]

[(BELmHE] ERARPF A FIH (31371487)
SEAEVEE( Corresponding auther) , E-mail : lirongfeng@njmu.edu.cn



- 144 - [E]

NI S

38 E 2
20184E2 A
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Wrdm e, &R W 9% (end - stage renal disease,
ESRD ) B4 K AT LA 3 1t 43 375 i M R A >k
AU B EHRFRE D BE BTN BRI S AR A4 P
SRR , W0 P 3083 3l CFF 3%, AR L4 M AR
R D TG DL SRS AR AR
HERS AR A2 4 A K2 B IE o D RE B e (e £
B2 N RS B R IR B A BR AR TE S HE
SRl AL, P AR SRR Y T A0 e i IR
A TR S AR B T BE R — T i R A

S0 JUR EL AR ) T PRl o s LA B
PRI 8] 422 SR, ) A AH N 2 B 1) ik 2k 19 sl ,
1A 210 9 A% 2 F 3 AR (somatic cell nuclear transfer,
SCNT) A= i B R AE i s 1 Bl B BRI, W /s TEAH
V7 B iR ) HE R R T A SN S RE sk 2 R T AN,
NIRRT AR & B o E Al B R B AR
HEAT PR A T 5 e i B 2R F T A5 B0 AL
BiE . UsUi 58 FHREIRE AR 78 Pl K
(/)N BRUBE R FA 1 DR R TR Y JBE R . Maatsunari %5
) FH 4 JUR B DR T IR A 75 52 BEL A 2 ik DR R IR i 7
A AR . 25 B s B B AMES Y AN
A NIEAC S RS B 2 TRy

B AT AT B AR, T 2 R
PP T Si TR ZEAE T ER Bh B REE . WL
W) Six KR FGALFE Sinl ~6 3L 6N FEA, Hid Sixd |
Sixd e R 2 FERIRTE B K A i TR) S5 X, %) 5 i
HHRAEEEN . 7EB IR A B R 2
J5 B TR Bt I i A I A A A AR ]
AN 73 SR U IR R4 RS LA BGRB8, I
oI I R B /NBR i/ NG /N A
G5 WEFE I, e/ B R Sin ] BE PR IS i IR
FEMTETE ARG B 8] BT A r SOE R & RS,
[Fi] i J B T 5 X A T BRURFLGS  BE A BY B (A /N
Siac 1 B PR RIS /) Bl 0 26 T S0 B U 2 5 ek
P4 . Kobayashi 55 & BRIA] S FBE Six1 1 Sind FE A
W2 5 250/ BRI 1 e Ak B DR AE 2 LS
[F J5 HE 0™ R R

I s oA L 380 O a2 A R ) A D AT 5 4
W, TUALE TR EANE R A P 2R TR
RS E B SC L ARAT B RS AR RSB TY  ARF5T
U138 i CRISPR/Cas9 (clustered regularly interspaced
short palindromic repeats/Cas9 ) 3k K 2 5457 A X} AL
NG LA A A IIEA T Sioe | B DRI S 1/Sind AU

WRER , T — R B BRI R B E ST A
1 MRFTTE

1.1 ##

35 d AR P G LT 4R (PFFs ) pH AR 2
S E KGR . DhSadAz A Bk MR & L BUkL
) & (b RARA AR 2 W) 5 PX330 kL
(Addgene 423230) . Bbs1 FR il 14 N Y1 | Quick Li-
gase 7 2§ A1 TTEN1 i (New England Biolabs /A ],
) ; Plasmid Safe ATP-Dependent DNase SRR
L5 (Epicentre 23 Al , 5[5 ) ; Basic Nucleofector™
Kits A0 20 j #1554 (Lonza 2y &) , f5E ) ; DMEM 35 3%
W, NG 2R LTS . . Penn/Strep X{HT Fl PBS % IR
(Gibco A7, 2 ) ; pMD18-T # {4 (TaKaRa 23 7], H
A) s 51 W) 5N RN R AL 1) SE A% BT 9 R a4
B 2 A
1.2 7k
1.2.1 sgRNA #93% i+ F= CRISPR/Cas9 47 ¥e. 3 4k 49 4
23

TE Genbank H A % 3% Ui Six1 3& A (Gene 1D
100156847) , Six4 3 5 (Gene ID: 100153985) , AR 4
Six1, Sixd FE P 9 73 IAE S — AN Wi 15 |4
FEHIFF5 A (K 1), LA PFFs FYFEH 41 DNA AR,
FIH PCR 4354 1 Sia1 FELRIN Sincd J X Y 25— A1 .
FFEA . WK Z 20 pl, 2 W 454295 °C 5 min;
(95°C 305,62 °C30s,72 C 30 s)35 MEH ;72 C
7 min; P74 °C o 3l BUARBHEE M HL KWL ZE PCR 7™
YA BE , 3% i a4 B 28 W AT I Y, it — 2D
WA PFFs 1 Six 3 PR Sioed BEH )7 8115 5 o LA
J R Sinc1 K PR 51 S 54, ) ] CRISPR 7E4¢
#0535 0T T E (http < //erispr.mit.edu/) , HR i Cas9 ¥
ABEH IR 5738 G, 3% PAM F 41 (NGG) |, 1E
Siacl FE A B9 5 — A 7 Bt — > 20 bp B9
sgRNA SERZHTRT O], H-fiv % 0 sgRNAT, 35 A
W5 2\ v A LS AR S IR AL AB M 1Y sgRNATL ¥ 41
[FIAF: , Siovd B PR 3 3ok [W] A Y O VAR S — o B F
L3I sgRNA4, I BEFTARN B4

&1 Sixl,Six4 E—5NBFHIE5(H

Table 1 The primers for amplification of Six1 and Six4

Sequences (5'—3")
GGCCCGAAAAGCTGCGGAGTGAG
TTGGGGTGGTTGTGAGGCGAGAA
CCCCACCGGGCAGATTGC
GCCAGGCGGTCCAGGTTG

Primers
Exon1-Six1-F
Exon1-Six1-R
Exon1-Six4-F
Exon1-Six4-R
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CRISPR/Cas9 T #l 2k (A by £ F2 8L 258 10 5 | 1R
K PX330 ZUARRFDT Lt Ak PX330 A 5 sgRNA i
AR . B K i 5 1 4 4l e
KA EE FKEM 100 pmol/L, KFIEEES 195
TEEG YA L, A 8 pL 5B 17K, #HiR
B 10 pLIRR  7E PCRAUT A 37 “CHFE 30 min
J& N 95 C 5 min J5 LAREST R 5 CHYER B 2
25 CJ5 4 CPRFF. [RIE, 4% BRI 45 20 38 1% PX330
FAR T Bbs1 B A TRV 2 PEAL , PR Lk A
PX330 44 51R K i AUE sgRNA H Quick Ligase i
PR AT o B WA Plasmid Safe ATP-
Dependent DNase J5u k7 £ 42 55 i Ab L5 55 1L 2K
JAFT B8 DHS o, BRECER TR V& R4 T R AR DR R T
M54 .5 - ACTATCATATCCTTACCGTAAC-3'
W 45 SR TE B 1Y TR Bk, 539004 44 4 PX330-sgRNAL
1 PX330-sgRNA4, A TG P 5 2 5k A 42 3 )
&, e BRI A5 2D TR B2 B PX330-sgRNAT J5T i |
PX330-sgRNA4 5T A7 DL S GA18 Hi itk B 1) pC-
MV-tdTomato 5 o
1.2.2  Sixl, Six4 & B PX330-sgRNA # 1k 37 $e. 2k &
oend

1E 6 em 55 7 M & 15% 16 4~ 17 1 DMEM
B 95 WK 77 R AR PFFs, £33 41 LI A B 35 31 80% ~
0%, FH R FI T, T AL IF B O SR A . Sl
Sixd PX330-sgRNA FTHIZ AR 4 g, 2 M Lonza 1%,
2T 2 0 i 2 a0 B b B R A L 18 Lonza 1275 e
L U-023 FEFF, 2 A YL 2 1x10° N4, %Yt 48 h
JE R BOR A 40 R 4H DNA , 18 5 PCR 74 sgRNA
PRI B 2 X, 4 PCR P W BRI I B VK 5
i Ele

J2 [ AT 7= ) M) FH TTEN T i) 5630 T 40 844 1
FEBRACR o 200 ng 4L =9, 2 wl. 10xNebuffer,
IEHZEE T ARKMER] 19 WL, 78 PCR A HEFTIE &
FE o 1B KEERIE 4553 9.5 wl, Hoh— 1 52
ZHMA 0.5 uL TTEN1 i, 75 —8 A 0.5 pL L&+
IKAE R IR , 37 CIEE 30 min, A 1.5% 1) 3G
BEEEIE , 90 V HLK 50 min J5 /AT 4G
123 fmhadkffost g ey ffik 5 52

156 em 53R A A& 15% 16 45 1.5 19 DMEM
B R 45 5AC PRFs , 420 i A b A KR A 5
#| 80%~90% & 47 , JH1 0.05% JiF it 7 1k 40 it FH T 4%
B OBHEEXT Sixl $THEAY PX330-sgRNA 1 #4K 54
G418 i ik pCMV -tdTomato JFk: LA 5: 1 9 L4,
Z: I8 Lonza JIl2T 2 40 M 56 L 1200) & b i #4E , H U-

023 FRJF 46 Y PFFs. 46 L J5 40 43 45 % 10 em
B R FE O 4 R B R 20~30 A, JT T A
A 1 mg/mL G418 & £ 1) 15% Ji 4F 113 ) DMEM %%
FEMOR A T T R BRI

oI5 R 20 M 24 2 50 L R, EA T B v R Y
Eo /ST PURTA T €1 WU S TN VA W R G A 7
e F45 10 em PG TR, T PBS Uk 136 /5 , 4 e
ICE RN A TR B, FH 0.05% 8 FH N
FLAAEL, 3270 T 24 FLA D YA S L 2 6 L
Merpo 6 FLAR H B A MK JE 1/5 FH TR BGE R 24
e RIS TR

I NPAO 24 figf 7 452 A0 M S DR 2, %o Sie | 3
PRI R B o e W o BT 5 1 )P 910 (% 2) , 9347 PCR
PBE . PCR B ZR : 20 WL, PCR W 451F: 95 °C
5 min; (95 °C 305,58 °C 30 s,72 °C 30 s)35 MG ;
72 °C 7 min; f£77 4 °C . PCR =¥y s 4l Ak 1o i i
HA%E % pMD18-T # AR A THAL = R IGFF T, Btk
PRI IS AT o )45 548 5 B AR 550 e
ST R TE R S ARAE L, RV AT A5 21 Sinc 1 J R e B 4
TEREAHML R

FIH 377k ¥ Sil $THIAY PX330-sgRNAT,
Six4 $THLAY PX330-sgRNA4 54V ikl pCMV -tdTo-
mato FUR L [R]FE L PRFs 18 3 25 07 , 2R 7 Bk S 4
FE, RARAT Sin 1 R Sioed KU P[] B g B35 1) 595 B o
AR

2 Sixl,Sixd EEERLEES|Y
Table 2 The primers forgenotyping of Six1, Six4

Primers Sequences (5'—3")
Six1-F AGAGGCCCGAAAAGCTGCGGAGTGA
Six1-R AGAGGCGGAGAGGGAGAGGAAGGAA
Six4-F GCAGGAGAATGGGATGGAAA
Six4-R TAGGCGGGCGACGAGAAAC

2 &5 R

2.1 Sixl,Sixd AR B3T3 4ER
HRHE NCBI F14 Si 1, Siacd J5 PRF 4 76 H Wi i %
TSI, % Sixcl, Siand FEPIHEAT PCR Y3, 28 LK%
SE KMo 1180 bp #1100 bp 44 24541, 5 H
M B AR (1) o [RIES B4 38 ™= P 3% 250
¥, G 6 HEE A 7 81 IE A
2.2 CRISPR/Cas9 8 faAs & it - fod7 de B Ak M i
4390 36 B Sioe 1 1 Sioed J5 [R]85 — A0 i FAE N
CRISPR/Cas9 ¥ 5535871 sgRNAT Fl sgRNA4 (15 2) ,
HRHE Cas9 # BETT I« 57358 G, 3" %A PAM J 5]
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1500 bp

1000 bp

500 bp

100 bp

M: 100 bp DNA Ladder; 1: Siv1 %& B PCR 473 7= ¥ 858 fise R bk 245
52 Sind LN PCR 57 W e v vk 4
B1  Six1 EFEHSixd EE PCR =45 A ik 45 R
Figure 1 The results of PCR amplification products of

Six1 and Six4

(NGG) , 53 3 15 it sgRNA Jf- fiir 24 4 sgRNA1 Fil
sgRNA4, [A]B, 7 sgRNA (1) 95 3 il fE -5 Bbsl
I SR T 42 R R i (2 3) o sgRNA SEAZ AT
P& 5 91 2238 KB B AUE 5 Bbs 1 BT PX330 2 {4
FHIE 32, AL BN K AT 5 L B 15 3] 5 5 Bt T
%o PR RS BRI BRI T, X EE B
PX330 #& {4 43 51 B 21 5 sgRNAT Fl sgRNA4 2
(F3).
2.3 CRISPR/Cas9 & 20 H ARk 31 o2k I iE

2B 5 % A PX330 - sgRNAT Fil PX330 -
sgRINAG FT I 20 {4 0 240 i 56 [N 41 )5, 2840 TTENT il
AEFRS B HL K I UE B PX330-sgRNA 1 1 PX330-
sgRNA4 20 JFok a] LU THEAHA (1 4) . AT
LA, 15 sgRNAT I XT BRZH 252 TTEN1 JigAk

Sixl genome

reEe

3"-TACAGCACGGTCGGTAGCAAGCCGAAGTGTGTCCTCGTTCACCGAACGCA-5'

sgRNAT sequence

e
5"- ATGTCGTGCCAGCCATCOTTCOCCTTCACACAGGAGCAAGTGGCTTGCGT - 3

Target

PAM

[ T

Six4 genome

Cowm

3"-CCCGTCTAACGTTCACGCCGCCTATAGTTCGTCCTCTTACCCTACGAAAG - 5'

sgRNA1 sequence

5'-GGGCAGATTGCAAGTGCCGCGGATATCAAGCAGGAGAATGGGATGCTTTC-3'

Target

PAM

A Six ] FER SR (5 B LK sgRNATFTHEIFS 5 B Sind FEP G5 K15 B LA M sgRNA4 STHEES
2 Six1.Six4 EF sgRNA 5%t
Figure 2 Schema for CRISPR/Cas9-mediated Six1 and Six4 knockout

#3 sgRNABRZEHBEET
Table 3 The oligonucleotide sequence of sgRNA
sgRNA
Six1-sgRNA1-F
Six1-sgRNAT-R
Six4-sgRNA4-F
Six4-sgRNA4-R

Sequences(5'—3")
caccGCCATCGTTCGGCTTCACAC
aaacCGGTAGCAAGCCGAAGTGTG
caccGAAGTGCGGCGGATATCAAGC
aaacCTTCACGCCGCCTATAGTTCG

ACACCGCCATCGTTCG GCTTCACACG TTTTAGAGCT

AABT BGC 6 G6C6 BATAT CAAGBC BGTTTTAGAGCTA

FTHEZIA PX330-sgRNA4 sgRNA o7 15 I Fp 4%
3 EHERENFIGIE

Figure3 Verification of recombinant vector via sequencing

FRAH AT 3G TTENT B 0] LK 9 255 1 DNA
JPA  TEAS T B AT 8 U, T LA 255Uk 3 200 bp F]
300 bp A 45 HC DNA J3 41494 85 U1 i 2 4~ Fr B, 3.4
503 N seRNA4 [P X R AL b B, 4 5 Pk 38 H
400 bp 2245748 24 v B, B /NP S TTENT i 5 ) 13
HKelt) Bt o Six1 FlSix4 JEH Y PCR = #4834 TTENT
il b P FS X5 RE 7 A2 55 U R B, 1R PX330-sgRNA1
F1 PX330-sgRNA4 51 41 484K 73 51l g 98 A 54T 4
Six1, Sixd FEA
2.4 Sixl 3 B = Sin1/Sind S E SR H e L 2
HETREEER

PX330-sgRNA1 FIHLHE TR pCMV -tdTomato
[Fi) 7 Y P Fs 3 18 24 i 5 45 21 5 5 P 40 i 22 3 48 4>
(JE15), TA 5aR& 745 5 W om 78 AR X 3 40 4> 5
Wk AR SRR AR . HrP AT 214 Ta b K BROLAREA JE A
&7 (Six1™", biallelic mutation) PX330-sgRNA1 EER LN
FTHRRCE R 44% , HAT 64> pa b XA FE R SR AR 1 10
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3 4

2
—

200 by -

s P
M: 100 bp DNA Ladder; 1. 3: Six1, Six4 3 [ PCR 7= 4 A il
TTEN1 TR ;2. 4: Sixl, Sivd F[H PCR F=4) TTEN1 BEALHEL
4  sgRNA BRI R IE
Figure 4 Verification of sgRNA knocking-out efficiency

5% 4= A [7] (homozygous biallelic mutation, &l 6) .
PX330-sgRNAT, PX330-sgRNA4 LI K 470 5 ki pC-

M 1
1 000 bp
500 bp -
400 bp

300 bp

A WT

MV -tdTomato =™kl Jutts 31| s e 2 44 1>
([5), TA SERELE AR /R Sinl Fl Siad SEPH IR & A 58
AT 304N sl . RUAFA RE DR 588 b B (Sie 1/ Sind ™)
A 134 (biallelic mutation) , FT#ERL K 30%, H
Hh Siae 1 S50 3 PR A Sied 2537 HE DR 9728 7331 A ] (ho-
mozygous biallelic mutation) [\ 6 T FEE (K] 6)

.-

A Sixl B R AL AR A 6 FLAR (x40) B: Sinl " /Sind ™" B4~ 4
R AEA 2 6 FLHR (x40)
B5  Six1 BERERSixl/Sixd WE E B R ZR
Figure 5 The cell lines of Six1 and Six1/Six4 mutation

ATGCTGCCATCGTTCGGCTTCACACAGGAGC

Six1* clonel ATGCTGCCATCGTTCGGCTTCA=ACAGGAGC -1
Six1” clone2 ATGCTGCCATCGTTCGGCTT ====CAGGAGC -4

Six1" clone3 AGCTGCCATCGTTC====T=ACACAGGAGC -5
Six1” cloned ATGCTGC=============== CACAGGAGC -15
Six1” clone5 ATGCTGC=====================—— Cc -23
Six1* clone6  ATGCTGCCATCGTTCGGCTTCTACACAGGAGC +1

B WT ATGCTGCCATCGTTCGGCTTCACACAGGAGC
Six1”Six4" clonel ATGCTGCCATCGTTCG ============= GC-13
Six17-8ix4" clone2 ATGCTGCCATCGTTCGGCTTCA===-=GGAGC -4
Six17Six4" clone3 ATGCTGCCATCGTTCGGCTTC=CACAGGAGC -1
Six178ix4" clone4 ATGCTGCCATCGTTCGGCTT-=======mmm==mmmmm -20
Six17-Six4" clone5 ATGCTGCCATCGTTCGGCTTC=CACAGGAGC -1
Six178ix4” clone6 ATGCTGCCATCGTTCGGCT==ACACAGGAGC -1

TTGCAAGTGCGGCGGATATCAAGCAGGAGAAT

TTGCAAGTGCGGCG- - 31
TTGCAAGTGCGGCGGATATCAAAGCAGGAGAAT +1
TTGCAAGTGCGGCGGATATCAAAGCAGGAGAAT +1
TTGCAAGTGCGGCGGATATCAAAGCAGGAGAAT +1
TTGCAAGTGCGGCGGATATCA==GCAGGAGAAT -2
TTGCAAGTGCGGCGGATATC = AGCAGGAGAAT -1

A s Sixl HEH Al RRBR BT B 58 AR B R R 5 B : Six 1/Sixd WU K 40 A R Bk B 50 B S A8 L R Y
Bl6 Six1"5 Six1"Six4 Rk 4AE R E F E
Figure 6 Genotypes of Six1"andSix1”Six4"cell lines

3 it it

B ek & e —A o e nad #e  Horhdm R4
FARE B ST, & E ARG A8 BT a5 5T
A i e R B BUSCARY B IIE . IR 35 A EAR
R RV 2, F 244G Sixl, Sivd, Eyal , Gdnf,
Pax2, Pax8 %5 LM, Sixnl FEPH AR5 B IE A B A4S
LA S SRR , Pax2 (Six2 \Salll Gdnf 3 H 1)
IRA S RRAR . Sind A Sind LR R B ER S, /D BV
WER & a6, H Pax2  Pax8 Fl Gdnf FEIH 1) 1k
SEATH AR . I Sixl F1 Sind FEPITE B JIE 2 75 i 5

FENEH, 5B R F WAL Z [ A7 A AH B
WL R . KU, A8 55 1 H] CRISPR/Cas9 %5 [ 4
AR BEPE Sil T Sind FEPHEAT RS L A8 2 AT
BRI REE . [RIASE, MRS T ) e
(ORF) S8 B FTHEA 55 AN A HAb A Lh %Y
T, DI BIEEE Siac 1| 1 Sioed HEDR A — A1 Sk 1~ g
SR THE DN R , REASATT Sin ] B Sind FEDNAERE SR
HR AR 5AR | T30 U RE AR

H 1T, CRISPR/Cas9 & [F 4 5 F7 A L 7E I 7L 2
W EARRN T Z R . Jinek 25 T HFIEK; crRNA Al
tractRNA 2 2% il — A~ 51 [a] 5 RNA (single guide
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RNA,sgRNA) , X1~ sgRNA REfZ 1 Bl Cas9 P U XT
DNA 347 % i U], {415 CRISPR/Cas9 % [H il 5
Sefd HEE M fAE . 38 CRISPR/Cas9 JE K 248 17
AN SCNT AHZE A, Kt A N JE P Ja 1 70 S 56 [R]
BRIGHERIE 277, BN, Chen 25" F§ CRISPR/
Cas9 F K] 4 5 1 R mi B TgM SE 1K, 375 B 40 At i 2
FEREAY s Zhang 25 F1| FH CRISPR/Cas9 %& K 43 4 R
FiA C3 L AR 5 Li %58 12 CRISPR/Cas9 R 4¢
R A TPH2 JE PR AT ST IA 0 A 25 815 LA SRS
FBN o TR R B 1 7 A B N5 B CRISPR/
Cas9 3 [F 4t 45 H2 R BEAS 768 A0 L 0047 550y 3k
FIHE . ARSZE BT CRISPR/Cas9 41 #1035 14
HA B BRCR , Sinl J P T 88 2R R4 5
R 44% , Sixl F Sind Fe PR ) A4 [ BT HE A 45 25
R R 30% , I AASBF 98 b s s i A TR 2k A4 i
f IR ) % T 7 190 35 PR g B3 400 e, 1T SCIN'T W) 4 K
TR ] 25 356 DR i 2R B iG FH T EIR BLAMB 3 T AR
SRIUP L

e AME Sh P A P s AR, JC AT 4R
T A A IE AR P R, ANR TN e
ML & BT AT . 5 NI AR
AR B BRI R A A0 R YRR S
T LA AR 5 B AR , FIF LIS I 1A o P 2
U A AR Bh A AR S R B A S DR AL Y 5
B LA SCNT FEME 732 o JHE Y, A
AW 2 i 32 R R S AR L 2 — R e S
A PN P A2 I ARAIE T R R S DU A
TR P R e P R R A NIR 2 B A 3050 E . Mat-
sunari 55 TE Pdx1 3R 05 31 F 5 16 A Hes1 FE
, Hes1 & [R] 14 1 % 15 (5 75 JB i 1) & & 32 2 BH Y
AT FRAGH R i B PR AR AR 3 1o R e A1
FE WG T 410 7 AAE A Hes1 3[R 18 55 & IR b 53
A R ANBEAR o PRI, AT 9 3R AS A4 Sinc | B[]
TR Siac 1/ Sic4 WUHE PR i 55 % 41 L 3% P SCNT 19 1
AR, S R A5 5 T e g A A | 33— 2 ) FH i A
VE R 28 B PR B8R , 38 2 B R B DI FH B U Bt
(AR SR B A S A B I, 2 A AT AP

25 L RTiR  ARBE ST 3E o = 2L CRISPR/Cas9 47
AR RLINARAS T Sin 1 I R Siv 1/Siaed WU A
R 20 ML 7R, Ry AR B S () B A B 3 T i
Ao R, RAEIEZLE S e & & R — sk
T AL 2 M A, Sinc 1 B FE R i Bk DA KL Sin1/Sind B
SR A R TS B & & A A o
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