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%43 CRISPR/Cas9, Tikil, FLPHFTHL, JEis
FESES  Q789, Q95-33, Q812

Wt 5 BB rEsh Y B K A B i, doE
MR | fimis . TR RS A L AR Y A
S, VAR XSFR A 2445 1L Wnt {558 B Y
0 ) DR R R s 0 1 i O A
RNk ERLE A R AL S AR AT /D 1Y . Wt {5538
B% 3 06 PE 4 i I F DKK-1 % 4 (Dickkopfl ,
DKK1) J& Wnt {55 B A0 N 72—, 76T
W 2% 3k DKKI, Af DLl £ 35 Wnt8 ., wntl |
Wnt3a ZE7E P ) T 45 3 5 B-catenin £ 5 1Y Wt {5 5
WAR, ETEIG it 2k DKKI Al UG R E Kk
TLE Ry NP R DKK LR, SEUIR G
I P18 T ity 45 4 198 it 2 K Sk ity %) AH LR, UE B
DKK 1 FE PR /I BRGS0 R Ji % 7 B T A4
FHBUAE20124F, MR 2R L ZE B 2 B AR 2 2
ATBA 1 2 IS R BT — A RA XA EES
DKK1AEF AL SE ], AT Hodiy 24 o0 Tikil 3
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KHE, %: FIACRISPR/Cas9 R GuAG R Tiki L E S i8R *901-

TSR Tikil LR AEELS & & ThITER,
ARSCEBENE AP, R CRISR/Cas9 £ A Fil
A 240 i 5 A A A A Tk 1 256 PR B s (A B R 78, 4%
BT RE AR aB Tiki 1 358 PR 5 2 S SO0 IR I ot 2 i 8
SER A SR R, A2 Tikil SR AEM 7L 20
Wk & SRR — 2 S K

1 MREFE

1.1 SEIesrsl

I3 LB AR R ORI U A 2 T Takara 2
Al AR SR AR ST ORI UL 34 Ol Gibeo 24 )
P, AEE R TR A BB B [ Sigma /A A . 5L
RGO H o ER AR M A P I 2y 5 R 5 e
B R sh e, BT AN i o Rk E B
A=Wy 25 5 (R 5T e i R 2 SE B0 AT 4 B R
A7 . BT N AT M T e 52 7 B ] I P A S e 5 4
HNEEFE G . BT ShW i ) 54 BER B AR AT A
LTRSS 5%, SR AL LA S E R
A B 24 5 g 5 B G T OR A A FH S 55 5 )
FIFECEGE (EFR AAALACHRUE) . BFA (S ss
B 45 FRSL G sh W i FHERE IR AT #5850 3)
Yy SR IS 2 b ER R B M A P e 2 g
A ST 6 S5 s 5 P2 53 2 S50 3 ) i R RN
MZE VRl SEER sV AlE: #A5748-01.
1.2 EWHE
1.2.1  Tiki IERSEA AT A BERE K gRNA B Hl1E

a. JEAL AT YRS

FEPIFE AL S B P GGN (17~18) NGG
(NSRBI MFsZeKR, HP GGN (17~18)
JESHRILN S A NS, NGG & Cas9 25 (A Y)E) fir
W75 B PAM  (protospacer-adjacent motif) [X . [K &
WAL B 25 BT Y pT7-gRNA RSN St 844 2 T7
JABhF, FrRAEREE AU Gy AR
5 2 IS AR AT AR S . Ak, FIFEIE
SCRETY I SUBE R AT

b. HBA AR N B BRI/ R B

R T AE MmN S Z)E, RIS A 2
Zkoligo (¥ K24 nt, SFHIHHFHIFE M, ASZ
) . SHIMFEY K. 5-CACC-GN19-3'; AS 5|#y
JF5 . 5-AAAC-GN19-3' (&4 —1G, I
HAERM .

FH—~ 1 LAYREAREEE K, i b i 4 25 0 1
Je, FEECE 0 SN BCE AR, Ak KO A
10 min, B KB ARB A E =R E G 1.5 ml

T EPAE BRI 045

c. K (pT7-gRNA) Ryttfk

pT7-gRNA JF KL 54 24 Bbs 1 BEVIf 5, 4
Bbs 1 U it it V1) 1l 7 266 14 2R ot 1) 6 14 £k gRNA
(L-gRNA), 7£ 1.5 ml EP & e & ) B TR 215
37°C. 4h, LUK L-gRNA J5, 40 ul ddH,0
VAt .

d. L-gRNA 5B JCHA o5 ) 42

L-gRNA 5 K HLA 85 1 3% H2 | TAKARA 23
FJHEHEAY solution T, 7 PCR 4 Fh it & 5 N TR 2,
i, SRJE 16°C, 30 min ik, TRZERHUIEREAR,
552 dJE PR 4 A T VE B R B SR AR USRI T
I FETE R gRNA ki #5HH .

BARL AT . 10 pl #4274 +50 ul Top 10
ARG, VK 30 min—42°C,
90 s—yK_E¥E#HIZ) 3 min— LA 500 pl TTHii: LB 5
FRHE, 37°CHE IR % 30 min—HL 250 ul i &% F
B, iSRS PREBCAAN TV .

SEE Y Cas9a itk (155 41815) WA
Addgene B M .l 7 1E A ) gRNA il Cas9 Fip K&
AR, FORIRBETE 1g/L, Ayg/Ay (HAE 1.8 7547
(SR AT N — 2B I AL Y
1.2.2 JENGLARET 40 1) o 25 5 5% B R AT AR )

a. rEEESR . ARSEIS AV LR SR A A AR A
Be, P42 35 diRRsE, G FAK A FE U,
BFUKE, AR E . AR EAMER AT,
LR T RIE ok, 7E 10 em B55R 1L, H
SAHPUERMN PBS IEME3 M . S T/EG L, W
KEARSY IR LRI I E . SKEBFIDURL BT 42, PBS
PRV 3 80 . R LR T4 8 21819 10 om 5557
e, ARSI LB R ssE & /N L gL
P12 ml B B AR, 7 37°CAH 3% 746 i
fb2~3 h. JHALSERUS , WCEETH AL 2 15 ml .04
1, 200 g. B0 4 min, 2BV, FMAGERERFE
FEE, FIFERMEL, PR LB T B0
Ja LB L, AR EE RGN 10 cm K
FRMLAp (—A L34 10 e B5 3R 1L, AN 55 37 101
10 ml 5555 5E ), 37°C. 5% CO, 4 i 5 S 4t 1
it

b. AZRAT: 55 2 d USRI M A KRS T
B A AR R R I TR L, EA R
FEARAE . B e b L 5 3R 0, PBS IS PE 23, Jn
A 1.5 ml 0.05% [ 37°CiH 4k 3 min. 55 F WA D
4 4 M T A TR I A 2 ml B IR I AR AL,
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1 mUB AR SRR IAT, (I 4 B B = 1,
SR B A T AL AR 1) 15 ml B A5, 200 g,
B4 min, £ LW, IAERMNGFRESE,
AR 10 cm B IR MAAE 445, B9 0.5 ml 5
%, IENPOIR, B o h i VR A I U B B

JrRER &, -80CH R, FeA B UHE 1]
RAF.
c. AL TR . K EE IR A AR R P

FARAFE R CRE G, B RS BT 37°CRKIE i N il
b, VRAFAE e ELOR R KT DAL . i i B at ik
JG, BHREEERG TGN, HERET
15 ml B0 N, BREINARFREE, WnhRsiR
5], 200 g 5.0 5 min. 2 B3, A 1~2 ml 35573,
F Iml BARIRATYS), R B S B A GIE M)
B % s o 55 A b . 40 B 07 22 1) 20 i B8 A
10 cm ¥5 3% 1L, 0 10 ml 8532 L A7 8595, K593
Z1F R 38.5°C, 5% CO,. FH 1A M A% #% Hi 1% ) 40
IR A 2424 FLAR, AT mlE5FR I 7T Ik
H A, 2 )5 il ks 2 d i .

1.2.3  ZHffdE Gy it B 48

a. 2R LAY

O3 B I VR AT 0 B A TR i L AT 4 A i 1
10 cm BRI 75, K3 90% LL_ERF, AT F 40
JH 7 2 .

O FEYeri—K, Bor B0 LS LT 2 4 g
RN, B R

Q@ H YR, KBRS, PBSIE VL2,
FH 0.05% JiffiE T 38°CiH 1k 3 min. J5 F PFF 15 #8364
1R AL

@ BT AL I A0 [R5 7R I E 5 15 ml 5
L, 300 g &0 5 min, £B% B, H PBS A&
FEH R E VR, =W AT 300 g &0
3 min.

@ 45 3, F PBS HE4NM, JU8E4ni
WREZ 1x10 .

& HU300 Wl 4HAEES A HLEL AR, S A G 19 5
B AR AR T, BRRIRAT . fER AR
BTHZESE, 75230 Viem 1500 pF (544
PEAT AR Y

© LSRG, KBRS E R 154
10 cm #%H, INAGE & PFF R 5L, F CO, B340
Hik 52 1557 24 h

b. 4k

HL o S8 UG R E LT AR T min, SRS K4 4

ZH 1510 cm FEFR ML A, B& K4l & G418
(800 mg/L) My4RM s FREL, REPR2 dHfeik, ik
8~10 d 5 7E i ™ FHAE R Fp A i s ke, SR )5
i e P A B e O T A 1 2 5 RS 21 48 fL
M, 148 FLAR AN A AL AR 2] 24 FLAR, FEEUH
245 1/5 B 40 i 244 )5 4 DNA K T PCR %58
i 1 B4 BH P v B oy 24 FLARK 5 S5 A2 21 12 LAk,
JERAERE

c. PRI AL e

WERVRIEHH TR L S e, FH PBS 1k 3 3 J 1L
FEPBS a5 HH . BUR i, KBrEEFRIE, HPBSUE
23k, R I A T R ) 5 B SRR R L TR TR IR
RO R RG A 25, E R R IHAE S min, HE SRR
ORGSR IE LR RO BB e BRI A 4 iR
AT 48 FLAR I — LR, 52 di .

d. sREREAR

K535 T 48 LA 1 4t f s B 0l e W A2 AT
A T S AR vk KBREEFRE, FPBS
Ve 23, 100 pl G, 38°C, JHAL3 min,
500 pl FEFRELL L RN . B WAR SL R IRET, IR
SIEL A, B 60 W AT 1.5 ml .0 T H T
SRS, R MANIEEE A 24 FLAR 1) — A FLH B
FE, 92 dH.

e. PR A me R i) 45 o

I - S T 1 DR = I =
10 000 r/min, 5.0 5 min, R4EER FE. A
10 pl NP40 2, WRHENRT 10 s G BRI 2.0, B
THEA 2%, 56°C. 1.5h, 95°C. 15 min, B
BT -20°CUKFE A 2.

VL2 SR A TR A VR MBS RRE 1T PCR, PCR
FEMIREAERIE N e, 0 455 2R ) PR A B ke
AR A B s
1.2.4 LR EEBR I 0 il %

a. AR A HER

NIRRT P B AR A T A A A RS A 1) P 1 240
Moy ; EInANNE . fr B VERT IS LA i s IRcsE
HAEN 15 ml Z0E R B0, 1 ml g ks Rt
R, B

b. FE U EEA R A AR S

M BN E T 30C A HEE, B
RN 0.9% MR ER K, ORI S0 %
39°C. 0.9% fAEFRER K ik e, O SLE T %A
A A FER K B BERR R, 39CAKIB PRI . A A
12553 19 10 ml 73 569 255 51 58 51 6 v i) B9 96 7 Wi
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HF 50 ml (BT, 39°CKIAIRIR . 4R un
WeoeSE, K BRI A TR A R,
B4 min, {HO0FEBREEANSE 5 K 2R DT 2
DAEIRES, 77 LW, IAVEII .

FRE DI SERE R, ST, BUME
2.5 mm, 2.0 mm BBEEA, TETRG LT B9 MG
BRI, RS R I G, IR A
i hL B, R BB A A A A A i S R 200~
300 um A EAHEE, FHRDHCHE B 4055 Wi 1D
P BB Y — v [ TR E L, TR
YESEEE . YRRV 28 J5 . A 15 mIPEDR
W BV, W A 60 mm (5 R ML,
ARG GAGIREFZE39C) Mkt FHF
WA IR Fe B BRI AT 5, R0 DR B2 i A
I 0 B0 Fe A K13 )2

FE U B F DR 20 A2 5 0 R BRI R A
BUELIRG, 7% AR ETT- A 4 i s GR35
(5% CO,, WAIZE, 39°C) . AEFLILE 40~70 5 50
ORI B . RSP AR SR 42~44 h )5, 4
1 FreBR R AR A0S A 39°C R ON R BB, T
JERZ ¥ 5 min, Z O 40 ANV . BT ALS Y BB
NGRS N BBV 35 mm LA, fRUEE T
FRECHE RS — AR A BB T o) — B BRI
35 mm LAY, 39°CORAE, REFT. OIRE 20 M B 20
TCM-199 (Gibco) Jll 3.05 mmol/L D- 7 % B
(Sigma, G7021), 0.91 mmol/L NHifiR4H (Sigma,
P4562), 0.1% PVA (Sigma, P8136), 75 mg/L 7
# 2 (Sigma, P3032), 50 mg/L §5% % (Sigma,
S1277) , 0.5 mg/L # {& fk # % (Luteinizing
hormone, LH, Sigma L5269), 10 pg/L &4 K
K (EGF, Sigma, S4127), 0.5 mg/L i 5P %
B % (follicle stimulating hormone, FSH,
Sigma, F2293), 0.57 mmol/L £t 2k (Sigma,
C8152), 10% UPLiK .

c. HIVER ARG ETS

B 60 mm B3 3R, 7ENLEE FHiE L 50 ul A% 45
YE, HECh I — s . SNBSS S ek, 5ok
TESMELRE F 27N 10% PVP, 7EMLH AR A A
T, B A O

d. [ E TR ST A A

HHER . BUOME 1.0 mm, PR 0.8 mm B4 BE 3
B E T WG SB P EL L, #% STRAT 4,
PLEMSCRE B BB HITT, P BB AT T AT EI9R
Ui B2 1 em. BUT Pl af B 48, [ T IWrgt

Ik, RS AR, AR FLA% 20 pm &b 5
BEERRANY], MABEEER , B IO R
PR, IS RIAE 20 pm 2073 T . K 7 4
SRS A T E TR AT |, RIS A S B 1) f
JE g 450, AL AR GE , (F B O v 5 A
A1, FERAEERGE, EERERR TR, [
B I I AR A7 b, (R A e i 3
RO, BEHRZ10 min 5, REECT, 7EBEHL L
BEATHR AL, A AOET AT BRI SEHEIEE 8 I i
BHLE 1% A9 SRR IR e, e B R rp ™
A BB , T 75% AR TE VR, DAvkR SR
M2 . Ve AT E TWre X L, TR BB EH A A,
(AR X O SR B REER . IRk, IR
REMPGRRE , RSB R R AL A B ER . B
BRI T AR A, R BB - B BB ER R A
PR U W — AR, HRR B £ T
5 mm ARFENTHEREBR, E, 4B AN AT B A A
) PG ERAS M 30°~40°mF, f5F L, RSB RIE

g
e

FE4: BAME 1.0 mm, PR 0.6 mm BB S
B, TE AR NIRE KT SMaRS b8, ket
BE BTG, NP R . s
YRS P A E 150~200 pm B0, FRb
RN BANE W . TEWTET {4 B 208 W i
P4 22 L IBEEek, ISR, Kk NARE
A 20 wm, TR B 4045 I 1000 5 mim A0 58 3T 3% B
Bk, M, 4T AN A B A e 3 3 BR S R
30°~40°8], kg, [ EHRIVESEEE

e. OIREAH A A% AR 240 B O J B i 5

WSS TAE: B[ RS ) [ 2 AR
N ERVERE b, R PR B )R, THEEE
Bt B AR R ERAETE T 7E A9 60 mm L35 & T8 T,
PSR E) 10% PVPIR Y, AW T 107K,
PSRBT, BEa R AR AT P9 I i Hh
s

W20 it 2 A RN ASE AR 20 i B S R 5« o 50~
80U WA #5752 o B VE T b, itk an
JL T v R AR T, RS PR TR SR
W] MR BN, WENEF R . B R
W AR BR-BEANA, A 4K sh B Rk A1 i S H i Ak
IR N B 4, S BT, FESTERAE 3 A5
Jr e, W AR AR LR JE R A A S, PR —
AR Z BRI A BB FLIE A BRI BR A, i e
B, BB OVEEANAL, A 5RR: 20 MR A 4
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filk . AAFFALFRSL A B, [T — AR RO,
FR UL LA A RRTE 38.5CIM G L HE.

£, BB 20 B AL A L 5 DA R B AR B TS

W F 2 OB M- (LR A 2 5 WG 7S B4R
W, W30~504 B T & A /Lo, &
R IR BEAH - B AR A iR A Y e R BN E, 2
SR TR, RUPPAERL. [k, FTRE
1L, EZSECH 120 Vimm, 30 ps. 27K, B4
FLR e Sl S R R AR, I AR B VR Pk 1 RS
P, A E T 60 mmESFRILA, IMARBIEW, H
&8 il T L A R P PR AN A T B 22 B A 25 iR
W2 LA Z AT TEIBE A 1 mm.

WA G 1) BB 20 - AR A B 52 S ) B T
ANHUBR R R] B R 4 B0 T 5 BB 41 i - {44
RS A, (i FR IR R A0 AN A A 40 i Fr) 42 fih
SEATF WA, SRR TF AT ik b B s
Ab B ) BB 40 - AR 4T A W RS PR
W, HE 15~20 minJ5, 7EARMEETR, HIRO4E
Pt th b A A E R A

g FEHIRIRI AR 7

PZM-3 15 35 3L 47 . FF PZM-3 K5 37 Fe i B 4L
0.5 ml I A PUFLAR H, A A e il 7 2 AR e 1
FWCNILPIAS, FEMUEE 300 pl PZM-3 55 57567
34, A7 S, R DU LA AN L
T 5% CO,. 38.5°C. 100% ik J3 (it 1E 15 15 37 46 - i
juR

EAIRIRRE SR PR B A FAA AR /N LTS
R 3 e, B EEIEAE A LR, BT
5% CO,. 38.5°C. 100% i B (IR R FE4E h i 7% .

h. BRZER | BEARR K R4 R S5oAS) Jvk

PSR, EmMIEIRRET TR 48 hn, TERHE N
22, JORNZYRIG L, H SR IR E IR L 5] R
RIRBLR  FERRR . AR R SR, e E AR
G B BB B, SRR E IR L RISy
UR A, PRI BORI . B — T TR, AE
S NI NPZM-3 15 5 3L bl s, %
F4% 1 2 5 W [ 7 5~10 min, 7E4AER
T T — o 5 2 IR A% B Hoechst 3334254,
Je6,10 min, a2 A Hoechst 333424475 31|45
e, RS AR E48fLik, 4°Cid, DAMRIEDE
FERG A TR, BUSENEIE A, el

5 WIPTIOCEER B ik, HRINERL S H )
W, TERENR TR B IC SR C. ST .
B L ROk %, TIPS, TR
P, AN EEMRSOEE B, BTy, FT g
. BT DO b, il R
JiEL.

i. GRS

FEZ AP RS E A TR R BRI A 7T
AL AR — X VB X FLk Z (A1 HF 8 em
KAy, FONEER IR R A I E I, WS ON ELHEDN
T, IR B IR A T AT [ . bk
U RTRAEAR A, DI DA e R 12 0 o A B B A
R S, B IR R IO L, o
S5 OPAE 6 [m] . LA AE R K e ) S BEAT
Bh

j. REZ AR T YRIZ KT

WG R HE ST 24~26 d 4T B8 WL I AT U155 15
FERT 32 AR IR 1 R T — Ik BB Wi, 3B R
AR R B IE L.

k. BTAE R Y SE R RS

B AR I % ot A sy = W 0 S S A S VAR |
ZULR ARG & (KRR R A A #2
HUva e 3L R 2 DNA, 356 A 2 O 30590 6 136 I
B DS SR 4 iR, #£17 PCR, PCR™ )
HE— 25D R Y 55

2 HR5HH

2.1 TikilEE AR AR

FRATTHR Hf 21 7 A2 A1 BA AR HE A N Tiki1 FE A ()
SEEENY cDNA A, 705G 10 5 DR 20 55 e 1 L L X
& BTN 4 4 Tikil 3 A F 5 3 S ek
LI A A 5 4 )7 1 5 N Tikil 5 Y [R5 2
femn, RIS FRATTAE 0 (%) 4% Tikil SEHESME 74
TR 2 AU S5 AT Tikil FER BB . DLRF
G1) Sk I Y B Tikil % A& AS SN T 4,
T R R B L B SR R SR A, R R AR
iCOR OB 3 PAM X (B 1) 3 Ho
GCGATCCGTGTCCGTACACCCGG i 44 M ¥ Avi
i gl, GCCCCAGGGTGAGAACCTCCAGG i
24 HHRA 1 g2.
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TGCTCAAGTTCCTGACCCTCCCTAGCATATCTCCATGTTGTCACTTTTCCTTTTAGCAAAGTGAATTGAATTCCTTCTTGTG
GACCATCAAGCGAGACCCACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACACCCGGGTTTGGGACTTCATCCCTG

ACAACTCCAAGGAGGCTTTCCGGCAGAGCTGGACCTCATGGACCCCTCTACCATCTCAGCTCTCACCAGCTGTCAGATGC
TGCCCCAGGGTGAGAACCTCCAGGACATGCTCCCCAGGGACATCTACTGCCATCTCAAGCGCCACCTAGAGAACGTCA
AGCTCATGATGCCCTCATGGATGACTCCTGACCAGCGCCGGAAGGGTCTCTATGCAGACTACCTCTTCAGTGCCATTGCTG
GGAACTGGGAGTGGAAGAGGCCCATCTGGATCATGCTCATGATCAACTCCCTGACCGAAGCGTACACCAAGTCCCGTGG
GGTGCCCGTCTTAGACCTGTGCCTTGCCCAGGAGGCCAAGCGGCTGAGGAAACAGACGGGGGCAGTGGAGAAGGTGGA
AGAGCAGTGTCATCCCTTGAATGGGCTGAACTTTTCGCAAGAAAGATCCTCTTTGTTTGCAGGACTTGGTGGCAGTTGAT

GGTGTAGCTGGGCCTATTGC

Fig.1 Target site of Tikil gene

2.2 TikilE E 7040 O 75 70 75 1%

43 K K F Y Cas9 [ kE Al gRNA-gl 5 %
gRNA-2 T4 25 pg A Ja it Je AR 1 S8 i
JUBLEF4EZM M PFF H, 3647 810 10 d 2245 1Y G418
i, BRE— B (0 40 i S B R AT PCR B3 )5
NP2 BEXHEA gl , FRAT TSI T 22440
MIvoke, PCRINFFYE T 224, il e
SN LG HLJCHF A= R P8 (FRBA A A —Fh Rl

X, FROMAE BEER) 1Y S5 A BAYELN I S B AR A T
B BTN A g2, FRATESLPRECT 30 41y
FEfE, PCRINFYEE T 28, BE&H Ay 4%

R4 NGRS FR B 3 A PE A1 i v e R AT AL DR
TR RAT-55 FH G 8 A PHPE 20 it v g ) LA 2 28 T X
W2, HEASTLRE M 1 bp 94 AF 8 bp B A
A N R BIL T 9 SR s T8, RHAIR
FRICHIBZE N PAM X, 25 00 R FAm A RO B2 .

WT-1 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACACCCGGGTTTGGGACTTCATC Target-gl
1-1 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTAC-CCCGGGTTTGGGACTTCATC -1bp
1-2 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACCACCCGGGTTTGGGACTTCATC +1 bp
1-8 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGT--ACCCGGGTTTGGGACTTCATC -2bp
1-12 CACCGTCTTACTTCTTTAGCGCGATCCGTG-------- CCCGGGTTTGGGACTTCATC -8 bp

1-19 CACCGTCTTACTTCTTTAGCGCGATCCGTGTC----CACCCGGGTTTGGGACTTCATC -4 bp

WT-2 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAACCTCCAGGACATGCTCCCCAGGG Target-g2
2-2 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp

2-10 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2bp

2-28 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAAC-TCCAGGACATGCTCCCCAGGG -1bp

Fig. 2 Sequencing results of positive cell clones screened

2.3 TikilEETHEERRET
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Table 1 Statistical results of embryonic transplantation of the target cloning pig with Tikil gene

ID of recipients Cell colonies

Transferred embryos Born number

927 Tikil (1-1, 1-2, 1-8, 1-19, 2-2, 2-10, 2-28) 226 13
176 Tikil (1-1, 1-2, 2-2) 235 0
950 Tikil (1-1, 1-8, 2-28) 259 0
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Fig.3 Target cloning pigs with Tikil gene
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PHE 20 el 1-8 . SoRs&#S . 6 A1 8 il Jr =X [R] FH
PEAN M TR 1-2; % T#7 5 oM EF A AN, HAH
#2. 4. 9. 11H1 125 U REATHE Y Tikil 2P m bR
SUTERRAT 5 g2 Ab, LB X34 ) P A 4 A v e
2-10. T IR Y o R B SR 1 7 34 7 PHT 1 4
SefE . MSCIGEE I, FRATAT LA, 0k 20 9 P
PO M v REATRAT — o P AS AR, Ak, PR
IR TR 1-12. 1-19. 2-2 F12-28 IR FR1S vo ks .
G U O 957 S L VA= A 2 I AR R e Tal S 7
FRPAM X, 5 0 F R IR A R .

Target-g1 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACACCCGGGTTTGGGACTTCATC WT

Target-g2 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAACCTCCAGGACATGCTCCCCAGGG WT
#1 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTAC-CCCGGGTTTGGGACTTCATC -1 bp
#2 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp
#3 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGT--ACCCGGGTTTGGGACTTCATC -2 bp
#4 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp
#5 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACCACCCGGGTTTGGGACTTCATC +1 bp
#6 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACCACCCGGGTTTGGGACTTCATC +1 bp
#7 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACACCCGGGTTTGGGACTTCATC WT
#8 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTACCACCCGGGTTTGGGACTTCATC +1 bp
#9 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp
#10 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGTAC-CCCGGGTTTGGGACTTCATC -1 bp
#11 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp
#12 CTCACCAGCTGTCAGATGCTGCCCCAGGGTGAGAA--TCCAGGACATGCTCCCCAGGG -2 bp
#13 CACCGTCTTACTTCTTTAGCGCGATCCGTGTCCGT--ACCCGGGTTTGGGACTTCATC -2 bp

Fig.4 Sequencing results of target cloning pigs with Tikil gene
3 i i R Tiki 1 e RSB H IS IR I Sk it 2k

H i OC T Tikil BRI IRERIET D, &
e 2012 4E B AIBAAE (i) 243k (Cell) 7%
A ARIA ) . AT TE E RS R B, Tikil L
R SHEUTWE IR B LA . IIGEOE .. ok
G, HFGAH TGS Wt {5538 5 0 31
il P 5~ DKK1AE# AL AT E— 2B UE ] T Tikil
2 Wt {5538 B0 A, st D)% Wt 85
G i DX A0 5 5 9 Wnt AR 2 3% 1) FE A BIF Y

ERB HMERBOEERR, 1 H AT LRI AAE
At SRS PR e PR AR, 3 5 T - e 2 SRR
—3. LU g R, Tikil B BRI L Y
WG RS, HAEWZL YR DR AR FIHAE R
U ARG IhEE, A5 AT AESE Tikil FERAE Y Rtk b
(AR SE R 3 B . AR AE TS 1 BB gE 4 S e 1
Tikil £ A9 DI REZS (L DKK 1, {H Tikil &K 75/
SR UG 28 sh ) R AR B, T DKK 1 SR ANMEAFTE
F/NE, T E IR S A TUE L) —3, ARXT L
WRRICEER, kS ERREst >, X



2019; 46 (9

R¥E, %. 7 HCRISPR/Cas9 % %t i Tikil B E & g &R

+907-

22 /D B Tikil 5 76 0 5L 3h ) B9 D) E 5 DKK 1)
INRERA 25 510, XAV A B Tikil 2P w5 4
FAEH I — IR TERE Y

Tikil 5 [R5 70 TS FIRE H 3R A 1A — S0
%, Y Cerberus 5 A it 2 76 JTUME | R0 ] 9 56 [
Cer-1 6l R 78 /N B A R BN — SO 42 R w AH L
Cerberus £ [1 76 )T [ #IE B 2 Wt {55538 B (1417
PR, 6 TE 1 S A AR, 44
B 1% IR U5 3 K1 (mouse Cerberus like, mCer-1)
1) mRNA S 2R i, AT LUE R E RS
H 25 A A /N AR 25 4, T RE S RUTVIE Y
Cerberus & A "2 HZ 78 /N R B B BFE 45 2R &
B, mCer-1%5 FHIT-IF Wnt {5 58 B A0 HIA 7, 1
J& Nodal F1 BMP {55 5 38 #% 19 410 &l 5+ . b 4k,
mCer-1 JE R /INRIIR IR TT LUE R & F , XA
TITWE h Cerberus PRl i 2R S B0 S0 & B S8 A1
R e AL R A, I H mCer-1 L PRI Bl 45 /)8 B
BAEENES, v B amRsL . Bk
B HFEN 1IEE AR E S B0 R AN [ A D fig
2 S TR, (H Tikil 3 P 7 TS K45 3h )
FH L 2 ) H 1 D RE A A AT B 5 Cerberus AH W] .
WA —FP S B Tikil FE PR B I AN 2 18 i 2 78 55
W, AT RERTERE S 2L 30 A A HA AT LA
A Tiki 1 56 P 2 8 B0 DR kb Tiki 1k P il 2 1) i
, 1% BMP {5538 ' chordin Flnoggin [H] 4 4
HAMEAE R —FE ) 56T Tikil JEK7EH L sh 4
A BRI REMBLIE, A Ff T7E 3414 JH CRISPR/
Cas9 Z2 GeH A 1Y) Tiki 1 P RS 70 (1% BE il 4%
LT Jtt— 2L ST

[1] Lewis S L, Khoo P L, Andrea De Young R, et al. Genetic
interaction of Gsc and Dkk1 in head morphogenesis of the mouse.
Mechanisms of Development, 2007, 124(2): 157-165

[2]  Glinka A, Wu W, Delius H, et al. Dickkopf-1 is a member of a new

family of secreted proteins and functions in head induction.

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Nature, 1998,391(6665): 357-362

Kazanskaya O, Glinka A, Niehrs C. The role of Xenopus
dickkopfl in prechordal plate specification and neural patterning.
Development (Cambridge, England), 2000, 127(22): 4981-4992
Wu W, Glinka A, Delius H, ef al. Mutual antagonism between
dickkopfl and dickkopf2 regulates Wnt/beta-catenin signalling.
Current Biology : CB, 2000,10(24): 1611-1614

Mukhopadhyay M, Shtrom S, Rodriguez-Esteban C, et al.
Dickkopfl is required for embryonic head induction and limb
morphogenesis in the mouse. Dev Cell, 2001, 1(3): 423-434

Zhang X, Abreu J G, Yokota C, et al. Tikil is required for head
formation via Wnt cleavage-oxidation and inactivation. Cell,
2012,149(7): 1565-1577

Reis A H, Macdonald B, Feistel K, et al. Expression and evolution
of the Tikil and Tiki2 genes in vertebrates. Int J Dev Biol, 2014,
58(5):355-362

Zhou X, XinJ, Fan N, et al. Generation of CRISPR/Cas9-mediated
gene-targeted pigs via somatic cell nuclear transfer. Cellular and
Molecular Life Sciences : CMLS, 2015, 72(6): 1175-1184

Han K, Liang L, Li L, et al. Generation of Hoxc13 knockout pigs
recapitulates human ectodermal dysplasia-9. Human Molecular
Genetics, 2017,26(1): 184-191

Wang K, Jin Q, Ruan D, et al. Cre-dependent Cas9-expressing pigs
enable efficient in vivo genome editing. Genome Research, 2017,
27(12):2061-2071

Bouwmeester T, Kim S, Sasai Y, et al. Cerberus is a head-inducing
secreted factor expressed in the anterior endoderm of Spemann's
organizer. Nature, 1996, 382(6592): 595-601

Belo J A, Bouwmeester T, Leyns L, et al. Cerberus-like is a
secreted factor with neutralizing activity expressed in the anterior
primitive endoderm of the mouse gastrula. Mechanisms of
Development, 1997, 68(1-2): 45-57

Belo J A, Bachiller D, Agius E, et al. Cerberus-like is a secreted
BMP and nodal antagonist not essential for mouse development.
Genesis (New York, NY :2000), 2000, 26(4): 265-270

Shawlot W, Min Deng J, Wakamiya M, et al. The cerberus-related
gene, Cerrl, is not essential for mouse head formation. Genesis
(New York, NY :2000),2000,26(4): 253-258

Bachiller D, Klingensmith J, Kemp C, et al. The organizer factors
Chordin and Noggin are required for mouse forebrain
development. Nature, 2000, 403(6770): 658-661



908+ EMUFESEYYIEHRE  Prog. Biochem. Biophys. 2019; 46 (9)

Construction of Tikil Gene Modified Pig Model by CRISPR/Cas9 System’

WU Cai-Xia"”, LIU Zhao-Ming"”, YAN Quan-Mei”"", ZHANG Quan-Jun®, ZHAO Yu?,
OUYANG Zhen?, FAN Na-Na”, LAI Liang-Xue"?™

(VCollege of Veterinary Medicine, Jilin University, Changchun 130062, China;
DGuangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou 510530, China)

Abstract Tikil gene, found and named by Professor He Xi's team from Boston Children's Hospital, Harvard
Medical School, plays a key role in the formation of head in Xenopus. However, as Tikil gene is absent in rodents
such as mice, it is impossible to use mice or rat to study its role in mammals. In this study, we generated Tikil
gene modified pigs using CRISPR/Cas9 system combined with somatic cell cloning technology to study the role
of Tikil gene in pig development. Aligned the human Tikil mRNA sequence provided by professor He Xi's team
with the pig genome database, we selected two target sites (gl and g2) with the top 2 highest sequence identity at
the predicted pig Tikil gene locus. The sgrRNA plasmid was constructed to transfect porcine fetal fibroblasts, and
52 single cell clones were screened and sequenced. We finally selected 5 single-cell clones with biallelic knockout
mutations at target site gl and 3 single-cell clones with biallelic knockout mutations at target site g2 as nuclear
donors for constructing Tikil knockout pigs. A total of 720 recombinant embryos were constructed and transferred
into three surrogate sows and one of them was successfully pregnant monitored by B ultrasound. A total of 13
cloned piglets (ten living piglets and 3 dead piglets ) were produced, and 12 of them were biallelic knockout
mutations at Tikil locus. Both the living and dead Tikil gene knockout cloned piglets were developed normally
and the living piglets have survived healthy till now. The results indicate that the role of Tikil gene on early
development of pigs is different from that of frogs. The specific role of Tikil gene in the early development of

pigs needs to be further investigated.
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