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TBE CHHERHIER DN R0 202 R ES 41000 4 58 S SRS & /N R, FERIT ES gl i 2Bl Rk pe 0y, @il
kA A5 B R BN R A SR AT I B /N B DU R M AR W T 25 fik A /D BRI B, BHERAHE R B A 1D R
I Ho Rl 52 AR Piezoelectric microinjection A S BEARGE V. T VUMM, /1N BRUDY A5 44 VR ity R 3R A5 26 (L il 22)
(93.01x1.37)%, ZARIMETFEFENTE 1K (82.49+2.08)%. i b W A S Uy 24 2 Bl 129 11 R /N RUR IS 1K ES 40 M (CI7 1
SCRO12)7F 4 2 PU RS AR FEIR s o, 3R9G T 5642 ES 4k /N, ES BUFERTER 2000 4 2.7%H1 8.3%. Z4 112 DNA K
W, AN 10 ARSI ALZU4 0 129 AN FORIER . I, RIS ES AN IEREAT TG, 35 T 2 Rht A i
564 ES gISRIEI 25T/, 38/ SaeE N, ¥ E OIS Tais 7, b K7 IS R s/ RS 7
THHA L AT /N BRAR Y. bk &5 SR U0 B DO 5 A M AR R 1 T BB A /0 B o %

XA DURTARMERIR, ES Bl BB, LA R ES 4

ZRHES Q78 Q334

N R AR G 22 BRAR S R AR D A IR
f, IXLERAG M AU AR RER B
FI-2. Graham 25K I, 05 2K A A
(2 NYJEJIG 5/ Bl VI 140 B (ES 40 i) 15 DU £ 44 i
[(4 N)ZE ST Bk 5 W J5 WA ) G 2 & B
PREC RAAETE AR, BB g DY £ 4R P 222 R
(tetraploid complementation experiment)® !, X FR A
2N-AN A RBAR. WU, 4 NRAG41HE H
A W] R IR AN SRR 20 A O BRI, 4N IR
040 Nt 24 00 AT RGBT R S R e A 45
RSN LA, iR AR A S i LS RS IR 24
KT, HOEZEARPRAF RN R 764 2 N Ik
sk ES 4 MR IE (AR ES RS DU AREMEH:
ARIEIAFARIGE R MG ROR, AR, g
ARAF5E 4 ES G IR Y5 RS R M /) BB 2R

T o R 18 ) B R 1 A e g 22 3 B R
A /N B ES iR 200 BUE R R, 3R45
a N, AT ES gk B A hett, fEikaik
ANEUPIRTFRUE T ES AR I AN, JFEE R
R, MR IR s & T/ T2
/N BV G I 2, X — D7 RS JE R /s
Bt AR AT ), AE— e R LR 13X —
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TEAWEFUH TATR ARG B AR SRAT T DA 14
JRRG, A MR CURT S A R IE T 129 5 R/
(1) ES 40 f1 CI7. SCRO12, LLMHEN @4 ES 44 i
BH 1 7 % 18 KO 1 F8 KO (¥t It X 1~ VI knock-out
ES 4 if0) 558047 T HE9, mdGR1S T 584 ES 41
SR (1) B A= R FHE RS A /N R

1 #MR57E

1.1 w8l

1.1.1 ES 4iffs. CJ7 A1 SCRO12 ES 41l Jfil % 73 il 3k
J5T 129 S1/Sv #1129 S6/SvEv, 1 Eifimg i A
Y5 R AF. 18 MG (mouse ensemble gene ID
ENSMUSG00000032530) knock-out ES 4l g ( A Fk
18 KO) A1 F8 KO 43 %l /& CJ7 Fi1 SCRO12 £ 3L T #U
Je BRI BAPE va e, HH i g A AR it o
Lo I ORAF

1.1.2 /BB ICR /DS A BB B iS5 5)
Yy, CBAxCS57BL/6T. 129S1/Sv FlSZU6 it 3k 15
(1) ES R34t g g iy B b B .
ICR /) A DY fs AR B R 1R {4, CBAXC57BL/6J
R AR A BE

1.1.3 20 M35 3R 4H G . ES 40 M &% 9% P 75 1)
DMEM K 7= FE (i b, ES 4 Mag). it 4 13 (ES
HMIZ). G418, Gancyclovir. LIF. T4k 2.
B B 45 43 9% H Gibco BRL A ] . Sigma A 7] .
Chemicon A #].

1.1.4 5 i TAY) TREEIAR A v F L g e
BAMFARA PR 7 A . D2Mit102: 5" TAT TTC
CC TGT CAC TCC TCC C 3’ 1 5" TGT CTT TAT
GCT CAG ACA TAC ACA 3’; D5Mitl38: 5" AGA
CAG TTA CCT TCT TCC CAA GG 3' 1 5’ TGT
TTC TCC CTT CTG CCA TC 3'; 18KO: 5’ ATTG-
GCTGCTGGAGGGAGGGAAGAG 3’ il 5/ CGGA-
ACACGGCGGCATCAGAG 3’; F8 KO:1- 5’ CAC-
TTGTAAGAGTTTGGGGATG 3, 2- 5" TTCGCAG-
CGCATCGCCTTCTAT 3’ i 3- 5" GTAATCTGGA-
AATCACGGATGC3'; Sry: 5 GAGAGCATGGAGG-
GCCAT 3’ fil 5" CCACTCCTCTGTGACACT 3'.

1.2 & =

1.2 VURSARBEIR ISR, 3~4 FI# Y ICR 7 il
e S R ICR /N SREEATAS IS, 2 40 e 1Y)
A E B WA 1.5 RMER Mo E, HET
KSOM-AAUE: IE W, 37°C, 5%CO, £&4F F R 3%

#%H.

K HLRLA 7 A3 Y A5 AR R, Rl
X CF-150B 4y #) F F] BLS Ltd. /= i, HL il A 4
GSS250 A, fh Ak 0.3 mol/L H &8 BEH W (&
0.3% BSA), £ 30V, 40 mm (¥4 AT RS,
Rl 5 R IR B 9% T KSOM-AA . 1 h J5 8kl
GG, BEAEIET 37C, 5% CO, [ K; 9%
M.
1.2.2 ES 4iffd%ae. &M ik g%, ES 4
SEARFREL N DMEM, N & 10 mol/L B- itk &
¥, 100 Uml 8%, 50 mgL 85 2%, 15%hF
L%, 1000 U/ml LIF. ES 4R 554 2 8% % C
(29K TE 10 mg/L)AbFERE (R35 75 2 40 e b, A R 3
W T FENE IS VE S I ES 40028 0.1% 5 2 A i
-EDTA Witt )5, E& T DMEM(KE LIF)h ok FiscE
#%H.
1.2.3  ES 41 i 1) DU A% 44 92 R 73 5 2 W Ji #% 4 (ES
BRI ISR A 2 TG LIF. 45 20mmol/L
HEPES [ DMEM 52 4 1% 97 3,
microinjection (Primetech, Ibaraki, Japan) i fi(id 5
ARG, HMCEMES 15 AN ES 10, FES
Ji e K5 3% T JC LIF 1Y) DMEM 5¢ 4 K5 97 3,
37°C, 5% CO, B35 1 h A4y, W vEg G I ki
2 2.5 RAEZBER e, S E 6~8 M. i
A RE R IR A g g T AR S L B g
BRI UR
1.2.4 ES WAZCRUERRN. w5t@d ES WIS
TR AW AU JLK BS UM B )S 15 B
A= 7 ICR M FROEATASHE, I8 3k AR 1 B ok ) Wi
LSRR BEECES Bt Wi FF. il
B, SO B . MEEESE1Z0 DNA, HHT
i 1L DNA ¥ PCR &3ill, KH 2 MG thfg DA
DNA Fric D2Mit102 F1 D5Mit138 K X 43 129 Al
ICR 7y, D2Mit102 F1 D5Mit138 ()5 #F51k B
National Center for Biotechnology Information (www.
ncbi.nlm.nih.gov) M ¥k, KMNSPFE: 94°C 45, 55°C
455, 72°C 2 min, 35 MEH, PCR ;=#) 3%tk
HL K 7 g .
1.2.5 JEPME ES AR A e . FEDIE /)N
B 114 5 A 78 % 5 SR ] PCR J57, 18 KO #1 F8 KO
FERMEMG ES 41 M (1) 47 0 58 i DL 2.4, 18KO ES fi
) 55 DR 20 5 SR FH 51 06 P3 FI P4, B 45 A
94°C 45, 64°C 45s, 72°C 2min, 30 MEFF, 7~
YIK/NA 500 bps F8 ES FRUITIE R %2 K 3 4%

Piezoelectric
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51%: Pl 4Eneo I, P2 7EME I, P3 fEmiFRIX I,
RN 4AF: 94°C 45, 58°C 455, 72°C 2min, 30
MEI, B AR AN 715 bp, mEFR 4R
500 bp. AN FEATEXT 7 L 18KO ES L IEK 41 h
A P A 1) R 5 R (sex- determining region on the
Y chromosome, Sry)>& H PCR ) 77 ik 3k 47 k0,
N4 AF: 94°C 455, 60°C 455, 72°C 30, 35
AMEIR, IR /ANA 265 bp.

2 & R

2.1 MEFAERRIRS

WK 1R R, 1E 4 Gy, fih
1 h J5 90%LL 1% 2 48 SRR G 0 2 4> B R4k R A=
THELA, BhOERANE TR 48 h, DUME AR IR IR I HE IR
TE R IA 80% i Ay . AR EIMBRAET
B, HERRENF IR RS, /s ITE
4 41 W STED A A= 35085 Ak (compact),  ZE IR T RN ) 4
55 2 90 B IR IR AR A1 25 6 B I TR AH — 2.

() (d)

Fig. 1 Development of tetraploid embryos in vitro
(a) 10 min after fusion. (b) 1 h after fusion. (¢) 24 h after fusion. (d) 48 h

after fusion.

Table 1 Development of tetraploid embryos in vitro

Fused embryos  Tetraploid blastocysts

2-cell embryos
(% embryos) (% fused)

1 120 115(95.83%) 95(83.60%)
2 38 36(94.73%) 28(82.35%)
3 144 130(90.00%) 100(77.00%)
4 82 75(91.46%) 65(87.00%)

2.2 AR ES RAIIKES

CJ7 A1 SCRO12 ES 40 s & 43 5 K ¥ T 129
S1/Sv 1 129 S6/SvEv, K M. 129 S1/Sv Al
129 S6/SVEv ¥ 4 KB HEHRES N, 1M ICR /M,
HHEE LHRES, ES BUAM5E4A ES 4 kIS, W)
i BaX 2 Bk ES 41 kIR ES B3R K R
1M 243X 2 Bk ES 41 By S8 21 P4 £ 14 S VS 11 98 A0 s it
WA K AR TR iR A /N BT 2). ARBFFTT 3R
309 20 HES UK BRI N, Hpok A
T CI7 W 3 H(GER2), AEEYE, 2 HEHBIRE
IHHIETW AR S, S5 AR ICR NRAR S,
HEREBEAE KA, KH SCRO12 K 5 H, ¥
ErE, 4 JURE BIRAE, 3 A IERW ARG
HEARAI K.

Fig. 2 Comparison of ES mouse, wild type ICR

mouse and ES-2N chimera mouse

Table 2 Production of completely ES cell derived mice

ES cell No.of injected ~ No.of live offspring No.of adult mice
lines tetraploid blastocysts (% transferred) (Female/Male)
CcJ7 111 3(2.7%) 2(0/2)
SCRO12 60 5(8.3%) 4(0/4)
18 KO 86 7 (8.1%) 6(3/3)
F8 KO 168 8 (4.8%) 8(1/7)

2.3 ES RLBALRIFERIMIE DNA

ES 58 MACHL 5L 50 f5 b o, $2HCES B 10 4
MR 4 2 DNA, M7 3 B 2 DNA #5 id
D2Mit102 1 D5Mit138 () PCR A&l w1l 3 fiow,
B i) 10 ANZHZUA A 129 AN B &R TR, Rk
L ICR B4y
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24 EEEIF ES RARS

18 KO 1 F8 KO ES 4l /i3 ¥4 i 3t i [7] Y5 7 24 £
AR JITRAG 1R B DR vl o B 12 e B, T BE S LR 4a
A 52, Zeid 7 RDATHEAN P & 2590tk e, 4
HARE7E 24 4RLL 1. 18 MG /& — AR ANhfg
L AE Reg i s, B — il i
F, 18 KO THES AL 8 7 731 o B HoAR oy 3
e R R [ IRV S EL S R, R
Ba2s FENGEH A ML AN, F8 KO FT#E#i A2 i i

Red/ET [RIJEFHHARET 5o BEBA) LK.
i 2 fivR, 18KO ES 4i& 4t Je 3kt T 7
HES B, BN, £ PCR YA f bR A8 A
Fig. 3 Microsatellite DNA analysis of tissues from HE&(@ 4b), A 6 Sk b, 30 3 M,
adult ES mice 3 PURE R 2 FRA AL, I R T
M: DNA marker; /: Heart; 2: Liver; 3: Spleen; 4: Stomach; 5: Kidney; 6: éﬂ%é\?”ﬁ ﬁ(@[ 40); F8 KO gé@f%i“ﬁ ’ gj??%“T 8 H

@ M 1 2 3 4 56 7 8 910 11 12

Brain; 7: Lung; 8: Intestines; 9: Testis; /0: Epididymis; /7: 129 mouse; ES ﬂ , 7 7[{% 1 l&ﬁ B i”)j Ziﬁ?‘l‘iﬁk %\i@ s E 7 /D\ 7&& LF_:'u
12: ICR mouse. (a) D2Mit102. (b) D5Mit138. E'jﬁ 6 Hﬂﬁ%&ﬁﬁﬁéﬁ , /s?%JﬂL?V]]I%&? X

gt fh b, MRS SCRRARIE, Bt D] VIR B £ 2 B
SR A TS EIET, SIRAE F1 AN

(a)
Ex1 E Ex2 Ex3 Ex4 ExS Ex6 E
Wild type l
Targeting vector
E Xb Xh S1 K E
Targeted allele ‘ Neo l
—> -«
P1 P2 1 kb
—»> < —
P3 P4
© g ° 5 g <o ¢ 2
(®) e 3 £ E e E 2 E 2 & 3
= T ® L ® = T I T & =T
N

Fig. 4 Strategy for generation of 18 knock out mice

(a) Gene targeting strategy: exon3, 4, and 5 were replaced by neo cassette. E: EcoR V; K: Kpn | ; Xb: Xba I ; Xh: Xho I ; S1: Sal 1 ; Ex: Exon; I:
None code; D : Code. (b) PCR analysis of tail DNA of mice derived completely from 18 KO ES cell using tetraploid embryo complementation. Primer
P3 and P4 were used and the expected product is 500 bp. Lane/ ~7 were genomic DNA of mouse 1~7. The plasmid was used as positive control and
an unassociated genomic DNA was used as negative control. (¢) Genotyping of the 18 KO mice. The primer P1 and P2 were used. The wild type product

was 4.0 kb and the targeted allele gave a 2.4 kb fragment.
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(2)

Ex1 Ex15

Wild type

Targeting vector

Targeted allele

®) M 1 2 3 4

Ex16 17 1819 Ex22

Neo I

—715 bp
—500 bp

Fig. 5 Strategy for generation of F8 knock out mice

(a) Gene targeting strategy: exonl6, 17, 18 and 19 were replaced by neo cassette. E: EcoR 'V ; B: BamH | ; Ex: Exon; [l :Homologous arm; D : Code.

(b) PCR analysis of tail DNA of mice derived completely from F8 KO ES cell using tetraploid embryo complementation and its female offspring. Primer

P1 and P2 were used to test the targeted allele and the expected product is 500 bp; Primer P2 and P3 were used to test the wild type allele and the
expected product is 715 bp. M: DNA marker; /: 5 F8 KO ES mouse; 2: Wild type mouse; 3~ 10: Female offspring of 5 ES mouse.

ARG A AT BE R R % e, Wl Sb s ES B
ai /ARG T FL AR/ BT R3O 2 A TN
L. AWeEA, 1 H F8 KO ) ES flBY 2 Jo Kk
ITIEIMAREE, 528 2 h 5/ R A 1R e T,
1M F1ACHE BT RS HR B AR RIS .

CJ7 F1 SCRO12 ¥ T ES 4/, it b
JRAA 1 ES RRUEBIN A i B, X — i CEEFZE R ES
U EIUE B . AR AE YRR RME M ES B
AR HIZRAT T MER, XS AN IE R,
FRELHARGISWIESR, AWARAIERNE
BEAE . BATIA 7 18 KO ES LI Sry 3k [H 247
TR, wE e frax, AR ES BRI A Sy
FEIA.

Fig. 6 Sry gene determination of 18 KO ES mice by PCR
1~7: 18KO ES mice; -: Wild type female mouse; +: Wild type male

mouse.

3 W #

AP, VYRR A M A DR ] 7 i I ) P 5
FFHEERME /N RO S A4 5 73 4 N H), el
SR KRB L DR 7T, eyl T & A
TR, EOAHMIRIE D AE R 1) ES 40 & H
LR S P AT A MR A ES BL(10% LA _F )P,
SR, 5 RS IE DRIB A /)N B ) 3R B 43 BTt S (AT
A 2E RGP 24y O /N BT IE A% 15 S R Ay, T
HEEPS oA KEEAS R (129 K1 R E
i ES 4. (H2 HET, AR ES WK
RORARMK, XA R BBRG T e N, Mo
PRI HEEAS &R 1 ES 43k 45 ES BUE WA )00
B HHTNH T DA ARAME R AR EAS 5 ES 41
RTEA RIGM A4S, KR E 129/Sv Hil 129/Sv-CP
substrains). GS1CKH 129 Sv/Ev). JICKH 129
terSv). D3(CK[H 129 Sv). E14.1CK [ 129 Ola).
CITCKRH 129 S1/Sv)3%, {47 R1 1 GS1 3k43
T ES 5.

AHIEFE T AR A C R A TR 2 R (1)
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ES 4iifis CJ7 F1 SCRO12 piPhthsk4s3 T ES [, 7ELA
HIIAEFE Li 48 R 3R1FR B CI7 1584 ESA Ik
JEENRD. SIHAHE, AP B ES 40 48
BB A (P18/P20-26), Jf K H Piezo-microinjection
WS R, ML SRR EE, A
WF 2Rl , AR SEAE BS RUIMIRS AR
JrH R T R A, JUHEAE ES 414 netE iR
ZE WA B0 R B AR FRATT B B 5T 58 4 oR TR T
SCRO12 1] ES Rl 3RAF RN W T CI7, A1)
A&, TR E—— TR A ES R AC R I
ES 4l s -GS1 5 SCRO12 —#f, K H 129 Sv/Ev
ANER, IXAE—E L B U ES 40 i st AL 1 SR
S ES BARAF AR I EEER R

M 2 HIRATTT LA 2], S 18 KO ES 4 il
23T EEFN PN R 29k S AR i 24 4G, 1
HOES B3R 15 208 (8.3%) W] W w1 B AR AL
(2.7%), AN KAE ES 41 P AL AR 7 rp 454 41 Al
(WA REPE S AN Y, AT AR 2 T — RO e
T, Pk it v e 1 I 2 A R PR R 1)

ET o B 5 & 3T 4 R K RE e R 1) 4T T 3 A )
AR, HEMW SR AR, LSRR
KRR, HHASTIANRE, AT
(T B, BIF e 3 Py SR S 1 4T
BARPTIRAZ ) ES 40 Mo BH 2k 7e B #4038 45 T ES .
18 MG & — N ARFINHESE, 18 KO /M ERIFER T i
FEWFFUA . 5k il PR3~ VIS DR e o s FR 2R Il A3 11 32
TR,k PU R ARAMERAR, FRATIERAS T Bt i A
TVI16~19 4% 1B /N, b 58 R 4 1)
T FRERAT T AL AT R A ——HA ifil AN 1B 1T 5 35
FETT, A FHERTG IR A, X S R A
neo K ITHECILIR V16 5% 17 &b 51 B3R 1511 H
TR A /) BB TR 1R 36 BRUAH ] 0219, TR0 IR 3R 230 K
LR v 75 10— BT

WG, FRATAESEDIE M ES B 3RAS T METE
NS BN O REPE), JUHE 18 KO ES fi
MR Tk 50%,  AERF AR ES B R AL
M. FHIR, FATIA FEH WA TT I ik
AREATRERE R, Y B AR IR 8 73 2 Ok e 7 1)
YeE SER P 5RAR, DA i) e v S TR (R0 R
K52 B4

& Li 55 2005 (W 4RGE 8 2 %3, ES BT
JE G 25 A AR DY A5 AR S R U () B, FRATT
JEIE I i A DNA Fric i 6 ife 55N 8L 41 20k
WAT TR, 25 RN 129 By, Xk

B 7 DU A5 AR VR v G 5w 1 ) R A I R RE
Eggan S50 2830, 75 ES 41 AR 4L AR BT 42
REFESS Il Y Gtk L0k, JF kY v B 1 U7
AT T X0 1) ES gl g ve b, 338 THAEFRIN
MEPESE KM ES . 7RI ES WAk R
¥ A R R T BS 41 MRS T EE
. ARAAEFRRIIMES WY, 1E& AN [
Y QORI A B sy TR A T IR R L)
HIWT TR, Sry DA /N Bl i T 2 PO AP 31
SESED, IR AR AR, R0 R
AT Sry FERL, WM& AEE B — 2% X Ge ik
b EHCR R A A HEVEDS, SR AEFRATT AT 3
U 18 KO ES M1 Sry FERIAAEAE, WHLSDIT)
HEMEVE S PE 5 oA IF AN B — R PE Y, T2
—ANEL Sry FERUCH R Z2EHEZ 504 M
RIKRE, BR Sry 4b, LW QR BRI 2
5T, YRR wel (Wilms' tumor-1).
Sf1 (steroidogenic factor-1), I & ¥iF M Sox9
(SRY-related box). Fgf9(fibroblast growth factor 9).
Ir, Irr, Igflr (insulin receptor, insulin-related receptor,
Igfl receptor) &7 19, X EEIL A R HOKE 5 IZ XY
N ERIRIR 2y BRAS T E SO B G . 4l eI XY L
BUIKIZRAS AT RE A tH T Y G ORI 8 3 25 R 8 Sry 45
TR J31) P i DR 1 AR T )

[l HEVEE 3 POE Bt — AN R AR TA
AU 2 FE R B AR IR, Sry BRI A AE I
7 10.5~12.5 KKK, /DRAETIRA TEREAMENETE
WRR @R, Tiee XX HEFARGEZ XY H R AL
A IRAE B T Sox9 FIT Fgr9 5 2 BI H ARABL ) ik
RIRIARE, —H Sry TFIRRIL, Sox9 I FgfoA H
FEREE AT IR B G 0%, AT Srys Sox9 M Fof9
PR RIL, IR Re i NTEVE SRR . R
117, ES i AR A S A RE v 3t B W 1544
gt W, 0 H RIS ES BRI IR T A5 AR
PR B X S 0, JRATTHE I 2 I A% S 5 v e
Wi PR S e L DR I A, BEMIE R T XY P
JI FR) P 0 2

gr Lk, AV RIEAZ R 1) ES 41
SL T DUREARAMEROR, IR —BoRIRAT T 584
ES 40 J{l R 5 ) B R A AN B, IR X 28 /)8 B )
TR, X8RS ET wBEROARM S &
Bt — L I PR RME Ui/ BB ERTGERE, T2 o 2
PRI 2L ISP AR RUASE L sl ) B R T e
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Abstract The standard protocol for generating mutant mice from heterozygous targeted ES cells currently is
time-consuming and needs two breeding steps and, in some cases, risks the failure of germline transmission. In
contrast, the tetraploid embryo complementation is a time-saving single step procedure escaping from the chimera
mouse. Hybrid ES cell lines always have higher generation frequency because of their genetic heterozygosities,
which also limit their application. However, inbred ES cell lines often fail to generate ES mice. Judged by
microsatellite DNA marker analysis, the completely ES cell derived mice (ES mice) were efficiently produced with
two inbred ES cell lines (SCR012 and CJ7) by microinjecting the ES cells into tetraploid blastocysts generated by
electrofusion. As a result, after electrofusion, about (93.01£1.37)% of 2-cell stage embryos fused and (82.49 +
2.08)% of them developed to blastocysts after 48 h in vitro culture. The efficiency of generating newborn ES mice
of wild type SCRO12 cells was higher (8.3%) than that of CJ7 (2.7%). In the meanwhile, adult and fertile mutant
ES mice with two gene knock-out ES cells-18 KO (derived from CJ7) and F8 KO (derived from SCR012) were
generated. Interestingly, the generation frequency of 18 KO ES mice was even higher (8.1%) than wild-type CJ7
ES mice, indicating that the development potential among ES cell clones was significantly different from each
other and the decline of development potential was not equal among ES cell clones during ES cell passage in vitro
culture. The F8 KO mice had indistinguishable bleeding phenotype, which is identical to that of mice derived from
breeding of chimeric mice. These results suggested that this technique can be used as a powerful approach to

produced gene targeted mice efficiently.
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