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Construction of targeting vector for conditional knockout of murine FGFR2 and screen-

ing and identification of targeted ES cells
WANG Jian-min, SONG Rui-hua, DU Xiao-lan, YIN Liang-jun, CHEN Bo, SUN Jing, GOU Yuan-bin, ZHAO Ling, CHEN
Lin (Trauma Center, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing 400042, China)

Abstract: Objective o explore the functions of fibroblast growth factor receptor-2 (FGFR2) signals in murine
organogenesis, we constructed the FGFR2 conditional knockout vector, in which the exons 7 and 8 of FGFR2 were
floxed and Cre-mediated recombination of loxP could be deleted. Then, we obtained and identified the targeted ES
clones. Methods Based on the fact of Cre-mediated recombination loxP, a conditional targeting vector was construct-
ed. At first, the Cre-mediated deletion of floxed exons 7 and 8 was confirmed by introduction of the targeting vector into
Cre-expressing competent Aml bacteria. The transfection of targeting vector into ES cells was carried out by electropora-
tion, and the transfected ES cells were screened with G418 and Ganciclovir. Finally, the ES clones with correct target-
ing event were identified by Southem blot and PCR. Results PCR and restriction enzyme digestion confirmed that a
targeting vector for conditional knockout of murine FGFR2 was successfully made. A total of 83 ES clones were collected
after screening by both G418 and Ganciclovir, and 4 positive ES clones were found by Southem blot of 5'-end flank
probe, in which 2 ES clones with correct targeting event were found by Southem blot of 3’-end flank probe again. One
targeted ES clone was found by Southern blot and PCR to have 2 flanking loxP of exons 7 and 8. Conclusion The ES
clones with FGFR2 conditional knockout were established successfully.
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1.1 #H4# .

JERE : pBluescript 1l SK +/ — (Stratagene 43 7)) , ] il 5 44
{4 ploxpneo , ES 40 M fk (32 5 NIH X490 1 1 B0 ) 3 DHSa( 4= 52
B ORAE) s EHLL Y ek Cre FZH ) KM AT B8 Aml B o ( 3 5]
T B2 Rucker 1 -HIM™ G418 Bt 149 /> BUME iR 1R £T 4
Al o B E R B R R UM . T LA New England
Roche, TaKaRa %% & 7= fih; A Hind [ Marker. DL2000 marker 4
TaKaRa 23 w] 7 i BURL DNA $il42 52070 &4 Omega 25 w177 i 5 B
[N &2 Qiagen 23 6l a0 15 R i W RE R AR 0 R
AV SERL 51 ¥ 1 6 [ Gibeo BRL 2% w4 i 5 #0258 LA L L 22 7L
#F 4 BioRad Gene Pulser [I System( BioRad 23 7] ). LIF,DMEM =
BRE IR | LA B RE NG | A 00 75 B HE R | 7 - 5 A0 -
L A M #3485 35 €, DMSO, PBS 28 shi pH 7.2, EDTA-
[N G418 B i 55 3L 71 43 A [ Gibeo BRL, Sigma Fl HyClone
g
1.2 drdesf ke R %8
12,1 FT8EIRR M AT AR sv129 /) AL Y
PSP R 0 R T Y L FGIFR2 1) 6 5 9 &% 131 10 S40 8
T DNA Sl (R2-1a-5) , FHl Apa 1 + EcoRV M R2-1a-5 s
VI 2.9 kb 1 Apa 1 /EcoRV F B, % BORE T 6 5 N & T
Apa 1 755, 1L F 9 S4b 8 T EcoR VAV 54, 8 % H Bodfi A
pBluescript Il SK( + /-)#3 %] PAV [k, PAV JHRI2E Nhe | i1
Ja FIZALAAE A loxP3, 15 2] R2A1 KL, R2AL JFORLZE Not 1/
Asp718 B Ja 4 A — R BEEF E A ploxpneo, 74 %] ploxPR2A1 i
B FAk R2-1a-5 SEEP H Kpn 1 + Apa 1 H1HL 2.5 kb Kpn
[ /Apa | i)k BE % H BEE A pBluescript I1 SK( + /-)75 %] KAPA
JFRL. KAPA ORI Kpn 1/ Cla 1 B YIS 15 A 55 — IR R 46 A
ploxPR2AT JFORLTG 2 A& AFPEFTHE SR IA R2CKO(H 1) .
1.2.2  R2CKO fTHEZRIA M AR V) 5 - FBR WG 4 4 D) Al
Not T Not T + Xho T . Kpn 1 + Cla 1 43 5 3% % 1 B B3 4% 4

R2CKO #EAT AU Ak, LAXT B s (g s A it 4 74 25 S e
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E(‘nl{\“ " EeoRV
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The part of thin line is genomic sequence, loxP3 is located in inner of 3'-Arm,
trigon represents sequence and direction of loxP, neo gene is located between 3'-
Arm and 5'-Am, and tk gene is located out of 5'-Arm
B 1 FGFR2 REMEEITREETER
Fig 1 Targeting vector FGFR2 conditional gene target
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Frames represent exons (sign is E) and neo gene; arrow is site and direc-
tion of loxP, which are loxP | -3 from left to right. H: Hindlll ; Kp: Kpn
15 Ev: EcoRV ; P1 and P2 are site and direction for two sequecing prim-
ers; P3 — P6 are site and direction of PCR primers
2 THE#KS FGFR2 B E R REEREE
Fig 2 Homologous recombination between targeting vector and
FGFR2 gene
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1.3.2  PCR Wi EE 41 4074 FHA T loxPL 5" 4 (1) 151 49) P3(5'-
GTGAATAAGAGGCCTTATACG3') Fl loxP3 3' %t (19 51 49 P4 (5'-
CCTCCAGTGTCACAGTCACTGG-3") (5| 41437 ¥ WL 1l 2) k47 PCR,
WS BB 40 T 5 v T 6 20 S 7.8 R SR PE AR IC AL IR Neo
[ (v e S o3 £ o
1.3.3  FHUISE 5 BT A 14 BP0 4 T R T R T
PEHUSTRL G ] Eco RV SEATRGY) , 38 F EALHE L.
1.4 AR EmiaeH&F ES a3t

B/ BUSTAC ARG LT 4 40 e, 1 1 s 22 385 % C(Mito-
mycin C)4bF 2 ~ 3 h, 22 5§ FCHHIER 10 pg/ml, 40 B (1
AR 2 M AT VRAT T - 80 C
1.5 ®E4 3 ESmie

P3G 09 ES 2 Rt 35 1k B TR T PRS o, 4 41 i 4
FERF] 2% 10" L Fo #F 50 pg 2 AL M ATH 4R K DNA 5 1 ml
A 20 % A S LA o o L il 20 600 V, 25 pF, 200
O, WL AR I ] 32 ms, B o7 S5 00 240 1 43 A B9 3 % S22 1) % 3% L
o, 24 h G RN ES A0 I R 5T AR (G418, 280 pg/ml; Ganei-
clovir,2 pmol/L) .
1.6 ES M6 B fo p 3

PS4 8 RPREL ES A ke . K5 PRI S A e ES
sl T 96 FLAP, A AR S M B R — Ao, — R
TF, 90—y W5 90 Ja A #8 3 24 LG R A L7 38 0F B M ik 9 4l
DNA.
1.7 FGFR2 &4 A BiT¥ed fe ES mAney 52
1.7.1 Southem 2% %  # LiR G418/Ganciclovir i 19
ES 4 vi B T 24 fLAR B4 SR BGE I 2 DNA I, 5 FAH I 1)
LS Ak, 20 30 FHAT ¥R 4G4 5" o 55 3" U S (9 BRI 4T South-
em 7258, BFAE R 5 FGFR2 888 ES £0 10 (4717 B2 31, B (o
FEUWE 2 s, Hoh 5" R EF R/ R 301 kb, 3 R EE Kb A
1.5 kb,
1.7.2 PCR % N TR F N EF 8 HRAY loxP3 1E [ i
Rl A AR AL T loxP3 W i 15750 51 4 PS(5'-
ATAACTTCGTATAATGTATGC-3") . P6 ( 5'-GAATATACGTGCTTGG-
CGG-3") (59157 5 WL PE 2) & loxP3 JEAT 1RG0

2 &R
2.1 FGFR2 &M A Rir¥e kMR £ &80t
ST

4 8 5¢ A ) FGFR2 % R PEAT S 1A 1) B FE 2.5 kb, IR
2.9 kb, B Neo BEFH 5" 3" ¥ % 41— ploxpneo 3% A A B 15407 Y
loxP(loxP1 . 2) b B 5] AT loxP(loxP3) i TN & F 8 ., &
ALFECre) M T nDEE AR 1 7.8 M/l FEPE AR L BE A Neo 2
(R [ st S g e A o A A 2 S I S P 1 B &8
Not | RV ERPEAL: 22 Not 1/ Xho 1 AEFV] G159 51 1.9.2.9,
5.5kh 3P HEGE Kpn 1/ Cla 1 AURFVIIG TS 3] 2.5.10 kb 15 4~
BB, 55 T e Al D £S SR AR AT O (] 3A)
2.2 Fhir¥eskoin FEE

AP ARAFATRE AR R2CKO AE HEFT 1 88 23 B0, 7 3 11 2
A~ [F) TEUR D ploxpneo P 35t Y A2 A IX, B 2 (Neo ) JE[K Fi L&

FIIE T 1 MY S CTKO JE R LA A2 A7 T N & 8 TR 1) loxP3. il
IPES I S I A — 3
2.3 dr¥ediRdEg Aml B Am B EAMEMNEL
514 18R fl 16F2 #E4T PCR ik th 4 51 7.8 FlE
Fric 5L A Neo B [y Bl I BR A SERE . HETRES S UL 3, 45 M
PCR PHEAN G DRI R 1] Eco RV B VIS 11431 4.1.2.9.1.6
kb 3 4~ %A, if A EALA BB EcoRV B§Y) G 1531 4.5.2.5,
2.9.1.6 kb 4 4~ A7 (100 bp #&HF BAFEAEARE ) (8] 3) L0
W& 2 7.8 FBEFR M bric JE IR Neo FEMH 0] 1 Cre HZH A (1 1F
PR B IR . AR A S W BT R 48 (4 FOFR2 2% (4T3 2
RFT A i T FE R, AT LA T ES 2000 %) 4t 4 i i

A: Identification of primary digestion sites for R2CKO. 1: A/ Hind [l mark-
er; 2: DI2000 marker; 3: Kpn | and Cla | digestion; 4: Not | and
Xho | digestions 5: Not | digestion; 6: Control for R2ZCKO without di-

gestion; B: PCR identification for the recombination of conditional gene tar-
geting vector in Aml-Cre cells. 1: Exon 7, 8 of R2CKO and neo gene has
notheen deleted; 2: Fxon 7. 8 of R2ZCKO and neo gene has been deleted
3: DI2000 marker; C: Digestion identification for the recombination of
conditional gene targeting vector in Aml-Cre cells. 1: EcoRYV digestion af-
ter exon 7, 8 of R2CKO and neo gene has been deleted; 2: EcoRV diges-
tion for R2ZCKO; 3: R2CKO vector without digestions 4: A/ Hind [l marker
3 RCKOBRHEHETE
Fig 3 Identification for the R2ZCKO vector and its recombination

2.4 V¥ ES ety F kit

1E G418 FUtE s 35 2 A BT 1 ES 41 5% B A 5] 2
x 10" /ml B 2L AT R 2R 14 DNA 55 ES g R 5 )5 He
{E7 G418 il Ganciclovir [ EFERE F 3 i 98, FEU 8 Kn
PREHiPE ES vl 86 4, AT s FELe REE L IG — 70—,
VIR Ar R R 24 FLBUG D SRR R 4] DNAL Xho | 4
EcoRV AUEHYIT AL IS HI THR AR 5' 3 S0 i 851 1T Southern
Ref (FREH B M Xho | 55 EcoRV {7 S AN 2) , 4228 55 4 n#l
AT R 1 AR 22 kb (9IRS P 4R B 1 %R 10,5 kb
I 25 (1] 4A P 1.6) , FGFR2-CKO 26 (07 5L R i 4 A
Neo SR FF ch Aty 17 1 A4S EeoRV A8 (015 S48 E 22551
PHYE 24 M 10.5 kb T3] 7.7 kb, Kb #0 ES 4 ARER Lk w
SetFLASE BN T 7.7 kb B ZE (P 4A R 2kl 1~ 5) . 2
PHR 19 3 4 HEPHE ES 41 s e
2.5 AR ES e ke For At —F T

M & 05 4 Bk 5" 5 EE 51 Southern 4% 38 PHENY ES 41
i v e, 7 24 FLAR PB4 IS S AT A LA R A S R S
JEA T 105 S I 2 (5 (R 20 DNA 0 — B A9 %08 Xho | 5
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EcoRV W] J5 5" ¥ £ £ Southemn 7% 3¢ 45 W [a] fij. % #b, &8
Kpn 1 5 Hind |l B30 S 70 90 H 3 56 AHEFHEFT Southern 4% 78 %
SE (CKEE Be RO 50 B WL B 2) . 7E Kpn | Y5 ¥ Southem
FeApep P TRH AL 1 4% 5.9 kb A 504 (18 4B &4 1), FG-
FR2-CKO F¥EEAIE I H TR A T Neo ZEH K loxP JE 91 (£ 2
kb) , (5 S A BAPE &AL 5.9 kb LFEF| 1 8.0 kb, [
IR ES AT EE 5.9 kb Y5 8.0 kb B Z&40 (] 4B 4Ry 2.
3) 5 KA loxP3 S A AL B B4 R Hind [ B VIS 1
Southern Z4 3¢ BRI B 1 4% 6.3 kb B ARHT (B 4D h &l

1), FGFR2-CKO [ % {3 JE IR i T4 ABY LoxP3 JF 51 ch 8545 —
A Hind [ {32 4 () 2) #5356 228 PR 6.3 kb T
FEH) 7 1.8 kb, K A0 ES AT BL T 6.3 kb 5 1.8 kb B 4%
Hi (4D HRHF 2).
T AR AT loxP3 B T35 14 PS 5 P6 A loxP3
F7 7 PCRAGIN, f1FH AN loxP 5124 63 bp, 7584 BRI B
-#41 250 bp AR (B 4C 4R 3), 0 ES (535 (LA
i loxP FF S LA, 0T HHB—24 310 bp K/ SRR, (KL
U ES 4 A T S 250,310 bp MISRAE(B 4C AR 1)

1 2 3 4 5 6 1 2 3 i 2
—20 kb ‘ 6.3 kb
| '
: -
«10.5 kb g B0k
: e ® 59k
b 7.7 kb & —1.8kb
B D

A: Digestion of both Xho I and EcoRV , and detection by 5'-probe. 1 and 6: negative control from genomic DNA of wild type: 2 - 5: Southern blot

results from genomic DNA of ES cell, coding number are G11, Bl1,G4 and H4 respectively

B: Digestion of Kpn 1, and detection by 3'-probe. 1: Negative control from genomic DNA of wild type; 2 and 3: Southem blot results from genomic

DNA of ES cell, coding number are G11 and Bl respectively

C: PCR detection in loxP3 flanks. 1: Genomic DNA of ES cells; 2: Positive control from R2CKO targeting vector; 3: Negative control from genomic

DNA of wild type; 4: DL2000-DNA marker

D: Digestion of Hindlll , &n(‘] detection by 3"-probe. 1: Negative control from genomic DNA of wild type: 2: Southem blot results from genomic DNA of

BI1ES cells

4 P ES ARKERYIS PCR EE
Fig 4 Identification of digestion and PCR for targeted ES cells
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HAE AR S K0S FGFR2 (SN RE, 41 K58
A BT T FGFR2 (9% HLAER 9250 . Xu 5% 65/ Bl
FGFR2 J£H 1Y 7.8.9 4h 1 f bk J5 & BLRRAG HASE 10.5
KE/NREIE#H /DR ETE AN, ek RS &2 &
HELSFHE S TERRG A 10~ 11.5 K, 23 /bRl TG
A B OP R A RN BT IR A
11.5 KJG M AT A IR T, e 9o &tk i
St 4R FGFR2 Al 5| /R 2 & R IsET-. M
I, FGFR2 BE [ 1) 50 4= M B AS BB it — 2B W9 FGFR2 76
Je WA % B R I A Rk B R ER S R AR,
U, FRAT TP E 7 FGFR2 B9 2 A PE d B/ RS AL .
HAT R FRATH R T X FGFR2 REH 41 5 F 7.8
HIZ A PE T S A, BEBR 20 5§ 7.8 o] B [w) inf 25 B
KGFR #1 BEK, BJl o] 5¢ 4= 2 % FGFR2 ZhaE. #|H &4
PEF TSR A FT 2L B D REA LA H A5 O o] LAk 5
BHETERTA H A3 P 3 0k 241 2000 B ik (R S5 3000 IR i #E
T @n] LAXT—26 ) 327 ik 1) 5 P76 55 5 40 i 24 7Y

PR REEA TIFSE s (3 T L0 o 405 DR 0 2K 35 % A

TEA S RITHT ploxpneo B 2% 14 & 43 1E 7 0L 1]
HEFRAE A Neo #:[H 1 TK JE[H . 7E Neo JEHAY 3
5" & A 14 loxP(loxP1.2)" 28 Cre Bi1E)G
Al Neo BEPH 22 B3, LATH BR Neo ik IR X 85 g B B A 36
IRRTHE, MR LA TR 4 E 0 R B R R A R T i 2 58
L] I i) S BE R R 5 ~ 8 kb, B[R] TR 22 /0
0.5 kb™ "', IR FGFR2 541 w28 44 i 5 4[]
TR HE %3t 2.5 kb 1 2.9 kb, NAEWEHS 4b i F
7.8 Wb, RATAEN & F 8 5|k 75 14 loxP J7 4
(loxP3) . 4 FGFR2 2% 144 st b3 /) FURI A5 4 42 41 B #n
A FGA Cre K [H A 5 BE IR /N BUAC B )i, BP AT AE 2
ik Cre (940 ZHZ ¥ FGFR2 4h 1 7.8 EFEMERY
AR, B FCFR2 HhRE2:BR. t T Cre BN T A — 5%
DNA i A J5 1) 41 6] () ToxP J 51 ) 55 24 1 U0 B
H4H loxP FE¥ 22 8] () DNA J£ %1, 76 FGFR2 £ {41 ik
B Ay 5 A, FR AV T e 3 B HIE T 3 4 loxP 11
FEAFA 1), L #3k Cre BEA 9 Aml 4t (4 30F BH 5
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) 1oxP3 BETE Cre MFAYMERTZ T BN A9 HIBR loxP1 .3
Z [8]f¥) DNA Fy 3, SR 3R A TR A Y FGFR2 2% (-1 Pt B
BIAERE G Z/AREN G AT &L Cre 11309 2001

TET] ES 4 st Y4 THE4R 1A H- 22 G418 & Ganciclo-
vir IE GO ) BG5S, L BRI T 86 1~ ES 41 i 1
SERE 28 5 IR Southemn 2438 %58 15 81 1 4 BRFH 1
ES 4l 56 [ 5 22 Kpn 1 BED) G (9 37 S B K 00, 75 5]
T 2 BRPHYE ES A0l 5 PEEE Hind [ A5 AT 37 9
%54 Southern blot F1 PCR #611] loxP3 J& 75 £ 4, 153
T G54 T IE 0 [R5 d 41 ES 400 va ke . i%ir
TR BHYE ES 40 v [ (1 S BOCA FRATT T — 25 09 T4
fTF 7 RAFH LRt

(BUY : A WFFTI 4 5L 1o 7 00 B4 B2 B 4 08 242 50 0%
FEo0 R, PRI B )
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