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B OB EHEHARRTIRT AR TRAMEALIFIFILAE (Selectable marker genes, SMGs) H#
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CAER BB R F o AL B 2 A A SR A B B e, 38 Tt AR f e e, AT HA
AR F 4 &2 T SMGs 69 MR B HLAa MR 77 ik, AR LA B AN A, A Cre/LoxP % %
M SMGs 89T AT, FIA I T & @ 45k L4 2 MAP Cre T AFT NeIMIR R E, 2 REAN: REALEB R
St by 3 R AT 4w R AT AR AEAR 5 B ST #4T SMGs MR, [f2mA R EmFRmm ek, LEATES
RIS LIE R4 &, EHEARLFORAEICT R SMGs RAELEFM, RFHE G, 22 KKLADH
K. AR K. Cre R AT 45 4 4L B MR SMGs, {24 A8iE 30%49 L SMGs @l L4 ¥ 20K F 45 5.
TAT-CRE & & i 45 5 77 i T A8 £ 5| A9 379N R A H , SMGs MIFR F 38 5] 43.9%~72.8%, & —F #1249 SMGs
MR F
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Deletion of marker gene in transgenic goat by Cre/LoxP system

Chong Lan*?, Lina Ren®", Min Wu™?, Siguo Liu? Guohui Liu?, Xujun Xu?,
Jianquan Chen?, Hengdong Ma*, and Guoxiang Cheng?

1 Institute of Animal Genetics and Breeding, Sichuan Agricultural University, Ya’an 625014, Sichuan, China
2 Shanghai Engineering Research Center of Transgenic Animal breeding and Pharmaceutical / Shanghai Genon Bioengineering Co. Ltd.,
Shanghai 201210, China

Abstract: In producing transgenic livestock, selectable marker genes (SMGs) are usually used to screen transgenic cells
from numerous normal cells. That results in SMGs integrating into the genome and transmitting to offspring. In fact, SMGs
could dramatically affect gene regulation at integration sites and also make the safety evaluation of transgenic animals
complicated. In order to determine the deletion time and methods in the process of producing transgenic goats, the
feasibility of deleting SMGs was explored by Cre/LoxP before or after somatic cell cloning. In addition, we compared the
efficiency of protein transduction with plasmids co-transduction. We could delete 43.9% SMGs after screening out the
transgenic cell clones, but these cells could not be applied to somatic cells cloning because of serious aging after two gene
modifications. The SMG-free cells suitable for nuclear transfer were accessible by using the cells of transgenic goats, but
this approach was more time consuming. Finally, we found that the Cre plasmid could delete SMGs with an efficiency of
7.81%, but about 30% in SMG-free cells had sequences of Cre plasmid. Compared with Cre plasmid, the integration of new
exogenous gene could be avoided by TAT-CRE protein transduction, and the deletion rate of TAT-CRE transduction was
between 43.9 and 72.8%. Therefore, TAT-Cre transduction could be an effective method for deleting selectable marker

genes.

Keywords: transgenic goat, Cre/LoxP, knockout genes, selectable marker genes
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EAS AT KPMBRRCE, 255 TIHBRFE R 1
RN SMGs FIBFHLATT I .

1 MREFE

1.1 #E5RH

N ¥ TR g 28 1L 3E (Human  lysozyme
transgenic goats, hLYZ-G) A\ V& EFHE 5 SMGs
BHER, BE TR S Sy ek b, Hesin
J¥H 5'-[LoxP-neo-TK-LoxP ][ A\ ¥ i il 75 ik
HEZE]-31%); sCT-G, hLYZ-G N BigARBEAY T
T e 3 A B2 )/ b 1 B 5 DRI 5 O AR
SMGs #ARIER N pGH4, LHE AL, WA
neo™ Hl TK WiFh e KPR DL K. LoxP 5, HEF
JFRCH: 5'-LoxP-neo-TK-LoxP-3', ik Cre &
F T ) i RE pBS185 (Addgene), GMEM 5241557
W WA 10% FBS. 558 = FAEL T 4 55 m
) GMEM £ 3# (GIBCO); GMEM i i 55 5 9 «
47 1000 pg/mL G418 () GMEM 5S¢ R5 35

1.2 TAT-Cre g% . E N E S ML

TAT-Cre [ i) 3215 5 2li4k J7 12 BEOSCHR [6]F
17 o TAT-Cre [ (%) 3% P00 22 - 76 I V) 2 W
(33 mmol/L NaCl, 50 mmol/L Tris-HCI (pH 7.5),
10 mmol/L MgCly) HiIlA 1 ug i pGH4 JFRL Al

0.1 pg i TAT-Cre [, 37 ‘CiiH 4 h, TEWHsEE
& H, K A 0 D) 1 4
TAT-Cre & [ 55 Yo die SCHR (611647, fRTiA Ny

MK ZE 90%IC &R, PBS ¥k 3 ¥k, HIA
2 umol/L () TAT-Cre filf, 37 'C . 5% CO, }5%% 3 h
J& , PBS ¥k 3 YK, #t GMEM 58285335 1 d,
ZJE¥E 100 AS4IAE/ AL ZE 100 mm AR FE ML
Hr, WS GMEM IEFERE SRR 10d 5, A
T R BRI PR IR v R AN M A T R AR

1.3 {R4AAE e BE LU 3F B I & F0 LU 3F R AT 4E 4R
)b

NT A ik ff%E52% (Salcalcitonin, sCT)
(5'-atgaaggtcctcatecttgectgtetggtggetetggecattgea
caccaccaccaccaccacagaagaagaagaaagtgcagceaacctgag
cacctgegtgctgggcaagetgagecaggagetgcacaagetgeaga
cctacccegtgaccaacaccggeageggeacceceggetaa-3'),
RN B-FLERE AR S TR R LIRS RS
B pBLG W, OB S R IR R IB
& pBLG-sct. ¥ pBLG-sct 5 SMGs #i/k pGH4 4t
FEgL Il F R LT AN, 22 0 e A 5 AR A
sCT FENHEA ATl 2 AR i se e 1 =7,
HART5EZ WICHR 9]

i B SCHR [71 52 B A4 5 1 70 o8 e £ [ 5 2K 5
FEH L ZE (Salcalcitonin transgenic goats, sCT-G)
AN TR T B DR L 2 1 HE B AT e 2, 5350
fir44 4 sCT-G-EFC F1 hLYZ-G-EFC., i B8 SCHR[8]
SrESIEH IR 32 d iR L BCER 4t 46 L (Fetal
fibroblasts of normal goat, G-FF),

1.4 TAT-Cre EH¥ 5S4

MPAEREFR MR AR E 90% LA i 77 L85
FR&, PBS WEVEANE, A OPTI-MEM KigRii
(GIBCO) B M) TAT-Cre [iff, fdi [ vk i hy
2 umol/L, 37 ‘C ., 5% CO, {53% 3 h J5, PBS &t
Y, e GMEM 58 23552557, 24 h J54% 100
AL ZE 1A 100 mm 4R 55 LA 25 13 4y
Br, I GMEM #EEIEFRIEIESE 10 d, FIH®
PER PRI A, % 96 fL-48 £L-24 fL-12
fL-6 FLEIUT A T4 K55+
1.5 BERIK¥E L4

fie ]
Reagent (Invitrogen 11668) MJULEANEFTHEYL . Al

Lipofectamine 2000 Transfection
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WH: 7E 24 fLANMEAR Y, AR E 90%IA
B}, Fl OPTI-MEM ;3 Re pBS1SS ikl &
10 pg/mL, %k 100 pL DNA Ffii A 1 uL PLUS
3 uL g mitk, RA1)5 3545 DNA-lipid 25Y; 7F
24 FLAHMIA A DNA-lipid 244 100 pL/AL,
37 C. 5% CO,¥5%%, 6h J5f# GMEM 5¢ 555
He¥EFR, 12 h JEH 100 LA/ LG % AL &
100 mm AHAEIEFRML A, ¥ 1.4 JrikdEfT i rope
2 Y T e AN R
1.6 PCR i

Fic 20 it TR A 48 G H) & (TIANGEN
Cat No. DP304-03) ULPHEERAHMIEEN A, T
50 pL #B4AikH, 4 CHRAE. R 151y
K neo®. B-actin. sCT. cre VUFhIEF#4T PCR
Poa, & 94 CHUAEYE S min, 94 CAEME
30s, IRKIREEHER 1R, 974 30 MEHR, LA
Taq T} TaKaRa 23 w77

&l 1 TAT-Cre Bg#94E{k 53 N

%1 PCR NN FFESI4FS
Table 1 Sequences of detection primers for PCR

Primer Primer sequence Size
name (5'-3") (bp)
neo469-F  CTGCTATTGGGCGAAGTGC 469

neo469-R  CGGCGATACCGTAAAGCAC
CGCAGACAGGATGCAGAAAGA 148
GCTGATCCACATCTGCTGGAA

sCT-F ACCTACTCAGACAATGCGATGC 1100
sCT-R CGGAGCCCTAGTGCTACTCA

B-actin-F

B-actin-R

cre-F TTACGGCGCTAAGGATGA 357
cre-R CTTTACAGTGACAATGACGGC

2 HREH

21 TAT-Cre B4k, RESEMHMNELER
KI5 k4l AL i) TAT-Cre B K AFAHY
Sl iE T, PTARO pGHA T 3.2 kb Y
R YIH (8] 1A R 1B). 4 TAT-Cre 55t
(A N5 T T A R DXL 1L 2 B 2F A A i 2k 2 T %

Non

Fig. 1 Purification and activity detection of TAT-CRE enzyme. (A) Identification of TAT-Cre through SDS-PAGE. 1:
TAT-Cre; M: protein marker. (B) The activity detection of TAT-Cre in vitro. M: DNA marker; 1-3: the vector digested
with TAT-Cre; 2: negative control. (C) TAT-Cre-treated cells with resistance of G418. (D) Normal cells with resistance

of G418.
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23 %FIM Cre/LoxP RGBIRIEEELEKRWAEFCEE

G418 MHKPLRE 1, Tk RE 3% 4 d J5 B T K
MIFET (FE 1C), P Fralifbi) TAT-Cre EA %
AN, HE AN K AR DI RE

2.2 {RYHAE ST RERTMIBRIRICER

FI ] TAT-Cre 4B sCT-G i &1 F2 HH 153
(4 7 AP e A AR o BEFS TEALBRSE 0 7 PRt
HAECT 100 A AEAAR T 100 mm EFR10L, 10 d
JEHRH T 5T ANBATERE . KGN, X 57 HR4nHE AP
A 25 MR Y neo® FEABMER (& 2), HER
RUFRIEF 43.9%, XIFA TAT-Cre 7655 — R 41y
S gL I BT A7 oM BR - H RSP 3L S i BRI
S AR — 2D R T T 3 SR AR AL AR
P M va R BRI, T ARAS AN i b e
b, Tekit—AER, RARAT AT ST FH 1Y)
sCT e HE DB 1) B S B A i

ARG pBS185 W la) F2 ik 12 MIBR v
UL IL R ST N BRI LR, (R 4 it Ak ™
H, ARG TR A sCT 5 LA 1)
TR

1 22
e e -
23 47

48 57 clc2c3cd4c5coc7c8

NonTAT-CREcontrol

2 TAT-Cre BE3 {440 i 52 b2 A AR 10 2 F B9 MR
Fig. 2 Deletion of TAT-Cre on somatic cell marker
gene. 1-58: cell clones treated by TAT-Cre; cl-c8:
positive cell without TAT-Cre selected by G418.

2.3 {R4HAE e PE R MIBRIRICE R

FH TAT-Cre fifi b ¥ hLYZ-G-EFC, #kH T 1k
114 PNPATTREANERE, neo® SENKGINZHT, Ho
A 83 NI neo” B REHMER (K 3), M
Bl . 83/114=72.81%.

FIFH pBS185 FURLIE R F3k A6 SMGs (1)
M B %% % . FH pBSI8S J5i ki Wk W % Y
hLYZ-G-EFC, JLHKELT 64 AR rafEa ik,
G418 A kIR, Hrh 5 4> se Rk A0 B
BE, MBREEN 7.81% (5/64).

ik — 96 F TAT-Cre & (154 S BRI
L[R5 FAVE . ] TAT-Cre #bF# SCT-G-EFC, 3
PRILUT 16 ASvake, Lkl LrbA 13 MR s pe
H ARG B R IR () 4), R 46.2%
(6/13). IXFEH, TAT-Cre /™ SFric £ MR 22—
RSB PE R 7 i

Q7 — === === oo 114  clc2c3

Bl 3 TAT-Cre M SHIMEEARMAT neo” EE AY
il

Fig. 3 Deletion of neo® gene in selected clone
mediated by TAT-Cre. 1-114: selected clone; Cl1:
positive control; C2, C3: blank.
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M1 2 34 5 67 8 9101112131415

Neo

Bl 4 sCT 3¢5 E L3 (R4 i 4710 & F R R
Fig.4 Deletion of marker gene in sCT transgenic goat’s
somatic cells. 1-13: selected sCT transgenic fibroblast
cell clone; 14: blank; 15: plasmid control.

2.4 Cre A FRFRE R EHOHKIBAE

pBS185 BRI YL )7 ik R LIXE SMGS 5
ROMBR, (AR R4 sE e i G Cre
FARFORLFS] o LA ARAS 9 BRIMBR T FRic
K9 ChLYZ-G-EFC, M 4h ik A pBS185 (1)
Cre J:[H: 45 3 HRANMEAE S T Cre LR (A 5),
BAFEN 33.3%,

bp

1 2 3 4 5 6 7 8 9

cre

B 5 pBS185 FuhifaRtee iR BRALFIIHENTFIR
Fig. 5 Condition of plasmid pBSI85 sequences enter
cell in transient transfection. 1-9: sCT transgenic
integrated positive monoclonal cell strains; 2, 3 and 8:
pBS185 plasmid sequences exist in clones.

3 i

SMGs MIBR7E L A b 2 i, &
YA TN SR E ARG b Fns L
TE RS, BT 1L 5 U] 2R G0 AR g
RN RV EL G SMGs VIR RS S 4 Pt
AU FERESEN B F, SMGs MERZ7E ES 40
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FaASE gt BT AR LA TR Y6 5 41 0 o 4
RGN FE" EREE L, WS R R A
MK E ES AMiFR, A A BRI 440 i xf
PASEERZ UGRAG M . ANBIFSE 2208 T 7EAR S 1L
2R LT A0 M A T UL A A, HI R A i
LAk R) R BE AR AT AT (AR 41 i sE B T SMGs
TR i G SE P A bk . ik, Xt SMGs OB A
AR BIMARg M e b2 e o fE/NR b, At
AR S K Cre Fak TR i S AL L R/INR
ZREUN N, 3 Cre 4 I s 28 2K SHe T 55 195 i)
2 loxP 1) DNA JFAIRRE" ", (83205 AR
HAFTE S A TR 3% A AFER A P AU, AN
WA HINFE F . Kaartinen S5 1E 8 1 #2635
Cre (19 IR 35 B UL 16- 41 i 107 5% HEE I S ) B
SMGs!"™, AR B FR AR AR 1] Bt A
TR BN R BN . BRIERE
FETIMEE SMGs 4 Y= AE R AT 5 5L )
Y L R Sh ) R RG I , TAE S35 Hh A G 2 I
K w AR VEF TR . Wang SEAERE LR 2F Y
LT YA P BRI YL Cre #1 eGFP Hh3R iKUK,
Pl eGFP By iAHE/R Cre Uik, Wi FACS #
ARifiveth T 235 Cre M4HML, JLrAT 80% 141 i
M SMGs BIHER!Y ., Kuroiwa %61 1 7555 LR 4
AT YN P Cre BRI FIK RIS T
SMGs FJSEERER [ w &5 A PRNP U [H R B 1
AT

{E 2 b RSE 3 5 Y Cre 2635 F0ks B Sh I 4
FERFFH RN SMGs TR 45 I . Cre KBS
AT B B AR, Wang Z4RiE A 17319,
Kuroiwa 254186 K 4/51"7, AHF58 FH [ERE J7 BiiE
B ARR 13, N TR —1IF, A5
H i 11 T TAT-Cre 25 [ B 25 e 20 M 7 vk se i T
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BRI L . TAT-Cre E7EHF A5 Cre 51
) N 45| AT HIV B8 A% 4583 (Protein
transduction domains)——TAT JFHE B 1, & 0]
DRERE3 Svid ) Ui ST aN ) NS o L 8) = - S = ]
TAT-Cre T 2455 T VF2 s M. FHZ
TG RIINER T SMGs Y F 2T 4k 48 Jfd 7T ]
TR A0 M 5w B AR A L IR 1 2R
Nolden #ff 5% & 7~ ML I A A7 7E BE W% 410 il
TAT-Cre AN ZE BTG, K0 TAT-Cre S5k
T AN 3 h Al P e R AR A
WF5E 223 T A1 100,200.,300,400,500 ) TAT-Cre
Tt E LT 4EF T 3 h, KRBT 300 pg/mL

2 MBRFRICEE B AR R LT X PR

i, TAT-Cre 2xXf 4iiffl /= A= s FMEH], TZuiE
T TAT-Cre MIPERIHEE ] 200 pg/mL (45 R A%
o IAGEREY], X— KM ARG E 1Y
MERSCE (G5 2).

7% 2 Fbi T MIBR SMGs B9 [R B HLAN 7322 19
Dot i o AR UL, JAETE VA AN 5 b i B
SMGs HRZ 55, (HIE S MR i 2 5 2 i
KATEEN B, ToRAEEE 58 AR YN s T
Vi o TR B I =E AR5 5 FEEA T SMGs N BR AN
1E Bk, (RS RE A . FER
TAT-CRE §% S 5 Xt AL 3/, HARZS5 I AHT
PISMIEEEE, SR —Fh Y SMGs IBR B .

Table 2 Comparison of deleting marker gene between different times and methods

Efficiency

Disadvantage

no new

non-replicated

non-replicated

no new

1) Needs high purify TAT-CRE for cell
culture

2) It’s difficult to obtain monoclonal cells
for SCNT, because of seriously cell aging

1) It can introduce new exogenous gene
and have lower efficiency of deletion

2) It’s difficult to obtain monoclonal cells
for SCNT, because of seriously cell aging

1) Longer test cycles and higher cost
2) It needs high purify TAT-CRE for cell
culture

1) New foreign gene introduced; lower
efficiency of deletion, more mixed clones
2) Longer test cycle and higher cost price

Time Method (%) Advantage
1) More simple operation; higher
efficiency of deletion;
Transduction 43.9 exogenous gene introduced
of TAT-Cre ’ 2) Shorter cycle;
Before clones; lower cost
somatic
cell clone i 1) No need to purify protein
Transient 2) Shorter cycle;
transfection of No detected clones; lower cost
plasmid Cre
1) More simple operation; higher
. efficiency of deletion;
Transduction . .
of TAT-Cre 72.8 foreign gene introduced .
After 2) Better growth of cells; more easily
somatic obtain monoclonal cell strains
cell clone Transient _1) Tl_lere is no need to purify protein
transfection of 7.8 Gl
. ’ 2) It may be known the function of
plasmid Cre
transgene
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