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[Abstract] Objective: Based on the comparison of transcriptional profiles between porcine primed embryonic stem cells(pESC),
porcine inner cell mass(ICM) and porcine embryonic fibroblasts(PEF) in our previous study, five transcriptional factors(OCT4, TBX3,
REX1, LIN28 and DPPAS) were selected due to their expressions were significantly higher in ICM than pESC and PEF. To establish
porcine induced pluripotent stem (iPS) cell line, three expression vectors with five porcine transcriptional factors connected via 2A
peptide gene sequence were constructed. The induced expression vectors and pEFla-Tet3G were cotransfected into PEF followed by
supplement with doxycycline hyclate to obtain more efficient pluripotent stem cell induction strategy. Methods: Firstly, the cDNA se-
quences of transcription factors REX1, LIN28, DPPAS5 were cloned from PEF through PCR and linked together with E2A and T2A
sequence (RLD). The ¢cDNA sequences of transcription factors OCT4 and TBX3 were synthesized. Secondly, OCT4, TBX3 and RLD
were transfected respectively into the TET-ON induced expression plasmid(pTRE3G-Zs), followed by plasmid extraction and restriction
endonuclease digestion to verify the correct construction of three recombinant vectors. Finally, the transgenic cell lines were obtained
via nucleofection of these three vectors and pEF1a-Tet3G, and were screened with G418. Results: 975bp REX1 sequence, 727bp LIN28
sequence and 408bp DPPAS sequence were obtained by PCR. The correct construction of three recombinant vectors(pTRE3G-Zs-OCT4,
pTRE3G-Zs-TBX3, and pTRE3G-Zs-RLD) was verified by restriction endonuclease. A total of 70 cell lines including 29 cell lines with

multicopy of foreign genes were established by drug screening and PCR. Conclusion: We have established transgenic cell lines with
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five porcine transcription factors (OCT4, TBX3, REX1, LIN28, and DPPAS) and pEFla-Tet3G plasmid successfully.

[Key words | porcine transcriptional factor; 2A peptide gene sequence; induced expression vector; transgenic cell line; iPS cell
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IKFAE ICM ¥ i JF25 & B Y 2E e 5 4
BESE N7 (OCT4 . TBX3 .REXI LIN28 il DPPAS),
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REX1 .LIN28 .DPPAS Lk E2A #l T2A JF 41 % $% i =
KT R B, KRk OCT4 M1 TBX3 LA K A 1T
P ) = A B By il i 3 BB JS 15 S R A
AR pTRE3G-Zs H, T 3R AT 3 AN B 21 Je R 404 ;i
TRk K 3 AN FRIA RS pEFla-Tet3G
FR L ge PEF 4 j , 76 25 Wy i i 258 T 3145
i W A B DRV A0 L 3R, A — 25 A R D) A R T A
R IR S N R 22 V5 31 & (doxycycline hyclate , DOX)
VR TR B iPS 40 A Y A 5 25 5 Jk At
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1 #EFFTE

1.1 ##

PEF 21 1 b A< 52 56 % i 4% 5 4% U8 OCT4 #1 TBX3
1) cDNA J751 B 11 4 7 A= W 5 AR A BRA 7 & %,
I vk T Rk g Ak, 4300l 4 44 S8 pUCS7-pOCT4 Fi
pUC57-pTBX3; pTRE3G-ZsGreen 1 il pEFla-Tet3G
iR H H 7S TaKaRa 23 A .

DMEM \FBS DPBS | @ it | % i % & (Gibco 20
a), EE);RNAsio RNA #i#235 & .DNA marker
HS P sz 17 i) & . R N DD PMD18/19T
Bk T4 DNA # #FH & (KREEEWAR);
Wizard® Genomic DNA Purification Kit (Promega 7%
Al ,26H), CO, B 3246 (Thermo A H), ), BEIE AL
BAL(BIO-RAD A ), £ [H) , 4% 54 4L (Lonza A W] | 36
), 98G5 (Nikon 24 F), AAS), 9805 i
PCR AU (F KA H] K] .
12 Fi#&
1.2.1 REBAKGEEIE R Al FRADRER

g 0 ¥ & A pTRE3G-ZsGreen 1 i i Fl1

pEF1a-Tet3GIFL 1) DHSa H 1 15 #E4 T4 1 15 3%, I
it FH o /0 4 3K R &, i BROUE B P 3 ) B R
pTRE3G-ZsGreenl Jii ki fll pEF1a-Tet3G ki ; fii
BamH 1 \EcoR | \EcoRV Hind Il BRI N V) , 4%
e B A5 X HU) pTRE3G-ZsGreen 1 Jit b7 1 17 il
YU i BamH 1 . EcoR'V Hind Il B2 4 Py V) B
Xf pEFla-Tet3G JFukL AT D)% E

¥ &4 pTRE3G-ZsGreen 1 JF ki fil pEFla-Tet3G
JORLI DHSoc B RRIEA TR 3G 3%, 4 Sfd I S P 7
B TR R i X700 5 B B e oA 0 S A v B
Jiohs 22 B DI R PEAG S | R ] C BETOVE 1 [ SO BTk, A7
T-20 C#H . fRURES 1% PEF T 14> 10 em 35
FEM P AT 85 3%  (84% 5 B DMEM \15%FBS K& 1%
Pen Strep) , 4 240 Ml 1L & B2 35 B 2 90% 1, H 0.05%
JERG 45 200 MY Pk B P40 i, 1 500 v/min 2500 5 min,
g I e ER R MR B A TR B 1100 4
MMLEg.C, 5 R AT IR & Amaxa™
Basic Nucleofector™ Kit Primary Fibroblasts(Lonza 2>
3% ) p o A 0 A R A P A A SO
YELLAY pTRE3G-ZsGreen | (2 pgfl pEF1a-Tet3G(3 pg)
LR % A PEF ., YL a4 MG R & 6 fLAR Y
2 AL B R 24 h ) 8 1 SLANE o A 1 pg/mlL
DOX MY5E 48373 5 1 FLA N 3 58 4 1 7 5
AksiiEE 2 d e, FUOGENE BT WA 402

WA SO I IRIC R,
1.2.2  pTRE3G-ZsGreen | ik # 4k 64 154 it

FIH EcoR 'V BRI oy V1l 4 FE 156 B 5 X6 4 Hi
i) pTRE3G-ZsGreen | UKL 47 BEUT , B R4k &E b L
VKA S =, AR S, i Wizard®
SV Gel and PCR Clean-Up System i & #17 H 1)
7 e IR, ELAA D R U B 1 AT R TS )
T4 R TIESE 16 CRB SR ER:, EE7Y
Ak DHSo 2 SN IS W i, PRI V& T LB
BB R R G SR RS R AT VR LK, R 2
TE B () 4 TR AT DR TR, i 24 O pTRE3G-Zs Jii k. i
Je X 3RAF I pTRE3G-Zs J AL #E 17 R a4 i U 45 5
1.23 %R BeEE R BT 3 A0 Lo

¥ PEF & RNA $2HUK cDNA Bl & iR 4 1%
KM PEF, L DMEM (% 15%FBS+1% Xt ) M K5
FE, F 10 em FrFIMAPEFE, 5 PEF L& EAE]
90%J5, H 0.05%% 4L, 1 500 t/min Z5.0> 5 min,
PBS PR 1 i, 558 B JCEF AL B 1.5 mL EP 45 ;
f#i ] RNA #2B0GX 7] £ RNAiso Plus, #1830 ik
1740 M 5 RNA £ H¢; i ] Recombinant DNase |
(RNasefree) i f] & 25 Fr DNA T4, # Ul B H 1745
PR 5 T2 A0 23 60 BETHAG I A RNA e B Il 7 %
JERE(E, BE S RAE T -80 °C % . BUME & 4 1 3%
PEF 20 Jfl & RNA (B Al , {8 J] PrimeSeript™ RT
Reagent Kit, 4k 34 547 5% S 3RA3 5 cDNA
il LM e G EE TR I cDNA e B K I 5 W O
{H, FEM IR T-20 CRH

REX1,LIN28 11 DPPAS ¥4 5% A ¥ 7 Be 9 4 . i
5 GenBank "5 %5 5 41 REX1 (GenBank & % 5 .
XM_001352187) .LIN28  (GenBank & 3 %
NM_001123133) .DPPAS  (GenBank % 3% 5 .
XM_013992632) 11 3 X HI T4 #5 %% REX1 LIN28
H1 DPPAS JEH cDNA J¥ 814 519 (BLAR S )7 51 W,
1), MG L 2A FARFOR A 2, 7519 75
T T BR a4 9 DD R B S (i RHA R R
A3 3ETR) 2A TN (1 AR TR R 23 A o) DL I 2A
AP 9 (e BRARTR 3 2R0R 51T 5 B T 4 0 B
ANFEIER) o Hie MR TaKaRa HS B iz 0 B ) £ 1t
Wi, LI PEF 400 cDNA A4S 510817 3 A~ FE A
f) PCR 3% ,PCR K W K R0 20 L, B 45 HS P
i 0.2 WL, Buffer I 2.0 wL,dNTP mix 2.0 pL,
b TSI 1.0 pL, B cDNA 1.0 pL ,ddH,0
12.8 WL, SR 25 R INF .95 °C WS 1 min; 95 °CAR
PESs, 60 °C 1Bk 105,72 CIHEAH 30 s, 3k 35 ME
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Table 1 Primer sequences, annealing temperature and product size

EIRZE g ElkZE2]l

BAIREECC) R/ (bp)

Miu I -REX1-E2A PMRS5-CTTAACGCGTATGGACCAACAGCTGAAGAAAAGGGAAAAG 60 975
PREA3- TTTCAACATCGCCAGCGAGTTTCAACAAAGCGTAGTT

AGTACATTGTCCGGATCCCTGATTTGTATTGGCCTTTGTATGAGT

E2A-LIN28-T2A

PEALS-CTTTGTTGAAACTCGCTGGCGATGTTGAAAGTAACCCC 60 727

GGTCCTATGGGCTCTGTGTCAAACCAGCAGT
PLTA3-CTCCACGTCACCGCATGTTAGAAGACTTCCTCTCGCCC

TCATTCTGAGCCTCTGGGAGCATG
T2A-DPPAS-Nhel

PTAD5-GGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATC 54 408

CCGGCCCTATGGGGAAGCTGCCACCGAAGCCGAATG
PDN3-TTTGCTA GCTCACTTCATCGGAGGACATAGCTCAAGTG

AHACT S 25000 2 470 A B A DA D) SR 00 37 5 SRR RIS A 2A 8 SRR A T 2A ARSI

572 CIEA 2 min,, By R W BE I HR UK K DU PCR 7™
W, BEBRAIEAE . I Wizard® SV Gel and
PCR Clean-Up System i 5l &5 i 17 ¢ 010, H A4 A0 B
TRV B AT, 42 UL ] 15 48R40 4% REXT LIN28
H1 DPPAS 1Y ¢DNA F Bl B0 7= 9 5 o B 4% 1k
PMD18T-vector {& & 16 C/KIF IR+, =Y
54k DHSo B2 S A 5 W A, PRI V% T LB
B IR I P R B SRR AT IR T LUK R I
MF 2555 GenBank W4 3 A~ BE K ¥ 41 647 LU X
Bb X 235 S5 T B (0 A0 o EA TR R A

OCT4 F1 TBX3 % 56 A 7 11 1 FH A 1 AR 48 52 56
Wit 35 OCT4 1 TBX3 K BE (b F#F 51 AR
il P P9 DTG A 50 BN T B, B s 1 2 AN
Lo LA IR Z A AN JE PR TR & 5 6 0y, %
g5 HOOE 1Y W bR 9 A 4 8 pUCS7-pOCT4 Fi
pUCS57-pTBX3, 43 5l #4708 18 4 I (& iU Bed il 1
5 4 Wi E 8 m R ) |
1.2.4 HRH#HEFHEFEARAIBRGHE

REX1 .LIN28 1 DPPAS = A ¥ A Bt i i 4% . Fl
H overlap PCR, % i TaKaRa HSHR 3 52 0 il 1 7] &
UL, XA A 2A KPS REXT,LIN28 .DPPAS
PEAT B B BE YT BS . LL PEALS A1 PDN3 b 51 47,
E2A-LIN28-T2A 1 T2A-DPPAS-Nhe | AfsAT, 523K
E2A % 4% LIN28 Fl DPPAS, JE Ji, E2A-LIN28-T2A-
DPPA5-Nhe 1 FBL, Ll PMRS 1 PND3 R 5149, Mlu
[-REX1-E2A FIE2A-LIN28-T2A-DPPAS-Nhe 1 F Bt
g BB, T2A i# 3% 2 W Mlu T-REX1-E2A-LIN2S-
T2A-DPPAS5-Nhe 1, fili#%4 RLD Fr B¢, firi% RLD K
B 4B e hE eI vk J5 , A Wizard® SV Gel and
PCR Clean-Up System 51 & iF 47 i [fic, HL AR B
UL BT . 43 B RLD F B DI 7= 9y 4 g /R

Fe 4:1 B H 0 5 TR 2R R PMD18T-vector 18& 16 C
KR &, AR WAL DHSo B S E 5
W, PRECATEVE T LB 83 b R S R RS
HEATRRIVAE FLPK SR R U, 000 445 R TE A 1) 20 B e o 24
i PMD18T-RLD, JE A T 1 5 H

3 N H A AR AR I R At R SR $ R
IIIERE pTRE3G-Zs Bl UBokL pUC57-pOCT4
Fl pUCST-pTBX3 | LA e S 56 %8 # el 1 3 A% S IR 1
JkL PMD18T-RLD; fii FH Miw 1 BRI PE A UI X |
W 4 B TR E AT BRI, 37 CCOKIR 1L 1 ,0.7% B i
BERC LUK S e DI S5 S 05, XU ik AT L EEDT
JERAliAk ; Bl S A Nhe T BRI P 08 43 50 7 K
fit U] 4 L Ak BB, 0.7% Bt g A58 158 i Tk 2B A7 H
s B ) DD e e, 42 Jie it 390 6 8 B 5 o sk
Tralifl; il Wy 22053 o0 BE T i v 2
JCEEAE . HeHE T4 LR UL | 1 R g Ei 2 S PR 3%
KA, K EEYIRAR R OCT4 75 [ TBX3 J¥ 51 |
RLD =A% 543l % 4% 5] pTRE3G-Zs #fk ;3%
Bk A\ DHS o JERSZ 254N, FFE 1 T TR RS 3% I H
WLER B SR TRV AR AT AL, BRIBUR AL 16 35
R, T LB WAARE FR AL h T/ 45 12~16 h; 18
TR LUK, PRk TR VE e B TR N R S R BUBOR
Xof TR IR R T D) S, X S T 1 AV 3
TR, 4 il 4w 45 4 pTRE3G-Zs-OCT4 pTRE3G-
Zs-TBX3 ,pTRE3G-Zs-RLD, {17 T-80 C# .
1.2.5 #R#EFRATH4#AHEPEF 2092 %

PEF ¥ % A Jii % pTRE3G-Zs-OCT4 pTRE3G-
7s-TBX3 pTRE3G-Zs-RLD 5 3 ik 2 20316 26 1 Y
kL pEFla-Tet3G : 73 3l i i) 15 77 & A pTRE3G-Zs-
OCT4 pTRE3G-Zs-TBX3 pTRE3G-Zs-RLD 5 pEF1a-
Tet3G ki (9 K FF I 100 mL, fifi FH G 4 2 2 F0k:
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A 3R G 4 IR I kR B R D
fiti Xho 1 &AL A pTRE3G-Zs-OCT4,  BR il ¥4 P
It Pou 1 eMEALR pTRE3G-Zs-TBX3 pTRE3G-Zs-
RLD 5 pEFla-Tet3G, & H £ BEIUHE 1k ol e £ 1
fETRL £ T =20 Co5 H . i VR IEAR rh A2 /N B RS PEF
T 1460 mm MLH 24 h J5WEE, 24 40 i 1k 5] 80%~
9091145 BE B, FH 0.05% JB it 1 £ 15 5 240 Jd, in A
2T i 40 0 8% 37 0 (84% ¥ DMEM |\ 15%FBS K 1%
Pen Strep)Z¢ 117HAL)S ,1 500 vmin &0 5 min, 5 [,
JF H1 DPBS ¥ 1 i . % 88k ) & Amaxa™ Basic
Nucleofector™ Kit Primary Fibroblasts 1 #2 4 i3 B it
il 4% B W, B A% B ASORE 26 1 4R 19 pTRE3G-Zs-
OCT4 pTRE3G-Zs-TBX3 pTRE3G-Zs-RLD (4% 1.8 pg)
Ml pEF1a-Tet3G (5.5 pe)tL[F45 A PEF H K 4% 5% e
JGHY PEF B35 T DMEM $5555E (5% 159%FBS+1% AU,

ot R 200 L R 1 O 32 5 BRL  p E  SE E  &8
Ktk Y i) PEF 400, 15 3% 24~48 h i 18] 55 37 K b
A 1 mg/mL G418, FI ] pEF1a-Tet3G Ji kL i) 5 %
FPUTE LA (Neor) , i 2 Hy HL A T 25 1 11 5 5 B 2
AR o Bt JS R 240 L 22 A T NPAO 43 ) 224 fifk 45 248
¥k, i3 PCR %% OCT4 TBX3 .REX1 LIN28 .DPPAS
5 Tet3 J& & [F B 5 A b, 519 7 51 R O B2
Fr= KN 2 iR

2 3MFESBRARERFEWA N

Table 2 Primer sequences, annealing temperature and
product size

514 B
e BIHIFHI(5'—3") W KN
" (¢)  (bp)

Tet3 F-TTTTTCTTCCATTTCAGGTGTCGT 62 474
R-TCCAGGGTTTCGTACTGTTTCTCT

OCT4 F-CAGTCAAAGCACGGTCTAACAAAA 62 648
R-ACCTTCCCAAAGAGAACCCCCAAA

TBX3 F-CAACTTTCCGTACCACTTCCTACC 60 592
R-CTTTTTTATCCAGCCCAGAACACC

RLD  F-TTTCCGTACCACTTCCTACCCTCG 60 506
R-TTCTTGTTTTGCCCCCTTTTTCAT

2 &5 B
21 FFREABRGBIEEELEHFFREY

£ OV N 7 i i i LA S CADC T o Q<
pTRE3G-ZsGreen 1 il pEFla-Tet3G Jii ki (TET-ON
VB ARIN A BT 1) SEAT BEIC, A BR 0 1 9 1D
BamH 1 EcoR 1 .EcoR 'V  Hind lll ¥} pTRE3G-Zs-

Green | AT EE YIS 2E , BamH | Fll EcoR 1 4
HEEY], R4S 4 700 bp JRFOR 4K A B R BL,
EcoRV AUV, 3875 1 194 bp Hi1 3 506 bp B
F B Hind T XUEGY), 4845 1 064 bp F1 3 636 bp
D) BB, AR S N VI BamH 1 EcoR 1
Hind I % pEF1a-Tet3G ki 17U % ,EcoR T |
Hind Il A PR REYT | 3545 7 892 bp By FURL 45 K 1 i
PR B, BamH | AUEFY), 3845 2 691 bp F15 201 bp
WEEY) Fr B, BEDDS5 R 5 U R BER/ME— 3K, 36
T M W I 1) SR 5 P AR 4 AR S ARAT, WL
AT F— 5L

e TRE3G
Amp" 2 xpo | sGreen [
(2 Ecor
Vi (495)
| pTRE3G-ZsGreen |
‘ 4700 bp 'IRES2

\ EcoRV /)
PUC N (1689);"MCS

origin e
SV40 polyA
signal

P SVAk

EFla

/
74 EcoR |
Kanf/Neo{/ (1518)

pEFla-Tet3G
Y 7892bp ]

N\ .
SV40polyA™, Hind X SVg?g ggllyA
signal N

r o pUC
Amp origin

E 1 TET-ON #SRikH MK

Figure 1 Expression plasmid induced by tet-on
F ¥ 5 gy £ R K pTRE3G-ZsGreen [
pEF1a-Tet3G i &k #ifk T A PEF 400, [F] L
LONZA 1254 GeistGi) & P B A9 28 (2 6 8 1 ok B
P IR A2 e H SO AR IS 0, B XS HR2H e
Y& GFP JFOhiiY) PEF 40l C A 2k (LR AR08, M
SEGA AR WA, RV SRR D PRIER O IR  FE 5%
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