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Establishment of MSTN Interfering Plasmid Transgenic Cell Lines and

Integration of Exogenous Gene
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(College of Life Science, Northeast Agricultural University, Harbin 150030, China)

Abstract In this study, we used MSTN interference vector to transfect Luxi cattle fetal fibroblasts and
obtained five transgenic monoclonal cell lines. By Real-time PCR and high-efficiency thermal asymmetric interlaced
PCR, we detected the expressing copies of MSTN plasmid and their integration sites in bovine genome. The results
showed that the copy numbers of plasmid were effectively detected by quantitative PCR in the five positive cell
clones which were 2.26+0.32, 1.52+0.25, 25.68+1.02, 8.43+0.73 and 6.72+0.1, respectively. Integration sites
detected by hiTAIL-PCR showed that there was recombination in the process of insertion of plasmid fragment
into target genome. This study explored the integration mechanism of MSTN carrier interference in bovine fetal
fibroblasts, in order to obtain the clear genetic background of transgenic cells. It is important for obtaining transfer
material by somatic cell nuclear, providing important theoretical and experimental basis for cultivation of high-
yielding new varieties of transgenic cattle.
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Southern blotiZ: f& % i 7 HE A 5 DU ¥ A% 42 7
%, AR 2 ), HFR K EMSE N ZDNA, SE
5 fEPCR(Real-time PCR)7% ] DA ] 8 B 43 sth 01 52 K
ot TR B DU, 30 e B PCRAR U ith 25 1) 1 57 B YA
b VB L A0 YRS DAL () 5 DUV, A I DA R A A
R RN RAKIK A A 2 R H ZE s, (R, 4
B AL U H ) e B S SR AE B S o
). 20074F, HLiuSEM B ) AR R BLAL
A, PCR(high-efficiency thermal asymmetric interlaced
PCR, hiTAIL-PCR) AT LA = 2% 3 15 45 1 1) M 38 )5 41,
HEssrEm . BRER

JUL P934 2% (myostatin, MSTN)J& 1~ 2E K444 K]
TS0, Be I 45 VLA M ) R . B R
B 8 Ok S T UL A 2B K 1) A i 012 MISTNZEE [R]
1P B R (pGenesil-1.1-MSTN) G % {2 12E WL A 1 14
5 o

P, SZIOF FHMSTNT SR AR, #eye e v /4
5 ) LT 2R 40 0, SRASF BRI 40 Bk 5, g T S
5E fitPCRFIhi TAIL-PCRYZ A I 4% 3 PR 41 ok ks
(1045 DUBCRI G (67 RO 7325, PR 2R e 2k DR A vk i
HMEIEDR RS U], R FRA R mRk. 2%
B DRI A0 o A A A () T AN, DAy v Je B DR R 2F
s R )R B A R Y R N S0 R

1 MR ERE
1.1 MSTNAEE [F 8 5e f2 40 APk I3RS

HIBgl I i V) pGenesil-1.1-MSTN# A& (4 H
pUBUTT db FE AR TRE R AR AT IR ), [BDc A5 21 2
PEAC IR AR, 7 3 8 08 340 iR ) L 2T 4 40 M (A 5
5= MR ). 2 H Lipofectamine 2000%% 4k

FUE B P I BR SBOHAT A0 A g e gL ) (1 4
WAEAL A 10 eonZ iS55 72 ML, A3K83~4 A, [l
HIA400 pg/mLAIG418(Geneticin) ik, G4184&—Fh
SHERET R PUAF, A a Mo Btk o A G 0k Al
KK iipGenesil-1.1-MSTN# AR & i neo L N, BEW
RIAL G IR IR S RS I, A gL 14 2 SR A5 P vk
1M AE B 7E 2 GA18I BE IR AR, R L 1) 40
PO 2914 dJGSAFPUPE e lE, N v B #92:(Clone
Ring)!RAGHUME: v b 40 Mo, $2 0 HE B 4 I DNA
1.2 KFE EPCRX FRALFE NLE RGN

12.1 SFERAZEPCR K20 pLif) [ Nk %
(Power 2xSYBR Real-time PCR Premixture), [ W 4%
{142 ABI 7300434548 F T AR, 95 °CHiAR 2 min,
HENMEIR . DFIF461E 495 °C 15 s, 61 °C 30 s(304
TEIRY. AT FF S AR IR T A, S . 45 oS Al
HEPCRA 1) 73 W i A0t 4 AT 237 o

122 ARfEW&ReES T e E EPCR
P3G T COE SRR WG R, B & A SMEEE R
(1] 5 kipGenesil-1.1-MSTN 55 B = % 2= B K| 4 DNA
BE, WEEHL 3. 9. 27, 81243 4N 5L $# 111
KR UE S, BRI R B S AT AR R B,
() FRL R /IN Ha bp, BF A=A Z4IDNAFH  Hyb ng,
735 DR 2 B A% PR (haploid) K/ 492.475%10° bp, A1) 2
PRl B DA Sk Sk A 32 B3 Sk R AR I et AR IR L AT
Ji BEHLEE S N — S G 4k b, TBAb nglf i S A

ey axb
41 IDNA A — /45 DL 2.475%10°x2 Nge

Flneo |4 Sineo 5E 5y B, LAB-actintE 2y 1 Zhrdk,
K 4IDNAY) & . neo | 1 1341 4: 5'-CGT TGT
CAC TGA AGC GGG AAG GG-3'(_L i) F15'-CGG
CAG GAG CAA GGT GGG ATG-3'('F %), ¥ 1% r=
Y)h86 bp. N Z 51 HIMITH A 5-GAA CGG TGA
AGG TGA CAG CAG T-3'(_Lii)F15-TTA TTA GAG
AGA AGC GGG GTG G-3'('Fiif), #1474 43180 bp.
L IR R BAS U B-actin s R T B C (6) pacnnditk 25 AH
IS I B C(neor 132 IIACE, FEXTAE S 5 DAL
(RN HCAE A Pl A5 B RR e Hh 2

1.3 hiTAIL-PCR3FE &L /5 B4

13.1 jldhegiit 56, wilRe sy, 7+
pGenesil-1.1-MSTNJ5URL F. il U] A7 2010 32 7 41) |
TUFZI300 bp v B S R 3R R PRSI, B
SIYRIE 41 I SPS1: 5-AGT TAA CAA CAA CAA
TTG CAT TCA T-3"; SPS2: 5'-CGT GGC CGA TTA
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TGA TCA GTT ATC T-3'; SPS3: 5'-TAA AAC GCG
CCC TAT TCA GTT ACT G-3'. F#5 |kt e 41
JSPA1: 5'-CAT CAT TTA TCA CTC TCG GCA TGG
A-3'. SPA2: 5-ATT ATT AGA AGA ACA CCC CCA
TCG G-3'. SPA3: 5-CAT AAG AAC GGC ATC AAG
GTG AAC T-3'.

Z:2% Lin%E M) 7734, Wil 1 T hiTAIL-PCRHY

A5 LAD1. LAD2. LAD3HILAD4, iX 44
oA FFIACL, 51974 W~ LAD1: 5'-
ACG ATG GAC TCC AGA GCG GCC GC(G/C/A)
N(G/C/A)NN NGG AA-3'; LAD2: 5-ACG ATG GAC
TCC AGA GCG GCC GC(G/C/T) N(G/C/T)NN NGG
TT-3'; LAD3: 5'-ACG ATG GAC TCC AGA GCG
GCC GC(G/C/A) (G/C/A)N(G/C/A)N NNC CAA-3;
LAD4: 5-ACG ATG GAC TCC AGA GCG GCC
GC(G/C/T) (G/A/T)N(G/C/T)N NNC GGT-3"; ACI:
5-ACG ATG GAC TCC AGA G-3'.
1.3.2 hiTAIL-PCR¥ 3%  J7iE[RLiu%5", hiTAIL-
PCRJX W 45 F L3615 —H#PCR X B L 3 [K] 41
JMIDNA A #5515 H F 5 1 51 #ISP(SPS154SPA1)
S4AIE 51 (LAD1~LADA)REHLZH 45 %5 A1 5 3 A
3RS B P A EATPCRY S . B — 2
PCR S . [ P= W #a BE 10045 I+~ —ZPCR X B, 2
TSRS =R Oy A R R S ISP ACTA
{ERE SRR = O B 1

133 ¥ =menik. MAES5F554 PCR
P R RIS 2R e 4 3G v B (Easy Pure Quick
Gel Extraction Kit), £#2F|PGEM-T Easy# /& I, th
GenewizA A 58T . FHNCBIM &G FBLASTH
4, I 45 5 5 GenBank T 41 1 4 A% R 1) dF
AT B e JLAESE R AL B4 &

2 %R
2.1 FRIGMSTNALE F 5 57 bE 20 B ik
pGenesil-1.1-MSTN# & % FTEGFPAE K], % %t
pGenesil-1.1-MSTN) & PU 25 e 41 4E 41 24 hs 3%
IKEGFPHE M, 15 %06 10 B8 T M %2 7 JepGenesil-
1.1-MSTNPJ 41 B (B 1A), % 5% 5 1f 41 Mo 28 1 G418 77
W14 d, KHBo A HE Yeneo ik K ) i £T 4k 41 o 27 HE
T, Goid Wi B, 7 G LD 1R BSCAT 4 At W 28 0 T i
SO, 43 o 7 A SR U AN SO AR U 8%

BN (B IBAIELC).
2.2 INEERE P NE RGN 2 R
221 ZEFPCRATAEHA Plneo | W4 H4 AR I

DR B, BA-actin{E g N 22, ISk ith 2 (B2A) F
HRAT AN, RYIPIA 519 8 1k PR ar, JF
FLPIAN 5 190 1R ] 4 5 R R 225 1 %o R A A 7 g U
1 B-actin i DR B3 8 C(6)pacn k25 AH N ) 1 Y5 3
1 BAT BEC(Oneo, 13 FNACE, FRERE 0 145 DLE 1 %)
KA (logsN) A B 75 21 4 3of 5 B (1 bR v i 28 (K12B).

F1 hiTAIL-PCR/% 57 & 4
Table 1 Thermal conditions for hiTAIL-PCR

—IKPCR
Pre-amplification

% —IRPCR
Primary TAIL-PCR

2 —IXPCR
Secondary TAIL-PCR

IR HHECC) ) (minis) B IR S (eC) I ) (min:s) DI HHECC) I [A] (min:s)
Step Temperature (°C) Time (min:s)  Step Temperature (°C)  Time (min:s)  Step Temperature (°C)  Time (min:s)
1 93 2:00 1 94 0:20 1 94 0:20

2 95 1:00 2 65 1:00 2 68 1:00

3 94 0:30 3 65 3:00 3 65 3:00

4 60 1:00 4 Go to step 1 Itime 4 94 0:20

5 65 3:00 5 94 0:20 5 68 1:00

6 Go to step 3 10 times 6 68 1:00 6 65 3:00

7 94 0:30 7 65 3:00 7 94 0:20

8 25 2:00 8 94 0:20 8 50 1:00

9 Ramping to 65 0.5 °C/s 9 68 1:00 9 65 3:00

10 65 3:00 10 65 3:00 10 Go to step 1 6~7 times
11 94 0:20 11 94 0:20 11 65 5:00

12 58 1:00 12 50 1:00 12 End

13 65 3:00 13 65 3:00

14 Go to step 11 25 times 14 Gotostep 5 13 times

15 65 5:00 15 65 5:00

16 End 16 End
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A: PG R O S YepGenesil-1.1-MSTNE {424 b5 T AE 40 M, B: W50 %2 WA W 4% JepGenesil-1.1-MSTNE A7 14 )5 15 31 1) 41 i
H1; C: 96 W Tl BE ML 52 e GepGenesil-1.1-MSTNE AR i 14 Ji 45 20O 40 L ]«
A: observation of fibroblast 24 h after infection with pGenesil-1.1-MSTN under fluorescence mincroscopy; B: observation of cell mass infected with
pGenesil-1.1-MSTN obtained after G418 selection under Optical mincroscopy; C: observation of cell mass infected with pGenesil-1.1-MSTN obtained
after G418 selection under fluorescence mincroscopy.
Ell ZREWRGH8THIEH]F HIFERMAE40>)
Fig.1 Observation of the transfected cells of before and after G418 selection by mincroscopy (40%)
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Cycle number

A: neol\B-actingl” V4= i th 2k ; B: 55 DB bRAE Hh 28, v RELRP=0.992 4; C: 15 LU R bR vE it [l neodr™ 138 i 25
A: melting curve analyses for the product of neo and f-Actin PCR product; B: standard curve for calculating transgene copy number; C: amplification
curves obtained from a dilution series of the pGenesil-1.1-MSTN template from 1 to 243 copies prereaction.
2 KB E 8 PCRAGINEE 2 F 4 A Ps DR 7535 5L
Fig.2 Generation of the absolute quantitative standard curve for examining the transgene copy number of transgenic cells

33 pGenesil-1.1-MSTNJE R [F) LA X logsN= F2 HE R R IR EE N
0.8038ACt—4.6142, HiE ZH0 R>=0.992 4 Table 2 Copy number of exogenous gene in transgenic cell line
222 HAR@MAKNBORL  ERPCRY WY s
St (L s s Number Number of copies

e DR A R DB R S R N2 P, iR ZEAE
0.151.02:2 [w], W] &5 R AER 7T 15 ; ?iigii
23 BAMRBIFIIOT 3 25.68+1.02

2 ST hiTAIL-PCRY™ 34, ¥4 34 it 49 A L) 4 8.4320.73

5 6.72+0.10

P 45 355 GenBank H 241 1 A4+ 1% 12 Fr 1 3E AT HE
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(A)s’-AAC AAAACAAACTAGCAAAATAGGCTGTCCCCAGTGCAAGTGCAGGTGCCAGAACATTTIC
-140
[
TCTATCGATAGGTACCGAGCTCTTACGCGTGCTAGCTGGGGL GG GGG CGEEETGGIGTIGT G
CAGGGGGAGAGGGAAGGGGAATCACGTCTAATCCACTGTAAACGTCTTGATGTGCAGCAACAG
+1  +4
TR}

AAACCGCTA CGCCCATTGA
CTTAGAGGGGGGCTCAGGTTICTGTGGCGTTIGGCTATATITATCTCTGGT TGCCAGCGG
TGTACTGCCAAAACCGCATCACCATGGTAATAGCGATGACTAATACGTAGATGTACTGC CAAGT

+93 +97

] [
AGGAAAGTCCCATAGTCACGTTAGGGGCGGGAT GGGCGGAGTTAGGGGCGGGACTATGGTTG
CTGACTAATTGAGATGCATGCTTTGCATACTTICTGCCTGCTGGGGAGCCTGGGGACTTTCCACA
CCTGGTTGCTGACTAATTGAGATGCATGCTTITGCATACTCCTGCCTGCTGGGGAGCCTGGGGA
+300
1

CTTTCCACACCCTAACTGACACACATTCCACAGATCACTAGTGAATTCGCGGCCGCCTGCAGGT
CGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATICTATAGIG -3

(B)
F-AGCGCGCCTCTATAGGGCGATTGGGCCCGACGTCGCATGCTCCCGGLCGLCATGGLGGLCG
-640
1
CGGGAATTCGATTAATAATAAGCGCGATCACATGGTCCAGAAGGGGAAAAAAATTATTITATATT
ATACAACTTITTTGTGAGCTITIGGGTATTGCCATTTTITITAAGTATTAAAGTATATTIGAATCAC
CAAAAAAAAAAAGAACAGAAAAAGCCATAGGTGCAATAACAACAAAACTCCAAGGTGATTGIG
AGGCATCTCCGGGGATGCAGAGCCTTITGTICTAGAAGCCACTCAAGCAGTTGACCACAGGCTG
TGCACACCCCGGACAGCCCCACCCTGGAATCCTCAAGTGGATCACACTTGCTAACTCTGACCC
CCACCTACTCCAGTCATCAGAGATCATCCTCAGTTAATTICAGAGCACCCTCTACCTICAAGTGC
CCCAGAGGCCCCATCAAGCTGGGGGCACTGGCTCTCCCCTCTCCATGCTTICTICCCTITGGGG
CAGCCTGGTTGTTGAGGATATCAAGGCTACAGTCCTCTGCCCATGTCCTAGAGTCCTAAGTGAT
GCAGATTTTGGAGCCTGCCTGAGCCTCAGACAAGAGCCAGGGGACAGGCTGAGGAAAGTCTAA
GTGGCTIGGCTGGGCAATCTGTCACTCCCTCCACTTCACTCAAGGAAGACTTCTCACCGCCCTC
+1+2

11
GATCCCGG TCACGAACTCCAGCAGGACCATGTIGATCG
TTCAGTCGGGGTATTCCCTAGAAAGGCCCACAGATCTIGGTAGC
+34
'

CGCTTATTATTAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCC

CAACGCGITGGATGCATAGCTTGAGTATTICTATAGTIGTCACCTAAATAGCTTIGGCGTAATCATG

GTCATAGCTGTTTCCTGTIGTGAATTGTITATCCGCTCACAATTCCACACAACATACGAGCCGAAG

CATAAAGTGTAAAGCCTGGGCTGCCTAATGAGTGAGCTAACTCAACATTAAATGGCGTITGCG

CTCACTG-¥
A: ZE R IFAF RN JE R 440 bplf) 55 F 41 FRDN AT TAIL-PCRY 84 F BT A1 BT 51)(—140~+4) 5 2P IR 411645 B (0 AR 1) 1 (R 20 5e e
(NW_003104426.1)_1-599 835~599 979 bp 100%[i#i. JF55-TCCA-3"(+1~+4) & FMJEHEE DR 5 Y A e 7 St Y IR A5 35 S 10 [R5 o Al DX e
BRI S A TREEGTCAC(+93~+97) 43 A PR 43 : +1~+9255 FORLIFHI(1 496~1 523) 100% [ Ui; +98~+30015 T FEF1(2 715~2 917) 100%[l Y. i
W1 AR DR B AL A\ DR 4R R R rp R T T R4 B i 43 BB D 677 bp it 6 HE A 41 i PRDN AT hi TAIL-PCRY 14 v BUF A1 (K24
641 bp(FIHRFE 7 51(—640~+2) 52145 Yo 8 4k 130 728 719~30 729 365 bpHIAltE h99%, K3 h34 bpFIBRIE T 71 (+1~+34) 5 TR 51 (732~765)
100%IF 3, 3 FEHIAC R PIASIRAE(S"-TC-3") I U o 45 s A A (0 R L PO A 2 e B DR A0 AR DN AR 7 371, LA B TRoed e Oy K7
A5 B A AR AT (2L B R i 2 DR (R E i) o
A: the nucleotides from —140 to +4 were the same as the genomic sequence of 599 835~599 979 bp nucleotides of Bos Taurus on chromosome 16. Four
nucleotides, from +1 to +4 (5'-TCCA-3"), were shared by the transgene and the 16 chromosome as a very short homologous arm. Transgenic sequences
were divided into two classes based on the presence of five additional nucleotides (GTCAC). The sequence from +1 to +92 was 100% identical to the
foreign sequence (from 1496 to 1523). The sequence from +98 to +300 was 100% identical to the foreign sequence (from 2 715 to 2 917). The results
indicated that foreign genes were restructured into the genome by random insertion; B: the nucleotides from —640 to +2 were the same as the sequence
of 30 728 719~30 729 365 bp nucleotides of Bos taurus on chromosome 21. The sequence from +1 to +34 was 100% identical to the foreign sequence
(from 732 to 765). Two nucleotides (5'-TC-3") were a very short homologous arm. The sequences in grey shading is surrounding the junction sites.
Listed foreign gene (red nucleotide) and the host genome (blue nucleotide) nearby the integration sites with aligned manner.

E3 BEMSFTIOT

Fig.3 Sequence analysis of integration sites
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A0 YR 5L RN 3 41 51675 e 6 4R 1 Ok DR A e
(NW_003104426.1)"11599 835~599 979 bpla] J5 7
h1100%, B B AN DA 38 1) 55215 G (44 |
30 728 719~30 729 365bp [ Y1EH99%. Fi4b, KN
AN PR B2 A R rp AR T A AR
P WA | B S PR EZ W e 2 S R o | A PR SP/E =

3 itig

AR R BN, H R E s A 1R T
A2 I FH i DR T BB A Ik 52 K OF R AR O e k. 1
£k, TALEN. CRISPR-Cas RGLAETT B4, KRS,
/N BT, B £ YR 250 40 ) 5 R R SR A 9 R 3R AR
TSI AH A S X A2 ORG B AR A K, det AR AN
RS o ARG M A% AR ) 2% B B DR B ) B R v 1 i
2 B0 S, R R B ) s A A P R AT
SR DAL T B0 2 AR AR 5 1K, e AR,
B ONFT SO %) 0 B 3 L R, 4 R M DL
JIT LAASWE 5% 3 ] pGenesil-1.1-MSTNE A, s Yy &
TR IR LT AR M, A5 B G 1) i DR 4
o

iff 52 AR S R #5 DL B0 3R 459 1 55 TR 4 bk )5
2R AR, SIS DR 48 DLAIORT 3 [A]
(1) 28 7K A 5 B0 B Sk PR A DG D190, ARyl L
AT (1) A5 A7 1 TR (P 1 T PT e B Ok 081, ARSIzt
I FH 52 R PCRYZHE R = A I 1 26 35 TR 40 it o Ak
B PN EZ NG O S | B PSS ANE - g T iRl RSl Bu
AR 48 5%] 2 T PCRATDNA E10 2448 (R AH 1. L4 56
T, R IR b 5 VA I B R TR DL ) 45 R+ 0 2
IO I H 4% s mPCRIA R . 75 ZEDNAFE
iy ARE . SRR R BRI, A
SE I I P 2 35 RUASH I 25 | 0 R A 3050 SOk A BB A DU
19 R BN, ToofE FEAAH A5, R 4 sl 31 T
WSIE . B M E o 7 5 108 5 =4 )
Rk, PRUESSI S RESIE . MR, AW Ik
WAT— @A, WXL [ R 251 ) AN [F)
(1958 He FE A bRac, A6 5% Hebr i ik 4] B 823 APCRY™
H4P= W), neodk K F B-actin [ HE % 7E [7]— ANPCR
INEENE N Sk N B/ = N AP O Rl iR

AU DR R 4 5 52 BIAR 22 DR 3% 10 52 i, 60, 9
DNARJRL, HEANTE F41E 7730, DNAMKESE.

— Ak, AR DR ) T RO LRI KT &
REEIE W, A1 GRS DU S
PR =PRSS, HRIAIKP Ry —2,
R, A Y B-BREE R RS A /D RUR3 5
oAk By, A nl e e L RN B R L R s, B
thy e 5 TR )y M G e S DR e B S TR 405 2 rp AR R
DR () 15 1 il AT AR I o] 36 40 HH A5
55 R R IA 1R e SE DR A Wb, 357 7 1 1) e
B S S PP AN R AT S0 o> L) AW SN
hiTAIL-PCR J7 2 5[4 A5 55 R R 4567 55, 43 BT D5
SR

HWFTRM, LEAMEDNAS THEA G &
HEAT IR (W IRk, T3 R A0 5 16 JS0RE Bl B T 24 5 10F
ITHEHAP, thsh, EH T LSk —— R AHE R
AR 3 3230 75 W A 3 6 ) B2 IR B (1)
N BE RS FEARSIG T, S R B LA A 2
FEDA L AR R HEAT T A, FE AL B A
P A 2 380 T 5N FE(GTCAC) . H 41 Jim i) 7
DNA ) 5 S0 i AN 5 4 7 81 U] B A LB A E 7] 95
B FHEB A 2, FEARSIIG T, A5 DR i
AV A5 B B A LA & B DR L, AN DR R 56 A
Y113 B2 A A 284N JE R R 25 7 51, A W) () B
JFHIE 2 DNASE 55 . IXANDNAZE A fE AL L)
4715 DRI DR 2 1) D, RT3 A [ 905 AR i,
SUAT JUASHH R PR 4 1, AT o8 2% ) e A AE A
FEPRIZE . DAHIT PG SE DR/ SRATE AR A IR 1
FE R BE(3~5 bp) 2, AR5 PR Ik 41 g I DNAE &L
HLHDE A MEDNA SN 1485 10 ALK 2 T,

g b, SIS R MSTNT 0 35 A % 3 DR 41 ok
Ji, Ak S g EPCRIEAT I T BOkL ¥ 5 VUKL, 8
FHMITAIL-PCRHZ A 5 i i ik DX] 48 i Ak v A0 Y 5 A
FEFE DAL B3 A A i o0 BT AR I DR B 45 175 10
Shy e 7 B R DR PR A T PR 1 B A Y H R
S HE it o
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