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Generation of muscle-specific gene-targeted mouse embryos
expressing Cas9 protein
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[ Abstract]  Objective To obtain gene-targeted mouse embryos expressing Cas9 protein specifically in muscle
using CRISPR/Cas9, to lay the foundation for the construction of animal model expressing Cas9 protein specifically in
muscle. Methods The sgRNA targeted Rosa26 locus was designed and synthesized according to the sequence of the
Rosa26 gene in mice. The editing efficiency was tested by in vitro cleavage assay. Rosa26 sgRNA and Cas9 protein were
subsequently co-injected into mouse pronuclear-stage embryos to examine the editing efficiency in vivo. A mouse Rosa26
locus homologous targeting vector for the muscle-specific expression of Cas9 protein was designed and constructed. Finally,
gene-targeting embryos were obtained through co-injecting the homologous targeting vector and Rosa26 sgRNA with Cas9
protein into mouse embryos. Results The sgRNA designed and synthesized according to the sequence of mouse Rosa26

gene was effective at gene editing in the in wvitro digestion experiments. The homologous targeting vector for the muscle-
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specific expression of Cas9 protein, Donor-SP-px459, was successfully constructed by PCR and homologous recombination

ligation. Mouse embryos injected with Rosa26 sgRNA and Cas9 protein showed normal cleavage and supported blastocyst

development. PCR and sequencing result demonstrated that gene editing occurred in the obtained embryos, after which the

embryo grew into a Rosa26 gene edited mouse. Mouse embryos for the muscle-specific expression of Cas9 protein were

successfully obtained after co-injection of a homologous targeting vector and Rosa26 sgRNA with Cas9 protein. Conclusions

Rosa26 gene-edited embryos and mice are obtained using the CRISPR/Cas9 system, and mouse embryos with muscle-

specific expression of Cas9 protein are successfully obtained, laying the foundation for the construction of animal models

expressing Cas9 protein specifically in muscle.
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JULPA) 2R A i) 3 (myostatin, MSTN) | Jg&: — Fift
BENLANME E e A, TR A K R & 2R s
PERM , MSTN 3P i i ek v S8 Eh B s A LA
2245 T MSNT Jk PR 2 245wk i 53 v] 41 50y 49 JUL A o 34
I R A IR MSNT 3 R A AE B 3L
HARE S 1 ek, FE IR R L FLARDT | O WE L AR D
AR HET R /N B DL R R A T )
MSTN mRNA f77E . @Bk MSNT 3 A 5, B4k ] LU
P LD S A {HL ] o 0 A7 A S e R R
Z IR FIEAE ), % MSTN JE R A BIF9E , A AT L)
PRAEARRERNEE Wl EEE LVINZE
ARRE KA RPN Y B3 AR T SR T RE . PRI,
Je] G MSTN LD 5% b B @I HIS k5 ETAE Y
A

CRISPR/Cas9 % 4t £ # H Cas9 % MR & A
sgRNA F A, Hip | sgRNA 411 & — B 5 #E 5 PAM )7
HI(NGG) L AN P31, AT 5] 5 Cas9 45 & FH
LSRR J A g o A 3 o 9 IR 1Y
DNA UUFEWT 2 1 42, A 5] U8 R 3 7% #: ( NHEJ ) 5% []
U8 72 1) & &2 (HDR) >k 52 8, #H [ 1% 48 8 R,
CRISPR/ Cas9 HLAT & 1145 E ) B BUAS IR e 55 1
1o A TR RO R A O A, B Gk 2 4 30 TR 5
Brz — B 1) 5 D5 4 4 R — R T O O ik
A BE PR s Rk i 5L R Sh A g e I (A
VT LAE | ANWEA I CRISPR/ Cas9 $ A 77 Az 1 4 4
B RRIE

J TSRS EIE Cas9 /N B WA | 1E
MAF T R IK - LA 214 Fh MSTN ) 3 K 2 4
ARWFFE, HEHL Rosa26 VE S 4 ANF T HEA & , i if i
TSI T Rosa26 o7 s, 3 R g /N B, TRl Aisf 4R 75
THLAFES SRS Cas9 B H BY/NRITHUIRAG , e
S LA RS 238 Cas9 2R /N B Sh #4285
FERl

Rosa26; Cas9; gene editing; muscle-specific; gene targeting

1 #MR57E=E

1.1 #
1.1 SEEGEh%) sk ki

6~8 JE & SPF Z Mt ICR /B 200 H, 1 &
25~30 g, W T 1L T A AR A ) R Ry A1 FR 28
[SCXK (i) 2015 -0001]); 8 Ji # SPF 2% i P&
B6D2F1 /N 10 H K 30~35 g, W It 50 4 F)
TESLIG B H AR A BR 2 7] [ SCXK ( 5)2016-0006]
T FE T ARl K22 A i L 222 B SPF 5250 3h )
[ SYXK(7#)2015002] , FFRIGL R4 12 h 5L
BRI 22~25C W 35% ~45% , TR 4
ANERARIE T RE B2 3 R K . BT A BRI A 5 52
Uemiky/k{we it o2 S 8

KIGHFF A DHS o B2 S A0 Tk e X e A
I AR A BR A Fl, pMD19-Simple 24K F 5 4: 1)
TRE(KIE) A B2 A, pMD19-SP 1 pxd59 i idk Sy
e HATHAAR,
112 SEEH

Endo-free Plasmid Mini Kit II ( Omega, D6950 -
01 ), Gel Extraction Kit ( CWBIO, CW2302M ),
GeneJET Genomic DNA Purification Kit ( Thermo,
K0721) , TranscriptAid T7 High Yield Transcription
Kit ( Thermo, K0441 ), TrueCut Cas9 Protein v2
( Invitrogen, A36497 ), QuickExiract ( Lucigen,
QE0905T) , FR il ¥4 M UI B ( Promega ), Taq [iff
(TAKARA) ,DNA 4r¥ i #5ric Marker( TianGen ) , H:
PR an IR UL X W T Sigma A H]
1L 1.3 SImfds

BEJE PCR X ( Bio-Rad, 3% [ ) , 43 )6 )6 FE it
( Thermo , NanoDrop 2000, 3 [#) , $7.41 4% ( Narishige
PN-30, HA%) , #4%{ ( Narishige, MF-900, H 4% ) ,
BAERAEIL ( Eppendorf , TransferMan NK2, f2[%) | {5
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B OEOGIHEE (Carl Zeiss, Axiovert 200, fE[E ) | CCD
4% 2 55 (Nikon , DS-Fil , HA) .
1.2 A&
1.2.1 /N Rosa26 FE[H sgRNA 1% 1153Kk1%

(1)sgRNA 1%t

Wit Rosa26 if 15, seRNA, [ {i# 5] %) mRosa26-
oRNA-PCRF, T i 5l ¥ mRosa26-gRNA-universal-
PCRR, 518 E 16 WLEE 1, 51436 W JR T 45 1 2%
BHEHARABRAF A FE

(2) 1B KB A DNA

FIE 2H i : mRosa26-gRNA-PCRF (10 wmol/L)
2.5 pL, mRosa26-gRNA-universal-PCRR ( 10 pmol/
L)2.5 wL,2xPremix LA Taq 25 pL,ddH,0 20 uL,
KWK Z .50 pL, iR KEA:98%C 2 min;98°C 10 s,
53%C 20 s.72°C 30 s .20 PMEH;72°C 5 min,

(3) sgRNA RN

SR A s WUEE DNA 5 L, 5% reaction buffer 4
pL, GTP solution 2 pL, UTP solution 2 pL, CTP
solution 2 pL, T7 RNA polymerase mix 2 L, £l
RNase-free H,0 %] 20 L, AR Z 20 ul, 1R%)
J5&,37°CH¥E 6 h, 2R /il DNase 1 1 uL,37CHEH
15 min; 2lifk, 532%  -80°C £-AT .
1.2.2  sgRNA F1 Cas9 2 [ B R SN 56 1E

(1) /I Rosa26 SEPHH DNA (93

5144 % mRosa26-Xba-F1 #1 T i mRosa26-
Xba-R1, 51977 50 HEAE W3 1, S 20 B FE R4
DNA 1 pL (50 ng), mRosa26-Xba-F1 0.5 pL,
mRosa26-Xba-R1 0.5 wL,2xLA Mix 10 wL, M1
ddH,0 %] 20 wL, RNAZR .20 pL, ¥ 54F.98C
5 min;98°C 30 s.58%C 30 s.72°C 30 s.35 MG,
72°C 7 min,

(2)sgRNA Fll Cas9 25 H ARG M

# 80 ng A Rosa26 & DNA A4 A1 150 ng Y
Cas9 FHE1IRA ,37°CH#H 30 min, fill 200 ng sgRNA ,
1 wL NEB Buffer 3 i1 1 wL 10 mmol/L BSA ,JE& 14
51,37°C FAEH 1.5 h, B JE 27 B AR A e i v ik
ISTERE VIR
1.2.3 /I Rosa26 13 5 LA AR S [m] 54 THE 24
O Eafe s

(1) SP-px459 1A 1

K FHBR i 9 VDB Kpnl F1 Agel X} pMD19-SP
i pxd59 FARVEATEEY) K 91 SP )3 87 F1 KB
CMV J& 8l %) px459 # AR K R Br i 2, 19 2 SP-

px459 #HAAK

(2)SP-px459 ZRAKHY PCR 3

BIT5149) T-Mlul-SP-F il T-BstBI-R, 776 I T
W5 1YW S | A5 Donor ZAREFTI v A& 9 M 6] 5 1
15 bp #8951 W) e 50 TEG LR 1, B0 2H ) . SP-
px459 3 pL . T-Mlul-SP-F 3 wL T-BstBI-R 3 pL . 2x
Premix LA Taq 50 pL.ddH,0 41 pL, WK% ;100
L, W 2514:98%C 1 min;98°C 10 s.65%C 30 s,
72°C 7 min 30 MEFF;72°C 5 min,

(3) [FIEE B4k iy i)

fifi FH BR M 9 U0 Miul R0 BsiBT X /1N B
ROSA26 Safe Harbor A # A5 & H1 1 DC-DON-
SHO2 ROSA26( Donor) ZZ A4, #E 47 UI, 2 [BICKR B
Bt IFE T-20C &M,

(4) Donor-SP-px459 #R A 1) #4)

B iR PCR B[RS F=4) 40 ng , Donor fi 1] [F11
7291 50 ng, 1 1 pL Exnase 11,2 pL fJ 5 x CE 11
Buffer, Ml ddH,0 3 10 L, 547 [F) 5 5 2H % % .
1.2.4  Rosa26 v f5 KR i de /N BURIG 9315

PEFE 6 ~ 8 JE A1k A E T ICR /N ER, TE] B
48 h/y B E ST 10 TU B9 PMSG #1 hCG, 5 M 1
BO6D2F1 /INR A8, UL A% /Iy BRUR FH i B /657 0 O WA 4
A% A G, Bl S SR DR A% i 5 07 SO Rosa26
seRNA il Cas9 25 A 7E 55 5 3245 U1 A4 Ik DA , Bt iy S
SRR B IR SRS B GO
1.2.5  Rosa26 {3 s 5 DK g /N RV Jif 1) 4 7

(1) BERRY 4L 4b 3

WCAR VST I 28 IR I AR DNA $& BUa) , B
10 pL ZEEWITA | FCBENE Bl JS A7 A8 P b 28
AR :68°C 6 min 98°C 2 min,

(2) W% PCR §1%

IS J5 19 DNA AE M #E4R , LA mRosa26-Xba-
F1 1 mRosa26-Xba-R1 A 5|9, #17#i% PCR, —
¥ PCR W28 - IR 2% 10 wL, mRosa26-Xba-
F1 0.3 pL,mRosa26-Xba-R1 0.3 pl,2XPremix LA
Taq 10 pL, WK% :20.6 wl, —% PCR [ 4l
W:—% PCR ;=4 5 uL, mRosa26-Xba-F1 0.3 plL,
mRosa26-Xba-R1 0.3 pL,2xPremix LA Taq 10 pL,
ddH,0 4.4 pL, W AKFR .20 pL, PCR KA 454
9:98°C 3 min;95°C 30 s.58°C 30 s.72°C 45 s.30
MEH;72°C 7 min,,

1.2.6  Rosa26 {3 153 K 4 /N U il VB

AL TE SIS 4 R F BB B /N BRI TG LA



274 R E 5256 3 aF IR 2019 4F 6 H 45 27 %5 3 ) Acta Lab Anim Sci Sin, June 2019, Vol. 27, No. 3

BN 7 ~ 8 MU, 38 B R AE Y 5 i, BT 2 ]
RN 3.5 d 8 2.5 d IR, fE A
1.2.7  Rosa26 i p R g /N BRI 28 58
BB A 4 F/NEB AR, SN SR DNA, DU
mRosa26-Xba-F1 1 mRosa26-Xba-R1 } 5| ¥ 3 7
PCR §" 14, SO 4 g 38 45444 W 1. 2.2, PCR 7™
Yk FE W A R AT
1.2.8  Rosa26 f s LA S PEA TR IG 1 3575
KA L2 4 Jrik e /N RS IR IR [RIAE R

R AZ 1 51 77 206 [ U5 4T $8 28 /& Donor-SP-px459
PUBRLIIE XS Rosa26 sgRNA il Cas9  H—E
SRR A2 B A R S A rh | B S O Ui 1 BT R N
WA BN .
1.2.9  Rosa26 1 S ILPARE S PEF TRE IR NIG (Y 4

18 /N BL ROSA26 Safe Harbor %EPH fi AR &
PR P E 18 37 -Poly (A) -F 137 -Poly(A)-
R AHTHL AR B GG DL AT Y8 | 51 TP 9N 1R 1S
W 1, Pi%E PCR SO 4R s v 45 PR 1. 2.5,

=1 519F5)

Table 1 Primer sequences

EIE B S

Primers

FeFl(5'-3")

Primer sequences (5'-3")

mRosa26-gRNA-PCRF
mRosa26-gRNA-universal-PCRR

mRosa26-Xba-F1 CCAAAGTCGCTCTGAGTTGTTATCAGT

GAAATTAATACGACTCACTATAGGGACTCCAGTCTTTCTAGAAGAG AGAGCTAGAAATAGC
AAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATT TCTAGCTCTAAAAC

mRosa26-Xba-R1 GGAGCGGGAGAAATGGATATGAAG
T-Mlul-SP-F CTCCAGTCTTTCTAGACGCGTCGTTACATAACTTACGGTAAATGGC
T-BstBI-R GGGATCCGATTTAAAGGCGAATCGAGGCTGATCAGCGAGC
3’ -Poly(A)-F GGTGCCTGAAATCAACCTCTGGA
3’ -Poly(A)-R TCAAGCCAGTCCAAGAGAAAGCA
2 R

2.1 #E DNA ¥ 17F0 sgRNA K 5MEEHITEIE

P18 19 /N Bl Rosa26 3L [H . DNA K/N2) Ky
600 bp , i 17 Byt fig W 5E 2 LUK , 7E 600 bp 2247 1] LU
WL B kAt U B 4748 2l (Bl 1A) . sgRNA Al
Cas9 5 X DNA BV S 7 Az 1 2% K /N2 200
bp F1400 bp , i i BN EE A FEL K, 452 o, e ik
AN 35 IE AR 2 LA I sgRNA il Cas9 25 [,
HL K5 AT FEZ) 200 bp H1400 bp Ab WAL 4547 | 15607
Ty (L 1B) AR sgRNA Fll Cas9 S
HA sgRNA Y Cas9 2E 1 B R W 25 2] 45 5 4%
I,
2.2 AHRRIERIEITEIEENLE

FEE Y SP-px459 # AR PCR J= ¥ K/ N
5000 bp , i1 BB HEEE S LUK , 7] LATEZ 5000 bp 22
A RER B Sty B, 156 B AR AR R T (/T 2A)
P 1 R U5 4T $E 2R AR Donor-SP-px459 9K /NZ Hy
13 000 bp Ze47 , B lEHHEE IS HL VKI5 , 7624 13 000 bp
AbXREL ) A5, Ui B 2R AR EE R 2l (18] 2B)
2.3 /MR Rosa26 B EHIEMEBRHIIKE

S T Rosa26 [ sgRNA Fl Cas9 & FH ARG T
PIER ORI 0] &k & BB B (B 3) . ZEHRIRT
94 A AL IR AT SIS A 85 NIRRT,
A 9 OGRS G K A 1 A 5 1 56 L4 441 fi Y
ZENEOL, b Ay 78 MUK G 73 2408 i 41 i, 5P 4R

bp
<600 bp
600
400 bp 5§§
200 bp—» goo
100

T : A, Rosa26 $L DNA PCR ¥ Bl 4 5E I L 9K 141 s M, Marker 1
DNA ladder; 1, B3HEXT 2, PCR 724, B, Rosa26 4 DNA {44t
iU B8 IE B R M 45 s fEL Kk 15 1, BHPE X R 2, sgRNA + Cas9; 3,
sgRNA ;4 ,Cas9; M, Marker I DNA ladder.
Bl 1 Rosa26 # DNA PCR 7*#I#1 sgRNA
ARG L) 56 UE 5 B HL Tk 15
Note. A. Agarose gel electrophoresis result of Rosa26 target DNA
PCR product. M, Marker I DNA ladder. 1, Control. 2, PCR
product. B. Agarose gel electrophoresis results of sgRNA in vitro
cleavage assay products. 1, Control. 2, sgRNA + Cas9.3, sgRNA.
4, Cas9. M, Marker I DNA ladder.
Figure 1 Results of agarose gel electrophoresis of Rosa26 target

DNA PCR and sgRNA in vitro cleavage assay products

H91. 8% ; /3245 NG e 24 e 40 KUk & B 2E0R
W R 51. 3%, FESEA R BEIE (K 4A) , &
PCR 4734  FRUKJS ,20 AR 19 L TR 57
PEY B 46 (& 4B) 3 I 45 R B ZEI Y 6 4>
R 1A R A T IR B i (18] 4C,4D)
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13 000 bp

TE:A,SP-pxd59 () PCR 74 ; M, DL 5000 Plus marker; 1, ¥ %
W52, PCR 7°%) . B, Donor-SP-px459 2 1A A BN 6 M Hhs ik 4 5
M, DL 2503 marker; 1, Donor-SP-px459 844 ;2 , [F1 1% I8
B 2 SP-px459 PCR F*#)F1 Donor-SP-px459 Y&k /A4 2
Note. A. PCR products of SP-px459. M, DL 5000 Plus. 1, Control.
2, PCR Products. B. Agarose gel electrophoresis of donor-SP-px459
vector. M, DL 2503 marker. 1, Donor-SP-px459 vector. 2, Control.
Figure 2 PCR products of SP-px459 and vector
construction of donor-SP-px459

Pronuclear
microinjection

2- 43
2-cell stage

4-4H 35
4-cell stage

 mE
Blastocyst stage

3 4t Rosa26 sgRNA/Cas9 J5i
/NERRRG & B 2 (%200)
Figure 3 Process of embryos development after Rosa26
sgRNA/Cas9 microinjection( x200)

2.4 Rosa26 EFRHENRIIIRE

FHF BB ITE 4 96 HuE it e i3I
FEENF L ARG 6 Az Rk py, Horh 4 HA g
FNEYR I, e 1 27T 3 H/MRL(EI5A) o B
& DNA, PCR ¥ 14 J5 B R HHEE IS HR VKA, 75 600
bp ZEA BB B9 254 (B 5B) , P45 R s, o
— FUNBUAY Rosa26 (i K2 T RIAE (181 5C,5D)
2.5 HAAFRFIE Cas9 EA/MRIEIBHIRKE

FTHE 2L AR Donor-SP-px459 5 Rosa26 sgRNA Fll
Cas9 FE AN, G FT LUE R SN RIF AT k&
FIFERBTBE (] 6) o TESHHTHIZRAR Donor-SP-px459
MG B R 24 Ty 87. 1% , ¥ERFEN 27. 8%, 4T
T Donor-SP-px459 MR iGH R WAZOE(E 7). 1
ST ITHEAR ARG, PCR U734 )5, 2 35 DA 8 5
HLUKAS I, 7E24 1400 bp K/NAL ™38 HRE S Pk 450
(& 8) , U [R) TR AT A A 2 i ) 5 B TR A

D J

666CG GG AG

e At ;
A, A FHESNEIER N #AE, B, %4k PCR ¥, C, 751k
XL, D,y R 2

B4 /NR Rosa26 FH i RIG I %

Note. A, Blastocysts formed after zygotic injection. B, PCR products

CT666666G

of blastulae. C, Sequence alignment. D, Sequencing peak map.
Figure 4 Identification of mouse Rosa26

gene edited embryos

GTBATC TGCAACTC 6TCTTTCTASG GATGG6GTBBGAGTCT TCTGBGOCAG

A IR AR R, B, 6 4L PCR PRIk 1~
3:MMEETERNER, CFFILLXEER, D, I rikE 2

5 Rosa26 K ZikE /N FLEY 458
Note. A, Embryo transfer and acquired offsprings. B

Electropherogram of genomic PCR identification products, lanel ~3,
offsprings after embryo transfer. C, Sequence alignment. D,

Sequencing peak map.

Figure 5 Identification of Rosa26 gene edited mice

3 i

h TR AZIRES | & i DNA SUEEKT 2L ( double-
strain break , DSB) {1\ A 2 7= A 5 0] 28 A8 (1) 3 A 7]
T E., Bl ansr8 ¥ R B ( ZFN ) RIS S 3005 DR P RESL
J37 490 ¥ B2 i ( TALEN ) 250120 R 3k CRISPR/Cas9
(B, N DAY RE B R T — N S iR R
R EE T M LT A% G e S TR B fifi FH AR
FEDRIPEA T I A 8 S5 04 32 7 2 3 IR 3 iy ok 1Y)
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) \ /.77
2-4iH 5 : . ) 4-41H 3y
2-cell stage 4-cell stage
8-4 a3 k3134

8-cell stage Blastocyst stage

) b9

B 6 i HHTHIZA Donor-SP-pxd59 J&
/NEIRG KE TSR (%200)

Figure 6 Process of embryos development after

Donor-SP-px459 microinjection( x200)

Control

B 7 ST R IR PO E AR IR O
Figure 7 Expression of fluorescent protein

after microinjection of targeting vector into the embryos

1400 bp

:1,DL 2000 Marker, 2~ 4, 5T #40IK IR )i PCR
a7/

8 ETHIRIANEIR Y PCR 45
Note. 1, DL 2000 marker. 2~4, PCR identification products
of embryos injected with targeting vectors.
Figure 8 PCR identification of embryos injected with

targeting vectors

B DL RURIPE DUBUR B 2 S5 1), T RR A A% R 1 3R
e LATE S 0 L= A R MER AL, Rosa26 il
SRR 3 R 3R RosaB-geo 5 26 5 G Ut
ES 4l kA s M B R TR
ES Z0Mpy 3 AT HE 4R A . i BRI T/ USSR 21
HIZE 6 Syt I, i 3 NN TR, v 7E TR 40
JZEHIR 2 B B B S 12 21k, Rosa26 (155 5%
FEYE—FPEAE gAY AR T A% RNA AN 2 B AL
R 3 H I, Rosa26 HE R B FR by« 22
SRR AR R DR 3 B A6 e ok S B H RN
SR IE R RGE LA, AW R Rosa26 fif
SAR PR S Sh R BT AR AR R RE
WK T Rosa26 v i 1 ik AT HE I A7 i, 78
CRISPR/Cas9 & 1 sgRNA [ I 5 [H] 4 4 il
T S5 PR G 5 A R ) 2 0T, 7 e AR RS R
8 DNA {7 st AT UK S sgRNA AT HIHEHT Cas9
HH AL AR BT A 1Y Rosa26 11 sgRNA
PRSI 2B 45 S 3R B RSP S 1) sgRNA A )
EH REAEAE R, T T 5 22505, 7RIk Bl 1
FATHEAT T WAL, ISR 2] T Rosa26 1 511
FE DR R RGN AR /N B, AT W20 ST T
T CRISPR/Cas9 (1 H gmiR ik 2 , Bk T8 NMA R
SRR

LHLVRE SR SRR MR SE R ZE I 98 SE R D BE 40
JEL 53 Ak R AE B 2 A R R AR 3l ot ]
S L IR B0 ) 7 A 2H SURE S PR S ) SRR T A F
FIEZ —, ALV YRR 307 0l LA sh 71 P52
RITERFE dH R 38, R L, 8 3T Rosa26 7 35 FT#E
AN RSP LAY CRISPR/ Cas9 244, 5t 0T LU
SIAENAH LR R R IR Cas9 B, G L™
WA SR IS Cas9 19 Bl P15 Y 2 A JC A 97 25
Seml, WM BN RS 3 T a-actin 5 3)
FH G B LA S 31 F ( synthetic muscle promoters
SP) , Hot | a-actin Ji 8 FAE BB 8% LA % A5 06
P FLZH R 25 #4 B1 & E-box A1 SRE 4 X, o] L)L #%
IGF-T il MyoG B2 8 A2 A BT 5 1999 4F, Li 1)
HRAEE B WL c-actin AYZEFREPE XTI A3 5 3417
S3HT IR A FH o6 4 R AR FH 8 4 DR A X o7
BT T RIRSCR & T RN I 3+
S HE RS 30119 )5 2 75 81 -6 UL S 3 SP.,
SP J3 311 SRE \,TEF-1 MEF-1 fl MEF-2 %5 4 Ff
YERF SN o0 4%, Hh T 3X 26 ST 4 1 A7 A6 (il A5 SP
FEC SR LD 2 2 (9 7 Sk e 045 B KBS 54



o E 5256 3 aF AR 2019 4F 6 H 4 27 %5 3 ) Acta Lab Anim Sci Sin, June 2019, Vol. 27, No. 3 277

TEWFFE AT AR AT AN LA T SP R 3+
IR T bR  TEARR S RATH SP J5 3
THUIER T CMV 3 8719 px459 AT | B )5 X
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