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by testicular injection
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[ Abstract] Objective The aim of this study was to investigate the relationship between phosphotyrosine interac-
tion domain containing 1 (PID1) gene and variation in intramuscular fat (IMF) content and the possibility to generate
transgenic animals by testicular injection. Methods  Expression vector pIRES2-acGFP-PID1 carrying pig PID1 gene was
incubated with transfection reagents and injected into the testes of male New Zealand rabbits. We examined the F1 genera-
tion by fluorescence detection, PCR, Western blotting and measuring the IMF content. The F1 generation gave birth to the
F2 generation. Then we examined the F2 generation through detecting the positive rate and the IMF content. Results ~ The
exogenous PID1 gene and fluorescent protein gene were expressed at different levels both in the F1 generation and the F2
generation, and the positive rates were 35. 88% and 34.33% , respectively. The IMF content was significantly elevated ( P
<0.05) in the transgenic positive individuals compared with the negative ones and the control group, and the PID1 protein
expression was similarly higher. Conclusions The results of this study demonstrate that PID1 gene affects intramuscular
fat content significantly. Moreover, the results of our analysis provide further evidence that transgenic animals can be gener-
ated by testicular injection, and the exogenous gene can be inherited steadily.
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PR 5 52 L P AS ] B B A0S - 20 B A T e e i
i HARACHE N T 3N S i 1R AR 5 FE TR sh oy 1) 1k
P2 1994 4F Sar AU S5 i FHIZ Oy 1 A5 4 3k
RI/NERL, Farre 25 AR R0 22 H AL 5 | 8 2
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47% JRAGPHME RN 22% , Giuili 26773 53 S8 AL
SHEAME RN RKE ik s ks, T i —
R AT SR ARSI B AR T e K
AMIGFE PR DG ER 1 EAZ Fe R 2R 3l S LT
S L B PG 22 SRS A D R S R R A
FE A FE P G (1 FRIA TS L

B 5 A 05 7T B AN T 8, AT 2 1R i ST Y
LSRR, LD Bl D7 25 e PR o X )
bRz —, 2010 4FERIE AR BT & B, PID1 (B AR
fix SR HAELS R 3R 1) FE 5 LN IR I 0 DO 8 3%
FHSG, I HL & A = WL IR I 1 3 e 08 b ity 2838
BEE TR, PID1 3 PR 2 a8 1 410 i 1 3 0l 2w
A HE A 16 1E H AR AL ke A TERE B2 i iy 4 2 et
RIRZEFRIRIENT | I HLAE AR AN 5 2 20
g A B T IE R AR Liao %0 &
PID1 JE R F — AW s 22 PR A FH 67 05, 5 41 34
FAAT G, ARWFFE R FHSEALTE S1E 4 PID1 JE A %
NG A e v 2 SRy i =R (Y e AT
PID1 PR UL oA i I 46 TR J5 P AR5 i ) 2 22 1) i
FEFAE, it — 20625 LN B 7 Sl 3 B8 w5 1)
LR 45 B FloB DR B8 Al

1 #MRl5RE

1.1 ##

VEFE SPF N AE BT PE =A% 8 H(KE 4.2 ~
5.0 kg) B 48 H(fAHE 4.5 ~5.0 kg) , P WA
f 6 HORSEIA] 2 Hohas LI IR, 9250 fe ok R
Tl AR & i B= 24 M A7 BR 2 #] [ SCXK () 2013-
0001 ] ; S5 4 19 ) 5 B I 7 1L AR 28 1L b B 35
AR ARk K 2% SPF 2% 3¢ B 2h 4 5 5 % il i 17
[ SYXK( £ )2007-0073 ], Jf- 4 52 46 3h 4 i FH 49 3R
SR 257 NTE 1R A

Y UKL pIRES2-acGFP-PID1 i A% 52 56 25 #4)
s 25 AR DD L W H Fermentas 23
Al (MK 51 H0(PIDL HLiAK  actin HLR) W H Ab-
cam 28 F) (BE[E ) 1T HL(HRP HufR) 9 A Sigma 2 7]

(EE) ;YR N Roche Y X-treme GENE HP ( it
i o) P O ) 3 /S W S s T

1.2 FHik
1.2.1  TEHFEKBIE pIRES2-acGFP-PID1 1471 45
B 5E

METERE TS e K WL SR U RNA | I 5 5% 58 i
cDNA, #4E GenBank 2\ 41 Y% PID1 5& K751, #)
A Primer 5 AR IR SS9, §7 48 H 69 FE A
CDS X J¥ 4, L Uif 51 ¥ MQPIDI-F: GGCTG-
GAAGATGTGGCAG, FiiF5| 4 MQPIDI-R. TCAGC-
CATCATCGGATTCT, H RN FIEM S, ZE£51 9
53 A Bgl 11 1 EcoR T )57 5 K AR 4 ik
B XAV S H S AT pIRES2-acGFP
JECARE 3 BT TSRS, T4 i SRR 4%

FH 5 H2 BLT 1) JoRE 5 A K FF 1R IR 32 45 DHS o
iRk, AR 2 (50 we/mL) HLlE RIS FAR
e PP, LB B2 3y K535 )5, H Qiagen Y
JCEE R R KB SRR BOTORL S SORLE A
Fit L) 565 5 R P 25 5
1.2.2  SEALH ST EA R KSR AR

T 5% Roche 1 X-treme GENE HP %% 443 5|
(pL) S5k (pg) #2084 LI L PR A, 37C IR E
15 min, WHNIE 24 DMEM B, KA SRiefe , % H
SIALUY 3 ~4 ST, X B A R
PRERAK BRI S— HEG 3 ), 7EARIR g
BRAAFE PSR 30 0 SRR AR 1.6 BE
FECA, It F AR RS H 2 B A Y 7 B ARIE AZ iR
R, RS FLAR, 2k b 35, 2550
Z 5 ST AZ R B N, S 56 2H 3 R4 IR O A
U MR A BAPE A e 5 JAIBHE AR 10 HgkfT
AR B 2 AR 2 RS v IR e R R AR
25 R BRI 2 A AT S HEE % 12 AR,
1.2.3  JEARH G H 43 R ) Fab 16 Bl

BEAETE BRI A= Y FLACH F2 AR R 7E TVIS
Lumina 11 Bif& &G, WAL HAK R 05 L H /Y
FIRNEBL

¥ F1ACET B2 AN 4T HAS CREH 2N
THEMOGEN AL, R4 B By PID1 F1E 41 Bk 1
TP SEG 1 (1), DL IR BE R 2H AR,
R SES I Y14 T PCR §738 K38 7= i A7 Bl
WEEEIE FL K, A AR AR A BHPE

AR AR BH P 22 T 45 2, 43 ) B B FL A BH PR A
T AR A5 R IR R I K LA 2L &
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#47 SDS-PAGE Hi7K, i i Western blotting £ Jll| &
FIRIBTE AL, 1 50 B AW B8 300 4%, I Husi B¢
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Tab.1 Specific primers used to detect the target gene

3000 1%, fJ5 JH TMB & 550460

CIL7E2 7 H i B BE/bp ElE/2]) B KL/ °C
Names Lengths Primer sequences Tm
F. 5'- TGGCTCGCATCGCCTACT -3’
PIb1 247 R: 5'- AACTCCTGGGACACCTCTT -3’ 38
F. 5'-CCCATAGTAACGCCAATA -3’
CMy 2 R: 5'-AGTCAAACCGCTATCCAC -3’ 57

1.2.4  JEARWLPI BRI & B

F1LACAMATE RIRE 1) 77 48 B4 1F T il 95 2 110
d, PR E 5 (2.97 0. 15) kg B AT 525 F2 48
ANAAE [FIRE I 1) 5 48 B AR 1 T 1 95 2 90d, P-4k
FIA(2.63 +0.24) kg BFEATIESE . M4 KGN 25
F1LACMARESE 10 HPHME R 10 H M5 8 Has
XF PSR F2 AR R 6 HFH RS .6 HBITHE%R .6
Hzs IRt R A, AT 8 2 0T R AR DGR, R &R
CC b 2 WL A 7 7 i, I FH SPSS 4%
s IEAT B 2T 22 43 AT AL B A3 A 45 2L LY g

P SE
2 #R

2.1 EHRMNREREETEER

HE O A DR B e 5 Bl D) A A0 H R 3 R RN
pIRES2-acGFP 25 kL 3 | XU V), FH T4 3% 42 il 1%
FEM B T 4 Tk pIRES2-acGFP-PIDI (& 1)

A FoRLE L R AL, HRIRPUIERY LB 3537
BER Y1 SRR A ok, — 8 5 H A YI G Bgl
11 EcoR 1 #ATREVISEE , — &Rk b2 00 3
M (K 2) .

2.2 FR&EXRX EFEAKFEMERKERE

F1 A F2 A7t 42 /5, F IVIS Lumina 11 %
1% RGN IR A AN ZS 2 BRI AT SRt A T G ARt
R, AU EE S an i 3 R IR AR RO R B8 B
FElJZ 531 ~ 1143, P9 H 5256 f 0 i B2 i fil 2 - 12 ~
1238, K S, ZE MG ki SRR R A, AR SR
JE U DU R 3R e 3R IR A AT S To otk
KA ES XTI (LR 3)

R T TR T P R S 5 1, $R R AR
FF2 AR BRI A I Al , #E4T PCR 473, 25
BTN W eI RS N S B P N a1
AMERTCA AT T DI, B I 25 R Kl 4, F1ARSE
ARG 170 HAME Em AR B IET: 12 H,

pUC rCMV IE
or —EcoR |

HSV TK PIDI
poly A IRES

PIRES-AcGFP-PIDI
3956bp  AcGFPI

Kan'/
Neo' v
" svd0 ori 3)\3]40;’\
oly
Povao p f1 PO
g on

Mot |

T AMB L PR HETE pIRES2-acGFP 4K 15 3 F CMV J5 i, PIDI
PR 3 AR FH BR 4 P DS Bgl 11 1 EcoR T BYD, SRJ5 ) T4
DNA BEsE,

B 1 AL i o2 R R R IR
Note ; The exogenous gene was inserted behind the CMV, the promot-
er of the pIRES2-acGFP vector. The PID1 gene and the vector were
both digested by Bgl II/EcoR I, and then they were linked by the T4
DNA ligase.

Fig.1 Schematic diagram of the successfully construc-

ted recombinant plasmids

170 JAMRH A AR 61 H HEAE 109 H,
FH K 35. 88% ; F2 AUAMARSEER 21 L5545 67 HA
& e SRR T 6 H,67 HAMEK A FHEA
23 HOBIMEAMA 44 H BR8N 34.33% (R 2) .
FH F1ACBRPE AN A BAPEANAR 25 3 ISR Y
TR KNI E A, 1T Western blot £, 25
T R BRI R BHAE AN PR (%) PIDL 25 (4 22 1k 38 i (/&
5)e
2.3 FR&ENAERSERN
Xt FLACH F2 APH MG BIM: G 25 Fout IRy
AL LD B 105 & B 64T 0 A, 25 2R iR, FL
FRAN F2 AR B G 14 LD B I 5 2 A X 1 B e

2N B GRA B EFRE (P <0.05) , BIYEGRZS 5
2RI RE(EG6),
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B IS B E 5 EE S &S ESSE SN S S S SN s S EEE S EE A EE SR N S EE RS A S S A SN NSRS A A S SR AR RS
CAMAGGTGAGGCCACAGTGCACATGG ATACCTTCCAGGTGGCTCGCATCGCCTACTGCACCGCTGACCACAACGTG AGC
|

|‘|
A
1 ; i'l ||| | A | “ A I'F lll i ; ||\ ||| ' 1
||. |'"| .II‘- }:I' |I! ] 1 ||h|| ||'I|| |I'i. |]II l“ { l (” ||| ||'||| \ || \I .|I:| || | | (l || \lﬁl Plﬂ !||1'| I'!:
'”if\lﬁ | llll 1 }ll w N TV
A bbb B AARA LA A LA Al ‘ LW, .-4. L
A AR pIRES2-acGFP-PID1 F Bl 11 Fil EcoR 1 B Y15 (%M HL ik B , 1. pIRES2-acGFP #ifA 2 . L4 Fiki pIRES2-acGFP-PID1 ,
3. WALTORE Bgl 11/ EcoR T MYI S RVKE 4. Bgl T WY1 B VKIE 5 : EeoR T RFY) SR VKIE , M: DNA 43 F AR, B: EALTORH PIDI £ R
FA I Py 2

2 E R pIRES2-acGFP-PIDI HY%5E
Note:A: 0.8% agarose gel electrophoresis for identification of pIRES2-acGFP-PID1 by Bgl II/EcoR I digestion. “1” ; The vector pIRES2-acGFP;
“2” . The recombinant plasmids pI[RES2-acGFP-PID1; “3” . Bgl II/EcoR I digestion; “4” :Bgl II digestion; “5” ;EcoR 1 digestion; M; DNA
marker; B:Sequencing of PID1 in pIRES2-acGFP-PID1 plasmid.

Fig.2 Identification of the recombinant plasmid pIRES2-acGFP-PID1

TE I IVIS Lumina 1T AR RGEIATHOCAN A MR HE TR R B G, 908 F B M E DU BRI, A M= B IR R R 5,
HOIR IR 500 BT 2 531 ~ 1143, P9 HAFS kTG BEYE B2 — 12 ~ 1238,

3 RO
Note: Fluorescence was detected by Caliper IVIS Lumina II. The rabbit on the left is transgenic positive, it fluoresces especially in the
limbs and tail. The right one is from the blank control, fluorescence-negative. The column shows a fluorescence intensity range from 531 to
1143. The two rabbits show a fluorescence intensity range from —12 to 1238.

Fig.3 Fluorescence detection of the offsprings
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R2 AR ARG 45 R
Tab.2 The births and testing results of the offsprings

JA1t Offspring F1 18 F1 generation F2 18 F2 generation
X HEZH Control group 48 29
SLEGZH Test group BH AR Positive rabbit 61 23
BAH: % Negative rabbit 109 44
BEL Total 10 67
BHER Positive rate (% ) 35. 88 34.33

Fl

P O A°M C B C C B CB CCCDB CCUCOCBLC C CcB C BC

{2 FL: FUAR, F2: F218, (DPIDL ZEK PCR 97374 0. 8% BRI HLUK I 1 ; @CMV ZE IR PCR 973747 0. 8% BRI vk i . AL %51
X B: BIPEAMA, G FHEEANMA, Mo DNA J3 T,

B4 F1 UM F2 AU DNA KPR
Note: F1: The F1 generation, F2: The F2 generation. (D0. 8% agarose gel electrophoresis for PCR amplification of the primer PID1 ;0. 8%
agarose gel electrophoresis for PCR amplification of the primer CMV. A: Blank control, B: Transgenic negative individual, C: Transgenic
positive individual, M: DNA marker.

Fig.4 The DNA detection of the F1 and F2 generations

-l 54X 10°

g 43X 10°

£ : A:SDS-PAGE il ) PID1 JE K B9 JK BEAH , B A9 R BUR 54 x 10°, B:SDS-PAGE Al (R
B BB, 2 IR B 43 x 107, 1.2 2 FIXTIR 3 B A4 5 FEPEAMA

B 5 F1 A western blotting yioalll]
Note: A:Gray value of PID1 gene obtained from SDS-PAGE, the target fragment was 54 x 103. B
Gray value of housekeeping gene obtained from SDS-PAGE, the reference fragment was 43 x 10°.
“1” and “2”; Blank control, “3” ; Negative individual, “4” and “5” ; Positive individual.

Fig.5 Western blotting detection of the F1 generation
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The IMF content of F1 generation

o

1.0 9 a
b b
0.8 -
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0.4 -
02 -
0
FHFEPositive Bt Negative “¥ FControl

F2ARILP Al & it
0 The IMF content of F2 generation
1.2 5 a
1.0 A b b
0.8
0.6
0.4
0.2 4
0 T T ]
BH # Positive B Negative %% F1Control

T Al — R R IR] AR AR B 20 25 S 35 (P <0..05 ), [P R T ARk, FL AV F2 AL A2 fb s S AR ],
L BIPEASARRIT IR EE , BV R B IL BR 7 235 T (R B S 0 IR 22 R T 35 1

B6 AFLFILA IR &AL

Note: Different group with a different superscript letter in the same figure differs significantly (P <0.05). Figure shows stand-

ard error. The variation tendency of both the F1 and F2 generations is similar. The IMF content is significantly elevated ( P <

0.05) in the transgenic positive individuals compared to the negative ones and the control group, while there are no significant

changes between the negative ones and the control group.

Fig. 6 Variation of intramuscular fat content of the offsprings in different groups
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18 H K ;g A% PR 2 32 2 02 i ol ) ) 22 59 R s A%
LR s, 3R M R Al AR G T 5 | A
R Z —TETULN IR & 8, L LR Ie M
AR, WL G WG 35 & B e 10% DL 11 LK
R W TR S Z2 A0 6 DR A B R A G, 4R R A
X WF 58k B PID1'® | A-FABP'"' | H-FABP'**'/ |
ADD1 " ZERE R AT RE 55 WLPY R B B9 DT R 2 BT 2%
BRURSE XT3N 6 S BAE AR LB I 9 & B
PID1 FEPH mRNA ik /K5 WL g 5 7 &t 52 B 3
IEAEX

FEATIEGE T, B UG I 8 ST S AR T 1 vk E
5% PID1 JER S5 LN IR I E R, AERFSE PR
LTS ¥ E 4 R pIRES2-acGFP-PID1 5 5 i
TRILIFE T, o 22 sS RIS 20 PE 24 S i S AL
F1 X354 35. 88% M BHE R 12 10315 34.33% 1)
PR, D 25 SR 3 B, 5 i R PEAE AR B WL N R
U5 AR XS T BA AR 25 0 B AR B R
(P<0.05), ARFFEANGHE—LUEN] T S A0 5k
AU Tl a8 e L R 3, HL AR R AT DA at
1 5 T L3 3 ) A 32k PR sh A AL 1) Jr =X, B9 T 56
UE T PID1 BE PR AL A g W7 45 R J5 MR 5 e 1) o0 2
DIReFIE FANE, I ik — 20 28 LY Bl s Jb =35 44
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