Production of Transgenic Pigs with High
Growth Efficiency Using Intracytoplasmic
Sperm Injection and Enhanced
Homologous Recombination Techniques
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SUMMARY

I. Title

Production of transgenic pigs with high growth efficiency using
Intracytoplasmic sperm  injection and enhanced  homologous

recombination techniques.

II. Purpose and Necessity of the Research

Transgenic techniques were developed in early 1980 and the field of
animal biotechnology have applied these techniques to produce useful
livestock animals. The first technique for transgenic animal production
was a gene transfer method by microinjection. When mouse embryos
microinjected by growth hormone (GH) gene was transferred to the
oviducts of pseudopregnants and offsprings were delivered, some of
these offsprings were transgenic mice that had twice as fast as
growth rate probably due to increasing growth efficiency. The
techniques of genetic engineering and embryo micromanipulation are
now a basis for transgenic animal production. The second was a gene
targeting method in mice using homologous recombination. Myostatin
gene was targeted in mouse ES cells and produced myostatin
knock-out mice that also grew faster than normal mice. However, both

techniques were not efficiently applied to livestock animals because of
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difficulties of gene transfer in livestock animals such as low efficiency
of transgenic animal production or ES cell establishment of livestock
animals. Currently, new methods have been developed to produce
transgenic animals more efficiently. Intracytoplasmic sperm injection
(ICSI) is one of the techniques for production of transgenic animals.
And enhanced homologous recombination (EHR) technique is a gene
targeting method for the production of gene knock-out animals. With
these kinds of new techniques, transgenic pigs could be produced in
more efficient ways. The aim of this study is to establish ICSI and
EHR techniques to produce transgenic pigs with high efficiency and to

have the international competitiveness.

M. The Contents of the Research

The overall objective of this study is to develop basic techniques
for the production of transgenic pigs and to examine a model system
using lab animal in the first year, to produce transgenic pig embryos
which have foreign gene related with growth performance in the
second year, and to produce transgenic pigs by embryo transfer into
recipients and to confirm the expression of gene in last year. The
contents of the research are as follows;

1. Production of good quality porcine embryos using in vitro maturation,
fertilization and culture techniques for the immature oocytes of

slaughterhouse ovaries.
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ISE

Production of transgenic pig embryos by microinjection of recombinant
DNA into pronucleus and transfer of these embryo into fosters.
Production of embryos by injecting a spermatozoon into unfertilized
oocytes to improve in vitro fertilization techniques.

Cryopreservation for the porcine embyos to enhance availability of
in vitro produced porcine embryos.

Improvement of pig embryo transfer techniques in superovulation
and synchronization.

Establishment of enhanced homologous recombination technique in

porcine embryos.

IV. Research Results

1.

2.

Cloning of recombinant DNA and development of promoter:

Growth related recombinant DNA was constructed with IGF-1
gene and p-actin promoter. And myostatic genes was cloned by
screening pig genomic DNA library and homologous recombination
vector was constructed with induction of point mutation in exon 3

of myostatin gene.

In vitro maturation and fertilization of pig immature oocytes:

The porcine oocytes collected from slaughterhouse ovaries were
matured and fertilized in vitro. The effects of various additives such
as hormones or growth factors were examined to develop optimum

conditions for the in vitro production of pig embryos.
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3. In vitro produced embryos were cultured in media which contained
various additives:
The optimum condition for the culture of pig embryos was

developed.

4. Superovulation induction in pig:
The ovulation rates were determined in sows following injection

of hormones.

5. Microinjection of foreign gene using enhanced homologous recombination
vector and in vitro developments of the embryos:

The development rate and integration of foreign genes following

injection were examined. And dual culture system to enhance in

vitro development of the embryos was developed.

6. Cryopreservation of pig embryos:
Pig embryos were stored in the -196C liquid nitrogen tank until
transfer to the foster mother pig. The various condition were

determined to develop optimum methods to freeze pig embryos.

7. Synchronization of estrus and embryo transfer:

Optimum condition of pig embryo transfer was developed by

synchronization of estrus following injecting hormones.
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8. Production of transgenic pigs by ICSI with foreign gene:
Two transgenic piglets which has IGF-1 genes were produced

by ICSI with p-actin promoter-IGF-1 DNA.

V. Implementation and Application

In this study we have established ICSI and EHR techniques in pig
to produce transgenic pigs. Two transgenic piglets were produced with
intracytoplasmic sperm injection with IGF-1 gene which was the
evidence to establish transgenic system using ICSI. And enhanced
homologous recombination system was developed with construction of
vector which induced point mutation in exon 3 of myostatin gene. And
homologous recombination could be confirmed in pig embryos following
injection of this vector into pig pronucleus. Also, other basic
technologies for in vitro pig embryo production and embryo transfer

were established through this research.
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1985 Hammer & A A= H-
1987 Pursel & A AT ERE

1987 Pinkert & A AT =2E BEH|elAt
1990 Pursel % A3+ IGF-1

1991 Weidle & HAaZF=Z2E5d

1992 Swanson 5 a 2 B globin

1992 DNX o7t FRrFEH
1992 DNX Q17+ Protein C

1997 Paleyahda % ©17F Factor VIII
1997 Pursel & WY ds=2&
1998 Immutran Q17+t DAF

1998 Bleck & 4> a-lactoalbumin
1999 A& 4?* o1zt Zd<2lx} (erythropoietin)

AxAd AAAH FaHe M AAAE I FHxte] SHHAZ o] &3517]
g A EEo] o]FoA gtorm F8 AF AL ol #Ert.

Az A FA; 7€ A &

1971 Brackett 5 | d#:FAA =Y A& o] &3 EvjEA] A

1989 Lavitrano & | AAtuj7lel st A3 AFHA YA

1997 Lavitrano & | #eFA ol ot FAAS H <o ik

1998 Kim % A A2 D GAFR Fdd o) g Lo

1999 Perry % A A=A Ho ook FAASANF o A4t

2000 Chan % A A= H o] st FAHZE PFo] At
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2000 Shim = -:4]?"41 3 }}_ N E == =; Fell w A5

Aste] FAAS AT Y
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sl 2 3

(embryonic stem cell, ES cel)Z o] &3}o] F4dx}
) =
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A
o]l (nuclear transfer) % AZFIA o] &3l (enhanced homologous

recombination, EHR) & A4 Fo] A== v, dA7H Fas AFAxE
2 ol#je} ).
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Evans®} Kaufman,
1981 ) AF 2] ES cell 7Ryt
Martin
1987 Doetschman % A ] ES celld| A §x22=74 7

1987 Thomas®} Capecchi FAAAF AF e A4k
1992 | Matsui &, Resnick 5 | AF AWM E FA:H2] ES cell 712

1994 Wheeler H A v E A Flld ES cell 71

1997 Shim & A AAIBAAE e ES cell 7|E

1997 Wilmut 5 A M E o] 2o ofgh EHA| Yk YAk

1998 Pati EHRE ©]&3 25 A3 A4t
A A 3£ 6_140/\1()] o] 3 & [¢] 7(41 Eﬂok
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7h aghe] 3o Ao, 4

Al F-AE AL Gxpe] Az o] Fdgh Avks AdEste] 2 AdolA FAIEA

o dxge] AL Ee V|E AFE algdd TCM-199, NCSU-23, Waymouth

AR o 10% porcine follicular fluid (pFF) 0.6 mM cysteine (Sigma, USA),

1 pg/ml FSHo| H7le wjdkol S A Z3}o] paraffin oile] €<l 50 w=E A% 3

F 2A1%F o] 39T, 5% CO2 B 95% & 7]x271e] wigF7IvelA B3 Azl &

A8l 444 7F ot v st o 2 A
IR

o
& ek £33 Alxd dsss A fske] olE

fn Ay N

3
H) ok oﬂoﬂ/q Al 4\1_

A 248 N7 st TCM-Hepes, mTBM A3 wjxdA A
et TS RS T AP E, AN E AT ALY G2
& F=d& AT fsked A" EAE TCM-199 2

Hf Aol A 7-8LZE wi <k & Al 2wty g ARSI

Rug

==

5

G g@As gsgae 984 oA

Aeld<s, +4 2 wEAde] fFrd FATES o] &t Aol Aie A7l
?l 5k ﬂﬂr;ﬁ FAH o] A& A&} Single dose?l PG-600 Fo= @45
718t7F & F@Eo vl A ketamine (F3H%3&, 3=r) 50 mgS ol AW FA}
sto] 12k v E F 3 the Fedel debAAlE BAS g halothane7t ==

AT v A FEEe] ATASs TR FHSASHA €S A
Astn 2%S AAS O JFAE 9 10-15cmeS Aolste] da-dd-AgS
eESAT AW A EAE FRlg oS, AT 30-5077F $hH
o] o4

polycatheter (Cook, Australia)® Y& #ujio] Yx oF 3-5
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Axd Asss A fste] ols wjddelA  Asd dAe
glutathione TE& FA}g A3 NCSU-23 Hjkdolr wjgkda  dxzo
glutathione ¥%* 5.0 pmol/oocyte® TCM-199 3} Waymouth Hj kool A<
H dAE Bk E=9kth (Table 2).

Table 1. Nuclear maturation of porcine oocyte in different maturation media

No. of oocytes No. of oocytes (%)

Medium

cultured GV GVBD M I MII
TCM-199 250 5 5 10 230 (92)
NCSU-23 230 3 3 5 219 (95)
Waymouth 180 12 5 10 153 (85)
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Table 2. Glutathione concentration of porcine oocytes matured in different

culture media

Intracellular GSH
No. of oocytes

Medium ) concentration
examined
(pmol/oocyte)
TCM-199 80 4.0
NCSU-23 90 5.0°
Waymouth 82 3.7

3 Means in the same column with different superscript are different (P<0.05).

Table 3. Comparison of composition in protein free medium and conventional

medium
Concentration IVM medium
(mmol 1) PF-TCM-199 NCSU-23
NaCl 116.36 108.73
KCl1 5.36 478
CaCly 1.80 1.70
KH2PO,4 _ 1.19
MgSOQ;4 . 7H20 0.81 1.19
NaHCOs 26.19 25.07
Glucose 5.55 555
Glutamine 0.68 1.0
Taurine _ 7.0
Hypotaurine _ 5.0
Penicillin G (i.u. ml ") 100 100
Streptomycin (g ml™) 50 50
pFF (%, v/v) _ 10
Cysteine 0.57 0.57
PVA (%, v/v) 10 _




= Missouri H8toll A 7§23s EGF7F %719 protein—free B oA A<

S E=dste] AY AxE&S JNAstAr ATk Table 32 protein—free

H, o

o,
A
O
L

x4

=
i

g HolFE= Aot

jud)
==
0%
£
Lo

Protein—free Wj<FA 7} NCSU-23 vl oz mAdL Y-S A Qola ASA

2 A3 AsE0] 96%, 2% o= oAt A=A ki, zHzy A u)el wvk
X 747y 37% % 36% = FI27F Q1A E X okt ¥y protein—free B %<

24 2ol tdste] ARgel Helde] A (Table 4, 5).

Lo

Table 4. Meiotic maturation of porcine oocytes of protein—free culture medium

[0}
No. of oocytes No. of oocytes (%)

Medium ;
cultured GV GVBD M1 MII
PF-Medium 270 6 3 2 259 (96)
NCSU-23 250 10 0 10 230 (92)

Table 5. In vitro development of porcine oocyte matured in different media

No. of Cultured oocytes
Medium oocy.tes No. of cleaved No. of morula/blastocyst
examined oocytes (%) (%)
PF-Medium 200 160 (80) 59 (37)
NCSU-23 260 220 (85) 80 (36)
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=
b s = AdIdFgdE, dAEA HdE s 2AREIG
TCM-Hepesoll A A el+4 S fFestdles o thda &0l @A MAEAE
K

= g
e 9 & 9 A9 FHge] B5%E H ¥ee ¢ 4 AUt (Table 6)

A |

Table 6. Pronuclear formation and polyspermic penetration of porcine oocytes

No. of oocytes

No. of
No. of No. of penetrated X
. - polyspermic
Medium oocytes oocytes with male
Total oocytes
examined inseminated o pronucleus
(%) %) (%)
TCM-Hepes 150 120 97 (81) 90 (75)" 27 (23)°
mTBM 140 105 80 (76) 68 (65) 34 (32)°

* Means in the same column with different superscript are different (P<0.05).
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o] #4e fEaL oF wAe Wil P4 e
A4 A9ee 2D 27 949 A4 g4 FPee wyoy g
A AR ol FelA7k AAE A skr} (Table 7)

Table 7. Pronucear formation of porcine oocytes following in vitro fertilization
using cryopreserved spermatzoa

No. of
No. of No. of No. of oocytes penetrated | 0. O .
- olyspermic
Treatment oocytes oocytes with male POYSb
. . . Total oocytes
examined inseminated o pronucleus
(%6) (%)
(%)
Fresh 130 97 90 (93) 72 (74)° 20 (21)
Frozen semen 150 125 80 (64) 78 (62) 18 (14)

3 Means in the same column with different superscript are different (P<0.05).
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Fig. 1. Apoptotic cell death in porcine blastocysts. Green images shows

apoptosis.
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Table 8. In vitro development of porcine ocytes following in vitro fertilization

Cultured oocytes

No. of oocytes

Medium ) No. of
examined No. of cleaved oocytes
morula/blastocyst
(%)
(%)
NCSU-23 120 102 (85) 34 (33
TCM-199 120 82 (68) 12 (15)*

> Means in the same column with different superscript are different (P<0.05).

Aejed dxdel Aoguit =S s At A9 Y dAE
NCSU-23 #j#1 ¢} TCM-199 s Aol A 7-8A1F vt 5 AFdnu) 31 wjnkE
Aeas AR A3 NCSU-2301A4 widetid= 2% A 2 ks 34 &
33%<1 Wk TCM-19900 A4 vl Fe whxpe] A& 15%°] &3ate] NCSU-23
ol A e dAbe] vt Eo] -3k lth (Table 8).

WSS Aol IS MA= &dES AT fleke] TUNNELWH o
of gt Al ZAFE (apoptosis)ll ¥3te] 2ARE A3} Fig. 1914 B wpep 2o

a3 mm

&
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FAAE F8F (GFP i+ Fd2H)e A9 el s ASEA =T,
TCM-199, NCSU-23, NCSU-37 uj&FH o A nljFst Az} wjnbxz7]| 712 o] wjdg
& 77 2, 22 28a 25%2 A NCSU-37 wikdde] Aol 743 3t
(Table 9). Aed=, Adsd 3 AuigFd  1-cell?t 4-cell embryo?
NCSU-23 s %) cysteines H713dS W, 4-cell embryo2] 2 mM cysteine &
bl A frelat Al =2 wivkE eSS UERITE 1El il NCSU-37 vk
of EGFE #7FetdS ol wiwkxr] g TS e vjFool A vl k3
S w wmoh fostA Egkem (P<0.05), Ee wjgd U] EGF  (epidermal
growth factor)e] H7}= wiWbE7LXA 2] v @E&S A A AT wat
A cysteineol W EGF7F Wiy H7tdo=zx My v dad&s F7HA7] &
Zlo] lE AtH(Table 10, 11).

Fig. 2 o= A& 3 A (green fluorescent protein, GFP)S X3k ¥ %

T Aedd @S vEra vk

Table 9. Effect of culture media on in vitro developments of transgenic

porcine embryos

No. of No. (%) of embryos developed to
Culture medium embryos Hatching &
examined Morula Blastocyst hatched BI
TCM-199 125 9 (7)* 2 27 0 (0)*
NCSU-23 115 35 (30)" 25 (22)° 9 (8"
NCSU-37 130 42 (32)° 33 (25)° 11 (8)°

" Means in the same column with different superscript are different (P<0.05).
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Table 10. The effect of addition of cysteine to the NCSU-37 culture medium

on in vitro development of transgenic porcine oocytes

Cell Conc. of No. of No. (%) of embryos developed to
cysteine oocytes
stage (mM) examined Morula Blastocyst
0 95 17 (18) 23 (24)
1-cell 1 101 22 (22) 28 (28)
2 115 20 (17) 21 (18)
0 91 38 (42) 22 (24)"
4-cell 1 96 45 (47) 32 (33)°
2 98 50 (51) 42 (43)°

abc

Means in the same column with different superscript are different (P<0.05).

Table 11. The effect of addition of EGF on the development of porcine
oocytes to NCSU-37 medium

No. of oocytes No. (%) of embryos developed to
Treatment .
examined Morula Blastocyst
Control 160 38 (24) 28 (18)*
EGF (1 mM) 180 51 (28) 41 (23)°

3 Means in the same column with different superscript are different (P<0.05).
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Figure 2. In vitro development of transgenic (GFP gene) porcine embryos

and their expression
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R R e

w ATedA = Aol Asd dAE FE OARSSIAAT ZE&A A

AWl M dsw dxs Waste] Abgstolgtrh. AujeE Fx=8t7] flske] 73

10-16¢¢ Alololl Al FofAl =) A F-Fo] sl Altrenogest WFA = =
b A ubA] 400 TU PMSGF 200 IU hCGE F4938tx PMSG-hCG F
76 AU 500 U hCGE Felsho] 42-4447F Fo) wjgrel s 323k9lch,
o A e 204090 e 237 & ATl Aol A = 1

7 A Wl mAlFdel oal dEAg AT kel Agsdith

o

$ A 5 ARl Aol FA T NS THs
sHAl ko] HAASkH X BAkel] 2 HQF 7|<solth 10% F3 10% glycerol

2 3= HE T, 712 5l 2 mg/ml liposomes 3 73
A7 a2da 718 FEsiA 2 meg/ml liposome¥} 0.1% orvus es pasteZ
A7kgE Aol 52 F3 FAREY LS, GTAEST 2 oYt A
<= "o S winkxe A 712 FsafAel 2 mg/ml liposomet
0.1% orvus es pastes 7+t A 77} 753l (Table 12), &% Hj¥kL o
A= 715 dFsfAl 2 mg/ml liposomes F71sH A7 F7F 7MY 43R

(Table 13).

i
=
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Table 12. Effect of wvarious supplements before freezing of expanded

blastocyst on the embryonic survival and quality

No. of No. of

Diameter (um) No. of
., embryos embryos No. o
Treatment . transferable
frozen-  survived Before After  nuclear
. . embryos
thawed at 24h freezing freezing
Glycerol 22 12 216.9 126.5 9.8° 3
Gly+Lip 23 16 212.0 1759  135° 7°
Gly+Lip+OEP 28 14 219.6 1468  22.3° 10°
Total 73 42 216.2 149.7 15.2 20

* Gly: Glycerol, Lip: Liposome, OEP: Orvus es paste.

3 Means in the same column with different superscript are different (P<0.05).

Table 13. Effect of various supplements before freezing of hatched blastocyst

on the embryonic survival and quality

No. of No. of

Diameter (um) No. of
., embryos embryos No. of
Treatment ) transferable
frozen-  survived Before  After  nuclear
. . embryos
thawed at 24h freezing freezing
Glycerol 15 8 242.7 73.7 24.4° 3
Gly+Lip 14 9 2434 153.1 40.3° 6
Gly+Lip+OEP 13 10 254.4 100.4 11.9% 3
Total 42 27 246.8 109.1 255 12

* Gly: Glycerol, Lip: Liposome, OEP: Orvus es paste.

3¢ ©\eans in the same column with different superscript are different (P<0.05).
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T3 mAds HAGEGY] sAgEH F AEES AR A3 oy 7hA] W
W3 55 M ethylene glycolS ARE3F oA 71 =8 AEES HAAFAT
a8} intactdt T centrifugedst o] AEEY Aol YERUA] &l FES

Table 14. Survival rate of immature porcine oocytes cryopreserved in various

cryoprotectants according to grid methods

No. of No. of oocytes Intact rate Survival rate

Treatment replicates frozen (%) (%)
Intact

EG 55M 10 23.4+12.1 94+4 92457
40%EG+18%Ficoll (3:1) 10 21594 85+12 80+16"
40%EG+18%Ficoll (2:1) 8 20.8+10.2 88+8 82+12"

DAP213 6 18.9+15.2 86+20 30+23°
Centrifuged”

EG 55M 10 21.2+10.2 96+3 93+3?
40%EG+18%Ficoll (3:1) 10 23.5+10.6 83+10 80+10°
40%EG+18%Ficoll (2:1) 8 25.6+15.6 86+12 80+8"

DAP213 6 32.0£10.1 76+12 36+26°

EG: Ethylene Glycol, DAP213: 2.0M DMSO+1.0M Acetamide+3.0M Propylene
Glycol, * Centrifuged: 12500g for 10 min

3¢ ©\leans in the same column with different superscript are different (P<0.05).

_29_



Table 15. Survival rate of mature porcine oocytes cryopreserved in various

cryoprotectants according to grid methods

No. of No. of oocytes Intact rate Survival rate

Treatment replicates frozen (%) (%)
Intact
EG 55M 10 26.3+4.5 98+1 94+2"
40%EG+18%Ficoll (3:1) 7 22.3+6.2 87+3 85+2°
40%EG+18%Ficoll (2:1) 8 25.2+9.6 94+5 90+3"
DAP213 4 19.8412.5 80+10 48+12°
Centrifuged=
EG 55M 10 25.2+7.8 94+3 92+1°
40%EG+18%Ficoll (3:1) 4 22.4%5.3 89+5 86+4"
40%EG+18%Ficoll (2:1) 5 26.2+7.8 96+2 89+4"
DAP213 3 21.2+34 88+6 52+12°

EG: Ethylene Glycol, DAP213: 2.0M DMSO+1.0M Acetamide+3.0M Propylene
Glycol, * Centrifuged: 12500g for 10 min

3 Means in the same column with different superscript are different (P<0.05).

uh, s A o] A5 7] 8t

FAARAAE s i E o4 shsd bAk A7 9k o)A H A
g

ok A g el gate] AssuE, oleld ¥

] A
AE sdstaa nArEs FASte] dEx2a 2 oaltrenogest Ao EA F 7]
S5 ARSI W wf wby WHd &2 Zh7 849 ¥ 90.6% = altrenogest A 2] 0]

=gon, dixzTods Aol AbAste] YEYA|ITE altrenogest 7o weol &
4-12¢ Aboldl 86.8%<] MA7F LA o] 713 = A THTable 16).
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Table 16. Number of gilts exhibiting estrus after administration of altrenogest

(ALT)
No. of estrus days after treatment(head)”
Treat— No. of gilts Non-
ments gilts showing estrus
estris 1-3 46 7-9 10-12 13-15 16-18 19-21
Control 53 45 9 12 4 7 3 6 4 8
ALT 53 48 1 12 25 9 1 - - 5]

* Day 1 was the day of last altrenogest treatment for the experimental gilts.
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o HARA B o1F F Q7 WEolth 1eEE A
o
X

5 = 3}
7Tes HEATI= Aol A oof gt AFolA = AExAY ZAAHF
¥ (intracytoplasmic sperm injection, ICSDE o] &3}o] 32 A3k

&8 U|H o7 AuA T AEEo] A promoter (skeletal B-actin promoter)
2 %745+ human insulin-like growth factor (hIGF-I) F3AAE =302 A4
H 5= SAES =ole sAlo il date] Hds =42l I3rA F

o AAmEE dEAGHA AN et oy ThA FAEE WAt g
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Lodxghe] 35 9 A=

=AM maEe HAREEH daE SFste] Agdss AAdt F
EEGel A Ao A 3Fste] 30-35C HEAYAAFIE EolddE Bed
of Hol 1Az ol A= gutsttt. utd G A dd YA
2 A3 F 70% dFR Pro WS £2%3 F 18-gauged FAHE ol &

= ga
sto] 2-6mm 719 ZRAIGE A dEHS I et olF W AETE A LA
= Adstel 2 Aol A FAskH

wargke]l Ao TCM-199, NCSU-23, Waymouth HlFHe] 10%
porcine follicular fluid (pFF), 0.6 mM cysteine (Sigma, USA), 1 ug/ml FSHO]
A7 e A S A Z354e] paraffin oile] ©@<Q 50 Wz AA 3 T 2A17F o] 39
T, 5% COz B 95% &7z w7l BE A7 5 2k 24 T 1070 ¢]
s GRS A Ee] 4447 FoF WG o RN A sS FEskth

2. ARl A

o ATolA AL EE %
shivh. A AHH & AT
718 &0l 20% o]ske] Znk
ZE A ALstAr. AL 10 mg/m¢ BSAZF H7FE 0.9% NaCl wjgooz
el E Tl 3 AAHs AT AHS FA= pH 7.8%1 Tris buffer Wl ol
2x10°/ml 2 resuspensiond} gt ©]% Branson Ultrasonicator® ©]83he] 127F
sonicationste] Fz}e] FHE Fs] Wil o]& 0.02%9] Triton X-1002.2 g
ato] FHR-AW] AEES A A S T

de FEomNH FUYon AAT AU ALS
14 @B A Aol @ $EAel 80% ol Aol
7

AHgagon, dggele] BELE 3 oy

[UZ O_l_4

o
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Stk A4 10 mg/m BSA7]' A7 0.9% NaCl vt o= gAY E &
a 3W AHsh AHF A= pH 7.8¢1 Tris buffer vl gFedol 2x10°/ml 2
resuspensiond} 91 th. ©]% Branson UltrasonicatorZS ©]-83to] 187} sonicationdt
o] Axpe] FRE s Ui o] & 0.02%9 Triton X-1002.2 @] ste] FH-4
Hol M-S A AT

MicromanipulatorE ©]&3}o] G 2 AHAAAFEE M Edg HAAFYHS &
af datel A LA F 39T, 5% CO% 95% |Z2713Fe] NCSU-23 1<

O
Aol A AlejujgstdM, AP B Aty BIE S AT
4. mlA =2k o7 G AL Ak AL

IGF-TI construct™= double-strand DNAE M XTI 2lE A HaAFHel &
Hj ke & A2 FH-E MIl-stage®] WAkol] Al 1 545 dsto] Alxd el +
2183 ). myostatin knockout (KO) construct: denaturationg 713 & recA%}t

7 DNA-recA complexZ W= % 15000 rpmoll A 587 HAIEH S 4
Algh FAR T ddo] 1-2 ple] DNA-recA complexs Tttt &=
At A 39T, 5% CO™E 95% F7]x7138ke] NCSU-23 sl &l of A

=
=
whahg ghzbetal, dae AR dFE PCRE ol &3te oufdate EAE
3+
=,
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3. 2% ¢ 1%
7F AR 2 AR FHE FYA o A
A Az D FRE 1Ud3 detergent’t E3E NIMolA 283 & njA *

oA KW= A ko)

Table 1. Pronuclear formation of porcine oocytes following intracytplasmic
sperm or sperm head injection

No. of oocytes No. of oocytes

Treatment .

examined Pronuclear formation (%)

Sperm head 120 71 (60)

Intact sperm 140 73 (52)

FAEL FY F 208 7F Fo Hoechst 333422 |AM3 & A&A3P=d
&0l 52-60%°l 23l AEzAY AAAHFTYHA o 3oz 4o #
S AT F Ak AR FAACE Sl AdEA 4ol dojus= 7
Bt 7z ATE HPEA AAS Ay Ao FAA gle dEHdAE 2

=
219 microtubuled] 93] FA o] dojdo] A=A (Fig. 1).
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Fig. 1. Chromatin and microtubule organization in porcine oocyte following
microinjection of sperm head. Green image shows microtubules; red
shows chromatins.
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Table 2. In vitro developments of porcine oocytes following sperm injection

into specific injection points

Angle with No. of Cultured oocytes
polar body oocy.tes No. of cleaved oocytes No. of morula/blastocyst
examined (%) (%)
90° 57 37 (65) 15 (26)
Non-specific 201 120 (60) 58 (29)
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AEA W AR A FY F FAE Gy AR £AEe] AA
of WA Attt FH49 BENS FESAS Wt

uoh WME BASe felal mReu S8R Aok wolx et
(Table 3). o|s} o] #A&ol tol7k glo] WULE WA o] H& ol fi

_7":
49 GBS FESAS W wel wAR] ZAd v B Aow AmHT

>~

Table 3. Fertilization ability and developmental ability of porcine oocytes
following sperm injection in the presence or absence of additional

activation

No. of oocytes Number of oocytes

Activation

examined No. of No. of

fertilization (%)  morula/blastocyst (%)
None 255 150 (59) 56 (22)"
Yes 55 34 (62) 24 (44)

* Fertilization: two pronuclear formation at 18 h following sperm injection.

3 Means in the same column with different superscript are different (P<0.05).

AxAg 424 A4 F9 F A9 F4€ 2 o ddgs sy g8 7
Z ATE HysA AAsAT B AFoE AT T oA g4 A7,
DNA §4 Al71E5 ZAbstth 234 ddle] DNA 348 FAbe A9 dAH
AE FAFA S AF A A 9AF Fo] Rz Al v 24 A
2 10A17F o] Foll AlZE = Aoz #AHRA, 1A= DNA Ao A
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Fig 2. Intensity of BrdU in corporation in pronucleus following injection of
pig sperm. Reported values are meantS.E. (n=5)
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Fig 3. Laser scanning confocal microscopic images of DNA synthesis
following ICSI (pig / mouse sperm); (x 630). Red image, DNA; Green
image, D synthesis; M, male pronucleus; F, female pronucleus; t, tail.
A) At 10 h following ICSI (pig sperm), DNA synthesis initiated male
pronucleus. A) At 12 h following ICSI (pig sperm), DNA synthesis
completely occurs in apposed two pronucleus. B) At 9 h following
ICSI (mouse sperm), DNA synthesis initiated large female pronucleus.
B) At 11 h following ICSI (mouse sperm), DNA synthesis completely

occurs in apposed two pronucleus.
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Ao AbgE e f A2 s pEGE-N1 HE 24 54833 am 2 (green
fluorescent protein: GFP)8 FdxE2 Edsta gon FAAI ofRE ol
t Az AFEFEAT o] §H4AE 02%9 Triton X-1002 A2 ste] A g
(acrosomal membrane)< A A% AApe} A 20-30 + < 9C=E =7 A
AE w7l v = AlEAW AR AHFHed AHEE AT Table 4= =
Az ol Axer gWS st o A fAAAe] FRLE FY9T Fou)
TAES Hed Ao F 48A1ZF &<F NCSU-23 uff Fefoll 4wl st 3l ot
2 A g Gate Fol g d&EAgo] dojut BaH e wWEs
24 Yetlide o] Ade= FAFRY AlEde] g 3heA Aerp Ao
o

WA JFS MAA Fes HERR Ao

rot

oy

Table 4. In vitro development of porcine oocytes following injection of

different treated sperm head.

Treatment No. of oocytes used Developmental rates (%)
Control 35 17 (48.6)
Triton X-100 35 20 (57.1)
NaOH 35 14 (40.0)
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Table 5= 8482 Aol AW AAGA] Frel HGA4E 2dF F
Aol FQEA e We] WwE AL JE Aol AATRI FE v
Ar 799 B NFSAL 1 ARE wFT dAe] B Fol ol AN/

g2 YErlglth of HelA e uieh o] A%

e A ) LE W s BH o] E

7] e A dxpe]
T Triton X-100S # g

et
Table 5. In vitro development of porcine oocytes following injection of sperm
containing foreign DNA
No. of oocytes Developed to Expression of foreign
Treatment
used blastocysts (%) DNA (%)
Control 45 9 (20.0) 0 (0.0)
Triton
45 12 (26.7) 7 (58.3)
X-100
NaOH 45 11 (24.4) 3 (27.3)
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Table 6 Triton X-100& &g A G=Le] FHo DTTE F7HH o= A
%]

=
T
g3 AAFRE dAdd FAdE Ae v 2EES 27.1%°]a

Table 6. Developmental ability and DNA expression porcine oocytes following
sperm injection

No. of oocytes Developmental

Treatment ] DNA expression (%)
examined rates (%)
Control 50 11 (22.0) 2 (18.2)
DTT 70 19 (27.1) 4 (26.3)
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=9t

o
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2 Aotk oAt BdES 42-52% % WL

Table 7. Gene expression of morula/blastocyst embryos following sperm

injection
Source of No. of embryos
Stage
oocytes examined gene expression (%)
Morula 40 21 (52.5)
IVM/IVF
Blastocysts 38 16 (42.1)

_48_



Fig 4. Gene expression of GFP gene. Green colour shows foreign gene

expression
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A3} PCReIA #1521t (Table 8).
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Table 8. Foreign gene integration (PCR detection) in porcine oocytes following

ICSI with IGF-1 gene

Embryos containing IGF-1 gene

Stage of embryos examined

11/11 (100)
7/7 (100)
3/4 (75)

2-cell
4-cell
8-cell

5/21(24)

Morula

2/6 (33)

Blastocyst

_50_



o HA kel Aslue Al H Al whe Az

HAFAE A9 v FA] $-8lo}d A (fetal bovine serum: FBS), ¢34 45
7 (bovine serum albumin: BSA) % I A XA IR (epidermal growth
factor: EGF)E wielol H7betals o wivtx, & Alx5, AlxEAbd 9 Al LA
ol Hofst= FAxte] BdS At AL skt

Table 9914 H &= we} 7ol 04% BSAS 0.4% BSA+EGFE ujFo] 7}
e 2 AE7] @A dxpe] wpmEzbA el Wagol  FrHEHAY
(P<0.01). FBS+= HiRkxe] FAEXFE T2aAZHL AXAES F7HsHS
(P<0.01). 7183 Table 10914 EGFi= BSA7ZF EAst= ZAstolA wjuko
FHEFTE S8 =0 EGEFeF BSAVE 44 5oz & v od =&
o itk AMEAEE o]e} H=gh S H=d EGFe BSA7F 7242 &4
g well= v A Zol7k glAA T A EAT wjol= MEAES THAA

=

RT-PCRe] Aol eleld EGF:= BSA7E £Alab wje
Aol s WHLE F7HA17]5 Bak fARe] Ad A

BelxLel BAFS 72A7)3 Bak #a4e] A4 wAFe 742 ol
@ Asps AZAPEe] wolshs fAAel WAL Mg P weh fo
How g worl, MG vlote] Zrurere] ol AL

Table 9. Developmental ability of porcine parthenotes after 7 days cultured in
the NCSU-23 medium added different supplements

Percentage of embryos

Supplement No. of embryos developed to

to medium examined Norilac Blastocysts
Control 350 28.0+2.1° 35.9+2.4"
FBS 352 27.6+2.3" 355+3.1°
PVA 356 28.2+2.0 39.3+2.4
PVA+EGF 351 28.7+2.8" 40.9+3.4°
BSA 359 485+2.1° 60.6+2.4°
BSA+EGF 355 47.8+2.4° 61.6+3.1°

> Means in the same column with different superscript are different (P<0.05).
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Table 10. Number of cells per blastocyst and apoptosis at day 7 that cultured
in the NCSU-23 medium added different supplements

Supplement No. of embryos Cell b Percentage of
(& numpers
to medium examined . apoptosis
Control (none) 68 39.8+3.6" 4.7+0.7°
FBS 64 24.9+2.3° 7.3+0.4°
PVA 65 40.6+2.9° 45+0.5"
PVA+EGF 64 40.2+2.1° 4.4%0.7°
BSA 68 46.1+2.6° 4.7+0.6"
BSA+EGF 66 61.8+2.1° 2.1+0.6°

abc

Means in the same column with different superscript are different (P<0.05).

Table 11. Relative abundance of mRNA expression in porcine parthenotes at

day 7 that cultured in the NCSU-23 medium added different

supplements

Supplement No. of embryos Genes

to medium examined Bel-xL Bak
Control 64 0.24+0.02" 0.14+0.01°
FBS 64 0.18+0.02° 0.34+0.02°
PVA 64 0.24+0.03" 0.17+0.02°
PVA+EGF 64 0.25+0.02" 0.16+0.03"
BSA 64 0.26+0.03" 0.16+0.02"
BSA+EGF 64 0.44+0.04° 0.17+0.02"

3 Means in the same column with different superscript are different (P<0.05).
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A3 A AT A A Vled o IE2AE #3

9 A 2 BB

2

1. A8
7} 2] Embryonic Stem (ES) cell®] vj%o] 7153 A W 5o £& 7=

o] HAZ} F3Ad b Wbk ofyel AF A o] &I A= A

st (homologous recombination) B el o8] 7}So] A=

I FERFAAE 7Y ¥ 5 A "Hrh ol#g FHdd=

o] 7]<so] AL3HA Estm g olE oA J}E= ES celld] ui%o] AR

‘57
o B H&3 =o] da= 57| witoltt
Lol AEE Fad IR Fo sueE AZFELE o] &3 FHAHFT
=2 5 F At F, E. coli®] AZTFELQ recAE QHUFAAL} WHSAIA

DNA-recA complex® "E1 o|& FAT A3 Yo FYad homologous
recombination®] 4oy} ES cell ©]-&31A] &Zux &ol3A FAAAT AAE
A 0 glge]l Ha HYgoew o JEe

recombination (EHR)2 2 WW It} (Pati, 1998; Sargeant, 1999). ©] 7]&<
2, A R Ao F&EAS Wl fFHA AFol bttt Bk
(James D. Murray, personal communication). ¥ ol A= Aol A Z8A4

d
A A2t (myostatin) FHAE o] &3l QXTI AS o] &3 AFHAA A
H

enhanced homologous

)
o O o2

BN

.
$+714 (enhanced homologous recombination)S EHA| 7] 122} b},
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2. A5 ¢ 9y
7} IGF-1 54 =

human IGF-1 (pHIGF1) DNA (tetracycline-resistant plasmid)= ATCCA}=
BB verifiedd Zo] E9]9lE HBI01 cells T3+ tetracyclinee] #7l€ LB
Hj <] ol A v e & plasmid DNAE F%3}¢9] restriction enzyme digestiono &
IGF-1 DNAZ 3¢l&tt. m3 sequencingsS A A8le] (Macrogen) signal
peptide sequence®} poly (A) signale 3F3F 660 bpel 743 coding sequence
7FAAL Sl IGF-1 ¢cDNAE &H3. ol & o]&3dte] o4& o Fxa
T=3}7] 9@l Pstl estriction enzymeg ©]-43F] IGF-1 gene< pBluescript
vector® subcloningS 3} t}. cloning® cloneE& Pstl¥} Bam HI AdasE

Ab&3ste]  IGF-1 gene®l Al olH-¢} orientations <2133t

=
=
=
=

1}, Myostatin cloning

H 1 Auwe] Eol gle Ko EZRE RNAEZ F=3t1 # A myostain
exon 3 ¥$19 specific primers (forward:5'-GGAGAGATTTTGGACTCGAC-3’
reverse: 5'~-CATGGCTGGAATTTTCCCCA-3")¢} Oligo(dT) primerE A #a} 4
I A Z4S RNAY Oligo(dT) primerE o] &3¢9 RT-PCRS 4338
RT-PCR <3 A3} °F 320 bpel product (myostatin exon 3 F9)Z #2135
th. 3% 342bp DNAE geldlA FZF3te] T vectorol ligationd %
sequencingsS A A|5te] (Macrogen) %A genomic DNA®9|A Exon 3 F¢l¢
100% match¥ = AL &3ttt =3+ o] DNA sequenceZ probel & o] &3}
o] ¥} A genomic DNA library= screeningst®] Exon I, II, IIE 3HF3t2 U=

= ] myostatin genomic DNAZ cloning 3} th.

o oA =

B-promoter plasmid (pJ6omega)E vector® ©]83to] human IGF-1 3%}t
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inserts® ©]&3}3t}. pBluescriptell subclong ¥ IGF-1 geneX vector gene

T} Xbal¥ EcoR1l restriction enzymel @ A& TS vector sequencesi
< DNA

] 2]8lal insert sequences®t gel purifydk %

=
=

alkaline phosphatase=
ligase¥r$< A7 competent DHs, cellol] transformation 3F2it}. antibiotics7}

A7tE HiRel A & colonyEEHE DNAE =%3}o] restriction enzyme
S Arste] b AFH

digestion® & screening= 3to] w24 FAA7 2HEH A

o}

2}. mutant myostatin DNA fragment T 3f

Point mutationS Ad3st7] 93 primer2& t&3 2 specific primers=
o] &3}l
forward:5'-GAGATTTTGGACTCGACTGTGATGAGCACTCAACAGAATCTG
ATGCTGTCGTTAaCCTCTA-3,

reverse: 5'~-CATGGCTGGAATTTTCCCCA-3
forward primerol+= ¥ GTTAcCCTS ¥7|widS GTTAaCT=E HHo] Hpa
I site7b A71A 8kl oF&2] TAA ochre termination codono] 7] %=
3t PCR ¥ oF 300 bp7t %% =8 5% ¥ mutant myostatin DNAE T
vectordl subcloningS A A% & FH]5F U sequencingS %3l point

mutation®} Hpa I site ¥ termination codons 2H¢1&}ith.

wh, AHE A2 A 238 PCR screening

AEFRAA A xTeo] doji} genomic DNAG 4Hl=l™ PCR % oF 310 bp7t
Z5 =9 wild type allele®] DNAE Hpa [2Z digestion A &= HbH
mutant allele DNA+ Hpa [2 2 digestion ¢ 60 bpet 250 bpel fragment”}

UEL 2% gel 7] 95w T & Sk
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v}, myostatin ®WE 2] WA F49 2 DNA screening

T2 A EAEE fAZRE dAS 3|55

™
=
T 70% EEE dAa BHE Amgh ) 18-gauged] FAMHE o] &3] 2-6mn
o

Hl| &
ol TCM-199, NCSU-23, Waymouth A <8l Al 10% porcine follicular fluid
(pFF) 0.6 mM cysteine (Sigma, USA), 1 pg/ml FSHe] #H7ld wgA S A=
&tol paraffin oile] €< 50 p= £H 3 F 241 o] 39T, 5% CO» B 95%
7121 wMETIHAA HE A F M S H e RN A s
fFrslgdeh AYFEAS 98] TCM-Hepes, mTBM A& 4A v A o)A A=}t
v oF A Al 83T
myostatin knock—out vector:= 95Tl A denaturatione A17] % recA9} WS-
XA Tris buffer (pH75)lA ¢k 1ng/wle] DNA2F recA (2F 100uM) complex
THEo] ¢ FHlE gRstATh FAT2 15000 rpmell A 533 AAEEE
A%t 3 micormanipulatorstoll A AT A 1-2 ple] DNA-recA
complexE FYAY. dIFHAAE =Y AT 39C, 5% CO%E 5% &
71z238ke] NCSU-23 s oA webs #zetar, st =422 boilingl
9& genomic DNAZ} W& A & & PCRS o]&3le] 9
218t t}. control DNAR = pFGFP DNAE AM4-3te] A2
myostatin DNA 2] PCRS ¢ 3%} primer&+
forward 5'-GAAGTCAAGGTAACAGACACAC-3' 3
reverse 5'-CATGGCTGGAATTTTCCCCA-3' S Al-&3}93aL
GFP DNAZE ¢|3t primerZ+
forward5'-CAAGGACGACGGCAACTACAAGAC-3'3}
reverse 5'-GTCGATTATGATCAGTTATCTAGATCC-3"& AH&3F3ith

ol

il

>

A}, Southern blotting

Southern blottingS ¢ldlA = ¢F 10ug® genomic DNAE Adzsr=

digestionA 71 & 0.9% agarose geldl A A7)19%5 271 & denaturation buffer

_60_



(15M NaCl, 0.56M NaOH)oll A4 30%7F denatureE A]7]3 neutralization buffer
(05M Tris, pH 7.4, 1.5M NaChelA 30%37F $3FAz1 2 nylon membrane®
2 gel stacking®ll 2|3l overnight transfers}$it}. hybrydizatione IGF-1 cDNA
H-9Z o] 83l randon labeling kitel €8] P”-dCTP® labeling¥® probes 1t
E%la  hybridizations A7l %  extensived}Al washing?d S  signal

detectiond} 91 t}.
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3. 43 4

7 IGE-1 §374 2 S 75

human IGF-1 DNA= ATCCAFZFE verified® ZHo] £l HBI101 cell
S 7Y%l DNAE FZ3}1 sequencing= A A3}e] signal peptide sequence$}t
poly(A) signalS® &3 660 bpe A coding sequenceE 7FAL A=
IGF-1 cDNAZ @139t} rat p-actin promoter DNAXE ATCCAIZ H-¥ A+
gte] DNA = 5 o4& od FdxAE 53871 91380 restriction enzyme

mapping< t3L IGF-1 DNAE ligation Al#A A3}

1) IGF-1 gene

human IGF-1 gene2 % Zo]= ¢F 600 bp ]2 ATG initiation codon® &
¥ 74 bpe signal peptide sequences (25 amino acids)E 7FAxL o 3° F
#ol poly(A) signalg 3t v}t (Fig. I). IGF-1 gene B-actin promoter
o] cloning3t”] 84 WA Pstl siteE ©]83}e] IGF-1 genes pBluescriptol]
subcloningS 3} 3L universal primer®} reverse primerE ©] &3] sequencing
= AAEAT. 2 oA FHAAIE wpEA AAEHA=A e fEiA
BamHI sites (0.5 kb release)”} %11 insert® A7} release¥ = S A&

A~
T AT
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1 GAAGGTGAAG ATGCACACCA TGTCCTCCTC GCATCTCTTC TACCTGGCGC
51 TGTGCCTGCT CACCTTCACC AGCTCTGCCA CGGCTGGACC GGAGACGCTC
101 TGCGGGGCTG AGCTGGTGGA TGCTCTTCAG TTCGTGTGTG GAGACAGGGG
151 CTTTTATTTC AACAAGCCCA CAGGGTATGG CTCCAGCAGT CGGAGGGCGC
201 CTCAGACAGG TATCGTGGAT GAGTGCTGCT TCCGGAGCTG TGATCTAAGG
251 AGGCTGGAGA TGTATTGCGC ACCCCTCAAG CCTGCCAAGT CAGCTCGCTC
301 TGTCCGTGCC CAGCGCCACA CCGACATGCC CAAGACCCAG AAGGAAGTAC
351 ATTTGAAGAA CGCAAGTAGA GGGAGTGCAG GAAACAAGAA TACAGGATG
401 TAGGAAGACC CTCCTGAGGA GTGAAGAGTG ACATGCCACC GCAGGATCCT
451 TTGCTCTGCA CGAGTTCAAT GTTAAACTTT GGAACACCTACCAAAAAATA
501 AGTTTGATAA CATTTAAAAG ATGGGCGTTT CCCCCAATGAAATACACAAG
551 TAAACATTCC AACATTGTCT TTATCAATAA TGTTCTATAG

Fig. 1. Human IGF-1 c¢cDNA sequences. ATG: initiation codon, TGA:
termination codon and AAATAA: poly(A) signal.
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2) AAfAs 75

o]2l fHAAE F=3d7] Y&l pBR322°1 E9]7F 9= pB-actin promoter
DNA®l IGF-1 cDNAE A¢ste]l &Adskddh. ¢F 350 bp actin promoter
sequence F o 2= polylinker sitedl A Xbal® EcoRI sitesZ ©]&3o] IGF-1
DNAZ ligation A1# T=3stdct (Fig. 2). S48 o2 FAA= Xbal-EcoRI
double digestion®l] ¢]&] IGF-1 sequence”} release 13 (2F 600 bp) BamHI
digestion®] 3] =2WFE  orientationS el om  (eF 400 bp), vector

sequenceW 2] Pvulel| 2|3l linearizationA|# A& ol o] &= o o]t}

Fig. 2. Construction of Transgene (B-actinpromoter=IGF-1 ¢cDNA). M: DNA
marker(ADNA HindIIl marker), lane 1: Xbal-EcoRI digestion, Lane 2:
Bam HI digestin)
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}. Myostatin gene cloning

A ZH o] J&E LHFO2ZFE RNAE F=3F2 # A Myostain Exon
3 K919 specific primerE® A &8l o]&3dte] RT-PCRS 338ttt (Fig.
3). %% 320 bp DNAZS F33}9] T vectordl ligationd ¥ sequencing= 2
Alsle] #A] genomic DNACIA Exon 3 H9Y <9} 100% match¥+ A& #2133
t} (Fig. 4). RT-PCRol 2]3l cloning® myostatin exon 3 sequence= Genebank
of wxE Ay Hwd A 100% homologyE YWEFHS] H33E myostatin
DANE A& AL F25} (Fig. 5). o|& o] &3} site-specific mutagenesis
& fste AEAdA Azl AHEE DNAE AAE o gojrh, w3k o
DNA sequenceZ probel & o] &3}e] # %] myostatin genomic DNAZ cloning
371 9138l #1 A genomic DNA libraryE screeningd}®] ¥ A myostain genomic
DNA clones #4391 restriction mappings A A8 th (Fig. 6, 7).

Fig. 3. RT-PCR using myostatin primers in exon. M : DNA maker, Lane 1:
RT-PCR product
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1 GGAGAGATTT TGGACTCGAC TGTGATGAGA CTCAACAGAA TCTCGATGCT
51 GTXGTTACCC TGTAACTGTG GATTTTGAAG CTTTTGGATG GGACTGGATT
101 ATTGCACCCA AAAGATATAA GCCCAATTAC TGCTCTGGAGAGTGTGAATT

151 TGTATTTTTA CAAAAATACC CTCACACTCA TCTTGTGCACCAAGCAAACC
201 CCAGAGGTTC AGCAGGCCCC TGCTGTACTC CCACAAAGAT GTCTCCAATC
251AATATGCTAT ATTTTAATGG CAAAGAACAA ATAATATATGGGAAAATTCC
301 AGCCAT

Fig. 4. Partial sequences of pig myostatin exon 3 cloned by RT-PCR using
skeletal muscle RNA. Underline: Primers for RT-PCR
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>gb|AF188638. 1|AF 188638 Sus scrofa breed Yorkshire myostatin (MSTN) mRNA, complete cds
Length = 1128

‘Score = 595 bits (300), Expect = e-167
Identities = 307/308 (99%), Gaps = 1/308 (0%)
Strand = Plus / Plus

Query: 8 ggagagattttggactcgactgtgatgagc-ctcaacagaatctcgatgetgtegttace 66
) FECCPTEEEE R T T R Er e e e e e e
794 ggagagattttggactcgactgtgatgagcactcaacagaatctcgatgetgtegttace 853

67 ctctaactgtggattttgaagettttggatgggactggattattgcacccaaaagatata 126
. FOCECELETER LR T R T e T PR e e
Sbjct 854 ctctaactgtggattttgaagettttggatgggactggattattgcacccaaaagatata 913

127 aggccaattactgetctggagagtgtgaatttgtatt tttacaaaaataccctcacactc 186
FERELERLRL RO P T ECER TR R O e e e
914 aggccaattactgctctggagagtgtgaatttgtatttttacaaaaataccctcacactc 973

Query 187 atct tgtgcaccaagcaaaccccagaggt tcagcaggeeccctgetgtactcccacaaaga 246
PEATTEEH T R T T TP T e e ey
Sbjct 974 atcttgtgcaccaagcaaaccccagaggt tcagcaggeccctgetgtactcccacaaaga 1033

'Ouery: 247 tgtctccaatcaatatgctatattttaatggcaaagaacaaataatatatgggaaaattc 306

PHACEEECERE T T T TR R e
Sbjct: 1034-tgtctccaatcaatatgctatattttaatggcaaagaacaaataatatatgggaaaattc 1093

Query: 307 cagccatg 314
FEEETET
Sbjct: 1094 cagccatg 1101

'>gblAF18863741|AF188637 Sus scrofa breed Meishan myostatin (MSTN) mRNA, complete cds
Length = 1128

‘Score = 595 bits (300). Expect = e-167
Identities = 307/308 (99%), Gaps = 1/308 (0%)
Strand = Plus / Plus

Query: 8 ggagagat t t tggactcgactgtgatgagc-ctcaacagaatctcgatgetgtegttace 66
FOECVEERTE R T e e e e cer e e e e e e e e
Sbjct: 794 ggagagattttggactcgactgtgatgagcactcaacagaatctcgatgetgtegttace 853

‘Query: 67 ctctaactgtggattttgaagcttttggatgggactggattattgcacccaaaagatata 126
FOCEEEETEREE RO EE R P T T et
Sbjct: 854  ctctaactgtggattttgaagettttggatgggactggattattgcacccaaaagatata 913

“Query 127 aggccaat tactgctctggagagtgtgaatttgtatttttacaaaaataccctcacactc 186
FEECEEE LR R EE TR R TR T e
914 aggccaattactgctctggagagtgtgaatttgtatttttacaaaaataccctcacacte 973

Fig. 5. Swine myostatin DNA comparison with Genebank data.

_67_



Fig. 6. Screening of pig genomic library with RT-PCR probe. A: first

screening, B! second screening, C: third screening

Fig. 7. Restriction enzyme mapping of pig myostatin genomic DNA.
A: Southern blotting with RT-PCR probe, B: Pattern of restriction

enzyme digestion
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2

A Az AT 2 21 A

recA?} Z7|7} A& DNA fragmentE ©|-&3to] AEFdx Az 7|&S
Mastz] Y8 1 2 d%E9] cloning?d myostatin A XS o] &3}o]  specific
primer® PCR3&}] Fig. 8¥ #Z°] mutant myostatin DNAES T8 t). site
specific mutation®] 28] exon 3 5 #¢ o] CE AZ mutation A7 TAC (Tyr)
= TAA (termination codon)® = HFEA I o] &8 2 H97} GTTAACE
7 Aoz A 2L Hpa I restriction enzyme site’} AAYEE 3kt
PCRE 433 T T vectordl 24 3 ¥ sequencings A8t Fig 9.3 %
o] point mutation®] @&sA A AL sl wild myostatin A A=
Hpa I o 9&) =gl ¢+ ¥rA mutant myostatin DNAE Hpa I digestion®l
o3l PCR % ¢F 50 bpet 250 bp= #&lA o Atk (Fig. 9). 1gu= 2
DNAE FA F9 F AefFda Axgol dojutwl myostatin 7 Aol
immature termination®] ¥}t knock-out& #7} vEFUAl Hl2 PCR & Hap I
digestionell ]3] wild allele?} &3 = UAA Ho] FesFAAA Rzl dojt

2
TATS AEHCE AT F UAEF TS5 FdHh
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1 GGAGAGATTT TGGACTCGAC TGTGATGAGA CTCAACAGAA TCTCGATGCT
51 GTCGTTACCC TGTAACTGTG GATTTTGAAG CTTTTGGATG GGACTGGATT

Cys Arg Tyr pro Val Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
= GTCGTTAACC TGTAACTGTG GATTTTGAAG CTTTTGGATG GGACTGGATT

Cys Arg Term

101 TTGCACCCA AAAGATATAA GCCCAATTAC TGCTCTGGAG AGTGTGAATT
1I5ITGTATTTTTA CAAAAATACC CTCACACTCA TCTTGTGCAC CAAGCAAACC
201 CCAGAGGTTC AGCAGGCCCC TGCTGTACTC CCACAAAGAT GTCTCCAATC
251AATATGCTAT ATTTTAATGG CAAAGAACAA ATAATATATGGGAAAATTCC
301 AGCCAT

Fig. 8. Partial sequences of pig myostatin exon 3 and mutant sequences
(arrow). Bold: point mutation site, Underline: termination codon and

Hpa I site produced by point mutation

M PCR Hpal

Fig. 9. Restriction analysis of mutant myostatin DNA with Hpa I enzymes
following PCR, M: 100 bp DNA marker, PCR: PCR product, Hpa I:
PCR product with Hpa I digestion, arrows: 250 bp (upper), 50 bp
(lower)
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2 A v AFLHEA 93 myostatin A AS AT A4t

Mutant myostatin vector DNA denaturation2 A1 ¥ recA%} W32 7
A IVF AT Fds & FATL 39T, 5% CO%E 95% ¥ 7]x=73she]
NCSU-23 #j oA wjdslgn 2edt =4z PCRI restriction enzyme
digestion (Hpa D& ©]&3le] efifFHdxe] EAE &l th. U4 DNA-recA
complex® F3 a3= xAbsl7] Y& FYeA &S intact AT GFP
DNA F9 @] wjdadsS AT Table 19149k o] & A3 <]
HA Vo] widd&2 of 324%= YeEbstal DNAS F943 4] widd
&< Intact FAEERGE o AdH = Aow YuyEa o feo A
3l mutant myostatin DNA-recA complex®} GFP DNAE =}Fo]7} Ho 7
ekl (ZHzE 275%9F 25%).

o,
2

L.
o

A

o

Q
i

A

Table 1. In vitro development of porcine embryos following injection of
mutant myostatin DNA-recA complex

Developmental rates to

Treat t No. of b
reatmen O 01 Cmblyos blastocysts (%)
Intact 40 13 (32.5)
GFP DNA 40 11 (27.5)
DNA-recA complex 40 10 (25.0)

gk E kA g E A" HS DNAE F%3t3 random integrationd #AS
Al star Al s Azl dojdt Avrs A8 7] 93] mutant
vector?] H}Z2Z wild myostatin 22| primerE ©]&3t% 3 PCRe AA|gH
% Hpa [2 2 digestions 3l%] mutant myostatin DNA2] &£ 1= 5els9]
T} Fig. 10 oA e} o] FefrdaAzdde] dojual &2 embryodl A= oF
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310 bp9 band (Fig. 3¢ 1, 2, 4, 6, 8 lanes)¥F YE}IL AE5FAR A 25 o]
Aot embryodl A= 250 bpet 60 bpel mutant band®} wild type® 310 bp
(Fig. 39] 3, 5, 79 lanes)7} UYElYE= A& &Ae 7 ATt o224 QoA
=3l mutant myostatin vector”} recA protein® 7 wild allele DNA°| 3%+

AAAzGo] Aol e FAF 5 AT

Fig. 10. PCR and Hap I digestion of porcine embryos following injection of
mutant myostatin DNA-recA complex and culture for 7-9 days. M: 100 bp
marker, 1-8: embryo DNA, Allows: wild allele (upper), mutant allele (middle)

and Hap I fragment of mutant allele lower)

2

Mutant myostatin DNAE F¢stal gtz ddst AT A
Az E&S AR Ay oF 8% = el (Table 2). GFP DNAZ F
F @l Ae] DNA A#&2 oF 14%2 Yelg o ol F29=2 Hzd
o] detection® = W e FAAA 2T HESHA genomic myostatin %
A A AR A 2 Fe] dojd Zxto] detection® 7] wiFoll AA g-&wolA 2k
o7} YEldt Aoz Atz HTh B AFA FAFNAY 8% FEHAAAE
gtg AEE] =S AOF recA protein® FAAAERG 7 Wil Row 4

e},

fm 2 Ho
r

It
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Table 2. Developmental ability and DNA integration of porcine embryos following
DNA injection

No. of embryos Developmental No. of embryos contained
Treatment

injected rates (%) with injected DNA (%)
GFP 50 16 (32.0) 7 (14.0)
M
yos 100 23 (23.1) 8 (8.0)
DNA-recA

vl myostatin DNA fragment®} recA proteine ©]-&3F binding assay

B Fo| A 33 mutant myostatin DNAZ} recA protein® 2 binding
SRS dolrR 7] 93] in vitro binding assayE A A8t} Fig. 11049 2
o] geldolA & = dE %9 myostatin DNAZ recA protein® %S Z7FA7]
of we} DNA band’} © o] shift 5l S &2 & 4 99 recA protein©]

~
ES

&84 %% mutant myostatin DMA®°| binging3ttt= A& &
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Lane# 1 2 3 4 5 6 7 8 9 10

DNA conc. (pM) [ 100bp ladder | 35 | 385 | 35 [ 35 | 35 | 70 [ 70 | 70 | 70

DNA vol. (ul) “ 1 1 1 1 1 1 1 1 1
RecA conc. (UM) «“ 2 2 2 2 2 2 2 2 2
RecA vol. (ul) “ 0 5 6 8 10 0 10 12 15

Fig. 11. RecA binding assay to myostatin DNA fragment. Shift of DNA band
occurs when more than 6 ul of recA is added to 1 ul of 35 pM DNA or
more than 15 ul of recA to 1 ul of 70 pM DNA

vl ICSI ¥ embryo screening

o] 2] A2kl B-actinpromoer—IGF-1 DNAZ ICSIZ o] &3}o] blasytocyst7}
T4 &S PCRE o] 839 DNA microinjection ¥ T84S v

3to] ® kol (Fig. 12). oA H&AAE 02%9 Triton X-100& g8t A=A
(acrosomal membrane)2 A A Axlet A 20-30 & FoF 39C=E 227 A
R A P B Yol A&ttt Table 32
A FAE el Mz i
w S-S UERd Ao
el 12 DNA microinjections 24 %
5 YEhA &%kt PCR &4 § Fdxd3E&2 ICSIO] 49 oF 8%, DNA
microinjection®] A-$% 4%E YEMNY ICSIVF 9  £2 ZAIE HYT
26.3% %3 T}

it
T
o,
=
2
=
=
i
o
-
¥o,
2
>
rlr
ru
_>|,1_:‘
-
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Fig. 12. PCR analysis of pig blastocysts derived from embryos treated by
intracellular sperm injction with PB-actingromoter—IGF-1 DNA. Arrow is correct

bands for amplification of transgene.

Table 3. In vitro development of porcine oocytes following injection of sperm

containing foreign DNA.

Developed to

Treatment  No. of zygotes No. of transgenics (%)
blastocysts (%)
ICSI 50 13 (26.0) 4 (8.0)
Microinjection 50 12 (24.0) 2 (4.0)
Control 50 16 (32.0) -

AL A A7 ] DNA #4]

B-actinpromoter—IGF-1 DNAZE ©]83}o] ICSIY+ DNA microinjection & %
57]3% Recipient?] Watol] o] 25t Al 1AF-2A oA A7 & A4keS )
ICSI®] - A1 1 Al 3L A 2 Al eh S saeto] A7k 395mte ¢
embryosE 7] recipiente] ©]Asle] 1259 AV E ALAE I, DNA
microinjection®] 23| A= F 74l E o]2lsle] 5FE AALEIATE (Table 4).

o

1[

¢}
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Bojt A7 Ao A A Oo=HFEH genomic DNAE FE3te] PCR %
Southern blottingS 2 A8t th. IGF-1 specific primerE o]-&3to] A 7] A 9
genomic DNAE H A PCR #4334 ICSIZY-E AAke 2ute] o] # =] A} 7]
ol A positive band’} &<lx At} (Fig. 13). 281} DNA microinjection®l 2] 3}
Akl 5ol A= 54 bandZb WERA] 289kt

Southern blottingg ¢34+ <¢F 10uge genomic DNAE BamHl1S =
digestionA 71t} 0.9% agarose gelolAd X715 A7 & nylon membrane®
2 gel stacking®l 2|3 transferd}ith. hybridizations 93] IGF-1 cDNAF$
Z o]g3to] random labeling kitell ¢ P”-dCTPE labeling®l probed %Hs%l
I hybridization® A%l ¥ washing® ©W2 x-ray filmel »=&A|#A signals
detections} A th. IGF-1 ¢cDNA<C] 7% BamHI°l <]3] double cutell 2]s] <F 0.5
kbe] band¢} YElE Aoz o ¥ =t ICSIZHE AAbE 2 nig]o] = x]A4)7]
ol 05 kb® band”} detection H AL F 2 copy A=7/F A2E Aoz eyt
G(Fig. 14). AAHA &2 05 %= YEFYE3L DNA microinjection 7 $-
sample size7} Aol FAAZHA7F WAHA g Aow AETh

Fig. 13. PCR analysis of piglets originated from ICSI with B-actingromoter-
IGF-1 DNA
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Fig. 14. Southern blot analysis of piglet genomic DNA originated from

ICSI with B-actingromoter IGF-1 DNA. 20 marker means equal copy

number of 20 transgenes.

Table 4. Transgenic efficiency in pigs following ICSI or DNA microinjection

No. of
No. of No. of No. of )
No. of ) transgenic
Treatment embryos o pregnant piglets )
recipients o piglets
transferred recipients born
(%)
ICSI 395 7 3 12 2 (0.5)
Microinjection 74 2 1 5 0
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4. A&

2 AFHA A= IGF-1 34 % myostatin A& o] &3] o] 23 &
FARAE T o] F ol&ot FERAAMERTI= o8 FAHAURS A
AbsbH IGE-1 A AN AE A3 A T human IGF-1 genes M3l B
—actin promoter DNA$} ligation2 AlA A A3 %] AAS 93 FHAE
T35 3, )X myostatin cDNAE ©]£-3}9] genomic libraryE screening s} ]
myostatin  genomic DNAZE cloning3}¢] exon 3 #$%l°l| point mutationS %
XA termination codon¢] FWUHEE &L, PCRel ¢ sf 7tetslAl screening
gk 4= 9l & restriction enzyme site® "HEo] HERHAAANZTIES o)L 5
== 31 th o] mutant myostatin DNAZ recA protein® &7 IVF <74 &9
FhdstA L Wi = ddd FATAe] DNAE PCR¥  restriction
analysisg 8l s AdAA =T o] o] Foj TS skt Egk ICSId
ofa ke =AM 7S] DNA EA 35t FHAAZANAE Z2lst ATt
o oA 2 AEgAe 34 IGF-1 A4S Ad A=
AL 23S #23 o Ao, mutant myostatin DNAE g ajA & A%

N zg71Ee] MES $3 system Ho| FE3 Aol
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