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ABSTRACT

During the last 20 years, transgenic animal technology has provided revolutionary new

opportunities in many aspects of agriculture and biotechnology. Several gene delivery systems

including pronuclear injection, retroviral vectors, sperm vectors, and somatic cell cloning have

developed for making transgenic animals, In the future major improvements in transgenic animal

generation will be mainly covered by somatic cell cloning technology., Many factors affecting in-

tegration frequency and expression of the transgenes should be overcome to facilitate the indus-

trial applications of transgenic technology. Transgenic animal technology has settled down in

some areas of the biotechnology, especially the mass production of valuable human proteins and

xenotransplantation. In the 21st century animal biotechnology will further contribute to welfare

of human being.
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I.INTRODUCTION

Transgenic animals have been defined as
animals that have integrated foreign DNA into
their germline as a consequence of experimental
introduction of DNA (Palmiter and Brinster,
1985). Production of transgenic animals using
various gene delivery systems has been demon-
strated. The most commonly used methods in-
clude pronuclear injection (Hammer et al.,
1985), retroviral vector (Kim et al.,, 1993),
sperm vector (Lavitrano et al.,, 1989) and so-
matic cell nuclear transfer (Schnieke et al.,
1997; Cibelli et al, 1998). Transgenic farm
animals including goats (Ebert et al., 1991),
sheep (Clark et al,, 1989; Wright et al., 1991),
pigs (Wall et al., 1991) and cattle (Krimpenfort
et al., 1991) have been produced. However, the
efficiency often varies between species and

methodology, although numerous approaches
have been used to improve transgenic effici-
ency. Nuclear transfer technology using mam-
malian somatic cells will greatly extend the ef-
ficiency of transgenic animals, In our laboratory
a variety of transgenic animals including cattle
and Korean Native goats have been generated,
and nuclear transfer technology using trans-
formed somatic cells is still under development.
This paper describes the methods of gene trans-
fer and the applications of transgenic animals,

I. GENERATION OF TRANSGE-
NIC LIVESTOCK

Several methods have been developed to in-
troduce genetic materials into the developing
mammalian - embryo in such a way that it may
become stably integrated into chromosomes of
the animal,



1. Pronuclear Injection
Pronuclear injection is to introduce DNA into
one of the pronuclei of a zygote by using a mic-
romanipulator. Pronuclear injection is the pre-
dominant method for creation of transgenic
animals, although it is labor intensive and requir-
es a high level of technical skills and experience
in embryo manipulation, The process of making
transgenic farm animals by pronuclear injection
is almost exactly the same as that used to pro-
duce transgenic mice. However, the major prob-
lem of pronuclear injection is the low transgenic
rate in large animals as compared to mice (Wall,
1996). The efficiency in producing transgenic
cattle is at least 40-fold lower than that of mice
(Wall et al., 1997). Out of 74 calves that devel-
oped from DNA-injected bovine embryos in our
laboratory, only 2 (2.7%) were identified as tran-
sgenic (Table 1). Another problem of pronuclear
injection is mosaicism of transgenic founders.
The number of mosaic transgenic mice repres-
ents approximately 15% of the total, but this
may be an underestimate since many investig-
ators have not reported frequencies of mosaic-

ism among their transgenic mice. After microin-
jection of DNA, a high percentage, of mosaic
mouse embryos is detected in early cleavage
stages (Burdon and Wall, 1992). Whitelaw et al.
(1993) demonstrated that at least 62% of integ-
rations following DNA microinjection resulted in
mosaic embryos. Recently, Eyestone (1999) rep-
orted that 7 of 8 trangenic founder cattle passed
their transgenes to the embryos at low trans-
mission rates of less than 30%4, showing varying
degrees of mosaicism, When bovine oocytes mat-
ured in vitro were fertilized with sperm of one

transgenic bull and the transgene for individual

.embryo was detected by PCR, overall trans-

mission rate of the transgene was 20.9% (Table
2). This result suggests that our transgenic foun-
der is germ-line mosaic. Thus, the mosaic fre-
quency probably is high in transgenic cattle,
Mosaic transgenesis is common due to late inte-
gration after the first round of zygotic DNA syn-
thesis. In bovine zygotes, pronuclei do not be-
come visible by Normarski optics 16 to 18 h
post-insemination when DNA replication is
already in progress (Wall, 1996). Therefore,
most of the zygotes in the present work are

Table 1. Production of transgenic calves carrying human lactoferrin gene

Injected Cultured Blastocysts Transferred Pregnant / Transgenic /
embryos embryos (%) embryos recipients(%) calves(%)
10252 5391 722 579 78 /395 2/74
(13.4) ’ (19.7) 2.7)

Table 2. Identification of the transgene and sex of bovine embryos fertilized in vitro with sperm of

transgenic bull by PCR

Gro Replica Positive
P 1 2 4 5 /Total (%)
28 /134
Transgene(+) 3/9 5/32 10/30 5/30 5/33 (20.9)
83/134
Sex(+)* 6/9 22/32 20/30 11/30 24 /33 (6{ 9)

(4)* is positive for male



injected during DNA synthesis, increasing the
probability that the resulting transgenic off-
spring will be mosaic and transmit their tran-
sgenes only to 25% of their offspring. Despite
these limitations, pronuclear injection has sev-
eral advantages over other gene delivery system-
s. It is considered a safe and reliable method for
gene transfer, Transgenic animals have been
consistently produced by pronuclear injection in
a variety of species, although there is a great
variation in the transgenesis frequency between
species. Schedl et al. (1993) reported the pro-
duction of transgenic mice carrying a yeast arti-
ficial chromosome (YAC) ranging in size 350 to
460 kb. Thus, there is no size limitation of DNA
fragment being injected (Brem et al., 1996).
Another advantage is that the integration ef-
ficiency has no apparent correlation with DNA
length (Brinster et al., 1985).

2. Retroviral Vectors

Retroviruses have a single-stranded RNA gen-
ome, which after infection of the host cell is re-
verse-transcribed into DNA and integrated into
a host chromosome in a singe copy. Retroviruses
can be genetically modified to act as vectors al-
lowing the infection of embryos with exogenous
DNA (Jaenisch et al,, 1975). Superficially, this
is an attractive option as the process is rela-
tively efficient, The major physical limitation of
retroviral vectors is their size. A maximum of 10
kb of retroviral sequences can be efficiently re-
verse- transcribed and encapsidated to form an
infectious particlé (Temin, 1987). Another draw-
back is that transgenic mice produced by retrov-
iral infection are almost mosaic because infec-
tion occurs after several cleavages. Kim et al.
(1993) demonstrated successful infection of bov-
ine preimplantation embryos by replacing the
endogenous MoMLYV envelope glycoprotein with
that of the gibbon ape leukemia virus, When ret-

roviral vectors were infected into bovine ococ-
ytes arrested at metaphase I (M) of the sec-
ond meiotic division before fertilization, all the
offspring born from infected oocytes were tran-
sgenic (Chan et al, 1998). These transgenic
animals showed germline transmission and trans-
gene expression. Thus, retroviral vector sys-
tems provide a very promising method for pro-

ducing genetically modified animals,

3. Sperm Vectors

The use of spermatozoa as noninvasive deliv-
ery vesicles to transfer exogenous DNA into ooc-
ytes during in vitro fertilization has provided an
ideal alternative in generation of transgenic
animals (Lavitrano et al.,, 1989; Spadafora,
1998). Due to its relative simplicity compared to
pronuclear injection, many researchers have at-
tempted to create transgenic animals by sperm
vector. So far, offspring have been produced in
several species including mice (Lavitrano et al.,
1989; Maione et al., 1998), pigs (Sperandio et
al.,, 1996), fish (Khoo et al., 1992) and cattle
(Schellander et al., 1995) by using this method.
The success of sperm transformation depends on
the binding efficiency of DNA and its sub-
sequent internalization into sperm nuclei. To im-
prove the binding and internalization of DNA,
different methods including the use of liposome
(Bachiller et al., 1991), the direct injection of
DNA complex into seminiferous tubules or vas
deferens (Kim et al., 1997; Huguet and Espon-
da, 1998), and the electroporation of spermat-
ozoa (Gagne et al., 1991). Interestingly, Perry
et al. (1999) reported an adaptable method of
transgenesis that exogenous DNA could reprod-
ucibly be delivered into an oocyte by microinjec-
ted spermatozoa. Although only limited success
has been demonstrated, sperm vectors still hold

great promise for future transgenic technology.
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4. Somatic Cell Cloning

The successful production of offspring derived
from nuclear-transferred (NT) embryos using
somatic cells in mammals has important implica-
tions not only for multiplication of valuable dom-
estic animals, but also for elucidation of gen-
omic totipotency of donor nuclei, Fetal and adul-
t somatic cells have been used to produce anim-
als after nuclear transfer using electrical fusion
or intracytoplasmic injection of nuclei into ooc-
ytes. Consequently, cloned several species anim-
als including sheep (Wilmut et al., 1997:
Schnieke et al., 1997), goat (Baguisi et al,
1999), mouse (Wakayama et al,, 1998) and cat-
tle (Cibelli et al., 1998; Kato et al., 1998; Wells
et al., 1999; Zakhartchenko et al., 1999) have
been successfully produced by nuclear transfer.
The major obstacle for the application of so-
matic cell cloning remains its low efficiency. In-
tensive studies on remodeling /reprogramming,
oocyte synchronization, nuclei synchronization
of donor cells, low pregnancy, and telomere res-
toration will improve the cloning success. Non-
etheless, cloning from transformed cells has
other advantage:s for making transgenic farm
animals (Anderson and Seidel, 1998). The pro-
duction of transgenic animals by nuclear trans-
fer method using transformed somatic cells
showed 100% efficiency (Schnieke et al., 1997;
Cibelli et al., 1998). These results suggest the
future place of cloning technology for the pro-
duction of transgenic animals. Thus, the enhan-

ced transgenic efficiency must be achieved by
cloning technology using somatic cells in the 21

century,

. FACTORS AFFECTING TRAN-
SGENESIS EFFICIENCY AND EX-
PRESSION OF TRANSGENES

Complex techniques such as in vitro matu-
ration (IVM), fertilization (IVF) and culture
(IVC), DNA injection and embryo transfer are
essential to produce transgenic animals. The
production of many transferable embryos after
DNA injection is required for making transgenic
animals, Transfer of expanded blastocysts that
developed from DNA-injected bovine embryos
had a higher pregnancy rate as compared with
early and mid blastocysts (Han et al., 1996). As
shown in Table 3, co-culture of DNA-injected
bovine embryos with mouse embryonic fibroblas-
ts (MEF) showed a higher in vitro development
than without MEF (Park et al., 1999). Linear
DNA is integrated much more efficiently than
supercoiled - circular molecules (Brinster et al.,
1985), suggesting that free DNA ends are im-
portant for integration. Generation of transgenic
livestock by pronuclear injection is inefficient,
showing low integration frequency at less than
1% of injected embryos (Wall, 1996). Some tec-
hniques for selection of transgenic embryos
(Bowen et al., 1994; Hyttinen et al., 1994) have
been tried to enhance the production efficiency
of transgenic animals. Integration frequency is a

Table 3. Comparison of the in vitro development of DNA-injected embryos co-cultured with or

without MEF
Group Injected Survived Cultured Blastocysts
embryos embryos(%) embryos(%) (%)
CRlaa 2931 2505(85.5) 1804(72.0) 131( 7.2)®
MEF 3370 2516(74.6) 1805(71.7) 302(16.7)°
avs b; P<0.05



major factor in transgenic animals. The use of
repetitive DNA sequences can be considered to
increase transgenic frequency in transgenic
animals. The repetitive sequences such as the
short interspersed repeated DNA elements (SIN-
Es) are present in high copy numbers, located in
euchromatic regions and known to have rec-
ombinational activity (Weiner et al,, 1986).
Enhanced integration frequency has been shown
in the embryos and fetuses after DNA injection
when the SINE sequences were connected to
the expression vector (Kang et al,, 1999).

The level of transgene expression usually dif-
fers between lines of transgenic mice that carry
the same transgene (Palmiter and Brinster,
1986). The differences in expression must re-
flect variation in the structure of the integration
site and could be due to differences in number
of integrated copies, the precise arrangement of
the integrated DNA, mutation or modification of
the transgene. DNA sequence elements such as
B-globin locus control region (LCR) which over-
come the effects of position or arrangement
(Grosveld et al., 1987). Matrix attachment re-
gion (MAR) sequences may function as domi-
nant boundaries and partition chromosomes into
independently regulated units (Gasser and Laem-
mli, 1986). All transgenic mice carrying MAR
sequences expressed the transgenes (McKnight
et al, 1992; Lee et al,, 1998). Another factor
influencing the expression of transgenes is the
presence of introns, The level of expression in
transgenic mice was consistently higher when
introns were present (Brinster et al., 1988). Our
data showed that the genomic sequences induc-
ed a higher level-expression of the transgenes as
compared to cDNA (Kim et al., 1999).

N. APPLICATIONS OF TRAN-
SGENIC TECHNOLOGY IN LIVE-
STOCK

Transgenic technology has the possibility for
diverse applications of research and industry. It
has been used for studying the mechanisms of
developmental regulation of gene expression
(Rossant and Joyner, 1989), the identification of
new genes (Jaenisch, 1988), the production of
animal models of human disease (Hooper, 1990),
the production of large amount of specific prot-
eins through mammary gland (Clark et al,,
1987), the modification of milk compositions
(Wilmut et al., 1990), the enhanced growth per-
formance (Pursel et al., 1989), the development
of transgenic animals for xenotransplantation
(Hammer et al., 1998) and so on, In this paper
we would like to focus on transgenic animals to
produce human pharmaceutical proteins and
modify genetically pig organs for xenotransplan-
tation,

1. Aniam] Bioreactors

It was proposed that mammary specific ex-
pression of human genes might be exploited for
the production of recombinant proteins in the
milk of transgenic livestock (Clark et al., 1987).
To direct tissue specific gene expression, struc-
tural genes should be connected to mammary
specific promoter sequences such as caseins,
whey acid protein (WAP) and lactoglobulin,
Transgenic animals named as animal bioreactors
have many benefits as compared to conventional
production systems through microorganisms or
animal cells (Janne et al., 1992; Bremel, 1996).
The advantages include high productivity, low
operating costs, appropriate post-translational
modification of proteins, and that most transgen-
ic animals can give rise to their transgenic prog-
eny. Since the feasibility of genetically engin-
eering farm animals to produce human proteins
in milk has been established, the generation of
transgenic farm animals expressing human prot-
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eins have been reported (Wall et al., 1991; Wrig-
ht et al., 1991; Krimpenfort et al., 1991). In
1996 and 1998, we produced transgenic cattle
with human lactoferrin gene and transgenic goat-
s carrying human granulocyte-colony stimulat-
ing factor (G-CSF) gene, respectively, How-
ever, a limiting phenomenon in attaining high
expressing transgenic lines for commercial pro-
duction is the so-called position effect. The lev-
el of transgene expression will be largely gov-
erned by its integration site into the genome,
Unfortunately, there is no control over the site
of integration of a injected gene. Therefore, the
generation of a high expressing line is basically
a numbers game. Recently, products from tran-
genic milk have made considerable progress tow-
ards the market, It has been known that PPL
Therapeutics have recombinant a-1-antitrypsin
(AAT) in phase I clinical trials for the treat-
ment of cystic fibrosis and Genzyme Transgenic
Transgenic Corporation have human antithrom-
bin I (ATIN) in phase I trials.

2. Transgenic Animals for Xenotransplanta-
tion

The grafting of living organs, tissues or cells
between members of different species, whether
genetically modified or not, is called xenotran-
splantation (Auchincloss, H.J., 1988). Such tran-
sfer of animal organs to humans appears on the
horizon as a last resort to solve the severe shor-
tage of transplants of human origin for patients
suffering from end-stage disease. The remaining
alternative is to use an animal similar in size to
human, readily available, without the danger of
infectious diseases. The domestic pig is found to
possess several advantages except immunolog-
ical and physiological compatibility, Porcine and
human organs have approximately the same size
and a similar efficiency. The most serious hud-
dle to xenotransplantation is immediate destruc-

tion of =xenografts by hyperacute rejection
(HAR). The histology of this type of rejection
is marked by extensive intravascular thrombosis
and extravascular hemorrhage. The general prin-
ciples of genetic modification to promote xen-
otransplantation are to reduce the expression of
the additional antigens and to correct the mol-
ecular incompatibilities responsible for dysreg-
ulation of the immune response. An efficient ap-
proach to mitigate HAR is to express human
complement regulator proteins such as human
decay-accelerating factor (h-DAF) or membrane
cofactor protein (MCP) on the surface of the
xenogenic donor cells (Rosengard et al., 1995),
Orthotopic transplantation of h-DAF transgenic
pig hearts to juvenile baboons ended at a maxi-
mal time of 10 days (White, 1996). With vigor-
ous immunosuppression, transgenic pig organs
have survived in primates for up to 60 days wit-
hout evidence of rejection {(Waterworth et al.,
1997). Another approach to alleviate HAR has
been to eliminate the galactosyl transferase
gene by homologous recombination (Sandrin et
al., 1994). Although homologous recombination
is not available in the pig, it is possible to insert
transgenes into the pig genome. Sandrin et al,
(1995) suggested the idea of competing with the
a-galactosyl transferase in pigs by expressing
the «-1,3 fucosyl transferase (H-transferase)
gene that humans use to form the blood group O
antigen. Recently, it has been reported that «
-galactosyl transferase gene can be knocked-out
in pig fibroblast cells, Thus, the knocked-out
pigs will be produced in near future by nuclear
transfer using transformed somatic cells.

V. REFERENCES

1. Anderson, G, B. and G. E. Seidel. 1998.
Cloning for profit. Science, 280:1400-1401.
2. Auchincloss, H. J. 1988, Xenogeneic tran-

— 386 —



10.

splantation. A review. Transplantation 46:
1-20.

. Bachiller, D., K. Schellander, J. Peli and U.

Ruther. 1991. Liposome-mediated DNA up-
take by sperm cells. Mol, Reprod. Dev.,
30:194-200.

. Baguisi, A., E. Behboodi, D. T. Melican, J.

S. Pollock, M. M. Destrempes, C. Cammus-
o, J. L. Williams, S. D. Nims, C. A. Porter,
P. Midura, M. J. Palacios, S. L. Ayres, R.

S, Denniston, M. L. Hayes, C. A. Ziomek,

H. M, Meade, R. A, Godke, W. G. Gavin,
E. W. Overstrom, and Y. Echelard. 1999.
Production of goats by somatic cell nuclear
transfer, Nature, Biotech., 17:456-461.

. Bowen, R. A,, M. L. Reed, A. Schnieke, G.

E. Seidel, Jr. A. Stacey, W. K. Thomas,
and O. Kajikawa., 1994. Transgenic cattle
Ex-
pression of c-ski in a transgenic calf. Biol.
Reprod., 50:664-668.

resulting from biopsied embryos:

. Brem, G. M., U. Besenfelder, B. Aigner, M.

Muller, I. Libel, G. Schutz, and L. Montol-
iu, 1996. YAC transgenesis in farm animals:
rescue of albinism in rabbits, Mol. Reprod.
Dev., 44:56-62.

. Bremel, R. D., 1996. Potential role of tran-

sgenesis in dairy production and related

areas, Theriogenology, 45: 51-56.

. Brinster, R. L., H. Y. Chen, M. E. Trum-

abauer, M. K. Yagle, and R. D. Palmiter.
1985. Factors affecting the efficiency of
introducing foreign DNA into mice by mic-
roinjecting eggs. Proc. Natl. Acad. Sci.

USA. 82:4438-4442.

. Brinster, R. L., J. M. Allen, R, R. Behrin-

ger, R. E. Gelinas, R. D. Palmiter, 1988.
Introns increase transcriptional efficiency in
transgenic mice. Proc. Natl. Acad. Sci.
USA. 85:836-840.

Burdon, T. G., and R. J. Wall. 1992. Fate of

12.

13.

14.

15.

microinjected genes in implantation mouse
embryos. Mol. Reprod. Dev, 33:436-442.

. Chan, A, W,, E. J. Homan, L. U. Balloy, J.

C. Burns, and R. D. Bremel. 1998. Transgen-
ic cattle produced by reverse-transcribed
gene transfer in oocytes. Proc, Natl. Acad.
Sci. USA. 95:14028-14033.

Cibelli, J. B., S. L. Stice, P. J. Golueke, J.
J. Kane, J. Jerry, C. Blackwell. Ponce de F.
A. Leon, and J. M. Robl. 1998. Cloned tran-
sgenic calves produced from nonquiescent
fetal fibroblasts. Science, 280:1256-1258.
Clark, A. J., P. Simons, I. Wilmut, and R.
Lathe. 1987. Pharmaceuticals from transgen-
ic livestock. Trends. Bio /Technology, 5:20-
24,

Clark, A. J., H. Bessoa, J. O. Bishop, P.
Brown, S. Harris, R. Lathe, M. McClen-
aghen, C. Prowse, J. P. Simons, C, B, A
Whitelaw, and I, Wilmut. 1989. Expression
of human anti-hemophilic factor IX in milk
of transgenic sheep. Bio /Technology, 7:487
-492,

Ebert, K. M., J. P. Selgrath, P. DiTullio, J.
Denman, T. E. Smith, M. A. Memon, J. E.
Schindler, G. M. Monastersky, J. A, Vitale
and K. Gordon, 1991, Transgenic production
of a variant of human tissue-type plasmin-
ogen activator in goat milk: generation of
transgenic goats and analyses of expression,
Bio /Technology, 9:835-838.

16. Eyestone, W. H. 1999. Production and breed-

ing of transgenic cattle using in vitro embryo
production technology. Theriogenology, 51:
509-517.

17. Gagne, M, B., F. Pothier, and M. A, Sirard,

1991. Electroporation of bovine spermatozoa
to carry foreign DNA in oocytes. Mol, Rep-
rod. Dev., 29:6-15.

18. Gasser, S. M., and U. K. Laemmli. 1986. Co-

habitation of scaffold binding regions with



19.

20.

21.

22.

23.

24.

26.

27

upstream /enhancer elements of three dev-
elopmentally regulated genes of D. melanog-
aster. Cell, 46:521-530.

Grosveld, F., G. B. va Assendelft, D. R,
Greaves, and G. Kollias, 1987. Position-in-
dependent, high level expression of the hu-
man B-globin gene in transgenic mice. Cell,
51:975-985.

Hammer, C., R. Linke, F. Wagner, and M.
Diefenbeck. 1998. Organs from animals for
man, Int Arch Allergy Immunol., 116:5-21.
Hammer, R. E,, V. G. Pursel, C, E. Rex-
road, R, J. Wall, Jr., D. J. Bolt, K. M. Eber-
t, R. D. Palmiter, and R. L. Brinster. 1985.
Production of transgenic rabbits, sheep and
pigs by microinjection. Nature, 315:680-
683.

Han, Y. M., J. S. Park, C. S. Lee, J. H.
Lee, S. J. Kim, J. T. Choi, H. T, Lee, B. H,
Chung, K. S. Chung, S. T. Shin, Y. H.
Kim, K. S. Lee, and K, K. Lee. 1996. Factor-
s affecting in vivo viability of DNA-injected
bovine blastocysts produced in vitro. Ther-
iogenology, 46:769-778.

Hooper, M, L. 1990. Genetically engineered
animals: implications for the understanding
and treatment of human disease. Biofutur.,
86:30-35.

Huguet, E., and P. Esponda. 1998. Foreign
DNA introduced into the vas deferens is
gained by mammalian spermatozoa. Mol,
Reprod. Dev., 51:42-52.

. Hyttinen, J. M., T. Peura, M. Tolvanen, J.

Aalto, L. Alhonen, R. Sinervirta, M. Hal-
mekyto, S. Myohanen, and J. Janne, 1994.
Generation of transgenic dairy cattle from
transgene-analyzed and sexed embryos prod-
uced in vitro. Bio /Technology, 12:606-608.
Jaenisch, R. 1988. Transgenic animals. Sci-
ence, 240:1468-1475.

. Jaesich, R., H. Fan, and B. Croker. 1975. In-

28.

29.

30.

3l

32.

33.

34

— 388 —

fection of preimplantation mouse embryos
and of new born mice with leukemia virus:
tissue distribution of viral DNA and RNA
and leukemogenesis in the adult animal.
Proc. Natl. Acad. Sci. USA. 72:4008-4012.
Janne, J., J. M. Hyttinen, T. Peura, M. Tol-
vanen, L. Alhohen, and M. Halmekyto.
1992. Transgenic amimals as bioproducers of
therapeutic proteins, Ann. Med., 24: 273-
280.

Kang, Y. K,, J. S. Park, C. S, Lee, T. L
Yeom, A. S. Chung, and K. K, Lee., 1999.
Efficient integration of SINE (Short Inter-
spersed Element)-flanked foreign DNA via
homologous recombination, J. Biol. Chem.
in press.

Kato, Y., T. Tani, Y. Sotomaru, K, Kurokaw-
a, J. Kato, H. Doguchi, H. Yasue, and Y.
Tsunoda. 1998. Eight calves cloned from so-
matic cells of a single adult. Science,
282:2095-2098.

Khoo, H, W., L. H. Ang, H. B, Lim, and K,
Y. Wong. 1992. Sperm cells as vectors for
introducing foreign DNA into zebrafish.
Aquaculture, 107:1-19.

Kim, J. H., H. S. Jung-Ha, H. T. Lee, and
K. S. Chung, 1997. Development of a posi-
tive method for male stem cell-mediated
gene transfer in mouse and pig. Mol. Rep-
rod. Dev., 46:1-12.

Kim, S. J., B. H. Sohn, S. Jeong, K. W.
Pak, J. S. Park, L. Y. Park, T. H. Lee, Y.
H. Choi, C. S. Lee, Y. M. Han, D. Y. Yu,
and K. K. Lee. 1999. High-level expression
of human lactoferrin in milk of transgenic
mice using genomic lactoferrin sequence. J.
Biochem., 126:320-325.

Kim, T., M. L. Leibfried-Rutledge, and N,
L. First. 1993. Gene transfer in bovine blas-
tocysts using replication-defective retroviral

vectors packaged with Gibbon ape leukemia



35.

36.

ar.

38.

39.

40.

41.

42.

virus envelopes., Mol. Reprod. Dev., 35:105-
113.

Krimpenfort, P., A. Rademakers, W. Eyes-
tone, van der A, Schans van der S. Broek,
P. Kooiman, E. Kootwijk, G. Platenburg, F.
Pieper, R. Strijker, and de H. Boer, 1991.
Generation of transgenic dairy cattle using
in vitro embryo production. Bio /Technology,
9:844-847.

Lavitrano, M., A. Camaioni, V. M, Frati, S.
Dolci, M. G. Farace, and C. Spadafora. 1989,
Sperm cells as vectors for introducing foreig-
n DNA into eggs: genetic transformation of
mice, Cell, 57:717-723.

Lee, T. H., S. J. Kim, Y. M. Han, D. Y. Yu,
C. S. Lee, Y. J. Choi, H. B. Moon, M. G.
Baik, and K. K. Lee. 1998. Matrix attach-
ment regionl sequences enhanced the ex-
pression frequency of a whey acidic pro-
tein /human lactoferrin fusion gene in the
mammary gland of transgenic mice. Mol,
Cells, 5:530-536.

Maione, B., M. Lavitrano, C. Spadafora, and
A. A, Kiessling. 1998, Sperm-mediated gene
transfer in mice, Mol. Reprod. Dev,,
50:406-409.

McKnight, R. A., A. Shamay, L. Sankaran,
R. J. Wall, and L, Hennighausen, 1992. Mat-
rix-attachment regions can impact posi-
tion-independent regulation of a tissue spec-
ific gene in transgenic mice. Proc. Natl,
Acad. Sci. USA. 89:6943-6947.

Palmiter, R. D., and R. L. Brinster. 1985.
Transgenic mice, Cell, 41:343-345,

Palmiter, R. D., and R. L. Brinster. 1986.
Germline transformation of mice. Ann. Rev,
Genet., 20:465-499.

Park, J. S., Y. M. Han, C. S. Lee, S. J.
Kim, Y. H. Kim, K. J. Lee, K. S. Lee, and
K. K. Lee. 1999. Improved development of
DNA-injected bovine embryos co-cultured

43.

44.

45.

46.

47.

48.

49.

50.

with mouse embryonic fibroblast cells,
Anim, Sci. Reprod. in press.

Perry, A, C. F., T. Wakayama, H. Kishik-
awa, T. Kasai, M. Okabe, Y. Toyoda, and
R. Yanagimachi. 1999. Mammalian transgen-
esis by intracytoplasmic sperm injection,
Science, 284:1180-1183.

Pursel, V. G., C. A. Pinkert, K, F. Miller,
D. J. Bolt, R. G. Campbell, R, D. Palmiter,
R. L. Brinster, and R. E. Hammer. 1989.
Genetic engineering of livestock. Science,
244:1281-1288.

Rosengard, A., N. Cary, G. Langford, A,
Tucker, ]J. Wallwork, and D, White. 1995.
Tissue expression of human complement in-
hibitor, decay-accelerating factor, in tran-
sgenic pigs. Transplantation, 59:1325-1333.
Rossant, J. M., and A. L. Joyner. 1989. Tow-
ards a molecular genetic analysis of mam-
malian development. Trends Genet., 5:277-
283.

Sandrin, M. S., P. L. Dabkowski, M. M.
Henning, E. Moutouris, and I. F. C. McKen-
zie, 1994, Characterization of cDNA clones
for porcine ((1,3) galactosyl transferase:
the enzyme generating the Gal((1,3) Gal
epitope. Xenotransplantation, 1:81-83.
Sandrin, M. S., W. L. Fodor, E, Mouhtouris,
N. Osman, S. Cohney, S. A. Rollins, E, R,
Guilmette, E. Setter, S. P. Squinto, and I.
F. C. McKenzie, 1995. Enzymatic remodel-
ing of the carbohydrate surface of a xenogen-
ic cell substantially reduces human antibody
binding and complement-mediated cytolysis.
Nature Medicine, 1:1261-1267.

Schedl, A., J. Montoliu, and G. Schutz.
1993, A yeast artificial chromosome covering
the tyrosinase gene confers copy number-de-
pendent expression in transgenic mice. Nat-
ure, 362:258-261.

Schellander, K., J. Peli, F. Schmall, and G.



51

52.

53.

54.

55.

56.

57.

58.

59.

Brem, 1995, Artificial insemination in cattle
with DNA-treated sperm. Anim, Biotechnol.,
6:41-50.

Schnieke, A. E., A. J. Kind, W. A, Ritchie,
K. Mycook, A. R. Scott, M. Retchie, 1. Wil-
mut, and A, Colman, 1997. Campbell KHS.
Human factor IX transgenic sheep produced
by transfer of nuclei from transfected fetal
fibroblasts, Science, 278:2130-2133.
Sperandio, S., V. Lulli, M. L. Bacci, M. For-
ni, B. Maione, C. Spadafora, and M. Lav-
itrano. 1996. Sperm-mediated DNA transfer
in bovine and swine species. Anim. Biot-
echnol., 7:59-77.

Spadafora, C. 1998. Sperm cells and foreign
DNA: a controversial relation. Bioessays.,
20:955-964.

Temin, H. M. 1987. Retrovirus vectors for
gene transfer: efficient integration into and
expression of exogenous DNA in vertebrate
cell genomes. In Gene Transfer. Kuchelapat-
i R ed. Plenum, New York. pp. 147-187.
Wakayama. T., A. C. F. Perry, M., Zuccotti,
K. R. Johnson, and R. Yanagimachi. 1998.
Full-term development of mice from enuc-
leated oocytes injected with cumulus cell
nuclei, Nature, 394:369-374.

Wall, R. J. 1996. Transgenic livestock: Prog-
ress and prospects for the future, Theriog-
enology, 45:57-68. .
Wall, R. J., V. G, Pursel, A, Shamay, R, A
McKnight, C. W. Pittius, and L, Hennig-
hausen. 1991. High level synthesis of a het-
erologous milk protein in the mammary glan-
ds of transgenic swine. Proc. Natk. Acd.
Sci. USA. 88:16396-1700.

Wall, R. J., D. E. Kerr, and K. R. Bondioli.
1997. Transgenic dairy cattle: genetic engin-
eering on a large scale, J. Dairy Sci. 80:
2213-2224.

Waterworth, P. D., E. Cozzi, M. J. Tolan, G.

60.

61.

62.

63.

64.

65.

66.

67.

Langford, P. Braidley, G. Chavez, J. Dun-
ning, J. Wallwork, and D, White. 1997.
Pig-to-primate cardiac xenotransplantation
and cyclophosphamide therapy. Transplant
Proc., 29:899-900.

Weiner, A, M., P. L, Deininger, A. Efstrat-
iadis. 1986. Nonviral retroposons: genes,
pseudogenes and transpgsable elements gen-
erated by the reverse flow of genetic infor-
mation, Ann Rev Biochem., 55:631-661.
Wells, D, N., P. M, Misica, and H. R, Ter-
vit. 1999. Production of cloned calves follow-
ing nuclear transfer with cultured adult mu-
ral granulosa cells, Biol. Reprod. 60:996-
1005.

White, D. 1996, H-DAF transgenic pig organ-
s: are they concordant for human transplan-
tation? Xenotransplantation, 4:50-54.
Whitelaw, C. B. A., A. J. Springbett, J.
Webster and J. Clark. 1993. The majority of
GO transgenic mice are derived from mosaic
embryos, Transgenic Res., 2:29-32,

Wilmut, 1., A. L. Archibald, S. Harris, M.
McClenaghan, J. P. Simons, C. B. A, Whit-
elaw, and A. J. Clark. 1990. Modification of
milk composition. J. Reprod. Fert. (Suppl)
41:135-146.

Wilmut, 1., A. E. Schnieke, J. McWhir, A.
J. Kind, and K. H. S. Campbell, 1997. Viable
offspring derived from fetal and adult mam-
malian cells, Nature, 385:810-813.

Wright, G., A. Carver, D. Cottom, A. Reev-
es, A. Scott, P. Simons, 1. Wilmut, 1. Gar-
ner, and A, Colman, 1991, High level ex-
pre;ion of active human alpha-1 antitrypsin
in the milk of transgenic sheep. Bio /Tech-
nology, 9:830-834.

Zakhartchenko, V., R. Alberio, M. Stojkov-
ic, K. Prelle, W. Schernthaner, P. Stojkov-
ic, H. Wenigerkind, R. Wanke, M. Duchler,
R. Steinborn, M. Mueller, G. Brem, and E.,



Wolf, 1999. Adult cloning in cattle: poten- from primary cultures. Mol, Reprod, Dev.,
tial of nuclei from a permanent cell line and 54:264-272.

- 391 —



