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SUMMARY

In conclusion, tremendous potential exists for the application of animal biotechnology to
the beef industry, especially with the utilization of embryo cloning to produce genetically
identical animals and genetic engineering to modify animal genomes to improve and /or
create new phenotypes for many economically important traits. Research involving embryo
cloning and genetic engineering of animals has been continuous now for over a decade,
however inefficiencies in techniques have prevented large scale application, Large

numbers of identical cattle will some day be produced and producers will be utilizing

transgenic cattle in their beef production programs,

The development and utilization of animal
biotechnology offers tremendous opportunities
for livestock producers, Technologies including
in vitro embryo production, embryo splitting,
sexing, cloning, and genetic engineering, when
combined with artificial insemination, embryo
transfer and selective breeding offer the possi-
bility of

genetically superior animals(First, 1990). Gen-

rapidly propagating and tailoring

etic engineering and embryo cloning, stand out
as having the most potential for effecting sig-
nificant genetic and economic gain. Unfor-
tunately, these have also proven to be the most
difficult (and expensive) to develop, and much
research is required before the commercial ap-
plication of these technologies is possible, A
third technology, in wvitro embryo production
plays an integral part in the development of ef-
ficient methods for cloning and genetic engin-

eering. Many laboratories now have the capa-
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bility of producing large numbers of bovine em-
bryos in vitro, however commercial utilization ot
this

overcoming reproductive ineffciency in problem

point has been limited primarily to
COWS,

Besides the commercial applications, animal
biotechnologies are powerful research tools and
the opportunity to use them as such should not
be overlooked. Successful programs involving
the production of embryos @ vitro provide a
means by which many important biological and
developmental questions can be addressed, in-
cluding the requirements for normal oocyte
growth and maturation, fertilization, and early
embryonic development. For instance, nuclear
transplantation can be utilized to create ge-
netically identical animals which can be used as
models for research, It can also be used to

answer important questions involving nu-

clear /cytoplasmic interactions during embry-



onic development, and to evaluate the effects of
cytoplasmic inheritance. Similarly, genetic en-
gineering of animals, can be utilized to create
research models by manipulating genes involved
in normal and abnormal(diseased) biological
processes. Genetic engineering can also be util-
ized to conduct experiments designed to study
gene function and regulation.

This presentation shall update the present
status of genetic engineering in livestock, em-
bryo cloning for the production of identical off-
spring, and in wvitro embryo production, Empha-
sis will be placed on work involving cattle, and
identifying the problems that must be overcome
prior to wide-spread commercial application of
these technologies. The approaches being taken
to address these problems in our laboratory and

others will be reviewed.

Production of Bovine Embryos
In Vitro

It has been over ten years since the first calf
was born as a result of in vitro fertilization (Brac-
kett ef al., 1982), and many laboratiories and
now actively involved with producing bovine
embryos i vitro. The production of bovine em-
bryos using in vitro technologies has both com-
mercial and research applications. From a prac-
tical point of view, sn wvitro embryo production
can be utilized to produce multiple offspring
from valuable cows with various infertility prob-
lems, and /or cows that do not respond to nor-
mal procedures involving superovulation and
embryo collection /transfer(Looney ef al., 1994).
This technology can be utilized to produce off-
spring from valuable animals that are terminal
or have recently died(Whitesell ef al, 1992). In
vitro embryo production can also be used in com-
bination with breeding programs involving su-

perovulation and embryo transfer to increase

the production of offspring from valuable fem-
ales,

With only small improvements in the current
procedures available for producing embryos in
vitro, it 1s possible that this method for propaga-
ting superior genetics will replace superovula-
tion and non-surgical embryo collection, Recent
studies involving Holstein heifers have indic-
ated that perhaps 4 times as many embryos can
be produced when ultrasound-guided follicular
aspiration and ¢» vitro fertilization are utilized vs
superovulation and embryo collection(Looncy e
al., 1994: Matthews, 1992). Additionally, one of
the most exciting commercial applications of in
vitro embryos production is that of producing of-
fspring from prepubertal calves. It is now poss-
ible to superovulate calves that are only a few
weeks old, then collect unfertilized oocytes us-
ing laparoscopy. These can be fertilized i vitro
and the resulting embryos transferred into ma-
ture recipient females to produce offspring from
heifers that are too young to reproduce na-
turally(Kajihara et af., 1991; Armstrong et al.,
1991; Armstrong et al., 1992; Irvine et al., 1993).
Utilization of such a breeding scheme results in
a significant decrease in generation interval,
thus genetic progress occurs much more rapidly
than with conventional breeding programs,

As for research, the production of embryos in
vitro offers tremendous benefits as large number-
s of oocytes and embryos can be produced from
ovaries obtained at a local abattoir. This re-
source allows for factorial experiments to be de-
signed and carried out at relatively little cost,
Thus a variety of experiments can be conducted
involving the study of oocyte growth and matu-
ration, processes of fertilization and require-
ments for normal early embryonic development,
without the need and expense of live animals,
To date, the majority of the research involving

the development of successful methods for pro-



ducing transgenic cattle, and embryo cloning to
produce identical animals has utilized i vitro
produced embryos.

In light of all the benefits of producing em-
bryos in vitro, there are still several basci prob-
lems with present procedures that need to be
addressed before the full potential of this tech-
nology is realized. The efficiency of embryo pro-
duction is not satisfactory with various laborato-
ries reporting only 25% to 40% of the oocytes
developing to the compact morula or blastocyst
stage(Barister et al, 1992). In addition, preg-
nancy rates of in vitro developed embryos are
lower than that of embryos developed in utero
in cows(Looney ef al., 1994). Embryo survival fol-
lowing cryopreservation has also been a problem
with embryos produced #x vitro{ Voelkel and Hu,
1992). Finally, the repeatability of producing
embryos in wvitro has been unsatisfactory with
unexplained, periodic highs and lows in pro-
duction efficiency.

There are currently two areas of research
which provide the best opportunity for impro-
ving the efficiency of embryo production in vit-
ro. These are 1) in witro maturation (IVM) and
2) im witro embryo culture (IVC). A variety of
methods involving many different culture media
have been utilized for [IVM and ' VC(Bavister et
al., 1992; Voelkel and Hu, 1992; Aoyagi et al.,
1990 Fukuda et 2/, 1990; Ellington et 4., 1990;
Kim et al. 1990; Brackett and Zuelke, 1993).
However, none has been completely satisfac-
tory. We do not yet understand all the require-
ments for normal ococyte growth and maturation
nor the requirements for early embryonic devel-
opment. This is at least partly due to the use of
undefined supplementation of media used for
oocyte maturation and embryo culture, It is rou-
tine to use gonadotrophin preparations and blood
serum from a variety of sources along with

co-culture of embryos with somatic cells. The

need exists to develop defined methods and me-
diums for IVM and IVC so that consistent res-
ults can be obtained and data from different lab-
oratories compared. This will help elucidate the
metabolic and nutritional requirements of bovine
oocytes and embryos along with increasing the
usefulness of i vitro embryo production for both
basic and applied research and for commercial
application(Bavister et al., 1992).

A few laboratories have now reported the de-
velopment of in witro mautred and ¢ 1vtro fertil-
ized embryos to the morula and /or blastocyst
using defined culture media without serum sup-
plementation and co-culture with somatic cells
(Bavister ef al., 1992; Kim et al., 1993: Garadner
et al., 1994; Rosen Krans and First, 1991). How-
ever, it is unclear whether these embryo culture
systems are completely cell free, as cumulus cel-
Is which remain attached to the zona pellucida
following in vitro fertilization may be contribu-
ting to embryo development. Also, though em-
bryo development to the blastocyst stage can be
achieved with these systems, more studies are
needed to determine whether or not they are as
effective as other systems that involve co-cul-
ture with somatic cells. In our laboratory we
have been successful in culturing embryos to
the blastocyst stage using cell free culture
systems, however, the addition of oviductal cel-
Is or cumulus cells to embryo culture drops
always seems to enhance embryo development,
with a higher percentage of embryos reaching
the morula /blastocyst stage when compared to
culture without cells(Applewhite and Westhus-
in, 1994).

Embryo Cloning to Produce lIdentical
Bovine Offspring

The production of large numbers of genetical-

ly identical bovine offspring offers the potential



for tremendous genetic and economic gain for
livestock agriculture. Use of breeding programs
involving the production of genetically identical
animals would result in much greater genetic
progress than is possible with standard program-
s involving artificial insemination and embryo
transfer(Nicholas and Smith, 1983: Robl and
Stice, 1989). Performance and production costs
could be predicted more accurately by decreas-
ing the great variability among animals, and ac-
curate studies of interactions between genotype
and environment would be possible when using
identical animals, Especially important in to-
day’s society with concerns of animal rights and
welfare, far fewer animals are required for re-
search when they are genetically identical.

The first promise of successful methods for
producing large numbers of genetically identical
animals came in 1986 when Willadsen reported
the production of genetically identical sheep us-
ing the process of nuclear transplantation(Wil-
ladsen, 1986). This event set into motion a rash

of research activity both at the corporate level

and in academic institutions throughout the wor-

Id, with the objective of impoving the efficiency
of producing identical livestock by nuclear tran-
splantation. Millions of dollars have been spent,
and biotech companies have come and gone try-
ing to capitalize on producing genetically iden-
tical livestock by nuclear transplantation. How-
ever the dreams of producing large numbers of
identical animals are yet to be realized.

The process of nuclear transplantation for pro-
ducing genetically identical livestock consists of
dissociating a multicellular embryo into separate
blastomeres and then fusing them to enucleated
recipient ova. This effectively transfers the nu-
cleus of the donor blastomere into the recipient
cytoplasm where, if sucessful, it is reprogram-
med and subsequently instructs development of

a new embryo which is genetically identical to

that from which the blastomeres were acquired.
This new nuclear transfer embryo may now be
transferred into a surrogate mother for develop-
ment to term, transferred to a temporary surro-
gate, or cultrued in wvitro to the morula stage.
Also, blastomeres from this embryo may be used
as donor of nuclei to create even more genetical-
ly identical embryos. In theory, with multiple
generation nuclear transfer, an infinite number
of identical animals could be created by trans-
ferring the embryo clones into recipient females
for gestation and birth of offspring.

The efficiency of nuclear transfer has improv-
ed somewhat since 1986 and scientists now have
a clearer understanding of the biological proces-
ses involved with nuclear transplantation, Syn-
chronization of the cell cycle in both the recipi-
ent ova and donor blastomere has resulted in
improved development to the blastocyst stage
following nuclear transfer(Campbell et al., 1994;
Barnes et al., 1993; Cheong et al., 1993). Improv-
ed methods for enucleating unfertilized oocytes
have increased the efficiency of the process
(Westhusin ef al, 1992) and the utilization of
oocytes collected from ovaries obtained at local
abattoirs has dramatically reduced the costs
involed(Barness et al., 1993). However, no cor-
porate or academic institution is yet producing
large numbers of identical bovine offspring.

Moreover, research activity involving nuclear
transplantation seems to have decreased in re-
cent years with many problems still remaining
to be solved before the techniques become cost
effective and repeatable, In cattle, where the
majority of the research has been conducted,
the percentage of embryos which develop to the
compact morula or blastocyst stage following 7
days culture either i vitro or in vivo is lower in
embryos produced by nuclear transplantation
(Westhusin ef al., 1992: Westhusin et af., 1991;
Bondioli, 1994: Keefer e al., 1994) when com-



pared to normal embryos. Also, when these em-

bryos are transferred into surrogate mothers for

development to term, pregnancy rates are sig-

nificantly lower, and abortion rates are highter

than those resulting from the transfer embryos

collected from cows or produced by in vitro fertil-
ization(Bondioli, 1994: Bondioli ef af., 1990).

Problems with low pregnancy rates and high

abortion rates seem to worsen with multiple ge-

neration cloning(Bondioli, 1994). Finally, a sig-

nificant proportion of the offspring produced

from nuclear transfer embryos are extremely lar-
ge at birth and much larger than normal calves

produced by #n vitro fertilization and /or embryo

transfer(Wilson ef al., 1994).

Continued efforts to improve the efficiency of
nuclear transplantation have taken several pa-
thways. A considerable amount of work has now
been conducted involving the synchronization of
cell cycles of both donor nuclei and recipient 0o-
cyte, and it is now clear that cell cycle synchron-
y is critical to the successful development of
embryo clones{Campbell et al., 1994; Barness et
al., 1995). Campbell et al(1994) recently rep-
orted the frequency of development to blasto-
cyst was greater in embryos reconstructed dur-
ing the presumptive s-phase of enucleated activ-
ated oocytes than in embryos reconstructed at
the time of oocyte activation (55.4% vs 21.3%).
Presumably, this increase in development was
due to a high proportion of both donor nuclei
and recipient oocyte being in the s-phase of the
cell cycle at the time of electrofusion.

Many previous attempts to produce identical
mice using donor embryos beyond the 2-cell sta-
ge of development have failed; and the cause of
this failure was thought to be related to the ti-
ming of maternal zygotic transition which in the
mouse occurs at the 2-cell stage. However, re-
cent work involving the manipulation of cell cy-

cles of donor nuclei and recipient ova have now

made it possible to produce identical mice by
transferring nuclei of 8-cell embryos into enuc-
leated oocytes(Cheong et al., 1993).

Other laboratories have chosen to work on the
problems related to multiple generation cloning
which is needed to produced large numbers of
identical animals. The majority of the work in
this area has involved attempts to develop em-
bryonic stem(ES) cell lines which can be used
as nuclei donors thus circumventing problems
related to multiple generation cloning. Progress
in this area has been encouraging and one re-
cent study reported the birth of calves following
transfer on nuclei from cultured inner cell mass
(ICM) cells into enucleated docytes(Sims and
First, 1994). To date, no additional calves have
been produced using this approach, however a
number of pregnancies have been established
that subsequently aborted(Stice et al., 1994).
Whether or not these cultured ICM cells can be
classified as true ES cells awaits further re-
search(Stice et al., 1994; Strelchenko and Stice,
1994). None-the-less, the possibility of using ES
cells as donors for nuclear transplantation and
the progress made in this area thus far is quite
exciting, not to mention the impact true bovine
ES cell lines will have on the production of tran-
sgenic cattle(see below).

In our laboratories we are attempting to de-
termine the cause(or causes) of abnormal fetal
development in embryo clones which results in
large birth weight calves. We have taken two
approaches to address this problem, QOur first
approach is to investigate the effects of cyto-
plasmic inheritance on calf birth weight., Evi-
dence from cross breeding studies has suggested
perhaps cytoplasmic inheritance may effect bir-
th weight of calves(Baker, 1990). During the
process of nuclear transplantation nuclei are
transferred into a wide variety of different oo-

cytes from different breeds and crossbreeds of



cows and perhaps the recipient ococyte cyto-
plasm is effecting fetal growth and birth weig-
ht. In order to test the hypothesis that cytoplas-
mic inheritance effects birth weights in calves
we have begun experiments involving the trans-
fer of pronuciei from one bovine zygote to ano-
ther, While pronuclear transfer can not be used
to create identical animals, it is a powerful tool
which can be utilized to define the effect of ma-
ternally inherited cytoplasmic constituents on
embryogenesis, and the expression of pheno-
typic traits in the resulting offspring. By using
pronuclear transfer to study cytoplasmic inheri-
tance, instead of nuclear transplantation invol-
ving the transfer of nuclei from multicellular
embryos, we can eliminate factors involved with
nuclear reprogramming which may also be effec-
ting birth weights, and test for only cytoplasmic
effects. This technology has already been used
successfully in mice to show expression of a
specific cell surface antigen, SEAA-2, is con-
trolled by cytoplasmic inheritance (McGrath and
Solter, 1983). To date we have completed pre-
liminary experiments involving pronuclear trans-
fer using embryos derived completely in vitro.
The percentage of embryos that develop to the
compact morula or blastocyst stage following
pronuclear transfer is approximately 25%, and
we are currently preparing to transfer these em-
bryos into recipient cows for production of off-
spring.

The second approach we have taken to try
and understand the cause of large birth weights
in calves produced by embryo cloning is to anal-
yze the expression of genes thought to be im-
portant for early embryonic development of bo-
vine embryos, Previous studies in mice have
shown that abnormal expression of genes coding
for insulin-like growth factors (IGF-1) during
embryonic development can have dramatic ef-

fects on birth weights of offspring(Dechiara et

al., 1990). No doubt, the expression of other gen-
es also effects fetal growth, and abnormal ex-
pression of these may result large birth weights
of offspring. We are currently analyzing gene
expression in normal embryos collected from su-
perovulated cows, embryos produced using in vi-
tro methods, and embryos produced by nuclear
transplantation, then comparing the gene ex-
pression profiles among embryo types to deter-
mine if they are different. Two methods are cur-
rently being employed in our laboratories to ana-
lyze gene expression. The first method involves
the utilization of reverse transcription and po-
lymerase chain reaction (RT-PCR). With this
technique mRNA in the embryos is reverse tran-
scribed into ¢cDNA then the expression of spe-
cific genes is detected by using PCR with pri-
mers designed to amplify only the genes of inter-
est(Watson ef al., 1992). Experiments using this
technology have indicated differences in the ex-
pression patterns of IGF-1I and IGF-1 receptor
between normal embryos and embryos produced
by nuclear transfer. Although preliminary, the
data indicates that cloned embryos are express-
ing higher levels of transcript.

A second method we are using to analyze
gene expression involves reverse transcription
followed by antisense RNA amplification(Eber-
wine et al., 1992). With this method, mRNA is
again reverse transcribed into ¢cDNA, however,
an oligo (dT24)-T7 RNA polymerase promoter
primer is utilized, thus the resulting cDNA con-
tains a recognition site for T7 RNA polymerase.
The aRNA amplification is carrried out using T7
RNA polymerase, ATP, GTP, UTP, and radiol-
abeled CTP. The RNA synthesized can be ut-
ilized as a riboprobe to screen slot blots contain-
ing equimolar concentrations of the cDNAs of
interest. The advantage of this method over
RT-PCR is that expression for a large number of

different genes can be analyzed simultaneously



without the need of designing PCR primers for
each gene of interest(Paquin ef al., 1994). More-
over, studies involving quantitative analysis are
easier to carry out, We have not yet used this
technique to analyze gene expression in embryos
produced by nuclear transfer but have analyzed
gene expression in embryos produced by i vitro
methods. Preliminary results are extremely en-
couraging as we have been able to detect the
expression of several different genes using sin-
gle embryos for analysis. We have analyzed em-
bryos for expression of c-fos, c-jun, homeobox
(Hox) 7.0, Hox 3.1, basic fibroblast growth fac-
tor (bFGF), transforming growth factor a( TGF
a), TGFB, IGF-1, IGF-1, nerve growth fac-
tor(NGF), nerve growth factor receptor(NG-
FR), heat shock protein(hsp) 68, hsp 70, GA-
BA, Na' channel, Ca® channel, brain derived
nerve factor(BDNF), and AW10. Hybridization
signals were detected at all stages of embryonic
development and varied in intensity. Signals for
NGF, NGFR, and Ca* channel were very strong
while the signal intensity for hsp 68 was very
low(Jones et al., 1994).

Genetic Engineering in Cattle

Genetic engineering, or the production of tr-
ansgenic animals, may be defined as the modifi-
cation of the genetic composition of an organism
by introduction of foreign genes into their ge-
nome. The genetic modification can be such
that only the animal being treated is modified
(somatic changes), or the animal and all future
generations derived from it are modified(germ
line changes). Similarly, the term transgenic
can be used to describe a variant of a species
into which a new gene has been inserted(Gor-
don and Ruddle, 1983).

The first report of genetic engineering in

mammals involved work in mice and occurred

over ten years ago(Gordon et al., 1980). Shortly
thereafter, a number of laboratories reported
the successful production of transgenic mice,
However, the most significant studies were tho-
se of Palmiter et al(1982, 1983) who reported
the production of transgenic mice expressing
growth hormone genes from rats and humans.
These mice grew almost twice the normal size
and were more feed efficient than their litter-
mate controls,

As with embryo cloning, this technological
breakthrough caused an immediate surge in re-
search at both academic and corporate institu-
tions thrughout the world. Animal scientists be-
came extremely excited about the possibility of
producing livestock that grew nearly twice as
fast. Since then, not only have thousands of
transgenic mice been produced but, in addition,
transgenic animals have been produced in
amphibians, rats, rabbits, sheep, goats, swine,
cattle, poultry and fish,

To date, transgenic animals have been utilized
for the study of gene regulation, for production
of animal models of human diseases, for under-
standing basic biological processes such as cell
transformation and differentiation, and for pro-
duction of biologically active compounds in the
mammary gland, Most of this work has been car-
ried out in mice with relatively little progress
being made in improving farm animal pro-
duction. This is in part due to the inefficiency
of the techniques utilized for producing tran-
sgenic animals along with the lack of accurate
regulation of the randomly incorporated gene.
The current status of genetic engineering in liv-
estock has been recently reviewed by several
authors and to do so again here would merely be
an exercise in redundancy(First et al., 1991;:
Ebert and Schindler, 1993). However, with the
theme of these meetings being directed towards

cattle production, a brief discussion of genetic



engineering in this species seems appropriate,

Of all the livestock species in which genetic
engineering has been attempted and live animals
born, the least amount of information exists con-
cerning cattle. Likely because cattle are expen-
sive and the costs of research are simply too
high. However it is important to keep in mind
that as improvements in technology occur, cat-
tle will become a primary target for application
of this technology. Thus, with the advent of
production of embryos i# witro and the ability to
identify potential transgenic prior to transfer by
PCR (Krimpenfrot et al., 1991; Hyttinen et al.,
1994) there has been a resurgence of research
on the production of transgenic cattle.

There are currently three methods utilized for
genetic engineering in animals; pronuclear in-
jection, utilization of retroviral vectors, and the
use of transgenic embryonic stem cells. Pro-
nuclear injection is by far the most widely used
method for producing transgenic amimals and
the only method utilized to date for producing
transgenic cattle. Pronuclear injection is based
on the introduction of multiple copies of an “ar-
tificial” or recombinant gene into the pronucleus
of a recenthly fertilized zygote. This exogenous
or recombinant DNA is integrated into the
chromosomes of the embryo and once integrated
1s processed in the same manner as the endoge-
nous DNA. The end result of this procedure is a
permanent genetic change affecting not only
the individual manipulated but also all future
generations. The technique of pronuclear injec-
tion suffers from several problems, among
them; the low efficiency of insertion of the ex-
ogenous DNA, with an average of only 1% to
4% of the injected embryos resulting in a tran-
sgenic animal; the inability to control the site of
insertion of the injected DNA with the result
that some of the DNA can insert itself in an

area where it can affect the function of genes

required for the normal function of the orga-
nism; and the inability of the exogenous gene to
function in the expected manner due to problem-
s with accurate regulation of gene expression.

In order to gain some appreciation of the
amount of work effort required to produce a
transgenic calf using pronuclear injection, one
only needs to review the available data, In a
study reported by Krimpenfort et al(1991), 2470
bovine oocytes were collected from ovaries at a
local abattoir., These were matured and fert-
ilized ¢n vitro prior to injection with a bovine cas-
ein-human lactoferrin transgene, The embryos
were then cultured i vitro and those developing
to morula or blastocysts were transferred into
recipient cows. Nineteen calves were born of
which 2 died at or shortly following birth, and
another had to be euthanized at 10 months of
age. Of the 16 remaining calves, transgene was
detected in only 2 and in 1 of these calves the
gene was only present in placental tissues and
not in the live animal. In another more exten-
sive study using a varlety of different genes and
promoters Hill et al.(1992) reported over 19,000
ova /embryos collected for producing transgenic
cattle. Over 11,000 of these were injected; 1018
embryos were transferred; 193 calves were born
of which 7 were transgenic but 3 died within one
day of birth, While the majority of the ova col-
lected for this study were from ovaries obtained
from an abattoir, over one third (7651) were col-
lected by surgically flushing oviducts from su-
perovulated cows,

Clearly, millions of dollars have been spent to
produce only a few transgenic cattle, and even
more disheartening, because of our lack of know-
ledge concerning gene regulation and function,
and the inability to control the number and lo-
cation of gene copies incorporated into the ge-
nome, none of these transgenic calves have

been of any real economic value. However, de-



spite all its inefficiencies and tremendous costs
of production, the generation of only a single
calf expressing the “right” transgene could pro-
duce great economic benefits to its producers,
One needs to keep in mind that offspring from
these animals will also be transgenic and propa-
gation of transgenic animals after the first one
1s produced can be accomplished through simple
breeding programs.

Progress has been made in recent years with
producing transgenic cattle, but we still have a
long way to go before the benefit of this tech-
nology will be fully realized. The ability to pro-
duce large numbers of embryos using ovaries
obtained from local abattoirs has greatly re-
duced the cost of research and this technology
will continue to be utilized for work involving
the production of transgenic cattle. Reliable me-
thods for screening embryos so to determine if
they are transgenic prior to embryo transfer are
desperately needed, and at least two reports
this past year indicates progress in this area is
also being made(Hyttinen e al., 1994; Bowen et
al., 1990). By the combination of the ability to
generate large numbers of embryos in vitro and
the ability to screen the embryos prior to trans-
fer the efficiency of generating transgenic cat-
tle can be substantially increased. In addition,
with the increased knowledge on gene regu-
lation it should be possible in the near future to
develop position-independent constructs that
can overcome some of the regulatory drawbacks
associated with random insertion.

The use of retroviral vectors is an alternative
to pronuclear injection as they are natural gen-
etic engineers with high efficiency in gene inte-
gration and single copy integration with few mis-
takes(Boselman et al, 1989). However, these
are derived from highly infectious and some-
times pathogenically dangerous viruses which

has prevented their approval of use in situations

where environmental release of the transgenic
animals could occur, and their use has been li-
mited to studies in chickens and rodents reared
in secured environments(Kim ef al., 1993). Other
disadvantages include the inability to control
the site of integration of the exogenous DNA in
the chromosome, problems with gene regulation,
and technical problems in the construction of
the retroviral vectors. The development of rep-
lication-defective retroviral vectors and sub-
sequent use of these to produce bovine embryos
expressing E. coli S-galactosidase gene under a 8
-actin promoter has recently been reported (Pied-
rahita et al, 1992) and should stimulate more
work in this area. However, due to the technical
difficulties associated with the development and
construction of replication defective retroviral
vectors, the regulatory aspects of using retro-
viral vectors, and advances in the design of pron-
uclear injection vectors, it is unlikely that this
method will gain widespread use for generation
of transgenic cattle,

Conceptually, the most attractive method for
producing transgenic cattle is that of gene tar-
geting by homologous recombination in embry-
onic stem cells{Askew ¢t al., 1993; Evans et al.,
1990). While this technique is the most difficult
and complex approach for producing transgenic
animals, it has the advantage of allowing accu-
rate control over the site in which exogenous
genes are incorporated into the animal ge-
nome, which is not possible with pronuclear in-
jection or the use of retroviral vectors. More-
over, unlike pronuclear injection and retroviral
vectors, gene targeting can be used to inacti-
vate and modify endogenous genes. Using this
technology it is now possible to introduce single
point mutations in selected areas of the gen-
ome(Evans ef al., 1990).

Unfortunately, due to the low efficiency of

the procedure it can not be done directly on em-



bryos but requires the utilization of pluripotent
embryonic stem cells or ES cells, ES cells can
be cultured for prolonged periods of time with-
out loss of pluripotentiality and as a result it is
possible to genetically transform the cells in cul-
ture, identify the cell containing the desired
modification, and reintroduce them into a host
blastocyst. Due to its pluripotentiality, the ES
cells are capable of interacting with the inner
cells mass cells of the host blastocyst to form a
chimera containing tissues derived from the
transgenic ES cell. The problem with this tech-
nique is that to date, the isolation of ES cells
from cattle has not been possible. While some
progress has been made, and cell lines derived
from the inner cell mass of bovine embryos have
been established(Stice et al., 1994: Strelchenko
and Stice, 1994; Evans ef al., 1900), no chimeric
animals have been produced by combining these
cells with those from a normal embryo, and no
transgenic livestock have been produced using
this technology. The use of inner cell mass-de-
rived cell lines to produce live calves following
nuclear transfer as discussed above is an exci-
ting breakthrough, however these experiments

have yet to be repeated.
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