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The rapid progress of genetics in the past
twenty years has been due largely to the de-
velopment of new methods for analysing and
manipulating the genome. These technical
advances have had profound effects not only
upon genetics itself, but on all areas of pure
and applied biology. However, many of the
exciting new approaches to mammalian ge-
netics depend on the ability to manipulate
early events of mammalian embryogenesis,
and recent progress in such fields as gene tar-
geting and transgenesis in mammals would
not have been possible without advances in
embryology that have parallelled progress in
genetic techniques. In this paper I will briefly
review some of the methods of embryology
which have played an important role in the
development of genetically manuipulated
mammals, or which promise to be important
in the future.

More is known about the embryology of the
laboratory mouse than that of any other
mammal, and almost all mammalian embryo-
logical techniques were originally devised for
and practised on the mouse. Even now, a few
methods (such as gene targeting in embryo-
nic stem cells) are only possible in the mouse,
and some other techniques may be conspi-
cously less successful in other species. Al-
though the embryos of eutherian mammals
are similar in many ways, it is now clear that
there are also many significant differences in
the details of development between embryos
of different groups. As a result, techniques
developed for the mouse may not be appro-
priate for other species, and results from ex-
periments with mouse embryos may not be
valid for those of other species.

Post-implantation embryos

After the embryo implants in the uterus, op-
portunities for gaining access to it are lim-
ited, although there are techniques with
which post-implantation embryos can be ma-
nipulated. For instance, the uterus of the
pregnant female can be externalised, the em-
bryo exposed, and simple surgery or injec-
tion performed in utero (Muneoka et al.
1990). Substances or cells can also be inject-
ed into the embryo or the placental circula-
tion through the uterine wall (Papaioannou
1990). After treatment, the embryo can then
continue its development in utero.

Alternatively, the embryo can be removed
and cultured in vitro for a short time (see
Cockroft 1990 and 1991 for a description of
some techniques and media that have been
used). With appropriate culture conditions
rat embryos of various post-implantation
stages can successfully be maintained in vitro
for 48 hours or longer, and during this time
their development appears to be normal.
However, protein synthesis eventually slows,
the circulation stops, and the embryos die af-
ter about 96 hours (New 1990)

So if it is desirable to obtain a living animal
that has been manipulated as an embryo, it is
for the most part necessary to confine experi-
mental procedures to pre-implantation em-
bryos which, after transfer to a foster mother,
will be able to develop to term. Alternative-
ly, gametes at various stages of development
may be used as subjects.

Cryopreservation

One technique that has had a profound effect
on the application of embryo technology is
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that of cryopreservation of gametes and
early embryos. Frozen embryos have many
applications: for instance, strains and mu-
tants of many animal species can be most
conveniently and economically stored as fro-
zen embryos, and germ cells from a particu-
lar individual (such as a unique transgenic
animal) can be preserved. Frozen embryos
are also more easily transported than live
animals, especially across international
boundaries.

The techniques of cryopreservation were de-
veloped in the early 1970s (e.g., Whittingham
et al., 1972) and have since improved to the
point where embryos of many species, at al-
most any stage of pre-implantation develop-
ment, can be frozen and subsequently thaw-
ed with little effect on viability, although the
degree of success depends upon the species
of animal, the stage of development, and the
protocol used. Embryonic stem cells can also
be successfully frozen, as can spermatozoa,
oocytes (Surrey & Quinn 1990), and primary
follicles isolated from the ovary (Carroll et
al. 1990). A discussion of the principles of
cryopreservation, as well as several proto-
cols, can be found in Wood et al., 1987.

When cells are frozen ice crystals form in the
cytoplasm, and most freezing methods are
designed to reduce the size of these intracel-
lular ice crystals and the damage caused by
them. It is thought that cells cooled slowly in
a solution of cryoprotectant lose fluid to the
medium and become dehydrated, and the
number and size of ice crystals forming in the
cells is therefore reduced. In early cryopre-
servation protocols cells were immersed in
medium  containing  dimethylsulphoxide
(DMSQO) as a cryoprotectant, cooled slowly
(of the order of 1 degree C per minute),
stored in liquid nitrogen and then thawed by
slow warming. Later studies (see Wood et al.
1987) tested the effect of cryoprotectants
other than DMSO (such as glycerol, propyl-
ene glycol, ethylene glycol and others) on the
number and size of intracellular ice crystals:
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the effect of different rates of cooling and
warming were also analysed. As a result of
these studies, the success of cryopreservation
techniques has been significantly improved.
However, freezing cells in this way usually
requires complex apparatus and careful con-
trol of cooling and warming rates, which
have in some cases limited its application. As
a result, the techniques of conventional em-
bryo freezing have in many labs been re-
placed by the simpler process of vitrification
(also termed ultra-rapid freezing). In the
process of vitrification, cells are cooled so
rapidly that fluids are supercooled and trans-
formed to a smooth glass rather than to ice
crystals (Mazur 1990). In a typical vitrifica-
tion protocol (e.g., Kasai et al. 1990, Valdez
et al. 1992,) cells are placed in high concen-
trations of a cryoprotectant such as DMSO
or ethylene glycol, and transferred to a suit-
able tube which is then dropped directly into
liquid nitrogen. Thawing must be rapid
enough so that crystallization does not occur
as the cells are warmed, and is conveniently
done in a 37° C water bath.

Normal live young of many mammalian spe-
cies are now routinely obtained from embry-
os that have been frozen or vitrified at pre-
implantation stages, and many protocols
have been devised for the cryopreservation
of laboratory species (for instance, Stein et
al. 1993, Utsumi et al., 1992, Papis et al. 1993,
al-Hasani et al. 1992, Kasai et al. 1992, Iida
1992, and others). However, the percentage
of survival of cryopreserved embryos is usu-
ally lower (and sometimes much lower) than
that of freshly collected embryos (e.g., al Ha-
sani et al, 1992) . Factors affecting viability
include the species or strain of embryo used,
the stage at which the embryo was frozen,
and the protocol used. In some studies, vitri-
fied embryos are reported to be less viable
than frozen (Wood et al. 1987). The reason
for this reduced viability is not clear. There is
evidence that both vitrification and freezing
procedures can damage cytoplasm and
DNA, and some studies show an increased



incidence of aneuploidy, polyploidy and sis-
ter chromatid exchange in cryopreserved
embryos (e.g..Sterzik et al 1992, Bouquet et
al. 1993). However, much of the damage to
cryopreserved embryos appears to be associ-
ated with the toxic effects of cryoprotectants
rather than to the direct effect of low tem-
perature itself.

Embryo transfer

If live young are required from pre-implanta-
tion embryos which have been manipulated
in some way, the embryos must be transferr-
ed into a foster mother, where they can im-
plant and develop normally to term. Embryo
transfer procedures are routine in mouse, hu-
man and many other mammals, including the
common laboratory species and many agri-
cultural animals (see Betteridge and Rieger,
1993, for a detailed description of the proce-
dure in several species). In a typical protocol,
embryos are collected from donor females,
or obtained from cryopreserved stocks or
from oocytes fertilised in vitro, cultured for a
short time and then transferred to the uterus
or oviducts of a pseudopregnant foster mo-
ther. The details of this procedure will differ
according to the species used and the age of
embryos at transfer, and many factors can in-
fluence success. A suitable culture system is
necessary: different culture media will be
needed according to the species and in some
cases the stage of embryo used. It is also es-
sential that there be a reliable method for in-
ducing pseudopregnancy in the recipient fe-
males, to ensure that they are in a suitable
hormonal state to allow implantation. In
mice and rats pseudopregnancy is normally
induced by mating females with sterile males
(Hogan et al., 1986), although in the rat, sti-
mulation of the cervix may also be used. Em-
bryos cultured in vitro are normally some-
what retarded in development compared to
embryos of the same age which have been
allowed to develop in vivo. To allow for this
delay in development, pseudopregnant fe-
males intended as embryo recipients are nor-
mally mated later than embryo donors (a 24
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hour delay is routinely used in rats and mice).
Embryos are then transferred either to the
oviduct or the uterus of the pseudiopregnant
female, depending on the stage of their de-
velopment. Embryo transfer is normally a
surgical procedure: the oviduct and the ante-
rior part of the uterus are externalised and
the embryos injected into the appropriate
site. Some methods for non-surgical, trans-
cervical embryo transfer have been devised,
but these are not widely used.

Techniques for manipulating gametes

At the time of writing, there has been no me-
thod described by which spermatocytes or
spermatids can be cultured in vitro to yield
functional spermatozoa. However, it is now
possible to obtain embryos from oocytes that
have been removed from the ovary, and ma-
tured and fertilised in vitro (Krimpenfort et
al. 1991: also see Racowsky1991 for referen-
ces). This procedure is now routinely used to
provide cow embryos for transgenesis and
other research, and may be extended to
other animals, including humans. Develop-
mentally competent mouse oocytes have also
been obtained after in vitro culture of pre-
antral follicles (Eppig & Schroeder 1989).
These and other techniques of in vitro oocyte
maturation will find many practical applica-
tions in medicine and in commercial animal
production, and improved protocols, appli-
cable to many species, will certainly be de-
vised.

In vitro fertilisation

The fertilisation of mature oocytes with
sperm in vitro, and the subsequent recovery
of live young after short-term culture and
embryo transfer is now routine in many
mammalian species, including humans. The
technique has many applications in medi-
cine, agriculture, and in such fields as the
preservation of endangered species. It is also
of use in research studies in which 1t is neces-
sary to synchronise the development of a
large number of embryos. When a suitable
system exists to capacitate the sperm, the
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success rate of in vitro fertilization can be
high (over 80% in animals such as the cow,
the human, and laboratory rodents: see First
1991 for references. IVF protocols can be
found in Hogan et al, 1986 and Wood et al.,
1987).

Culture of cleavage stage embryos and
blastocysts

Because the first embryos successfully cul-
tured in vitro were mouse embryos, many
culture systems used today are modifications
of protocols designed originally for the
mouse. These systems may be sub-optimal
for non-murine species, and may in part be
responsible for the fact that some experi-
mental procedures have proven difficult to
repeat on embryos other than mouse. In par-
ticular, mouse embryo culture media have
not always proven suitable for embryos of
other groups. However, much work is now
being devoted to the formulation of appro-
priate media for non-murine species, and as a
result improvements in results with these
species can be expected. One difficulty en-
countered in culturing embryos of many spe-
cies is that of the two-cell block. In early stu-
dies of mouse embryos, the media used were
unable to support development in some
strains from the zygote to four cells: embryos
blocked at the two-cell stage. But improve-
ments to the formulation of media have
meant that embryos of almost all mouse
strains can now be successfully cultured
through the two-cell stage (e.g., Chatot et al.
1990, Lawitts & Biggers 1991a, Erbach et al.
1994). However, the two-cell block or its
equivalent can still be a problem when the
embryos of other species (such as the rat and
the golden hamster) are cultured. If it is nec-
essary to maintain embryos of these species
through the two-cell stage it has in the past
been necessary to return them to the oviduct
of a living animal, or to co-culture them with
oviduct cells or conditioned medium. How-
ever, improvements to culture media are
continually being made, and it is becoming
increasingly possible to culture embryos of
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many species from the oocyte to the blasto-
cyst stage completely in vitro. (McKiernan et
al. 1991, Kishi et al. 1991, Barnett & Bavister
1992, Carney & Foote 1991). The formula-
tion of a sucessful medium can be a difficult
and complex process. Correct osmolarity, a
correct balance of ions, and a suitable source
of energy are all critical to the success of a
medium, and these will differ between spe-
cies. However, strategies such as simplex op-
timization (Lawitts & Biggers 1991b) now
permit the development of increasingly suc-
cessful media

Cloning embryos

In the process of cloning, two or more geneti-
cally identical embryos are derived from one.
There are two ways in which this has been
done (Willadsen 1989).

1. Embryo splitting

Splitting of a single embryo into two or more
parts can be performed at most pre-implanta-
tion stages. Cleavage stage blastomeres can
be separated from each other, placed in
empty zonae pellucidae, and returned to the
oviduct of a foster mother. In this way, each of
the two blastomeres of the two cell stage of
rats, rabbits and mice can give rise to a normal
individual, while in the rabbit, an individual 8-
cell blastomere can develop into a normal
animal (Moore et al. 1968). Alternatively, the
blastocyst may be split into two, three or four
parts, and providing that cells of the inner cell
mass are included in each, each part may then
develop into a normal animal.

2. Nuclear cloning

In this method, blastomeres from a single
early embryo are separated, and each nu-
cleus is introduced into an enucleated oocyte
(Fig. 1 and Willadsen, 1989: also see Prather
& Robl, 1991 for a review, and Barton et al.
1987 for protocols). The recipient oocyte is
an unfertilised secondary oocyte from which
the metaphase chromosomes have been re-
moved with a micropipette. A single donor
blastomere (normally from an 8-cell embryo)



Fig. I. Diagram of the strategy of nuclear cloning.
(a) The recipient oocyte is an unfertilised second-
ary oocyte. (b) The metaphase chromosomes are
removed with a micropipette. (c) A single 8-cell
blastomere is injected under the zona pellucida
(d) The blastomere and the enucleated oocyte are
fused, with Sendai virus or electrofusion. (e) The
nucleus from the blastomere is now in the oocyte
cytoplasm. (f) Development may then proceed.
(g) The resulting 8-cell embryo may then be disag-
gregated and its cells used for further nuclear
transfers.

is then placed under the zona pellucida of the
enucleated recipient and the two cells are
fused, either with Sendai virus or by electro-
fusion, which also activates the oocyte. Acti-
vation is a critical step: failure of nuclear
cloning in some species may be due to inad-
equate activation of the oocyte, and precise
co-ordination of the activation stimulus and
the developmental stage of the oocyte is nec-
essary for a successful result. If activation is
successful, normal development may then
proceed. In this way, several individuals can
be obtained from a single 8-cell embryo. Suc-
cessful attempts have been made to clone
nuclei from inner cell mass cells of rabbit bla-
stocysts: the frequency of success was, how-
ever, lower than in experiments where 8-cell
embryos were used, and it has not so far
proved possible to clone embryos from
stages older than the blastocyst. If necessary,
cloned embryos can be allowed to develop to
the 8-cell stage and the nuclei transferred
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again. As many as 6 successive serial trans-
fers have been done with cow embryos, and
by such serial cloning as many as 11 geneti-
cally identical live calves have been obtained
from a single cloned embryo (reported in
Prather & Robl 1991). Not all embryos pro-
duced in this way give rise to live young: in
cattle 20 to 35% of embryos survive, and of
these 20 to 30% develop to later embryonic
stages after transfer to recipient females (da-
ta summarised in Prather & Robl 1991). Em-
bryo cloning has been successful in several
lab species, such as mouse and hamster, but
the technique is particularly well advanced in
cattle. It has many potential applications in
animal production and breeding: it can, for
instance, be used to to multiply an embryo of
a particularly valuable genotype, or to pro-
duce genetically identical individuals in spe-
cies where inbred lines are not available.

Chimaeras

A chimaera can be defined as an animal de-
rived from 2 separate zygotes and consisting
of two genetically distinct populations of
cells (see Ng & Iannaccone 1992 for a re-
view). In the past, chimaeras have been use-
ful in the analysis of many developmental
mechanisms, and have also been used to res-
cue cells that by themselves cannot make a
viable embyo (such as parthenogenetic cells,
ot those expressing some mutant genes). Be-
cause chimaeras are immunologically toler-
ant to tissues of the strains from which they
are derived, they have also been of use in im-
munological studies. Chimaeras can be gen-
erated by combining cells from two (or
more) pre-implantation embryos, transfer-
ring the chimaeric embryos to recipient fe-
males and allowing them to develop to term
(although most chimaeras are generated
from two embryos, three or more donor em-
bryos have occasionally been used). There
are two ways in which chimaeras are com-
monly made (Fig. 2): the first (aggregating
embryos) has been used for many years,
while the second (blastocyst injection) is a
more recently developed technique.
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Fig. 2. Chimaeras are commonly made by one of
two methods. Aggregation chimaeras originate
from two pre-implantation embryos which arc ag-
gregated together to form a single embryo (a). In-
jection chimaeras are derived by injecting blasto-
meres or embryonic stem cells into the blastocyst
cavity of a host embryo (b).

1. Aggregation chimaeras

If two 4 or 8-cell embryos are removed from
their zonae pellucidae and pressed together,
they will adhere and, their cells will mingle to
form a single embryo. (Protocols are given in
Hogan et al., 1986, Bradley 1987 and Pratt,
1987.) The animal developing from this em-
bryo will be normal, and will contain cells of
both contributing genotypes. Chimaeric mice
have been made for many years by this me-
thod, and if a suitable culture system is avail-
able, aggregation chimaeras of other species
(Mayer & Fritz, 1974), or even interspecific
chimaeras (Fehilly et al. 1984) can be made.

2. Injection chimaeras

In this method, cells of embryonic origin are
injected into the cavity of a recipient bla-
stocyst (see Hogan et al., 1986, and Bradley
1987 for protocols). The injected cells may be
from an inner cell mass, or embryonic stem
cells, and they can become incorporated in
the host inner cell mass. Descendants of
those cells can contribute to all the tissues of
the animal developing from the blastocys,
which will then be a chimaera. If the injected
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cells contribute to the germ cells, appropri-
ate breeding of the chimaera may then yield
progeny that are completely of the genotype
of the injected cells. Although blastocyst in-
jection has become routine procedure in ma-
ny laboratories, it is laborious and technical-
ly demanding, and a modification has recent-
ly been developed (Wood et al. 1993) in
which embryonic stem cells are co-cultured
with morulae stage embryos. Embryonic
stem cells will aggregate with the embryos
and contribute to the animal that develops
from them.

Embryo biopsy

In the process of embryo biopsy, one or sev-
eral cells may be removed from a pre-im-
plantation stage with little effect on embryo
viability (Kola & Wilton 1991, Cui et al.,
1993a). Single cells can be detached from 4
or 8 cell stages, or patches of trophoblast re-
moved from a blastocyst by means of a mi-
cropipette, and the cells then be analysed in
one of several ways to yield information
about the embryo. For instance, they may be
subjected to PCR analysis, treated with a
fluorescent probe to a specific sequence, or
examined by conventional cytogenetic tech-
niques. The technique of embryo biopsy has
found many practical applications in biome-
dical science. It can, for instance, be used to
sex embryos (Cui et al 1993b), to determine
if an embryo carries a specific genetic defect,
or to check whether DNA injected into the
embryo at the pronuclear stage has been in-
corporated into the genome.

Transgenic animals

In the carly 1980s, it was found that frag-
ments of DNA injected into the pronucleus
of a zygote could become incorporated into
the host genome (Gordon et al., 1980, Ham-
mer ct al., 1985, Palmiter & Brinster 1985).
The animal that developed from the injected
zygole carried the exogenous DNA se-
quence in its cells, and was termed a trans-
genic. Since then, transgenic animals of many
species have been made, and transgenic tech-



nology has found many applications in the
biological sciences. But though the genetic
manipulations of transgenesis have only re-
cently been developed, they are based on the
well-established techniques of embryo cul-
ture and transfer described above. A typical
protocol for the production of transgenic
mice (such as can be found in Hogan et al.,
1986) will include the superovulation of
young mice to yield large number of eggs for
microinjection and the collection of fertilised
eggs in a suitable medium. Cloned DNA is
then injected into one of the pronuclei (the
male pronucleus is generally chosen as it is
larger and closer to the surface than the fe-
male). The injected embryos are usually cul-
tured in vitro overnight (so that dead or dam-
aged embryos can be identified and remov-
ed) and then transferred to foster mothers.
Animals derived from injected zygotes may
carry the exogenous construct in some or all
of their cells, but it is normally not possible to
predict exactly where in the genome the
transgene is incorporated, as DNA injected
into a pronucleus will normally integrate at
random into host chromosomes.

Gene targeting

When a transgenic animal is made, chance
alone normally determines whether the exo-
genous DNA will integrate into a host gene.
With the technique of gene targeting, how-
ever, it is possible to make alterations to spe-
cific host genes. These changes can be, for in-
stance, small base alterations which may re-
sult in an altered gene product, but targeting
has usually been used to disable the function
of a gene (knocking out the gene). There are
two general types of targeting vectors, or se-
quences of DNA designed to integrate at a
specific place in the host genome. When a re-
placement vector is used, a sequence of host
DNA is excised and replaced with the exo-
genous sequence. An insertion vector, on the
other hand, inserts into the genome without
loss of host DNA. Both types of vector con-
tain two elements. First, there will be exoge-
nous DNA to be inserted into the site of in-
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terest. In many cases, this element will con-
tain a bacterial gene whose expression con-
fers resistance to an antibiotic (often neomy-
cin), which is of use in the later step of select-
ing cells containing the correctly integrated
construct. Second, there must be a region of
homology between the vector and the site to
be targeted. These homologous sequences
(up to about 14 kb in all) increase the likeli-
hood that the vector will integrate at the de-
sired site, but they do not guarantee it. In-
deed, when a targeting vector is introduced
into a cell (by such techniques as elecropo-
ration, microinjection, calcium phosphate
precipitation, or others: Lovell-Badge,
1987), the rate of homologous recombination
with the host DNA will be low. In most cells,
the vector will not be incorporated at all. In
others, it will have incorporated at the wrong
place. Only rarely will the construct be locat-
ed correctly. Because correct integrations
are so rare, attempting gene targeting by in-
jecting constructs into zygotes is usually ex-
tremely inefficient. Rather, targeting con-
structs are normally introduced into embry-
onic stem cells, or ES cells. Large numbers of
cells can be transfected with targeting con-
structs, and various strategies used to select
those few cells in which targeting has been
sucessful. These cells can them be cloned to
yield large numbers of cells with which chi-
maeras can be made, either by blastocyst in-
jection or aggregation techniques. More de-
tailed descriptions of gene targeting strate-
gies and techniques can be found in Capec-
chi, 1989a and b.

Embryonic stem cells

The ES cells which are a vital part of most
gene targeting protocols are embryo-derived
cell lines, which differ from most cell lines in
that they retain their totipotency through
many generations in vitro, and can, when in-
jected into a host blastocyst or aggregated
with a morula, contribute to the tissues of the
resulting chimaera. If the ES cells contribute
to the germ line of the chimaera, a suitable
breeding programme can then be followed
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which will yield progeny wholly derived from
the genetically modified ES cells that contri-
buted to the chimaera. ES cells are in many
ways similar to embryonal carcinoma cells
(EC cells). Lines of EC cells can be derived
by explanting genital ridges, pre-implanta-
tion embryos, or ectoderm of 6 day embryos
into sites such as the kidney capsule of recipi-
ent mice (Damjanov et al. 1987). When intro-
duced into the blastocyst cavity of a host em-
bryo EC cells will participate in the forma-
tion of chimaeras, but they rarely contribute
to the germ line. For this reason, ES cells are
more widely used in gene targeting work.
The first lines of ES cells were derived by
culturing blastocysts or isolated inner cell
masses on feeder layers (Evans & Kaufman,
1981) and this approach is still widely prac-
ticed (Robertson, 1987). However, ES cell
lines have also been obtained from primor-
dial germ cells of early embryos (Matsui et
al. 1992). The great value of ES cells is their
ability to remain undifferentiated until they
are incorporated into an embryo. If culture
conditions are not suitable, they can lose
their totipotency in vitro and differentiate in-
to trophoblast and other cell types. However,
lines of ES cells are now routinely maintain-
ed in many labs, and their culture has been
facilitated by improvements in media formu-
lation, and by the discovery that feeder lay-
ers are not necessary if the medium is supple-
mented with the growth factor DIA/LIF
(Smith 1991) or some other cytokines (e.g.,
Nichols et al. 1995).

Although the culturing of established ES cell
lines is relatively straightforward, the estab-
lishment of ES cell lines can present prob-
lems. ES cells were first derived from bla-
stocysts of the inbred mouse strain 129, and it
has proven difficult to produce ES cells from
other mouse strains. And at the time of writ-
ing, no cell line with the same properties as
mouse ES cells has been established from
any other species. Several cell lines have
been established in the rat, the pig, and some
other animals that resemble ES cells in cul-
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ture, and in the case of the rat, chimaeric ani-
mals have been produced from these cells
(Iannaccone et al., 1994). However, only in
the mouse have ES cells successfully popu-
lated the germ line, and therefore to date it is
only in the mouse that genetic modifications
made to ES cells can be passed to subsequent
generations. But with improvements in cul-
ture techniques, and improved understand-
ing of the events of early embryology in ani-
mals other than mouse, embryonic stem cells
of many species will surely become available,
and with them, the ability to modify the ge-
nome directly by the techniques of gene tar-
geting.

Summary:

Recent progress in genetics has been in part due
to progress in embryo technology, as new develop-
ments in embryology have made increasingly so-
phisticated genetic manipulations possible. Al-
though post-implantation embryos may in some
cases be used as experimental subjects, most pro-
cedures make use of pre-implantation stages.
Techniques such as in vitro culture and fertilisa-
tion of embryos, embryo transfer and the cryopre-
servation of gametes and embryos are now rou-
tine in many laboratories, and play an important
part in the creation of genetically manipulated
animals. The production of chimaeras has also be-
come routine. Aggregation chimaeras have been
made for some years, while injection chimaeras
(created by the injection of embryonic stem cells
or blastomeres into the blastocyst cavity) play an
important part in the production of mice with al-
terations to specific genes (the process of »gene
targeting«). The techniques of embryo cloning and
embryo biopsy have also found practical applica-
tions in animal production and medicine. But one
of the most significant advances in embryo tech-
nology has been the development of embryonic
stem cells (ES cells), lines of cultured cells that
can, when introduced into a host blastocyst, par-
ticipate in the formation of all tissues. Animals can
thus be produced carrying genetic alterations in-
duced in ES cells. Although at present ES cells are
available for only a few strains of mice, it is ex-
pected that in the future ES cell lines from other
species will be developed.

Resume:

De seneste ars fremskridt inden for genetik har ve-
ret delvist betinget af fremskridt indenfor embryo-
teknologi, og en nu udvikling inden for embryologi
har gjort de stadig mere forfinede genetiske mani-
pulationer mulige. Skgnt nogle procedurer kan
gennemfgres med postimplantationsembryoer, er
de fleste eksperimentelle fremgangsmader begran-
set til preimplantationsstadier. Teknikker sdsom in



vitro dyrkning og befrugtning af embryoer, embryo
overflytning og nedfrysning af kgnsceller og em-
bryoer er nu rutine i mange laboratorier og er af
vaesentlig betydning for fremstillingen af genetisk
modificerede dyr. Ogs& produktionen af kimearer
er blevet rutine. Aggregationskimerer er blevet
fremstillet i nogle ar, mens injektionskimerer
(fremstillet ved injektion af celler fra embryoner
eller blastomerer 1 blastocyst hulen) har en vigtig
plads i fremstillingen af mus med specifict @ndrede
gener. Teknikken til embryokloning og embryo
biopsi har ogsa fundet praktisk anvendelse inden-
for husdyravl og medicin. En af de vigtigste frem-
skridt indenfor embryoteknologi har veret udvik-
lingen af embryonale stamceller (ES-celler), linier
af dyrkede celler der kan deltage 1 dannelsen af alle
vaey, hvis ES-cellerne indfgres i blastocyster. Dyr
kan saledes produceres med genetiske @ndringer,
som er introduceret i ES-celler. Skgnt ES-celler
indtil nu kun er tilgengelige fra nogle fa stammer af
mus, ma det forventes at ES-celler fra andre dyr vil
blive udviklet i fremtiden.
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