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ABSTRACT  The key research areas of the Department are: in vitro production of embryos, embryo

cryopreservation, animal transgenesis, cloning, cytometric semen sexing and evaluation. Re-

search has been focused on the in vitro production of animal embryos, including the development

of complex methods for oocyte maturation, fertilization and embryo culture. Moreover, experi-

ments on long-term culturing of late preantral and early antral bovine ovarian follicles have been

developed. Studies on the cloning of genetically modified pigs with “humanized” immunological

systems have been undertaken. A cloned goat was produced from oocytes reconstructed with

adult dermal fibroblast cells. The novel technique of rabbit chimeric cloning for the production of

transgenic animals was applied; additionally, the recipient-donor-cell relationship in the preim-

plantation developmental competences of feline nuclear transfer embryos has been studied.

Regarding transgenic animal projects, gene constructs containing growth hormone genes con-

nected to the mMt promoter were used. Modifications of milk composition gene constructs with

tissue-specific promoters were performed. Moreover, pigs for xenotransplantation and animal

models of human vascular diseases have been produced. Over the last 15 years, our flow

cytometry research group has focused its work on new methods for sperm quality assessment and

sex regulation. In the 1970s, our team initiated studies on embryo cryopreservation. As a result

of vitrification experiments, the world’s first rabbits and sheep produced via the transfer of

vitrified embryos were born.
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The Department of Biotechnology of Animal Reproduction in the
National Research Institute of Animal Production was founded in
1950 as one of the institutes of the Ministry of Agriculture. During
the first years of its history, the Department focused on practical
issues related to insemination of cattle and horses. Prof. Wladyslaw
Bielanski (Fig.1), the first Head of the Department, emphasized
the practical side of research. In the mid 1960s, the Central Bank
of Bull Semen was created for breeding evaluation, microbiologi-
cal control of stored semen, and import and export of frozen
semen.

Prof. Stefan Wierzbowski, who became the Head of the De-
partment in 1968, continued this practical approach and focused
on the improvement of artificial insemination methods for various
animal species, the development of semen preservation and
evaluation methods, and animal behaviour and andrology.

During the second half of the 1970s, the scope of the research
in the Department was broadened to include aspects of female
reproductive biology. Research on superovulation, embryo trans-
fer and cryopreservation for several species of mammals was
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then initiated. In the 1980s, these studies were widened to
encompass the in vitro production of embryos and embryo clon-
ing. At the beginning of the 1990s, research on animal transgenesis
and sex regulation was initiated. At present, the key research
areas are: in vitro production of embryos, embryo cryoconservation,
animal transgenesis, cloning, and cytometric semen sexing and
evaluation. Prof. Zdzislaw Smorag has been the Head of the
Department since 1992.

The Department collaborates with several Polish and foreign
research groups representing various research disciplines; this
collaboration has led to several interdisciplinary projects in animal
reproduction, pharmacy and medicine.

In vitro production of embryos

Research focused on the in vitro production of animal embryos
includes the development of complex methods for oocyte matu-
ration, fertilization and embryo culture. This research was initiated
on cattle and goats in the last century. At the end of the last
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century, experiments on long-term culturing of late preantral and
early antral bovine ovarian follicles were initiated with the ultimate
goal of more effectively utilizing female reproductive potential.

In 1990, the first calf from a transferred blastocyst produced
through complex in vitro technology was born in Balice (Fig. 2)
(Katska et al., 1991). Our studies showed that the method of
oocyte collection has a profound effect on the number of recov-
ered oocytes. We found that when the oocytes were recovered by
rupturing isolated follicles, more normal oocytes per animal were
recovered then when the aspiration method was used. However
there was no correlation between the number of ovarian follicles
and the quality of the recovered oocytes. We also found that most
of the oocytes were able to mature at temperatures ranging from
35°C to 39°C (Katska and Smorag, 1985). We have shown that,
for the cattle, hardening of the zona pellucida occurred both in vivo
and in vitro. Hardening can be induced after keeping immature or
mature, cumulus-free oocytes in homological as well as
heterological (rabbit or sheep) oviducts, in vitro or in vivo. Zona
hardening tremendously affects oocyte fertilizability and embryo
development (Katska et al., 1989). Our studies of sperm capaci-
tation for IVF purposes have provided evidence that bull variabil-
ity, the source of sperm (ejaculated or cauda-epididymal, fresh or
frozen-thawed) and, the presence of seminal plasma play crucial
roles in in vitro embryo production in cattle (Katska at al., 1996).

 Studies of late preantral and early antral ovarian follicles
focused on the relationships between different culturing systems
and in vitro survival, as well as the meiotic competence of bovine
oocytes recovered from early antral ovarian follicles (Katska-
Ksiazkiewicz and Alm, 2005).

Experiments on the in vitro production of goat embryos have
led to the development of methods for recovery of oocytes from
slaughtered animals; successful capacitation, for both fresh and
frozen-thawed caprine sperm; and embryo culturing to the blas-
tocyst stage in co-culture with goat oviduct epithelial cells (Katska-

Ksiazkiewicz et al., 2004).
Our studies on oocyte recovery and maturation in the domestic

cat led to the development of a culture system in which cat GV
oocytes matured and reached metaphase II (Katska-Ksiazkiewicz
et al., 2003).

Experimental production of twins

Studies of methods for twin production were initiated in the
1980s. This research focused on embryo bisection in mice, sheep
and cattle. Embryo bisection is a traumatic procedure that de-
stroys a certain number of cells and can reduce the implantation
capacity of transferred demi-embryos. Our experiments showed
that, in late blastocysts of sheep and cattle, 12%-13% of the cells
were lost during bisection (Skrzyszowska and Smorag, 1989).
Therefore, to diminish cell loss, a non-invasive method of bisect-
ing bovine embryos was developed. It consisted of perforating
(cutting) the zona pellucida in the vicinity of the inner cell mass
(ICM) of blastocysts and leaving the embryos for further growth
until hatching. During hatching, approximately 50% of the blasto-
cysts protruded through the hole in the zona in such a way that at
a certain moment they acquired the shape of figure “8” with the
ICM split into halves, with one half located outside the zona and
one still inside it. The splitting of figure-eight-shaped, hatching
blastocysts involves minimal cell losses, which are limited to the
narrow cell bridge connecting the two parts of the hatching
embryo. The transfer of demi-embryos produced by this method
resulted in many pairs of monozygotic twins (Skrzyszowska et al.,
1999).

Animal cloning

In the late 1990s, we initiated studies on somatic-cell cloning
of different species of farm animals (pigs, goats, and rabbits) and
companion animals (domestic cats).

Pig
We have undertaken studies on somatic-cell cloning of geneti-

cally modified pigs with “humanized” immunological systems. We
transferred the nuclei of dermal fibroblast cells derived from
heterozygous and homozygous transgenic boars expressing

Fig. 1. Professor Wladyslaw Bielanski (1911-1982) was the first Head
of the Dept. of Biotechnology of Animal Reproduction (National Re-
search Institute of Animal Production, Polish Ministry of Agriculture).

Fig. 2. First calf born in Poland following the transfer of an in vitro

produced (IVP) embryo - 1990.
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recombinant human H-transferaes (α-1,2-fucosylosyltransferase;
α-1,2-rhFT) into enucleated porcine oocytes. Approximately 30%
of the resulting pig embryos developed in vitro up to the morula
and blastocyst stages. After transfer of the embryos into synchro-
nized recipient gilts or sows, pregnancies were confirmed in 10
females out of 39 recipients. However, resorption of fetuses
occurred between days 35 and 47 of pregnancy (unpublished).

In other experiments, in-vitro-cultured, fetal or adult dermal
fibroblast cells (confluent or serum-starved) were subjected to
cytometric analysis of the mitotic cell cycle together with the
detection of late-apoptotic cells. The cytometric analysis con-
firmed the high efficiency of the artificial synchronization of the
mitotic cycle at G0/G1 stages induced by contact inhibition or
serum deprivation and allowed us to distinguish between apoptotic
and non-apoptotic fibroblasts. We determined that the method
used for synchronization of nuclear donor cells and the type of
fibroblast cells used for the reconstruction of enucleated oocytes
influenced the in vitro developmental capabilities of porcine
nuclear-transferred embryos. We also observed that the in vitro
developmental potential (to the morula/blastocyst stages) of
porcine cloned embryos derived from the oocytes reconstructed
with non-apoptotic fetal fibroblast cells was higher than that for
embryos derived from oocytes reconstructed with non-apoptotic
adult dermal fibroblast cells (Skrzyszowska and Samiec, 2005).

Goat
We have evaluated the in vivo developmental potential of

caprine cloned embryos derived from oocytes reconstructed with
cell nuclei of cumulus and fetal or adult ear skin-derived fibroblast
cells. So far, we have been able to generate two cloned goats,
which developed from oocytes reconstructed with adult dermal
fibroblast cells (unpublished).

Rabbit
We applied a novel technique of chimeric somatic-cell cloning

for the production of transgenic rabbits. Transgenic adult skin-
derived fibroblast cells containing the Tg(Wap-GH1) gene were
microsurgically transferred into one, previously enucleated, blas-
tomere of a two-cell non-transgenic embryo, while leaving the
second cell intact. The reconstructed embryos were either cul-
tured in vitro up to the blastocyst stage or transferred into recipient

Fig. 3 (Left). The Tg(Wap-GH1) transgenic rabbit NT20 generated from a partially reconstructed 2-
cell embryo – obtained in 2006.

Fig. 4 (Right). Transgenic pig line established in 2006, Zerniki, Poland.

females immediately after the cloning
procedure. PCR analysis showed that
the transgene was detected in the cells
of four out of 14 blastocysts. Out of nine
recipient females, four (44.4%) became
pregnant and delivered a total of 24
(14.7%) pups. The PCR analysis re-
vealed that two pups (1.2%), one alive
and one stillborn, showed a positive
transgene signal. The live transgenic
rabbit NT20 (Fig. 3) appeared healthy
and anatomically and physiologically
normal. These results showed that a
transgenic, adult, dermal fibroblast cell
nucleus which has been introduced into
the cytoplasmic microenvironment of a
single, enucleated blastomere from a
two-cell-stage rabbit embryo can direct

the development of a chimeric embryo not only to the blastocyst
stage but also to term (Skrzyszowska et al., 2006).

Domestic cat
We studied the effects of the recipient cytoplast’s age and the

type of somatic cells used as donor nuclei on the preimplantation
developmental competences of feline NT embryos. We showed
that cloned embryos derived from reconstructed oocytes which
had been matured in vitro for less than 35h had increased
developmental capability and are able to reach the blastocyst
stage. To our knowledge, this was the first report of the successful
generation of feline nuclear-transferred blastocysts (Skrzyszowska
et al., 2001; Skrzyszowska et al., 2002).

Animal transgenesis

In 1989, our team initiated studies of transgenesis in farm
animals: rabbits, goats, pigs, and cattle. The basic method which
we use is the microinjection of DNA into the pronucleus of a
fertilized egg produced in vivo or in vitro (Jura et al., 1994).

During the initial period of producing transgenic farm animals,
we mostly used gene constructs containing growth hormone
genes under the control of the mMt (mouse Metallothionein)
promoter. Afterwards we also used gene constructs with tissue-
specific promoters, which have been used to modify the compo-
sition of milk, to obtain proteins of therapeutic value in milk, and
to create animal models of human vascular diseases. For these
studies, we collaborated with the leading research groups from
Harvard Medical School, Boston, USA; Institute National de la
Recherche Agronomique, France; and Edison Biotechnology
Institute, Ohio University, USA.

At the end of the 1990s, we started a collaboration with the
Department of Biochemistry and Biotechnology of the Academy
of Agriculture in Poznan. This collaboration resulted in the estab-
lishment of a line of transgenic rabbits which secrete human
growth hormone in their milk (Lipinski et al., 2003a). We also
participate in a multidisciplinary project (realized by 11 medical
and biotechnological research groups from Poland) focused on
xenotransplantation. These studies have led to the production of
a line of genetically modified pigs (including homozygous indi-
viduals) (Fig. 4). Clinical studies showed that after perfusion of an
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isolated transgenic pig heart with human blood, acute phase
rejection was delayed (Skarysz and Bochenek, 2006).

At present, a new generation of constructs containing various
reporter genes is being utilized in transgenic pig research. The
goal of this project is to obtain human interferon alpha and human
blood serum in the milk of transgenic pigs (Lipinski et al., 2003b).

Flow cytometry studies

Over the past 15 years, our flow cytometry research group has
focused its work on studies of animal spermatozoa and new
methods for sperm quality assessments. These studies led, in
2003, to a spectacular result: the first calf in Poland produced via
insemination with sexed semen (Fig. 5; Bochenek and Smorag,
2005). Now, over 100 calves have been born in Poland after
standard insemination with sexed semen.

For precise examination of the status of the sperm membrane,
we have used a double-fluorescent-staining procedure (Bochenek
et al., 1999). The assessment of sperm chromatin structure was
extensively studied as a possible novel method for analyzing
sperm DNA damage. It was observed that sperm chromatin
abnormalities have a large impact on male fertility (Bochenek et

al., 2001). We observed that the sperm-sexing procedure has
only very insignificant effects on the structure of sperm DNA
(Bochenek et al., 2006).

Oocyte and embryo cryopreservation

In the 1970s, our team initiated studies on embryo
cryopreservation. We performed experiments on the effects of
freezing embryos from sheep (Smorag et al.,1978) and cattle
(Smorag et al., 1981). Since the late 1980s, we have focused on
vitrification. Vitrification was, at that time, a new approach for
oocyte and embryo cryopreservation. Vitrification consists of
solidifying a solution through a drastic increase in viscosity during
cooling and not through crystallization. As a result of our work, the
first rabbit (Smorag et al., 1989) and sheep (Gajda et al., 1989)
(Fig. 6) in the world produced via the transfer of vitrified embryos
were born. Recently, we have concentrated on vitrification of pig
embryos. It was demonstrated that in-vitro-produced blastocysts
are more susceptible to vitrification than blastocysts obtained in
vivo. This phenomenon is specific to pig embryos: in other
species, embryos obtained in vivo are more susceptible to pres-
ervation. After transfer of vitrified embryos into synchronized
recipients, we obtained the first piglets in Poland born following
the transfer of cryopreserved pig embryos (Gajda et al., 2004).
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