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ABSTRACT. This pilot project was designed to determine if normal
kids could be produced after microinjection in pronuclear embryos and
subsequent transfer to recipients in a transgenic goat program in Bra-
zil. Twelve donors of the Saanen breed and 17 recipients of an unde-
fined breed were used. The estrus of both donors and recipients was
synchronized by a standard progestagen treatment and superovulation
obtained by six pFSH injections. Donors in estrus were mated with fer-
tile Saanen bucks. Zygotes were recovered surgically by flushing ovi-
ducts. The recovered zygotes with visible pronuclei were microinjected
with 500 to 1000 copies of the human G-CSF gene. Two or four embryos
were surgically transferred into the oviducts of recipients. One recipient
became pregnant and two kids were born. No transgenic goat was iden-
tified after PCR analysis. Even though transgenic goats were not ob-
tained, this experiment establishes the basis of a synchronization and
superovulation regimen for use in goats raised in Brazil, for the purpose
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of collecting and manipulating the pronuclear embryos. This project also
showed that microinjected one-cell goat embryos can survive to pro-
duce live young following surgical transfer.
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INTRODUCTION

Transgenesis can be defined as modification of the genetic information of an organism
through recombinant DNA techniques. An attractive application of gene transfer is the produc-
tion of transgenic dairy farm animals carrying genes that code for pharmaceutical, diagnostic or
industrially important proteins that are expressed in the mammary gland (Maga and Murray,
1995).

Microinjection of DNA constructs into the pronuclei of zygotes has been the most
common method for the generation of transgenic animals (Ebert and Schindler, 1993). The
production of large transgenic ruminants (cattle) is, however, prohibitively expensive because
of the long pregnancy period, small litter size and high maintenance costs of this livestock
species. For these reasons, dairy goats are preferred as production animals (Denman et al.,
1991; Ebert and Schindler, 1993; Gootwine et al., 1997). The feasibility of large-scale produc-
tion of such goats for industrial applications has been confirmed (Edmunds et al., 1998).

Granulocyte colony-stimulating factor (G-CSF) is a hematopoietic growth factor that
stimulates the proliferation and the differentiation commitment of neutrophil precursor cells,
and enhances some of the functional properties of mature neutrophils (Morstyn and Burgess,
1988). In human medicine, human G-CSF can be used to prevent neutropenia after intensive
radio- or chemotherapy, to stimulate hematopoiesis after bone marrow transplant and to in-
crease resistance to radiation. A small herd of transgenic goats could supply the human G-CSF
needed in Brazil.

We tested the possibility of producing normal kids by microinjecting DNA that codes
for human G-CSF into goat pronuclear embryos and transferring the embryos to recipient ani-
mals reared under tropical conditions in Brazil.

MATERIAL AND METHODS
Animals and hormonal treatments

We used 12 multiparous Saanen (donors) and 17 multiparous or nulliparous undefined-
breed goats (recipients). The estrus was synchronized with vaginal sponges impregnated with
45 mg FGA (Synchro-part, Sanofi, France) maintained for 11 days. At the ninth day of
progestagen treatment, the goats received intramuscular injections of 50 g cloprostenol (Ciosin,
Coopers, Brazil) and the first of six pFSH (Folltropin, Vetrepharm, Canada) injections with
decreasing doses at 12-h intervals. The total dose for superovulation was 200 mg pFSH. Donors
in estrus were mated with fertile Saanen bucks every 8 h (two or three times). Goats were
considered to superovulate when they presented five or more corpora lutea.

The recipients received the same progestagen treatment for 11 days and intramuscular
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injections of 50 pg cloprostenol and 200 IU eCG (Synchro-part, Sanofi) on the ninth day. A
recipient was used if it presented one or more corpora lutea.

Embryo recovery and microinjection

Embryo recovery was performed 72 h after sponge removal. Donors were fasted 24 h
prior to surgery. A low dose (0.1 mg/kg) of xylazine (Rompun, Bayer, Brazil) was injected
intramuscularly as a preanesthetic drug. After a peridural injection of lidocaine (Anestésico L,
Pearson, Brazil) a mid-ventral incision was made and the reproductive tract was exteriorized.
The ovaries were observed for fresh ovulation sites to estimate the number of embryos. Zygotes
were recovered by flushing both oviducts with sterile phosphate-buffered saline, as previously
reported (Lee et al., 1997).

After flushing, the number of structures was evaluated under a stereomicroscope (Nikon,
Japan) and the zygotes were then transferred into TL-HEPES medium for evaluation under an
inverted microscope with Nomarski optics (Olympus, Japan). The zygotes were classified as
early, medium and late, according to the stage of formation of the pronuclei. No zygote cen-
trifugation was used in this experiment. The zygotes clearly showing two pronuclei were mi-
croinjected with 500 to 1000 copies of the human G-CSF gene in a volume of 1 to 2 picoliters
per zygote, and then immediately transferred into the oviducts of the recipients.

Embryo transfer and identification of transgenic goats

The same surgical procedure used for donors was also used for recipients. Two or four
embryos were surgically transferred into one oviduct ipsilateral to the ovulated ovary, using a
syringe connected to a sterile polyethylene tube, which was inserted into the oviduct lumen via
the fimbria. Pregnancy diagnosis was performed by transabdominal ultrasonography at 40 days
following embryo transfer.

The kids that were born were screened by PCR analysis, using genomic DNA extracted
from the ears of 2-week-old kids according to the method indicated by Sambrook et al. (1989).

RESULTS

All (12/12) donors and 16/17 recipients showed estrus behavior after hormonal treat-
ment. The mean interval (£ SD) from the end of treatment to the onset of estrus was 17.7 £ 4.0
and 22.0 £+ 4.4 h for donors and recipients, respectively.

Among the 12 donors, all responded to superovulation treatment. The ovulation rate
(mean £ SD) was 17.4 + 7.3. Altogether 144 oocytes/embryos were recovered, with a mean
recovery rate of 69% (144/209). The fertilization rate was 65% (94/144) and most of the fertil-
ized embryos (80%) were at the one-cell stage.

Early zygotes had small pronuclei, which were difficult to visualize. Middle zygotes
had fairly visible pronuclei, positioned as a rule in the center of the zygote. This stage was the
most suitable for microinjection (Figure 1). The late zygotes were also suitable for microinjec-
tion. They had very large pronuclei, positioned close to each other. A peculiar feature of goat
zygotes is poor visibility of pronuclei (50-60%) due to poor translucence of the nucleoplasma.

Among 17 recipients, 2 to 13 ovulations were observed in 16 of them on the day of
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Figure 1. Pronuclear goat embryos before microinjection.

embryo transfer. The ovulation rate (mean = SD) in the recipients was 5.3 + 3.3. One recipient
became pregnant and produced two kids (Figure 2).
No transgenic goat was identified after the PCR analysis.

Figure 2. Recipient goat and the two kids that were born (Irina and Iran).

DISCUSSION

Embryo viability of DNA-injected embryos was evaluated after embryo transfer and
the overall efficiency for the production of transgenic goats (Capra hircus) was examined.

The superovulation treatment used in this experiment produced results comparable to
those of other trials (Selgrath et al., 1990; Gootwine et al., 1997). In our experiment, hCG
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together with FSH was used for the induction of an efficient and consistent ovulation rate (Lee
et al., 2000). Folltropin has an extremely low LH activity, but its use alone was sufficient to
induce superovulation in the goats that we used. Some researchers also use GnRH (Krisher et
al., 1994) or LH (Baril et al., 1996) to help control the time of ovulation. Although these treat-
ments increase the ovulation rate in these animals, they are not essential because FSH treatment
alone was sufficient to induce ovulation.

In this study, a single injection of eCG (200 IU) was given to prepare the recipients.
Although this dose was known to be nonsuperovulatory (Baril et al., 1993; Freitas et al., 1996),
the ovulation rate was considered high when compared to other reports (Freitas et al., 1996,
1997). The number of one-cell fertilized embryos was similar to that found in a previous study
(Selgrath et al., 1990). This indicates that the timing of collection of pronuclear embryos can be
controlled by the removal of the vaginal sponge (which contains exogenous progestagen).

The pregnancy rate in this report (1/16) was lower than the results of previous reports
(Gootwine et al., 1997; Lee et al., 2000). This could be due to the high number of nulliparous
recipients used in this study, which are not the best recipients (Baril et al., 1995). It is also
conceivable that the higher ovulation rate in induced recipients detrimentally affects the preg-
nancy rate (Lee et al., 2000).

The synchronism between donors and recipients, in the time of onset of estrus, is also
essential to improve the rate of embryo survival due to the hormonal profile. Increased early
embryonic loss and failure of implantation in recipients has been found in several mammal
species, and this phenomenon could be linked to the hostile maternal endocrine environment
(Moon et al., 1990).

This experiment establishes the basis of a synchronization and superovulation regimen
for the purpose of collecting and manipulating the pronuclear embryo. This project also showed
that microinjected one-cell goat embryos can survive to produce live young following manipu-
lation, indicating that a project designed to produce transgenic goats is feasible.

To our knowledge, this is the first report in Brazil on the birth of kids after microinjec-
tion of goat pronuclear embryos, although we could not document the presence of the transgene
in the kids. Further investigations are necessary to increase the number of offspring and, conse-
quently, the possibility to obtain transgenic goats for human G-CSF production.
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