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Summary &horbar; An attempt was made to improve gene transfer into chick embryos in order to pro-
duce transgenic chickens. The (3-actin-lacZ/ MiwZ, a marker gene in transfection reagent, was
injected into the blastodisc of either unincubated fertilized eggs (stage X) or eggs induced
from the shell gland by treating the hens intravenously with oxytocin or arginine vasotocin
(stages IV-VI). All the manipulated embryos were incubated to reach stage XIV, the period at
which primordial germ cells (PGCs) migrate from the germinal crescent to the gonadal anlage
via the blood stream. MiwZ was detected in the embryos, extraembryonic tissues and blood by
the histochemical staining method of (3-galactosidase. The MiwZ DNA was detected in 57%
(127/221) of the survival embryos and in 9% (12/127) of the embryonic tissues. The expression
was observed mosaically in the epidermis, heart and neural tube. The PGCs in the blood collected
from the vitelline artery or dorsal aorta also showed a positive histochemical staining. However,
the expression of MiwZ using the soft shelled eggs was more intense in the extraembryonic tis-
sues, although it did not emerge in the embryos. Thus, it is possible to introduce an exoge-
nous gene into the embryonic tissues using incubated fertilized eggs without sacrificing the hens.
This technique for successive genetic operations should facilitate the production of transgenic
chickens.
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Résumé &horbar; Transgenèse dans le blastoderme de jeunes embryons de poulet. Ce travail a été
réalisé pour tenter d’améliorer l’efficacité du transfert de gènes d’intérêt dans l’embryon de pou-
let afin d’obtenir des poussins transgéniques. Un gène marqueur, le (3-actin-lacZ/MiwZ, a été
injecté dans le blastodisque d’oeufs fécondés soit immédiatement après la ponte (stade X), soit
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juste après leur expulsion de l’utérus (stades IV-VI ; expulsion provoquée par injection intra-
veineuse d’occytocine ou d’arginine-vasopressine). Tous les embryons traités ont ensuite été incu-
bés jusqu’au stade XIV qui correspond à la période pendant laquelle les cellules germinales pri-
mordiales (CGP) migrent (transport par voie sanguine) du croissant germinal vers le site
d’implantation des gonades. L’expression du gène MiwZ dans l’embryon, les tissus extra-
embryonnaires et le sang a été détectée par coloration histochimique ((3-galactosidase). Cette
expression a pu être retrouvée dans l’ADN de 57 % des embryons survivants (127/221) et
dans 9 % des tissus extra-embryonnaires. Dans cette partie, le gène MiwZ s’est exprimé (dis-
tribution en mosaïque) dans l’épiderme, le coeur et le tube neural. Les CGP retrouvées dans le
sang artériel (artère vitelline ou aorte dorsale) ont, elles aussi, montré une réaction colorée
positive. Par ailleurs, l’expression du MiwZ dans les oeufs prélevés dans l’utérus est apparue net-
tement plus intense que celle observée dans les tissus extra-embryonnaires mais ne s’est pas mani-
festée dans les embryons de ces &oelig;ufs. Pour conclure, nos observations montrent qu’il est pos-
sible d’introduire des gènes exogènes dans les tissus embryonnaires de poulet à partir d’&oelig;ufs
juste pondus, ce qui évite le sacrifice de la femelle. Cette technique devrait ainsi faciliter dans
l’avenir la production de poussins transgéniques.
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INTRODUCTION

A complete culture system has been estab-
lished for the chick embryo from the single
cell stage of hatching (Perry, 1988). This
technique was a breakthrough for the inves-
tigation of developmental events at early
embryonic periods in vitro, and it will be a
useful method for analyzing embryogenesis,
particularly at the molecular level. In fact,
various methods have since been developed
to produce transgenic chicken. Sang and
Perry (1989) reported that foreign DNA was
injected into the germinal disc of fertilized
ova obtained from the magnum of the
oviduct. Naito et al (1994) observed that the
introduction of foreign DNA into the somatic
and germ cells was successfully achieved by
injection into the germinal disc of fertilized
ova at the single cell stage. In these meth-
ods, however, the hens were sacrificied to
obtain fertilized ova and most of the chick

embryos expressed the DNA mosaically
(Naito et al, 1991 In addition, Petitte et al
(1990) developed somatic and germline
chimeras by injecting dispersed donor blast-
dermal cells into the compromised recipient

embryos, thus providing a practical technique
for the production of transgenic chimera
chickens. Expression of the introduced DNA,
with MiwZ as a marker gene, was observed in

extraembryonic tissues (Otsuka et al, 1990);
however, the rates of DNA transfection into
the donor cells and their incorporation into
the germlines were very low. Furthermore,
y-irradiation of the recipient embryo, prior
to injection of the donor cells, consistently
yielded somatic and germline chimeric chick-
ens (Carsience et al, 1993). More recently, a
technique using primordial germ cells (PGCs)
as donor cells has been developed (Tajima
et al, 1993). With this technique, the PGCs
are noted for manipulations of germlines,
sexing and conservation of the genetic mate-
rials using the methods identical to embry-
onic stem cells in the mice.

In the present report, we have improved
an exogenous gene transfer into the chick

embryo by using fertilized eggs with hard
shells. This method is advantageous in the
production of transgenic chickens, because
the gene transfer is easily achieved without
sacrificing the hens, leading to higher hatch-
ability.



MATERIALS AND METHODS

Preparation of the DNA solution

Figure 1 shows the structure of the constructed
plasmid MiwZ marker gene, which contains the
E coli-!3-galactosidase gene (lacZ) under the
control of RSV enhancer and the chicken (3-actin
gene promoter/enhancer (Suemori et al, 1990).
The circular form MiwZ (6.25 pg) was mixed
with 22.5 pg of transfection reagent (Boehringer,
Germany), and then diluted up to 50 pL with
Hepes-buffered saline (HBS; 20 mM Hepes con-
taining 150 mM NaCI, pH 7.4), in a polystyrene
tube on ice according to the instructions but with
slight modification. A micropipette (G-1, Nar-
ishige, Tokyo, Japan), whose tip was developed
down to the outside diameter of about 40 pm,
was filled with the DNA solution prior to
microinjection.

Microinjection of the DNA solution

Fertilized eggs laid by a strain of Rhode Island
Red hens were used as host embryos. The eggs
with soft shells were obtained by treating the
hens intravenously with oxytocin or arginine

vasotocin at 7 h after oviposition of the preced-
ing egg. Three trials and two control experiments
were carried out as follows:

When both unincubated eggs (stage X; trial 1;
Eyal-Giladi and Kochav, 1976) and temporar-
ily preserved eggs at 4 °C for 3 h as soon as laid
(stage X; trial 2) were used as host embryos
(about 6 x 104 cells), the window of 10-15 mm
in diameter was opened at the sharp end of the
egg shell and the thick albumen around the ger-
minal disc was removed at a volume of about
1.5 mL. The micropipette filled with the DNA
solution was inserted into the central area of the

germinal disc through the vitelline membrane;
the injection volume of the DNA solution was
about 0.5 mL. The window of the shell was then

closed carefully with a tape. All the procedures
for the injection and embryo culture were car-
ried out under sterile conditions.

The eggs with soft shells used as host

embryos (about 100 cells) (stage IV-VI; trial 3)
were washed twice in Ringer’s solution supple-
mented with dihydrostreptomycin (1 mg/mL)
and penicillin (10 IU/mL). The shell membrane
was removed, and the DNA solution was injected
into the germinal disc vertically through the thick
albumen at a volume of about 0.3 mL. MiwZ

DNA (control 1 ) or Boehringer reagent (control



2) diluted with HBS was injected into the ger-
minal disc of the laid eggs with hard shells as

described earlier.

Culture of the manipulated embryos

Manipulated eggs (trials 1, 2 and controls) were
incubated for 50-72 h while rocking intermit-
tently at an angle of 90° in hourly cycles at
37.5 °C with a relative humidity of 60%. They
were cultured to reach stage XIV (Hamburger
and Hamilton, 1951 the period at which PGCs
begin to migrate from the germinal crescent to
the gonadal anlage via the blood stream
(Kuwana, 1993). The ova (trial 3), however,
were placed in a glass jar (100 mL), without
adding a culture medium, at 41.5 °C for 18 h.
They were then transferred to recipient
eggshells without the thick albumen and cul-
tured to reach the same stage according to
Perry’s culture system.

Detection of MiwZ DNA expression

The expression of MiwZ DNA was detected by
a histochemical staining method of (3-galactosi-
dase. Blood samples were collected from the
vitelline artery or dorsal aorta by a fine glass
pipette. PGCs enriched by cytologic screening
were smeared on a glass slide and fixed with
1 % glutaraldehyde in phosphate-buffered saline
(PBS) for 5 min at 4 °C. After washing with
PBS, the smears were stained for I h at room

temperature with 0.05% 5-bromo-4-chloro-3-

indolyl-(3-D-galactopyranoside (X-gal, Sigma,
USA), 1 mM MgCI2’ 0.1% Triton X-100, 3 mM

potassium ferrocyanide and 3 mM potassium
ferrocyanide in PBS. The embryos and extraem-
bryonic tissues were removed from the yolk
immersed in PBS and fixed with 1% glu-
taraldehyde in PBS for 20 min at 4 °C. After
washing three times with PBS, the samples were
stained for 2 h at 37 °C with X-gal. The intensity
of the expression was estimated by counting the
positive cell colonies in the extraembryonic tis-
sues.

DNA extraction and PCR analysis

Whole embryos (stage XIV) were removed from
the yolk and washed with TNM buffer (20 mM
Tris-HCI buffer, pH 7.5, containing 100 mM
NaCl and 1.5 mM MgCl2). The total DNA was
extracted from the homogenized embryos by the
phenol-chloroform method (Sambrook et al,
1989). The polymerase chain reaction (PCR)
analysis was carried out on 500 ng DNA samples
in order to detect the presence of the lacZ gene,
as appropriate. To estimate the copy number,
PCR reactions of the endogenous gene, glycer-
aidehyde-3-phosphate dehydrogenase (GAPDH),
were also performed on each DNA sample under
standard procedures. Five pL of the products of
each reaction were then combined and subjected
to 1% agarose gel electrophoresis (Love et al,
1994).

RESULTS

The survival rates for the manipulated
embryos of eggs with no incubation (trial 1 )
and temporal preservation at 4 °C for 3 h (trial
2) were 73.8 and 79.7% at stage XIV, respec-
tively. However, in the case of the manipu-
lated embryos obtained by premature ovipo-
sition (trial 3), the survival rate was 42.9%.
The expression of the MiwZ DNA, as
revealed by (3-galactosidase activity, was
detected in 57.8 (trial 1), 56.6 (trial 2) and
66.7% (trial 3) of the survival embryos. Most
of them were detected only in the extraem-
bryonic tissues around the embryo (fig 2A),
but the embryonic expression of the MiwZ
was detected in six cases (11.5%) of the 52
embryos at trial I and six cases (8.7%) of the
69 embryos at trial 2 (fig 2B). There was lit-
tle difference in intensity of the expression
between trial I and trial 2. However, in trial 3,
the expression in the extraembryonic tissues
was much more intense than the other two

trials, although no expression was detected
in the embryo (fig 2C) (table I). When the
DNA (control 1 ) or transfection reagent (con-
trol 2) was injected into the embryos individ-





ually, they showed no expression of the MiwZ
DNA. Table II shows the expression sites of
MiwZ in the 12 embryos at trials 1 and 2.
These expression sites were detected in the
epidermis (50%), heart (33.3%) and neural
tube (16.7%) in a mosaic manner. As for the
other expression sites, the caput site was noted
in particular. In trial 2, the expression was
also detected in the PGCs in blood collected

from the vitelline artery or dorsal aorta of the

embryos (16.7%) (fig 3).
On the one hand, the manipulated embryos

(trials 1 and 2) were classified as single copy,
mosaic and negative at stage XIV, demon-
strating that the rates of MiwZ DNA detec-
tion as a single copy were 1.7% for trial I and
4.2% for trial 2, respectively (table III]. More
than 60% of the embryos were classified as
mosaic in trials 1 and 2 (table III).



DISCUSSION

In this report we described the expression of
the MiwZ DNA in the chick embryos,
extraembryonic tissues and PGCs by in vivo
transfection. At first, we expected that a tem-
poral inhibition of the embryonic metabolism
by preserving at 4 °C for 3 h would keep the
host embryos in a stable condition and thus
increase the survival rates for the manipulated
embryos and improve MiwZ DNA expression
at restricted regions. Consequently, temporarily
preserved eggs were used as host embryos
(trial 2). Unfortunately, there were little dif-
ferences in intensity, survival rates and DNA
expression between trial 1 and trial 2, at which
fertilized eggs with no incubation were used as
host embryos. However, it is interesting to
note that 4.2% (trial 2) and 1.7% (trial I), at a
level equivalent to one copy per cell from a
whole embryo, were analyzed using the PCR
method. Furthermore, the MiwZ expression
was detected in the PGCs in blood collected
from the vitelline artery or dorsal aorta only in
trial 2. In the same way, exposure to g irradi-
ation was used to compromise the develop-
ment of recipient embryos (stage X) prior to

injection with blastodermal cells. The irradia-
tion caused an increase in the rate of somatic

and germline chimeras (Thoraval et al, 1994).
Thus, it may be possible to obtain a transgenic
chimera with chimerism limited to a particular
germline and a restricted region by control-
ling the metabolic condition of the host
embryos as well as the site of injection. The
embryonic expression was detected in partic-
ular at the epidermis of the caput, suggesting
that some of the transferred DNA cells are

incorporated with the epiblast while others are
caught by the hypoblast sheet that is formed. In
this experiment, DNA solution was injected
just under the blastoderm. At this stage of
embryonic development, it has been reported
that a single cell layer is formed and PGCs are
observed in the central area of the germinal
disc (Ginsburg and Eyal-Giladi, 1987). How-
ever, the central area of blastodermic layers
is a neural presumptive region and many cells
in this area are destined to form the brain and
the epidermis of the caput (Rudink, 1948). In
the experiment using the embryos obtained
by premature oviposition, the expression was
as intense as using the fertilized ovum at the
single-cell stage (Naito et al, 1991). Taking



these data together, it is suggested that the
mosaicism is inhibited by injecting into the
chick embryo at the earlier stage of develop-
ment. However, the burdens of in vitro cul-
ture and microinjection at the early stage
resulted in the low survival rate in this exper-
iment (42.9%).

An advantage of our method is that an
exogenous gene is able to be easily transferred
into the embryonic tissues without sacrificing
the hens, thus resulting in a higher hatchabil-
ity (39.0%, 25/64) than with a conventional
method of in vitro culture (Naito et al, 1994).
This technique for successive genetic opera-
tions should facilitate the investigation of
embryogenesis in early chick embryos at the
molecular level. However, two questions remain
unanswered: the reason that many expressions
of DNA were detected in extraembryonic tissues
and the frequence that the DNA was integrated
with the host chromosomes. In order to assure
its chromosome integration, devises for intro-
ducing foreign DNA may be essential and an
increased efficiency in the production of a
germline chimera may be necessary for the pro-
duction of transgenic chickens. Consequently,
further investigation into the establishment of
avian PGC lines in the same manner as embry-
onic stem cells of mice is anticipated.
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