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INTRODUCTION

DNA transfer methods have led to significant ad-
vances in exogenous gene expression. Transgenic animals
have been used as models for studying gene functions and
for producing very marketable proteins.

Microinjection has been the most studied form of
transgenic production in mammals, but is considerably
more difficult to apply to poultry (Li et al., 1995). The main
difficulty with the latter is that at the time of ovoposition the
embryo has already more than 60,000 cells. One of the
strategies used to solve this problem is pronucleus trans-
formation in recently fertilized eggs.

Other techniques used successfully in poultry include
cell transfection with retroviral vectors, lipofection in ovo,
electroporation and biolistics (Muramatsu et al., 1997).
When stable gene expression and transgenic offspring are
desired, stem cell transfection using retroviral vectors is the
most convenient and successful technique (Petitte et al.,
1990). The most commonly used stem cells are blastodermal
or primordial germ cells. When blastodermal cells are used,
they are transfected in ovo with retroviruses. The resulting
chimaeric embryos contain foreign genes in their germ line
and generate transgenic offspring (Bosselman et al., 1989).
When primordial germ cells are used, foreign DNA is in-
troduced into previously isolated cells using defective
retroviruses. These cells are then transferred to recipient
embryos to populate the gonads. Chimaeric embryos will
produce transgenic offspring (Vick et al., 1993).

There are, however, two problems with these meth-
ods. First, embryo manipulation is very difficult, which
increases the death rate, especially during the initial stages
of incubation. Second, it is very difficult to predict the

potential fate of the blastodermal cells and, consequently,
to predict whether these cells will populate the gonads
(Petitte et al., 1990).

When transient expression is desired, in ovo
lipofection, electroporation and biolistics have been used
to transfect chicken embryos (Muramatsu et al., 1997).
Biolistics have been used in a variety of animal tissues (Yang
et al., 1990; Williams et al., 1991; Klein and Fitzpatrick-
McElligott, 1993; Rech et al., 1996).

This report describes the development and optimi-
zation of a method for the introduction and transient ex-
pression of genes in chicken embryos bombarded in situ.

MATERIAL AND METHODS

Chicken embryos

Fertilized chicken eggs were incubated at 38oC for
30 h. In developmental stage 10 embryos (Hamburger and
Hamilton, 1951) were bombarded in situ. A small hole
(10-15 mm) was made on the rounded end of the egg to
expose the embryo to bombardment. After bombardment,
the shells were sealed with PVC film and the eggs then
incubated for an additional 24 h at 38°C.

Plasmid

The plasmid used was pCMVβ, which contains the
lacZ gene from Escherichia coli under control of the hu-
man cytomegalovirus (CMV) immediate early gene pro-
moter/enhancer (CLONTECH, Palo Alto, CA, USA). The
protocol for plasmid precipitation into gold or tungsten
particles was described by Aragão et al. (1996).

Bombardment

A high pressure helium gas apparatus, built in our
laboratory based on the design described by Sanford et al.
(1991), was used to bombard the embryos. The distance
from the rupture and carrier membranes was 0.6 cm. The
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carrier membrane flying distance to the stopping screen
was 2.0 cm and the DNA-coated microparticle flying dis-
tance to the embryo was 11.0 cm.

Three types of microparticles were tested for plas-
mid precipitation: gold with a diameter of 1.5-3.0 µm
(Aldrich No. 32.658-5), and tungsten with diameters of 0.2
µm (M5, Sylvania Inc.) and 1.2 µm (M10, Sylvania Inc.).
The bombardment conditions were as follows: a 600-mmHg
vacuum to test 400-, 500- and 600-psi helium gas pressures
and a 400-mmHg vacuum to test 800-, 900-, 1000- and 1500-
psi helium gas pressures. M5 tungsten particles (0.2 µm)
were used to test 600-, 900- and 1200-psi pressures, and
M10 tungsten particles (1.2 µm) were used for 600- and
900-psi pressures, with a 600-mmHg vacuum in all cases.

A laser pen indicated the center of the particle dis-
persion zone (dead zone). Two positions for embryo place-
ment (center of the dead zone and 1 cm from the center)
were tested. Embryo targeting with a laser pen was used
only in the tungsten particle experiments.

βββββ-Galactosidase activity

β-Galactosidase (β-gal) activity was detected by a
histochemical assay. Twenty-four hours after bombard-
ment, embryos were fixed in a 4% paraformaldehyde so-
lution for 5 min at 4°C, followed by staining for 4 h at
37°C with a chromogenic substrate containing 100 mM
sodium phosphate, 1.3 mM MgCl

2
, 3 mM K

4
Fe(CN)

6
, 3

mM K
3
Fe(CN)

6
 and 1 mg X-gal (5-bromo-4-chloro-3-

indolyl-β-D-galactopyranoside)/ml. β-Galactosidase expres-
sion was detected histochemically by the hydrolysis of X-
gal to produce insoluble indigo. The resulting blue color
indicated the localization of β-gal activity in transformed
embryos. Transformation was verified by the absence or
presence of blue points (expression units) representing gene
expression in a cell or group of cells. All embryos with blue
points were considered in the analyses, independently of
the number of units expressed. Embryos that showed β-gal
activity were classified into two expression categories: 1)
expression in embryo body and extra-embryonic tissue (to-
tal expression), 2) expression in embryo body.

Non-bombarded embryos were used as negative
controls and did not show any staining. Embryo survival,
defined as the presence of heartbeat, was recorded 24 h
after bombardment.

RESULTS AND DISCUSSION

Each species or cell type requires different condi-
tions for DNA transfer (Gendreau et al., 1995; Zelenin et
al., 1991; Williams et al., 1991), and we have optimized
these parameters for chicken embryos.

We initially tested a vacuum of 600 mmHg, gold
particles and pressures of 400-600 psi. Thirty-six embryos
were bombarded: 10 with 400 psi, 10 with 500 psi and 16
with 600 psi (Table I). The survival rate was approximately
30% for the three pressures. Approximately 53% of the
embryos expressed β-galactosidase in their body cells, with
19.4% of these showing more than 100 expression units
(blue points). The number of punctured yolks was close to
30% for the three conditions.

To reduce embryo damage and increase the sur-
vival rate, we repeated the experiments at a lower vacuum
(400 mmHg instead of 600 mmHg). In this case, air resis-
tance was greater and the particle velocity was reduced.
Forty-eight embryos were bombarded: 14 with 600 psi, 11
with 800 psi, 6 with 900 psi, 11 with 1000 psi and 6 with
1500 psi (Table II). Higher helium pressures were not tested
since several egg yolks ruptured at 1500 psi. Embryo sur-
vival was greater than that achieved in the previous ex-
periment, reaching an average of 56%. A pressure of 1500
psi was harmful to the embryos with only one out of six
embryos surviving bombardment under this condition.
Overall, the efficiency of transformation was low; only
one embryo with 20 blue points in the body cells was ob-
tained at a pressure of 1500 psi. At the remaining pres-
sures, expression in extra-embryonic tissue cells was seen
in 28.6% of the embryos bombarded. Thus, our attempt to
increase survival by reducing the vacuum was offset by a
reduction in expression. To overcome the lower efficiency
of transformation, higher pressures were tested, but these
reduced embryo survival.

Table I - Effect of helium pressure on β-gal expression in embryos bombarded with gold
particles at a vacuum of 600 mmHg.

Helium N Efficiency of transformation (%) Ruptured yolks Survival
(psi) (%)  (%)

Embryos with Embryos with
total expression1 expression in body cells

400 10 80.0 (8/10)2 50.0 (5/10)3 20.0 (2/10)4 40.0 (4/10)5

500 10 60.0 (6/10) 50.0 (5/10) 40.0 (4/10) 20.0 (2/10)
600 16 68.7 (11/16) 56.2 (9/16) 31.2 (5/16) 31.2 (5/16)

1Embryos with β-gal expression in body cells and extra-embryonic tissue. 2No. of embryos expressing β-
gal/total number of embryos bombarded. 3No. of embryos expressing β-gal in body cells/total number of
embryos bombarded. 4No. of yolks ruptured at the moment of bombardment/total number of eggs bom-
barded. 5No. of embryos with heartbeat 24 h after bombardment/total number of embryos bombarded.
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Table II  - Effect of helium pressure on β-gal expression in embryos bombarded with gold
particles at a vacuum of 400 mmHg.

Helium N   Efficiency of transformation (%) Ruptured yolks Survival
(psi) (%) (%)

Embryos with Embryos with
total expression1 expression in body cells

600 14 21.4 (3/14)2 — — 78.6 (11/14)5

800 11 27.3 (3/11) — 27.3 (3/11)4 45.4 (5/11)
900 6 50.0 (3/6) — — 33.3 (2/6)

1000 11 27.3 (3/11) — 18.2 (2/11) 72.7 (8/11)
1500 6 66.7 (4/6) 16.7 (1/6)3 33.3 (2/6) 16.7 (1/6)

1Embryos with β-gal expression in body cells and extra-embryonic tissue. 2No. of embryos expressing β-
gal/total number of embryos bombarded. 3No. of embryos expressing β-gal in body cells/total number of
embryos bombarded. 4No. of yolks ruptured at the moment of bombardment/total number of eggs bom-
barded. 5No. of embryos with heartbeat 24 h after bombardment/total number of embryos bombarded.

Figure 1 compares embryos bombarded at different
vacuum levels using gold particles and helium at 600 psi.
The embryo bombarded under a vacuum of 600 mmHg had
a greater number of expression units than that bombarded
under 400 mmHg, but showed abnormal tissue development.

In an attempt to improve embryo survival, smaller
tungsten particles were tested since the particle material,
size and form are known to influence the efficiency of trans-

formation (Klein et al., 1992). Table III shows the results
with 0.2-µm tungsten particles at 600 mmHg and pres-
sures of 600, 900 and 1200 psi. Higher pressures were not
used because of the increased frequency of ruptured yolks
(66.7%). The average survival rate with the three pres-
sures was 42.4%. A pressure of 1200 psi produced the
greatest decrease in survival rate. Only one out of nine
embryos bombarded survived. The number of expression

Table III  - Effect of helium pressure on β-gal expression in embryos bombarded with M5 tungsten
particles at a vacuum of 600 mmHg.

Helium N Efficiency of transformation (%)   Ruptured yolks Survival
 (psi) (%) (%)

Embryos with Embryos with
total expression1 expression in body cells

600 9 88.9 (8/9)2 33.3 (3/9)3 11.1 (1/9)4 66.7 (6/9)5

900 15 60.0 (9/15) 13.3 (2/15) 33.3 (5/15) 46.7 (7/15)
1200 9 22.2 (2/9) — 66.7 (6/9) 11.1 (1/9)

1Embryos with β-gal expression in body cells and extra-embryonic tissue. 2No. of embryos expressing β-
gal/total number of embryos bombarded. 3No. of embryos expressing β-gal in body cells/total number of
embryos bombarded. 4No. of yolks ruptured at the moment of bombardment/total number of eggs bom-
barded. 5No. of embryos with heartbeat 24 h after bombardment/total number of embryos bombarded.

Figure 1 - Embryos bombarded with gold particles at 600 psi helium and a vacuum of 600 mmHg (A) or 400 mmHg
(B). Blue points indicate β-galactosidase expression.
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units was low at all pressures tested and no embryo pre-
sented more than 10 expression units in the body cells.

In view of the continued low efficiency of trans-
formation, another experiment was conducted using larger
tungsten particles (1.2 µm). Our rationale was that the re-
duced mass of the 0.2-µm particle did not attain a velocity
fast enough to penetrate the cells. Six embryos were bom-
barded with 600 psi helium at a vacuum of 600 mmHg. A
laser targeting system was adopted to indicate the center

Table IV  - Effect of helium pressure on β-gal expression in embryos placed 1 cm from the dead zone,
using M10 tungsten particles at a vacuum of 600 mmHg.

Helium N Efficiency of transformation (%) Ruptured yolks Survival
 (psi) (%) (%)

Embryos with Embryos with
total expression1 expression in body cells

600 6 66.7 (4/6)2 16.7 (1/6)3 33.3 (2/6)4 33.3 (2/6)5

900 12 41.7 (5/12) 25.0 (3/12) 58.3 (7/12) 16.7 (2/12)

1Embryos with β-gal expression in body cells and extra-embryonic tissue. 2No. of embryos expressing β-
gal/total number of embryos bombarded. 3No. of embryos expressing β-gal in body cells/total number of
embryos bombarded. 4No. of yolks ruptured at the moment of bombardment/total number of eggs bom-
barded. 5No. of embryos with heartbeat 24 h after bombardment/total number of embryos bombarded.

Figure 2 - Embryos bombarded with 0.2 µm (A) and 1.2 µm (B and C) tungsten particles at a helium pressure of 600 psi and a vacuum of 600 mmHg. In C,
the embryo was positioned 1 cm from the center of the dispersion zone while in B the embryo was placed under the center of the dispersion zone. D
represents an embryo that was not bombarded.

of the particle dispersion zone. The embryos were posi-
tioned under the red point generated by the laser pen, i.e.,
directly in the center of the dispersion zone. The efficiency
of transformation was 100%. All six embryos bombarded
expressed β-gal in body cells. Nevertheless, the number of
blue points was not very high, with only 50% of the em-
bryos presenting more than 100 expression units. Survival
rate was low, with only one embryo (16.7%) surviving bom-
bardment. The normal development of tissues and organs
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was severely affected. These results indicated that placing
embryos directly under the dispersion zone should be avoided.

In a final set of experiments, embryos were posi-
tioned 1 cm from the center of the dispersion zone. Eigh-
teen embryos were bombarded under a 600-mmHg
vacuum: 6 at 600 psi and 12 at 900 psi (Table IV). The
survival rates were 33.3 and 16.6% in embryos bombarded
with 600 psi and 900 psi, respectively. At a pressure of
900 psi, 58.3% of the yolks burst on impact. The efficiency
of transformation was 66.7% for embryos bombarded with
600 psi and 41.7% for those bombarded with 900 psi.

Figure 2 shows that embryos bombarded with 0.2
µm tungsten had fewer expression units compared to those
bombarded with larger particles (1.2 µm).

The position of the embryo relative to the disper-
sion zone was an important parameter in this experiments,
since embryos placed in the center of the dispersion zone
suffered serious tissue damage. Embryos bombarded with
larger particles and placed 1 cm from the center of the
dispersion zone showed a normal tissue development and
an intermediate number of expression units compared to
other conditions of bombardment.

In situ DNA transfer to chicken embryos was rela-
tively successful. The CMV promoter used produced strong
expression in several regions of the embryo and the reporter
gene lacZ was easily detected. An efficiency of transforma-
tion of 68% and a 31.2% survival rate were obtained with
gold particles, a 600-mmHg vacuum and a helium pres-
sure of 600 psi. All efforts to improve the level of trans-
formation using higher helium pressures or vacuums re-
sulted in more expression but a lower survival rate. The
use of smaller particles to reduce embryo damage was
unsuccessful because it resulted in a lower efficiency of
transformation.

Previous reports have shown that biolistics can
be used to transfer genes to chickens in ovo (Li et al., 1995;
Muramatsu et al., 1997). Li et al. (1995) transformed pri-
mordial chicken embryo cells using an adapted surgical
syringe and were able to detect the transgene in 20% of
the positive male offspring. Muramatsu et al. (1997) used
tungsten particles and 285 psi nitrogen to obtain a 45.8%
efficiency of transformation and 42.9% survival rate.
However, the number and intensity of expression units
were low. Under our conditions, greater efficiency of
transformation and expression levels were obtained. The
high helium pressure used in our work could account
for the difference between our results and those of other
studies.
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RESUMO

Ovos fertilizados de galinha foram bombardeados através
da técnica de biobalística. A expressão transiente do gene lacZ,
sob o controle do promotor humano citomegalovírus, foi
verificada após a transferência in situ. Diferentes níveis de pressão
de gás hélio, vácuo e tipos de partículas foram testados. A taxa
de sobrevivência aumentou à medida que a velocidade das
partículas diminuíram, entretanto, o nível de expressão foi menor.
Os melhores resultados, combinando taxa de sobrevivência e
expressão, foram obtidos com partículas de ouro, 600 libras por
polegada ao quadrado de hélio e 600 mmHg de vácuo. Nestas
condições, todos os embriões bombardeados apresentaram
atividade da β-galactosidase, indicando que esta técnica é
eficiente para a transformação de embriões de galinhas.
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