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ABSTRACT

Primordial germ cells (PGCs) were manipulated as part of the system to produce transgenic
chickens. PGCs were isolated from the germinal crescent of developmental stage 6 to 8 donor em-
bryos of the Korean Native Ogol Chickens (KNOC). These PGCs were transfected with plasmid
DNA containing the lac Z gene by liposome mediated transfection methods. The lac Z gene was
transfected and expressed in the PGCs. These transfected PGCs were injected into the germinal
crescent of White Leghorn embryos (stage 6 to 8). The injected transfected PGCs migrated via
the circulatory system into the future gonad and expression observed in the gonads of 3 day old
chick. Of the 47 embryos and 3 day old chickens, one positive PGCs gonad from sacrificed young
chickens was detected by appearance of blue cells. Plasmid DNA with the foreign gene was incor-
porated into the population of germ cells in the gonad.

‘These results demonstrate that PGCs can be transfected and then transferred for colonization
into the gonad, and show the potential to ultimately manipulate the genetic material of the
chicken germline,
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minal crescent, located in the anterior region of

INTRODUCTION the blastodisc (Eyal-Giladi et al., 1981; Urven
et al.,, 1988). After a maturation period these

In aves, PGCs arise from the epiblast and mi- cells migrate into gonadal ridge via the vascular
grate into the hypoblast. During gastrulation, network (Fujimoto et al., 1976) and settle down
the PGCs migrate anteriorly via the hypoblast in the gonadal primordium at stage 20 to 24
and reside in the extraembryonic area, the ger- where they rapidly proliferate to form germ
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cells (Nakamura et al., 1988). The isolated
PGCs are potentially suitable vehicles for ma-
nipulation of the chicken genome. Shuman
(1981) reported that the isolated PGCs can be
successfully transferred to the host embryo by
using the microinjection technique. Donor PGCs
colonized in the host gonad were identified by
chromosomal markers. In addition, it was de-
monstrated that PGCs did not influence the sex-
ual differentiation of the gonad. The successful
production of transgenic chickens by infection
with a retroviral vector was reported by several
researchers (Bosselman et al., 1989; Reynaud,
1976; Salter et al., 1987; Shuman and Shoffner,
1986). More recently, PGCs were obtained from
germinal crescent or blood vessel (dorsal arota)
and transfected with defective retroviruses
carrying the neo and lac Z genes. These trans-
fected PGCs were microinjected into recipient
embryos to form chimeras. The produced chi-
meras were grown to sexual maturity and
produced offspring. Southern blot analysis of
the DNA from the chimeric bird sperm and the
offspring blood contained the foreign DNA
(Vick et al, 1993). Simkiss et al. (1990) re-
ported positive result from manipulated PGCs
with a retroviral vector by amplification of DNA
with polymerase chain reaction (PCR) following
Southern blot analysis, This was identified by
examination of 5 day embryos, 10 day urogenital
regions, and 18 day gonads. But the use of
retroviral vectors is questioned for its safety in
the production of commercial chickens due to
the pathogenic characteristics of retroviruses.
Han et al. (1993, 1994) reported that PGCs were
transfected in vitro by liposome mediated DNA
transfection methods and expressed the exogen-
ous plasmid DNA, indicating that PGCs are a
possible vector for direct gene transfer into the

germline. The purpose of this study is to deter-

mine if transfected PGCs with exogenous
plasmid DNA can be located and proliferated in
the gonad for production of germline chimeric

chickens.

MATERIALS AND METHODS

1. Embryo preparation and PGCs isolation

The experimental stocks were the two inbred
lines of White Leghorn (WL) and Korean
Native Ogol Chicken (KNOC) which were
maintained at Experimental Animal Farm, Seoul
National University. Fertilized donor eggs were
prepared from KNOC. The eggs were incubated
to developmental stage 6 to 8 (incubation time
24~26hr) at 37.5°C and 60 to 70% relative hu-
midity. Following the incubation, the eggshell
was wiped with 70% ethanol and then broken
into a specimen dish containing chicken Ringer’s
solution (7.2g of NacCl, 0.37g of KCI and CaCl, -
H,O in one liter of double distilled, deionized
water). The embryos were excised from the
yolk with microdissecting scissors, removed
with a sterile wide mouth pipette, and trans-
ferred to a 35 mm petri dish containing warmed
sterile calcium and magnesium free PBS (8g of
NaCl, 0.2g of KCl, 1.44g of Na,HPO, and 0.24g
of KHPO, in one liter of double distilled,
deionized H,0).

After 24 to 26 hr incubation (developmental
stages 6 to 8), PGCs were isolated from the ger-
minal crescent. The 15 to 20 germinal crescents
were dissected with Vannus microdissecting
scissors or scalpel under the dissecting micro-
scope, and placed in a warmed, sterile calcium
and magnesium free PBS. Excised germinal
crescents were carefully washed with sterile cal-
cium and magnesium free PBS to remove yolk
granules, The 15 to 20 excised germinal cre-
scents were pooled and gently aspirated with
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micropipette to produce a single cell suspension.
Periodic acid-Schiff (PAS) stain was used to
determine presence of the glycogen filled PGCs
which stain preferably a brilliant magenta.

Recipient fertilized eggs were prepared from
White Leghorn (WL) females mated with White
Leghorn (WL) males. The eggs were pre-
warmed for several hours at room temperature,
positioned on their sides and incubated to devel-
opmental stages 6 to 8 for 26 hr. Eggshells were
cleaned with 70% ethanol and a 25mm? window
was cut in the side of the egg with a dentist
drill fitted with an abrasive stone drill bit,

2. Plasmid DNA

The RSVLTR /BG, plasmid was provided by
Hua-Ming Wang, University of Utah. This
plasmid contains the lac Z gene under the con-
trol of Rous sarcoma virus (RSV) long terminal
repeat (LTR) promoter (Han et al., 1993).

3. Plasmid DNA transfection into PGCs

The cell suspension containing PGCs were
transfected by using liposome mediated DNA
transfection method (Chen and Okayama, 1987
Felger and Holm, 1989; Han et al., 1994). To
conduct liposome mediated DNA transfection
into PGCs, 1004 cell suspension containing
PGCs was mixed with liposome-DNA mixture
(404g liposome and 104g plasmid DNA). These
DNA-PGCs mixture was incubated for 4hr at
37°C. After incubation, DME /Ham’s F-12 media
with serum was added for additional 48hr at
37°¢C to identify the transfected PGCs (Han et
al., 1994).

After 48hr of incubation to determine
transfection efficiency, the PGCs were fixed
and rinsed with the fixer (50mM phosphate
buffer (pH 7.4) containing 2% glutaraldehyde,
2% forméldehyde and 2mM MgCl,) and rinser

(50mM phosphate buffer (pH 7.4) containing
2mM MgCl; and 0.02% NP-40) solution, respect-
ively. And the transfected PGCs were treated
with X-gal at pH 7.4 for 4 to 8hr.

4. Micrpinjection of transfected PGCs

After 4 to 8 hr incubation of the cells contain-
ing PGCs in transfection cocktail including
plasmid DNA, the transfected cells were in-
jected into the host embryo. Recipient eggs
(WL) were incubated and positioned on their
sides. Eggshells were cleaned with 70% ethanol
and 25mm2 window cut in the side of the egg
with a dentist drill fitted with an abrasive stone
drill bit. Transfected cell suspension including
PGCs was injected into the area of the germinal
crescent of recipient embryos which were
incubated for 24 to 28hr. The windowed egg
with the recipient embryo was positioned under
a 100z-syringe with a 31-gauge needle, After
the germinal crescent was located under the
window, 24 (353 PGCs) and 54 (100£7
PGCs) of the transfected PGCs were slowly
injected into the germinal crescent, respect-
ively. Once the injection was completed, the
window was closed by sealing a piece of second
eggshell and layered with paraffin. Next, the
eggs were incubated with the “window” side up
overnight at 37.5C and 60% to 70% relative hu-
midified incubator which was not rotated. And
next day, the eggs were moved and incubated at
37.5C and 60% to 70% relative humidity in an
air forced incubator. The eggs were rotated 90°

periodically during the incubation period.

5. Gonad screening

To screen the transfected and colonized
PGCs, the embryonic and young chick gonads
were removed at 12 to 21 day old embryos and 3
day old chicks gonad, respectively. After re-
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moving the gonads, they were squashed on a
slideglass. After fixation and rinsing, the gonads
were treated with X-gal. The positive gonads
were examined for blue colored cells. In this
study, gonad screening for exogenous g-ga-
lactosidase expression was performed at pH 7.4
for 4 to 8 hr (Han et al., 1993).

RESULTS

PGCs isolated from germinal crescents were
readily distinguished from other cells. The size
range of PGCs in the germinal crescent were
between 124m to 18um in diameter, Figure 1
shows collected PGCs in germinal crescent after
26hr incubation. The large eccentric nucleus
was evident in PGCs. The PGCs were stained a
brilliant magenta with Periodic acid- Schiff
(PAS) due to abundant glycogen content in the
cytoplasm. The total number of PGCs from the
10 germinal crescents was approximately 1900
(190 cells /embryo), determined with a standard
hemocytometer under the light microscope.
Transfected PGCs with blue color were ident-
ified and distinguishable from other somatic
cells. The transfection efficiency of lac Z gene
to PGCs was 2.37% (+0.78).

Table 1 shows a summary of hatchability of
injected embryos after PGCs transfer into the
blood vessel of chicken embryo (stage 6 to 8). A
total of 276 embryos were injected with
transfected cells. The 141 embryos injected with

54 cell suspension did not survive until hatch-

Figure 1. PAS positive stained PGCs (=) in
germinal crescent (X500).

ing. Fifteen young chicks of 135 embryos
treated with 244 of transfected cell suspension
were hatched. From this group, 47 embryos and
15 three day old young chickens were sacrificed
(Table 2). Gonads of 12 to 21 day old embryos
and 3 day old birds were examined with X-gal
staining to identify colonized and transfected
PGCs. Only one positive PGCs gonad from
sacrificed 3 day old chickens was detected by
appearance of blue cells. The chimeric gonad
with expression of exogenous lac Z gene was
detected in a colony of several blue colored
PGCs (Figure 2B). The transfected PGCs in
the gonad were larger than other somatic cells.
The results obtained here indicated that foreign
PGCs with exogenous plasmid DNA might mi-
grate into and colonized the embryonic gonad.

The expression of the exogenous reporter gene

Table 1. Summary of the hatchability of manipulated eggs

Amount of injection Number of eggs

Number of surival to
12 day incubation

Number of hatched

544 141 26 0
2ud 135 36 15
Total 276 62 15
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Table 2. Number of embryos and young chicken expressed exogenous lac Z gene

Embryos? Chickens® Total
No. of screening® 47 15 62
No. of positive? 0 1 1

212 to 21 day old incubation embryo gonads.
b Hatched 3 day old chicken gonads.

<d Number of screening and positive gonads, respectively.

Figure 2. (A) Arrow heads ( > ) indicate ex-
pressed exogenous lac Z gene from
transfected PGCs (x400), bold arrows
(== ) indicate disrupted PGCs and
thin ( —) arrows indicate other so-
matic cells and yolk cells. (B) Arrow
heads ( = ) indicate expressed ex-
ogenous lac Z gene from transfected
PGCs in 3 day old chicken gonad (X
250).

in germ cells of 3 day old chick suggests that

exogenous plasmid DNA can be incorporated

into the genome of PGCs,

DISCUSSION

KNOC is an indigenous Korean black bone
fowl, which has black pigment in most all parts,
including feathers, beak, comb, shanks, bone,
skin and meat. Ogol Chicken is very different
phenotypically and has a different genetic back-
ground than White Leghorns, When KNOC was
mated to WL, the feathers color of progenies
were showed all white. So, this characteristic
make it possible to confirm the germline
chimeric chicken by mating of the manipulated
chicks with control populations.

Only one chick gonad’s PGCs, transfected
with liposome, expressed the exogenous lac Z
gene which were screened with X-gal in wvitro
(Table 2). And disrupted PGCs maybe resulted
from centrifugation during cell collection and
X-gal treatment because the PGCs were very
fragible. The other somatic cells deplets and
yolk cells are also isolated from germinal cres-
cent (Figure 2A). Figure 2B shows expression
of the exogenous lac Z gene in 3 day old chick
gonad. It is suggested that the transfected
PGCs are incorporated into the genome of PGCs
and transfected microinjected PGCs are
expressed in germ cells of 3 day old chick.
Therefore the chicken PGCs can be used as a
vectors for gene transfer to produce transgenic

chickens.
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pad

About 26.7% of the embryo survivability dur-
ing days 12 of incubation when the volume of
the PGCs suspension injected was 2 compared
with 18.4% in 54 PGCs suspension-injected egg
cultured in the same way. When the 5, PGCs
suspension was injected into recipient embryos,
the survivability was decreased at the 12 day in-
cubation and number of hatched chicken was
zero. It seems to be attributable to trauma of
much more KNOC PGCs injected-suspension
amount than 2z KNOC PGCs injected-suspen-
sion. In recent, there are two categories to pro-
duce germline chimera chickens. The first
method is using the chicken blastodermal cell at
stage X and second is using the PGCs as a
vectors, The stage X embryos have been used
to obtain chicken chimeras because at this stage
the cells are morphologically undifferentiated
(Ginsburg and Eyal-Giladi, 1987). The injection
of dispersed blastodermal cells from stage X
embryos into recipients at the same stage of de-
velopment has made possible the development
of somatic and germline chimeras (Naito et al.,
1991; Petitte et al., 1990). And, the use of this
method provides only occasional germline
chimerism (Petitte et al., 1990). It has been
possible to increase the somatic and germline
chimerism when the development of recipient
embryos was compromised by exposure to ¥ ir-
radiation (Carsience et al, 1993; Thoraval et al.,,
1994). Irradiation of the recipient embryo prior
to the injection of donor cells consistently
yielded somatic and germline chimeric chickens.
Production of germline chimeric chickens using
the blastodermal cells injection has many poten-
tial applications especially for the development
of transgenic chickens.

In contrast, chicken PGCs have a unique
pathway of migration in the early embryo. After
PGCs settle down in the gonadal ridge, they dif-

ferentiate into eggs or spermatozoa. Using these
PGCs migratory characteristics in embryonic
development and embryogenesis, Reynaud
(1976) identified that PGCs derived from
transplanted germinal crescent reached the host
gonad and differentiated to germ cells there.
Wentworth et al. (1989) have successed in the
transfer of PGCs to vasculature in quails. Re-
cently, germline chimeric chickens have been
produced by transferring PGCs isolated from
early embryonic blood (Tajima et al., 1993;
Yasuda et al., 1992) or germinal crescents {Tsai
and Wentworth, 1992), and these have given
rise to viable offspring. In addition a high trans-
mission rate of donor PGCs in the germline
chimeras has successfully been achieved by in-
creasing the number of injected PGCs and by
partially sterilizing recipient embryos (Naito et
al., 1994).

And, the first successful preservation of avian
PGCs in liquid nitrogen to give rise to viable
offspring was reported by Naito et al, (1994). It
has become possible to conserve genetic
resources in chickens by preserving PGCs in
liquid nitrogen. Therefore, to enhance the ef-
ficiency of obtaining chicks derived from donor
PGCs, Naito et al. (1994) eliminated endogenous
PGCs by drawing off the blood from dorsal
aorta in recipient embryos and injected the
increased number of PGCs for transfer. Using
the PGCs are most effective vectors for the
production of germline chimera chicken.

The limitations of PGCs manipulation include
the difficulty of isolating pure PGCs and low
transfection efficiency. Recently, bovine PGCs
derived cell lines maintained in long-term cul-
ture produced chimeric bovine embryos using
PGC-derived cells (Cherny and Merei, 1994:
Tajima et al.,, 1993). Tsai et al. (1992) sug-
gested the possibility of long-term culture of
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gested the possibility of long-term culture of
chick PGCs either isolated from the blastodisc
or germinal crescent. Accordingly, the first step
will required creation of chicken PGCs derived
cell lines followed by development of gene
transfer methods such as electroporation or di-
rect microinjection into PGCs along with devel-
opment of percoll or ficoll density gradient
centrifugation collection of pure PGCs from
blood vessels or germinal crescent,

Because there is not accomplished the pro-
duction of viable stem cell and PGCs cell-lines,
the transfected PGCs injection method used in
this study thought to be the most effective
method in the production of transgenic
chickens. Further technical refinements will
undoubtly increase the frequency for incorpor-
ation of genetically modified PGCs into the re-
cipient embryo. Transgenic chickens produced
by transplanted primordial germ cells may be
useful in the commercial poultry industry.
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