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Summary

In this study, characteristics of chick primordial germ cells (PGCs), which is the founder cell of the germline, and 
gonadal development of the chick embryo between 12 hrs and 6 day of incubation were investigated by transverse serial 
sections of chick embryos under the light microscopic observation.

In embryo stage 20 (3 day of incubation), there are a lot of PGCs at the mesenchym, which were moving to the 
thickened epithelium (gonadal ridge). The PGCs arrive at both right and left gonad primordia in equal number prior to 
stage 24 (4 day of incubation), but in the following stages, the distribution of the PGCs became asymmetrical. More 
PGCs colonized the left than the right gonad, but the reason for the unequal distribution of PGCs is uncertain. The PGCs 
have mostly settled in the gonadal ridge (GR) at 6 day embryo.

This study was conducted to investigate characteristics of the PGC migration and gonadal formation and observe the 
best condition for PGC isolation, culture and to attempt the possibility of the production for transgenic germline chimeras 
with manipulated PGCs.
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Introduction

Since the first described the primordial germ cells 
(PGCs) in the gonad of the chick embryo, numerous 
studies have been conducted to determine the origin, 
deposition, and ultimate fate of these cells. PGCs are the 
founder cells of the germline and their descendants will 
form the functional gametes of the adult animal. PCGs are 
present in the central portion of the area pellucida in 
preoviposition (stage X) embryo (Eyal-Giladi and Kochav, 
1976). The characteristics of PGCs are morphologically 
large, round, eccentric nucleus and histochemically stained 
with the periodic acid-schiff (PAS) that stain those a deep 
purplish red due to abundant glycogen content in the 
intracytoplasm (Meyer, 1960, 1964). In birds, it is now 
generally accepted that PGCs first appear in the epiblast 
(Eyal-Giladi et al., 1981), then migrate to the hypoblast 
within the first hour of incubation (Eyal-Giladi et al., 

1981; Sutasurya et al., 1983; Urven et al., 1988). During 
gastrulation, the PGCs migrate anteriorly via the hypoblast 
and reside in the extraembryonic area referred as the 
germinal crescent (Swift, 1914; Ginsberg and Eyal-Giladi, 
1986). At stages 15-18 (2-3 day of incubation) 
(Hamburger and Hamilton, 1951), they separate from the 
endoderm, teir^orarily, circulate via blood vascular 
system, leave the blood vessels, and invade in the 
thickened coelomic epith 이 ium, which is the first 
morphological indication of gonad formation (Ando and 
Fujimoto, 1983; Ukeshima et al., 1985, 1991). However, it 
is unclear how the PGCs can invade the thickened 
epithelium of the gonadal ridge after extravasation. But it 
has been speculated that PGCs showed directional 
movement (amoeboid movement) toward gonadal ridge by 
stages 20-24 (Fujimoto et al., 1975, 1976; Ukeshima et 
aL, 1984) and probably GR, the superficial q)ithelium of 
the gonadal ridge, releases some chemical factors to 
PGCs (Dubois et al., 1976; Kuwana et aL, 1986).

PGCs begin participitation in gonadal soma formation 
between day 6 and 7, it is the time of sexual 
differentiation (Rodemer-Lenz, 1989). Sexual 
differentiation of the gonad occurs following the arrival of
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the germ cell. It is unclear whether the arriving PGCs 
contribute to the differentiation or products of the gonadal 
differentiation process attracts PGCs. Germ cell 
multiplication occurs at the next stage. The proliferation 
stage of the germ cell in the female embryos take place 
between 8 and 11 day of incubation whereas in male, 
between 13 and 15 day of incubation (Romanoff, I960).

The purpose of this study was to investigate 
characteristics of the PGC migration and gonadal 
development, observe the best condition for PGC 
isolation, culture and ultimately apply for the production 
for transgenic germline chimeras with manipulated PGCs.

Materials and Methods

1. Preparation of embryos
Embryos of White Leghorn fowl were used to observe 

the PGCs. Fertilized eggs were incubated at 37.512 for 0.5 
to 6 days and 60-70% relative humidity in a forced-draft 
incubator. At the end of incubation each embryos were 
removed from the eggs.

2. Paraffin embedding and microdissection
Embryos were en지ployed in the bouin fixative solution 

for 2 days, and then dehydrated in graded series of ethyl 
alcohol (50, 70, 80, 90, 95, and 100%) for 60 min and 
transfer to xylene : ethyl alcohol mixture (1:3, 1:1, 3:1), 
xylene for each 60 min at room temperature. Embryos 
were embedded in paraffin (melting point 6012): xylene 
mixture (1:3, 1:1, 3:1), paraffin for each 60 min. And then 
samples were molded and trimmed in PIKA (Seiko, Ltd.) 
microtome where 2 jtim sections were obtained. They 
were loosened in 50-70% ethyl alcohol and hot water (40- 
5*), and mounted on the slide glass, diyed on the hot 
plate (3012)for 3 hrs. Sections were hydrated, stained 
with Harris haematoxylin for 2 min, washed with tap 
water for 5 min and eosin Y staining for 20 min. Stained 
section were dehydrated and mounted with Paramount 
mounting solution. Samples were investigated and 
photographed using light microscope (Zeiss, Ltd.).

3. Comparison of both embryonic gonad PGCs 
and statistical analysis
The gonadal PGCs on the disected plane of right and 

left were counted from 4-6 day embiyos and student1 s t- 
test was used to coup are the number of PGC between left 
and right gonad.

Results and Discussion

In this study, gonadal development and PGCs 

migration to the gonads at stage 3 to 29 (between 12 hrs 
and 6 days of incubation) were observed at the light 
microscopic level by means of transverse serial sections.

1. Stage 3 to 6 (Incubation time : 12 to 24 hrs)
At this stage, PGCs arise from the epiblast and migrate 

into the hypoblast During gastiulation, the PGCs migrate 
anteriorly via the hypoblast and reside in the 
extraembiyonic area, which is a so-called germinal 
crescents located in the anterior region of the blastodisc at 
early developmental stage (Eyal-Giladi et al., 1981; Urven 
et al., 1988). We observed the PGCs which are arisen 
from epiblast have been migrating into the anterior region 
of the embiyos (figure 1).

Figure 1. Stage 3. The PGCs arise from the epiblast 
and migrate into the hypoblast 
E : epiblast, H : hypoblast

2. Stage 7 to 17 (Incubation time : 25 to 64 hrs)
The number of somites appears to be the simplest 

criterion for stage 7 to 14, but beyond stage 14 the 
number of somites becomes increasingly difficult to 
determine with accuracy. After 30 hrs of incubation, PGCs 
began to migrate via the circulatory system to the future 
gonadal region at stage 9 to 10 (30 to 38 hr of incubation) 
(Eyal-Giladi et al., 1981; Urven et al., 1988). With thin 
sections, chick PGCs were easily identifiable, because 
they were large in size (12 to 14 jum in diameter), possess 
a conspicuously large and round nucleus (7 to 10 jum in 
diameter) with a frequently fragmented nucleus and also 
had abundant cytoplasmic glycogen.

In embryo stage 17, many PGCs with large and round 
nucleus were shown in the vitelline artery (VA) as well as 
other blood cells (figure 2). After leaving to the gonadal
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ridge at stage 16 to 17, the PGCs finally penetrate into the 
developing gonad by day 2.5 of incubation (Swift, 1914).

Figure 2. Stage 17. The PGCs are in the vitelline 
artery ( ► ) and the other blood cells are 
shown.

3. Stage 18 to 20 (Incubation time : 65 to 72 hrs)
Figure 3 showed a transverse section of the embryonic 

gonadal ridge area at stage 20 (70-72 hrs of incubation). 
The site of the thickened coelomic epithelium get the site 
near prospective gonadal area between coelomic angle and 
mesonephros. At this developmental stage, no PGCs were 
observed anywhere in coelomic epithelium and its 
neighbors, but some were occasionally found in the blood 
vessels.

The PGCs were found in blood vessel (dorsal aorta) 
up to 72 hr incubation, but Petitte et al. (1991) reported 
that PGCs are in the blood vessel up to 65 hrs. PGCs 
begin to arrive at the region of the fiiture gonad at the 
stage 19 (68 to 72 hr of incubation) and prior to 2.5 days 
of incubation when die q)ithelial thickening, it appears at 
the gonadal site. The PGCs after extravasation are found 
to penetrate into the coelomic epithelium of the 
splanchnopleure (Ando and Fujimoto, 1983).

4. Stage 21 to 24 (Incubation time : 3 to 4 days)
At the developmental stage 21 (3 1/2 day incubation), 

many PGCs were migrating in the mesenchym and several 
PGCs were under the epithelium of the gonadal ridge 
(figure 4).

Chick gonads in the stage 24 (4 day incubation) were 
forming with the advance of development and most PGCs 
with inegular shape were located in the gonad, but some 
were found in the mesenchym nearby (figure 5).

Also, the PGCs showed directional movement toward

Fig니re 3. Transverse section of the stage 20 
ennbryionic gonad. Gonadal soma forma
tion is beg니n at the coelomic epithelium 
of the region between the coelonnic angle 
and mesonephros ( ► ). Ao : Dorsal 
aorta, Cc : Coelomic cavity.

Fig니re 4. Early arrived PGCs are shown under the 
epithelium of the gonadal ridge and some 
PGCs ( ► ) are migrating toward the 
gonadal ridge (GR). Ao : Dorsal aorta, 
GR : Gonadal ridge.

gonadal ridge and it showed higher attractive activity to 
the gonadal ridge than the other tissues. It was considered 
to be due to an active amoeboid movement of the PGCs 
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(Kuwana and Fujimoto, 1983). Kuwana et al. (1986) 
suggested that the superficial epithelium of the gonadal 
ridge release some chemical attractant to PGCs. One 
mechanism of the PGC migration possibility is, therefore, 
that the developing gonad produces a chemotactic 
substance that attracts PGCs and retain them in the 
capillaries bordering the gonad (Rogulska, 1969). Another 
possibility is that the endothelial cells of the gonadal 
capillaries have a cell surface compound that cause the 
PGCs to adhere there specifically. The PGCs arrived at 
both the right and the left gonad primordia in equal 
number prior to 4 day of incubation, but following this 
period the distribution of the PGCs became asymmetrical. 
More PGCs colonized in the left (70%) than right (30%) 
gonad, and PGC numbers between the left and the right 
gonad were different significantly (p < 0.0001) after 4 
day of incubation (table 1). An active migration to the left 
gonad occured in both sexes which resulted in a greater 
concentration of PGCs on the left side. The underlying 
cause of the unequal distribution of PGCs is uncertain 
(Maraud et al., 1986).

Figure 5. Stage 24. Some PGCs which arrived late are 
found in the mesenchyme ( ► ). A ： left 
gonad, B : right gonad, G : Gonad, Ms : 
Mesonephros.

TABLE 1. COMP사기SON OF PGCs NUMBER AFTER 
SEC지ON BETWEEN LEFT AND RIGHT EM
BRYONIC GONAD AT 4 TO 6 DAYS

Age 
(day)

No. of 
Embryo

Left gonad 
제Mean 土SD

Right gonad 
Mean + SD

4 6 4.83 ± 1.17 3.67 土 1.21
4.5 5 7.80 ± 1.10 3.2 土 1.10***
5 5 11.75 ± 0.96 3.5 土 0.58***
6 5 17.20 ± 1.30 4.0 土 0.71***

a Values represent means 士 SD for number of PGCs on the 
disected plane of left and right embryonic gonads.

*** p < 0.0001.

5. Stage 25 to 29 (Incubation time : 4 to 6 days)
At stage 29 (6 day incubation), most all PGCs were 

found in the sexually indifferent gonads in which the 
germ cells could be distinguished by their large size 
(about 11.2 /ixn in diameter), round nucleus (figure 6). 
The PGCs settle down in the gonadal primordium until 
the stage 27 to 29 (5 to 6 days) when they rapidly 
proliferate to form germ cells (Nakamura et al., 1988).

These results showed that 가le PGCs have mostly 
settled down in the gonadal ridge at 6 day embryo. This 
may reflect the fact that the attractive force of GR 
decrease after the corrpletion of PGC migration into GR 
(Kuwana et al., 1986). The PGCs in males remain 
scattered randomly within a developing seminiferous 
tubule until day 13 of incubation (stage 39). After this 
period, they begin to differentiate into spermatogonia. In 
contrast to male embryos, the sexual differentiation of 
female embryos occurs in the left ovary at 8 day of 
incubation (stage 34). The PGCs begin active meiotic 
division, forming oogonia at this stage (Van Krey, 1990).

As a results of transverse serial sections of the chick 
embryo stage 3 to 29, we obtained the information about 
the gonadal soma formation, and the characteristics of the 
PGCs from hypoblast to the embryonic gonad in sexually 
indifferent gonad. Several studies have been conducted to 
produce transgenic chicken by manipulated PGCs (Han et 
al., 1994; Tsai et al., 1992; Ono et al., 1994; Naito et al., 
1994). PGCs were isolated from germinal crescent (Han et 
al., 1994; Tsai et al., 1992) or blood vessel (Ono et al., 
1994) and exogenous DNA was introduced into the PGCs. 
Allioli et al. (1994) reported that primordial germ cells 
(PGCs) isolated from gonads of 5-day-old-chick embryo, 
were able to divide in vitro. Thus, it is possible to 
introduce and express exogenous DNA in chick PGCs 
maintained in vitro and produce germ line transgenic 
chicken with manipulated.
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Figure 6. A 6-day chick embryonic gonads. The germ 
cells ( ► ) can be distinguished by their 
large n니시合니s. The PGCs in the left gonad 
are much more than that of right gonad. 
G : Gonad, Ao : Dorsal aorta, Cp : Capil
lary-
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