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Summary

Primordial germ c¢ells {PGCs) in aves are the progenitor cells for the gameies. These cells first appeay n the
cpiblast (Eval-Giladi ¢t al.. 1981). then wranslocate and concentrate 1o endoderm of germinal crescent arca in Lhe
Junction of the area opaci and arga pellucida lateral o the primitive swreak m stage 4 rhrough 7. They separate from
the endoderm. temporariiy circulate via the blood vascular system. leave 1he blood vessels. aud fnally setile down
in the gonadal anlagen av stage 20-24 where they rapidly proliferate (o form germ cells. Recently, sevcral atlempls
have been made to introduce foreign gene into the avian gesome to furm a transgenic chicken. The stem cells most
read: Iy available as vehicles Jor genetic manipulation of permline in avian species are the PGCs. PGCs have recently
been maripulated genetically and nsed successfully as a vector for gene transfer.

{Key Woards: Primordia. Germ Cell {PGC). Germinal Crescent. Germline Transgenic Chicken)

Introduction

In aves. PGCs arise from the cpiblast and
migrate to the hypoblast. During gastrulation. the
PGCs migrate anterorly via the hypoblast and
reside in the extraembryonic area. which is a
so-called germinal crescents located in the anterior
region of (he blastodisc at very developmenial stage
(Eyal-Giladi et al., 198]; Urven et al.. 1988). And
then these cells migrale into gonadal ridge via
vascular network (Fujimoto et al., 1976). PGCs
seitle down in the gonadal primordium at stage
20-24 where they rapidly prolilerate to form germ
cells (Nakamura et al.. 1988). The isolated PGCs
arc poicntially suitable vehicles for mantpulation
of chicken genome.

Shuman (1981) reported that the isolated PGCs
can be successfu'ly transferred to the host embryo
by ntilizing the microinjection technigue. Donor
PGCs colonized in the host gonad were identified
by chromosomal markers. In additon, il was
demonstrated  that PGCs did not influence the
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sexual differentiation of the gonad. Simkiss et al.
(1990) reported positive results by amplification
of DNA with polvmerase chain reaction (PCR)
following Southern blot analysis. This was verificd
by cxamination of 5 day embryos. 10 day urogeni-
tal regions, and I8 day gonads. PGCs were
transfected in vitro and expressed the exogenous
plasmid DNA. indicating that PGCs are a possible
vector for direct gene transfer inta the germline
(Han et al., 1993, 1994). Marc recently, PGCs were
obtained from germinal crescent or blood vessel
(dorsal aorta) and transfected with defective retro-
viruses carrying thc nreo and {acZ genes. These
transfected PGCs were microinjected into recipient
embryos to form chimeras. The produced chimeras
were grew 1o sexual maturity and produced
oflspring. Analysis of Southern blot of the DNA
from the chimeric bird sperm and the oflspring
blood was carried. As a results, both the chimera
sperm and transgenic olTspring blood contain the
foreign DNA (Vick et al., 1993).

This review is focusing on characleristics,
migratory route. manipulation and culture of PGCs
for production of transgenic chicken.

Characteristics of PGC in Aves

PGCs are the embryonic cells antecedent to
mature sex cells in aves. Ginsburg and Eyal-Giladi
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(1987) stated thar PGCs are present in the central
portion of the area pellucida in preovipaosital (stage
X) embryos (Eyal-Giladi and Kochav's nomencla-
ture, 1976) and that further dilferenuation of PGCs
is independent of other processes formirg in the
embryos. Meyer (1960, 1964) found that embryos
histochemically stained with the Periodic Acid-Schiff
{PAS) show (he localization of PGC¢ which stain
a deep purpbsh red due to abundant glycogen
content in the cyloplasm. PAS staining makes il
possible to sclectively identify PGCs. However, this
procedure cannot be used for isolating viable PGCs
because it is lethal 1o cells. Some carbohydrates
on avian PGCs have been shown 10 react with
several antibodies raiscd against cell suefdace antigens
on other embryonic cells (Pardanaud et al., 1987a,
1987b; Urven et al., 1988; Didier et al., [990). The
carbohydrates are known 1o be remarkably altered
in the process of development and differentiation.
and some are thought to play an important role
in many developmental events during embryogenesis
(Muramatsu, 198R). Lectins are especially helgful
for studying structure and changes of cell sucface
during embryonic development, and they are can-
didates for lineage markers of embryonic cells.
including PGC (Fazel et al,, 1987, 1990). Yoshinaga
et al. {1992) cxamined the distribution of binding
sites for several biotinylated lecting in ctuck and
guail developing embryos. Lectin fromy Swyanum
tuberosum reacted with PGCs in chick and guail
embryo, whereas lectin from Wistaria flortbunda
and Griffenia simplicifolia [ reacted in the quail
and chick PGC, respectively. In chick embryo. like
previous studies using the PAS procedure (Meyer,
1964: Fujmoto et al, 1976), these biotinylated
lectins easily identified PGCs during stages {rom
the germinal crescent through the migration.
Yoshinaga et al. (1993) recently reported that
several nlirastructural characteristics of quail PGC
not described  previcusly in chick PGC. They
observed that no glycogen particles in quail PGC
were detected in the cytoplasm at any stage exam-
ined, that electron dense and membrane bounded
granules were found in the PGC cytoplasm during
the sexually (ndifferent gonadal stages, and that
quail PGC were characterized &y a prominent
nucleolus associated with  condensed chromatin
thetcrochromatin). The size range of PGCs in (he
germinal crescent are between 12 mm to 18 um
in diameter. PGCs are large in comparison 1o ather
somatic cells. In the gonad analogue region, the
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size of the PGCs raries bewween 10 and 25 wm
in diameter (Meyer. 1964). The nucleus is large.
8 in diameter. and the PGCs are round or
oval in shape distinguishing the PGCs from other
somatic cells. PGCs are derived [rom the germ
wall endoderm of the germinal crescent along the
horder between the area pellucida and area opaca
(Swift. 1914: Clawson and Demm. 1969). As
¢mbryological development continues. the PGCs
separate from the endoderm. eoter the forming
vascular system. and migrate into the germinal
ridges (Swify, 1914: Fujimota el al, 1976).
Clawson and Domm (1969) believed that rhe
PGCs onginated only from the cells of a particular
area located in the endodermal layer of the blas-
tedisc. They characterized PGCs as hearing PAS-
positive grauules in the germinal crescent area of
the junction of 1the arca opaca and arca pellucida
lateral to the primitive streak in stages 4 {primitive
streak) through 7 (1-2 somiltes) (Hamburger and
Hami'ton’s nomenclatore, 1951). The PGCs origi
nate prior 1o the definitive streak stage. indicating
that it must begin at stage 3 or earlier. They also
reported that germ cells may arise {rom inside the

M

endodermal loop, located in the space between the
endaderm and ectoderm. The loops bhave been
observed in stages 4 through 8 (4 sormies).

The PGCs separate from the endoderm during
stages 4 10 8 (primitive streak stage 10 4 somites)
{(Clawson  and  Domm. 1969; Fuiimoo et al.. 1976).
This process of separation generally begins at the
junction of the superior surface of the endoderm
contacting the RGCs. There are 100-250 PGCs in
each bastodisc at these stages. Many PGCs are
present as free cells between the endoderm and
ectoderm and in areas with mesodermal elements.
At this separation state, the PGCs showed a high
content of glycogen, lipids, and yolk in the cylo-
plasm (Clawson and Domm, 196%; l‘ypmoto et
al., 1976). Once the PGCs ure [reed into the space
between the endoderm and cctodernmn i the area
pellucida, PGCs migrale via  the embryonic
vasculature systermn 10 the developing gonads.

Urven et al. (1988) found that chick PGCs can
be laheled by a manoclonal antibody (EMA-1) raiscd
against mouse embryo carcinoma (Nulli SCC1)
cells. This antibody was used 10 identify PGCs
thronghout germ cell development and migration
in the unincubated embryos (stage X-XI). Some
embryos were found to have EMA-[-pesitive cells
in a scattered fashion i the epiblast. During
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hypoblast [ormation (stage XIl, 6-12 hours of
incubation), individual EMA-1-labeled cells separate
from the basal surface of the epiblast and enter
the blastccoel. These results correspond (o the
reports from Eyal-Giladi ¢t al. (1981), which states
that avian PGCs ave of epiblastic origin. This is
in distinct contrast to earlier studies (Clawson and
Domm, £969), when PGCs were thought to have
oviginated from cells in the endodermal laver of
the blastodisc. It is nmow thought that PGCs are
derived from the epiblast al stages prior to thosc
at which they are identifiable by either mor-
phological or histochemical ciriteria {(Urven el al.,
1988 Ginsburg and Eyal-Giladi, 1986, 1987).
Because all cells of the embryo stain deeply, PAS
is not capable of PGCs identification in stages
X-X1 (unincubated) and stage XII (hypablast
formation) embryos (Urven et al., 1988),
Monoclonal antibodics (QEI) which recognize
quail endothelial and haemopoietic cells was cross
reacted with quail PGCs (Pardanaud et al., 1987a,
1987t). They found that some cells (2-3) were al-
ready positive to QHI, in unincubated blastulas
(stage X-XI. at laying), and the number of PGCs
increased 1o more than [00 by the primitive streak
stage (18 hours of incubaticn).  Approximately 20
PGCs were noted at stage XI[1-X1H1 (12 hours of
incubation) and 90 PGCs at stage 2-3 (15-17 hours
of incubation). Following the primitive strcak stage
(stage 4, 18 howrs of incubation), the number of
PGCs did not increase siguificantly until the 7
sonile stage (stage 9, 27 hours of incubation). A
conspicuous increase of PGC in stage 9 was de-
tected by Clawson and Domm (1969). Pardanaud
et al. (1987b) concluded that the lgw number of
PGCs in the unincubated and 12 hour blastula
corresponds to the segregation of PGCs Mrom the
somatic eefls of the blastula at this period of
development. According to Ginsburg and Eval-
Giladi (1987), most of the PGCs originated {rom
the central disc of the area pellucida, and not from
the periphery of the area pellucida. They found
that PGCs may alrcady be determined at stage
X and further differentiation of PGCs is indepen-
dent ol the embryo forming process. Ginsburg and
Eyul Giladi (1986, 1987) indicated that PGCs begin
migration from the epiblast towards the hypoblast
from stage XII. Migrating cells are carried by both
the hypoblast and mesoderm into the germinal
crescent. ‘The germinal crescent endoderm
hypoblast are secondary locations the PGC

and
in
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development.

PCGs Migratory Route

Ginsburg and Eyal-Giladi (1986) suggested that
the earliest PGCs land on the expanding hypoblast
from the epiblast, and centrifugal expansion of
the hypoblast during stage X1I-XI11 to stage 6
is a passive method of PGC migration into the
germinal crescent. The chick embryo PGCs adhere
10, and migrate alang a {ibrous band, present on
basement membranes of the epiblast at the anterior
margins of the atea pellucida that forms the ger-
minal crescent (Wakely and England, 1979). Cri-
tchiey et al. (1979) have suggested that the fibro-
nectin pattern is laid down by the cctoderm either
alone or in association with endoderm and that
fibronectin centributes to a contact guidance sysiem
laid down by the ecloderm and uttlized by PGCs
and mesoderm cells. England ¢t al. (1986) trans-
planted PGCs from Xenopus leevts embryos mto
stage 4 chicken embryos and found that the fibrous
band of extraccllular materials, which contains
fibronectin. colagen type |, and sufphate gly-
cosaminoglycans, was responsible for the preferential
migratory pathway for c¢hick embryo PGCs. The
tibrous bands serve as a physical as well as a
cue for guiding wmoving cells to a
predetermined destination.

I'njimoto et al. (1976) demonstrated that some

chemical

of the migratory PGCs paossess pseudopodia,
suggesting that their amoeboid movement as a
possible mechanmism for migraton. Lee et al.

(1978) observed thal because of the alterations in
cell surface properties of the PGCs due to con-
canavalin A, migration of the PGCs from the
germinal crescent area to other parts of the stage
6 12 embryo was inhibited.

The net result is that PGCs originating from
the epiblast migrate 10 the decper layers of the
hypoblast and mesoblast and bhecome concentrated
between these twa layers within the germinal cre-
scent (Ginsburg and Eyal-Giladi, 1987, England
et al, 1986). As development proceeds, PGCs
penetrate into or are enclosed by the hlood vessels
by stages 9-10 (30-38 hours of incubation) without
changing morphology. Most PGCs were found in
the blood stream at stage 12 (16 somies) (Lecct
al, 1978; Fujimoto et al., 1976). The intravascular
PGCs are generally round jn shape. possibly dne
1o passive inigratton through the blood stream
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(Fujimolo e1 al.. 1974). Changes in enzyvme acuvily
of the PGCs during migration into the developing
gonads of the ear'y chick embrvc was described
by Swariz (1982). He demonstrated a change in
alkaline and acid phosphatase activity in the PGCs.
suggesting alterations in metabolic activities. The
detached prevascular PGCs contain a kigh glycogen.
glucose.  galaclose. and mannose content  with
abundant yolk granules (Didiee e al. 198:).
Clawson and Domm {1962) (ound that PGCs in
crculation contain a high glycogen content. bu
ir the developing gonuds (he amcunt of glycogen
and volk decrease suggesting that PGCs use their
glycogen and yolk as a source of energy during
migration. The inravascular PGCs were reported
to be smaller in size (9-1€ wm in diameter) than
PGCs in the germingl crescent (12-20 am in dia-
meter) (Lee et al.. 1978).

The circulatory PGCs in bload vessels success-
fully reach Lhe sites destined to form the gonad
ard invade the thickened coclomic epithelium after
2-3 days of incubaticn (Ukeshima et al. 19§7).
Dubois et al. (1976) reported that the thickened
coetomic epithelium releases the attraction factor
for the circulatng PGCs. The PGCs, after extra-
vasation, penetrale into the coelomic epithelium
of the splanchnopleure where PGCs escape {rom
the vessels (Ando and Fujimoto. 1983). Ukeshima
et ai. (1987) found: 1) stages 15-18 {24-36 somites)
10 be the most frequent exiravasation periods:
2) the coelomic epithelium covers the c¢oelomic
cavity whole portions of the splanchnopleure and
somatopleure at stage |5 and 3) the PGC are
located in the thickened coelomic epithelium from
stage 6.

Ukeshima et al. (i991) observed the chick PGCs
with special reference to the extravasation in their
migration course using scanning electron microscope
and transmission ¢lectron microscope. They reported
thiat PGCs in the vessels showed a round profile,
possessing many rvicrovilli, while extravasating
PGCs were rather cligovillous e¢xcept the one site
of the cell, where long filopodia extended toward
the wall of the vessels. These filopodia seemed to
adbere to the wall af the vessels prior 10 emerging
outl. After PGCs moved toward
adjacent prospective goradal epithelium and invaded
it by amoeboidism. Fcllowing the setiling down
im the epithelium. PGCs showed rugged surface
with lew microvilli.

Nakamura et al. (1988) reported that PGCs

exlravasation,
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start o concenirate in the future gonad from stage
16 and are in 1he settlement stage in the gonadal
primordinm  at stage 20-24. Approximaicly 207
of the 1otai number of PGCs were observed m
extragonadal repions such as the head and mesen-
chyme surrounding the neural rube. Nakamuia e
al. (199]) examined the wrend of cciopic distri-
bution of PGCs in the chick embryo when it
Muture gonadal region fcaudal third region) had
been removed at an early swge (stage 10). They
reporied  that. when the chick embrio  lacked
gonads. the PGCs could be concentrated n the
head region and migrated [rom the capillaries inwo
the mesenchyme,

Ar stages [6-23 of PGCs was
estimated to be approximately 130 f(stage 16}
-1000 (stage 23). The number of PGCs wt siape
24-29 (3-3 days ol incubaticn) was estimated 10
range from 329 [(siage 24; to 1339 (s1age 29) by
Dider et al (1981).

PGCs migrate [rom germinal crescent 10 the
germinal ridge 1o form the definitive gonad. The
migration ol PGCs occurs after abour 2.5 days of
incubation {stage 16) and most of these cells
reach the germinal ridge by 3 days (stage 18-
19) av 38C. When the incubation temperaiure is
reduced tc 367C. the pulse of PGCs occurs at a
significantly earlier stage of development (stage
[5) than lor embryos at 38C (stage 16) (Al-Thani
and Simkiss. (991). The incubation femperatire
alfected the migration of PGCs during the embry-
onic developmient. They proposed from this result
that (1) the differenr orean system have slightly
dilferent temperature sensitivities. {2) there is some
absolute ime effect in PGCs formation. (3) the
phenomenon may he a physical response.

The aturaction of PGCUs to the gonadal anlagen
(germinal ridge) was tested by Kuwosna e al
(1986). They placed PGCs isolated from the cire-
ulatory blocd al stage 13 embryos between the
germinal ridge and other embryenic tissues such
as the neural whe, heart, allantois. and liver in
vitro. The PGCs directional  movement
toward the germinal ridge, indicating 1hat they are
attracted hy some lactor emitted from the germinal
ridge. One ol the PGCs migration possibility is
that the devcloping gonad produces a chemotactic
substance that anracts PGCs and retaing them in
the capillarics  bordering the gonad (Rogulska,
1969). Arother possitility is that the endothelial
cells of the gunadal capillaries have g ccll surface

the number

showed
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compaund that cawses ihe PGCs o adherz there
specifically. Thus. the chicken gonad autracts cir-
culating PGCs from the wrkey and even the mousz
{Resnaud. 1965; Rogulsak et al.. 1971

Gonadal Soma Formation

After
actively

extravasation of PGCs. 1he cells move
the coelomic epithelivm  of  the
ccelemic angle at day 2-3 of incubauon. Imitially,
the gonadal anlagen is located in the dorsal splanch-
nic  mesoderm  on  both  sides of the dosal
mesentery. The epithelial thickening appears at this
site prior to 3 days of incubation (Ukeshima et
al.. 1987). The thickened spianchaic epithelium of
the coelom. which initially tncorporates the PGCs.
beccmes 1he superficial epithetium of the genital
ridee in later stages. This thickened portion at
stage 16 is thought to be the delinisne gonadal
anlagen (Ukeshima et al.. 1987;.

Rodemer et alb. (1986) suggested that the inmer-
mediate mecsoderm from somites 16 to 23 develops
ito  the mesonephres. The mesonephros begins

mte

its participation in gonadal soima formauon between
day 6 and 7. the time ol sexual differentiation
{Rodemer-Tenz. 1989). The information about the
origin of the gonadal sema in sexually indifferent
gonads Is variable. Contradicting reports consider
the genadal scma o orviginate from areas such
as the coclomic epitkelivin, the mesonephric blas-
tema. and dilferentiated mesonephros (Cited rom
Rodemer-Lenz. 1989). The PGCs appear to arrive
at both the right and left gopad primordia in equal
numbers price to the 4th day ol incubation, but
following this period the distribution of the PGCs
tecomes asymmetrical. An actjve migration (rom
the right o lefi gonad cccurs in both sexcs which
resilis in a greater concentration of PGS on the
left side (Swifi. 1914).

Sexuval differentiation of the gonad occurs
following the arrival of the germ cells. [t is unclear
whether the arriving PGC$ contribute to the dif-
ferentiation or products of the gonadal differentiation
process attracts PGCs. Germ <ell multiglication
occurs at the next stage. The proliferation stage
ol 1he geem cell i (he [emale embryos takes place
between the 8th and Ilhth day of incubaton
whereis in males, between the 13th and [5th day
of incubation (Romanoff. 1960). PGCs in males
renain seattered  randomly  within a developing
sctiipilerous wbule uniil day 13 of incubation
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(stage 39y After this period. they begin to differ-
entiaic 1ntoe spermatogenia. In contrast to male
embryvos.  the of  female
embrvos occurs in the Jeft ovary at the 8th day
of incubation {stage 34). The PGCs begin active
meiatic division. forming oogonia at this stage.
regresses to a rudimen-
{(Van Krev, 1990).

sexual dilferentiation

The right ¢vary generally
tary vestige alter hutching

Manipulation of PGCs

Shuman (1981) reported that the isolated PGCs
can be successfully transferred 1o the host emhiyo
by utilizing the microinjection 1echnique. Donor
PGCs colomized in the host gonad were identified
by chremosomal markers. In additon, it
thar PGCs did not [nfluence
sexual differentiation of the genad. Wentworth et
al. (1989) produced the autogenic quail by injection
of PGCs into the extraembryonic vein of stage
20 quail embryos.  Also. gonadal
chicken were reported by Gonzales (1989). This
was accomplished by transferring PGCs into the
imravasculature  of developing embryos. These
chimeras were 1dentificd by chromosomal markers
in the progeny of male germ cell recipients. Two
out ol six males tested positive,

PGCs with retrovival DNAs have been Lrans-
ferred to host embryo which is free from the
retrovirus, by Simkiss et al. (1989). By infecting
the PGCs with a defective rctrovirus carrying the
E. colr lacZ gene. and injecting these cells into
the circulatory systent of a hast embryo. Simkiss
et al. {1990) reported posilive results by amplifica-
non of NNA with polymerasc chain reaction
(PCR) fellowing Southern blot analysis. This was
verified by examination of day 5 embryos, day
10 urogenital regions, and day 18 gonads.

Petitte e1 al. (1991) examined the (aic of PGCs
transferred from Dwarf White Leghorn to Barred
Plymouth Rock (BPR) embryo to form functional
pametes. Hatched chicks were raised until sexual
maturity and 1esteross were carried with BPR. The
chimeras were assessed with feather coloy as a
phenotypic matker. But they did not obtain the
chimera chicks. Tajima ct al. (1993) reported that
the germline of PGC recipient chickens was consisted
of 2 distinct populations of germ cells, suggesting
the success of a germline chimera production in
chickens by transferring PGCs.

PGCs were transtected in vibvo and expressed

was

demonstratled 1he

chimeras in

a
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the exogenous plasmid 1INA, indicating that PGCs
are a possible vector for direct gene transfer into
the germ line (Han et al., 1993, 1994). More re-
cently, PGCs were obtained from germinal crescent
or blood vessel (dorsal aorta) and transfected with
defective retroviruses cartying the neo and lucZ
genes. These transfected PGCs were microinjected
inta recipient embryos to form chimmeras. The
produced chimeras were grew to sexual maturity
and produced offspring. Analysis of Southern blot
of the DNA from the chimeric bird sperm and
the offspring bload was carried out. As a result,
both the chimeric sperm aml transgenic offspring
blood contain the foreign DNA (Vick, 1993). This
is the first example of the direct use of PGCs
to produce transgenic offspring by rctroviral
vector.

Culture of PGCs

During the past decade a number of studies
have increased our knowledge of the origin, mi-
gration and differentiation of vertehrate and avian
PGCs (Meyer, 1960, 1964; Pardanaud et al., 1987a,
1987b; Urven et al,, 1988; Didier et al., 1990).
However, we know little  of the biochemical
characteristics of PGCs and the changes thal may
occur In energy metabolism, protein synthesis or
nucleic acid synthesis during the crilical period of
their carly development. For such studies and
genetic manipulation of chicken permline, in witro
cultnre of PGCs would clearly be very useful.

Recently, Cherny ¢t al. (1994) reported that
bovine PGCs was cultured for 7 days onto a feeder
layer of bovine embryonic fibrohlasts obtained from
a conceplus of equivalent gestational age, mitot-
ically inactivated using mitomycin C and cultured
tn conventional ES medium. The PGC-derived cclls
were Jabelled with FOTC and injected into early
bovine IVE/IVM biastocysts (Stokes et al., 1994).
Incorporation of the labelled cells (5-7 cells per
embryo) into the inner cell mass of the developing
blastocysts was  observed using a fluorescence
microscope and proliferation was observed micro
scopically. They are presently in the process of
transferring bovine embryos injected with PGC
derived cells into  recipicnt  cows  and  testing
resulting fetuses for evidence of chimerism.

Tsai et al. (1992) examined long-term culture
of chick PGCs isolated from the blastodisc and
germinal crescent. They demonstrated that PGCs
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obtained from the blastodisc were able Io
prolilerate or differentiate in vitro, but the PGCs
from the germinal crescent did not replicate, sug-

gesting that chicken PGC could be cultured ir vitro.
Discussion

A oumber ol studies have increased our knowl-
cdge of the origin, migration and differentiation
of vertebrate PGCs. Although there has  been
considerable study of PGC cycles from early
embrvos to inclusion in the gonad, it is not alto-
gether cicar when there 1s an advantageous stage
for coincidental presence of vector and PGC rep-
lication. The gerniinal blood and
embryouic gonads are optimal sources of PGCs,
but the low number of avatlable PGC mukes iso-
lation difficult. A possible way to overcome this
condition is to develop an efficient technique which
can separate PGCs [rom other embryonic cells.
Use of delayed plating down of PGCs (Shuman,
1981), Percoll density gradient, Fluorescenl act-
vated cell sorter (Wentworth et al., 1989), anlibody
directed low sorting (McCarrey el al., 1987) and
Ficoll density centrifugation collection {Yasuda cl
al, 1992) are various metheds that can be used
to scparate PGCs. Although development ol these
methods has impraved the scparalion process, the
amount of pure PGCs produced for gene transfer

crescent,

is still Jow.

Ancther possibility flor separation of PGCs is
to develop a cnlture system (o stimulate replication
of PGCs in vitro. The genctically manipulated
PGCs could be transplanted into the germinal
crescent apnd blood vessel. Embryonic stem cells
can also provide the scurce for gene transier by
making germline chimeras. The establishment of
PGC line or embryonic stem cell line will greatly
accelerate gene transfer in chicken, Embryonic stem
cell and PGC lines in cullure could be
manipulated genetically according to a designed
plan and produce animals of a desired genotype.

lines
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