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Lehman's polychrome stain was used to follow the
fate of germinal plasm in early development of Bombina

orientalis embryos. Islets of germinal plasm approximate-

ly 6 um in diameter were observed in the vegetal pole re-
gion of the 2-cell embryo. By the 4-cell stage, some of
these islets had coalesced té form iarger ones so that
two size classes of islets were present (approximately
7.5 and 19.5 um in diameter). |

As cleavage continued to the 16-cell stage, the
islets were moved further up the cleavage furrow and were
always observed to remain in close association with the
cleavage membrane. The islets at this time had reached
a diameter of approximately 32 um. In the 32-cell embryo,
the cells that contained germinal plasm and that were also
adjacent to the developing blastocoel, exhibited a protu-
berance of cytoplasm consisting of pigment, yolk and ger-
minal plasm.

At the mid-to late blastula stage, the germinal
plasm was contained in a few cells located in the lower
one-third of the embryo. The peripheral position of the
germinal plasm was maintained in these cells. During early
gastulation, the germinal plasm began to migrate from its
peripheral location to a juxtanuclear position.

Examination of neurula and early tail bud stages
did not reveal any cells containing germinal plasm. The
implication was that the germinal plasm may have been util-

ized previously to these stages. At the time of opercular



closure (which is an equivalent stage to Shumway stage 25),
there were approximately 61 primordial germ cells in the

dorsal mesentery and genital ridges.
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INTRODUCTION

The problem of anuran germ cell origin and deter-
mination has been a long standing one. Allen (1907) was
first to demonstrate that the primordial germ cells in

Rana pipiens arise from the dorsal endodermic crest. He

described a process where by the primordial germ cells
were pinched off and carried by the dorsally developing
mesentery. Eventually these primodial germ cells came

to rest at the base of the dorsal mesentery. Following
from Allen's work, Witschi (1929) attempted to distinguish
primordial germ cells from other endoderm cells in earlier

stages of Rana sylvatica, but was unsuccessful. Bounoure

in 1934 found that just after fertilization in Rana tem-
poraria, many localized stainable cytoplésmic islets ap-
pear free of yolk and associated with clusters of mitochon-
dria in the vegetal pole region of the zygote. These islets
of cytoplasm were observed to move during the process of
cleavage, up the cleavagé furrow to be contained eventually
in a few cells in the blastocoel floor. Bounoure believed
that the cells containing these islets were specialized in
that they would give rise to the future primordial germ
cells. He gave this special islet containing cytoplasm

the name of ''germinal plasm,'" because he thought it func-

tioned in some way in the germ cell determination process.



Blackler (1958) confirmed Bounoure's findings in

Rana temporaria and extended them to Xenopus laevis, and

Bufo bufo. Common to all of these species was the appear-
ance of islets of germinal plasm in the vegetal pole after
feftilization and the incorporation of this material into

a few cells at the blastula stage. These islets were always
observed to remain in close association with the plasma mem-
brane throughout cleavage. By the time gastulation had be-
gun, these islets of germinal plasm had moved from their
peripheral association with the plasma membrane to a juxta-
nuclear position. The cells containing germinal plasm were
then moved by morphogenic movements of gastulation to a
position deep within the endoderm of the neurula. From

this position the cells migrated to the dorsal region of

the endoderm where the staining character of the germinal
plasm completely diminishes.

Further studies by Di Berardino (1961) have extended
Bounoure's (1934) and Blackler's (1958) findings to Rana
pipiens. A quantitative approach to the study of germinal
plasm was undertaken by Whitington and Dixon (1975). They
determined the volume of germinal plasm and the number of
cells containing it in many important developmental stages

of Xenopus laevis. The details of their results are dis-

cussed elsewhere in this paper.
Since Blackler (1958) had shown that RNA was a rich

constituent of the germinal plasm, Czolowska (1969) thought



that it may be produced during oogenesis when many important

RNA's are being synthesized. She looked at Xenopus laevis

mature oocytes which had been treated with hormone to in-
duce germinal vesicle breakdown, as well as immature oocytes
and fertilized eggs. With the use of the stain pyronine
(Blackler; 1958), she was able to demonstrate patches of
RNA rich cytoplasm in the cortex of the vegetal pole of
the hormone treated oocytes. These patches however, were
much smaller than the ones she observed in fertilized eggs.
This suggested that some of the components of the germinal
plasm were present even before fertilization. Attempts at
demonstrating RNA rich cytoplasm in immature oocytes was
negative.

The determinative function of the germinal plasm
was realized from the studies of Bounoure, Aubrey, and Huck
(1954) . They were able to induce partial or complete steril-

ity in Rana temporaria tadpoles that had been irradiated in

the vegetal pole region during the first cleavage with ultra-
violet light. The results suggested that the ultraviolet
light destroyed or disrupted the normal state of the germinal
plasm so that it could not function properly. Smith (1966)

achieved complete sterility in Rana pipiens tadpoles by ir-

radiating the vegetal pole regions of four cell embryos with
ultraviolet light. He was also able to produce partial res-
toration of the germ cells by micropipeting vegetal pole

cytoplasm from unirradiated embryos into the vegetal pole



regions of irradiated embryos. In addition, he found that
the ultraviolet light wavelength that was the most effective
in producing sterility was in the absorption region for nu-
cleic acid. Buehr and Blackler (1970) induced sterility in

a different manner. By pricking the vegetal pole of Xenopus
laevis embryos, they produced tadpoles that displayed a large
reduction in the number of primordial germ cells in the geni-
tal ridges. Whether the germinal plasm is destroyed by ul-
traviolet light or deleted, it is obvious that it is impor-
tant in the determination of germ cells in anurans.

The ultrastructure of Rana pipiens germinal plasm was

looked at by Mahowald and Hennen (1971) with the transmission
electron microscope. They found that it was composed of
clouds of mitochondria as was previously known. More impor-
tant was the finding that scattered among these mitochondria
were electron dense bodies about 0.2 micrometers in diameter
which appeared to stain positively with the RNA stain, indium
trichloride. Simultaneously, Williams and Smith (1971) also

discovered the same electron dense bodies in Rana pipiens.

Since they believed these dense bodies to be the main induc-
ing factor, they gave them the name, germinal granules.
Mahowald, Hennen, Williams and Smith believe that the RNA
contained in the germinal granule is a messenger type which
contains the determinative information (as was postulated by
Smith, 1966). Czolowska (1972) has extended these observa-

tions to Xenopus laevis embryos.




Much of the work on germinal plasm in early develop-
ment has been restricted to a few species anurans. Table 5
lists the seven species in which work has been reported. 1
feel that extending these earlier observations to other
species, will contribute valuable information concerning
the occurrence of this important substance, in the germ

cell determination process of aunurans. Bombina orientalis

was a suitable organism for this study, because its use in
laboratories has been increasing and embryological material

could be easily acquired through the use of hormones.



MATERIALS AND METHODS

The adult Bombina orientalis used in this study were

purchased from the amphibian facility of the University of
Michigan. Ovulation and amplexus were induced by inject-

ing the female with 300 I.U. and the male with 500 I.U. of
human chorionic gonadotropin. After a period of approximate-
ly 8 hours in the breeding tank, eggs were collected and
transferred to clean petri dishes containing aerated tap
water. Development of all of the embryos took place at

room temperature.

The following developmental stages were employed:
2-cell, 4-cell, 8-cell, 16-cell, 32-cell, mid-blastula, late
blastula, early gastula, neurula, early tail bud, and a |
stage which is comparable to Shumway's stage 25 for Rana
pipiens. All material for this study was fixed and post-
fixed according to Bounoure (1934). The method consisted
of fixation in hot 10% formalin (made neutral by addition
of marble chips) followed by post-fixation in a saturated
solution of potassium dichromate. PotasSium dichromate is
a good preserver of mitochondria (Humason, 1972) and thus
is important in maintaining the granularity of the germinal
plasm. Dehydration was carried out in tertiary-butyl alco-
hol because it gives better results (Blackler, 1958). The

schedule for fixation, dehydration and embedding appears in



Appendix IA.

After the embryos were embedded, they were serial
sectioned at 10 micrometers on a Spencer lens microtome.
The ribbons were then collected and mounted on standard 1
by 3 inch microscope slides. The mounting media consisted
of four drops of Mayer's albumin (Humason, 1972) to 40 ml
of boiled distilled water.

Lehman's polychrome stain (Lehman, 1965) was em-
ployed in this study. This particular stain was designed
as a general screening stain. More specifically, Lehman
states, ''Celestine blue stains nuclei steel blue and cyto-
plasmic RNA lavender. Napthol yellows stains histones,
hemoglobin, keratin, and other basic proteins or proteins
rich in S-H groups yellow. Aniline blue stains all mucopoly-
sacchrides various shades of clear blue. Chromotrope 2R
stains acid and neutral proteins scarlet. When two of the
above molecular components are concentrated in the same
cellular region, the multiple dye binding will result in
complementary colors. For example, mitotic chromosomes
appear green by virtue of celestine blue staining of nucleic
acids and napthol yellow S staining of chromosomal histones."
The procedure used for Lehman's polychrome stain can be
found in Appendix II.

Since some of the above results can be altered by
using formalin (personal communication from W. S. James), a

comparison was made against Kahle's fixative, which can be



used with Lehman's polychrome stain. The procedure is de-
scribed in Appendix IB.

Measurements throughout this study were made using
a Bausch and Lomb monocular microscope fitted with an optical
micrometer lens which was calibrated using a standard cali-
bration slide. Photo micrographs were taken on Panatomic
X black and white film with a Pentax SP500 35mm camera at-
tached to a Spencer binocular microscope. With each new
role of film or a change in microscopic power, a photo micro-

graph was taken of the calibration slide touse as a reference.



RESULTS

2-cell to 8-cell embryo

The yolk platelets in the 2-cell embryo appear
bright yellow due to the napthol yellow S stain. The em-
bryo is surrounded by the vitelline membrane which is
stained red by chromotrope 2R. Celestine blue stains the
nuclei steel blue and the RNA rich islets of germinal
plasm deep lavender.

The islets of germinal plasm are seen in areas
free of yolk and are associated with mitochondrial aggre-
gations. They are approximately 10 micrometers from the
cortex in the vegetal pole region (Fig. 1), and extend up
to 650 micrometers from the midpoint of the cleavage fur-
row. At this time the islets are about 6 micrometers in
diameter (Table 3).

The 4-cell embryo exhibits the same staining char-
acteristics as the 2-cell embryo does. The islets of ger-
minal plasm are still located about 10 micrometers from
the cortex, although some can be seen just below it (Fig.
2). Two different sizes of islets are apparent: about 7
micrometers and 19 micrometers in diameter (Table 3).

This may suggest that the islets of germinal plasm coalesce
to form larger islets. As the second cleavage furrow forms,

these islets of germinal plasm are divided among the four
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resulting blastomeres (Table 2). Figure 3 shows a group of
these islets of germinal plasm in the vegetal region of one
of these four blastomeres. Also the islets of germinal
plasm are moved, probably passively by the forces of cleav-
age, closer to the midpoint of the cleavage furrows. Some
islets of germinal plasm were observed to have moved as far
as 30 micrometers up the cleavage furrow. Such islets were
no more than 10 micrometers from the cleavage membrane.
During the third cleavage, the islets of germinal
plasm probably continue to coalesce since their diameter is
greater than in the 4-cell embryo (Table 3). As this third
cleavage reaches its finish, the islets of germinal plasm
are observed much further into the cleavage furrows. On
completion of this cleavage, the embryo is divided into four
animal pole blastomeres and four vegetal pole blastomeres.
Each of the four vegetal pole blastomeres contains islets
of germinal plasm (Table 2) that are located 10 micrometers
below the cortex near the cleavage furrow to approximately
100 micrometers up the furrow in close proximity with the
membrane (Fig. 4). The diameter of these islets is given
in Table 3. As before, the staining appearance of the em-

bryo is consistent with the 2-cell embryo.

16 cell-embryo to 32-cell embryo

The germinal plasm in the 16-cell stage embryo is a
very dense lavender. The diameter of the islets of germinal

plasm is given in Table 3. They are diversified in their
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location at this time. Some are seen in the cortex, 35 micro-
meters from the cleavage furrow, others have moved by the
action of cleavage to a position as deep as 300 micrometers
from the surface of the vegetal pole region (Fig. 5).
Because the germinal plasm is located peripheraly
toward one side of the cell membrane, it is distributed to
only one of the daughter cells during mitosis. Thus as
cleavage progresses and the 32-cell embryo is formed, the
islets of germinal plasm are included in only four blasto-
meres (Table 2). There are usually two to three islets per
cell and their size is given in Table 3. The granularity of
the germinal plasm at this stage is prominent in the deep
lavender islets (Fig. 6). Each islet is located in a peri-
pheral position in the cell (Fig. 6). Two of the four 32-
cell embryos examined exhibited an interesting phenomenon.
Those cells that possessed germinal plasm and were next to
the blastocoel developed protuberances of cytoplasm contain-
ing one large islet of germinal plasm along with pigment and

yolk platelets (Fig. 7).

Mid-blastula to early-gastula

All through the blastula to early gastula stages,
the staining appearance of the embryos was as before, with
the exception that the nuclei of the early gastula varied
in their morphology as well as in staining characteristics.

The nuclei in the invaginating endodermal cells were oval
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and stained steel blue, whereas the nuclei in the region of
the blastocoel floor were lobulated and stained brownish to
green.

The process of cleavage has greatly reduced the
volume of cytoplasm in the cells of the mid-blastula, so
that the germinal plasm in its peripheral position has in-
directly moved closer to the nucleus (Fig. 8). The islets
of germinal plasm at this time are spherical, surrounded by
small yolk platelets, and very granular in appearance (Fig.
9). There were from four to seven cells (Table 2) in the
lower one-third of the embryo that possessed one to two is-
lets of germinal plaém. Their diameter was recorded in
Table 3.

By the late blastula stage, the cell volume has been
further reduced and the germinal plasm occupies a closer
position with the nucleus (Fig. 10). The number of cells
containing germinal plasm does not dramatically increase
(Table 2), as a result of its passage to only one of the
daughter cells during mitosis. Also, these germinal plasm
containing cells are still located in the lower one-third
of the vegetal hemisphere.

At the onset of gastulation, when there is a well
developed dorsal lip, the germinal plasm begins to migrate
from its peripheral association with the cell membrane (Fig.
11) to a juxtanuclear position (Fig. 12). All phases of this

migration can be observed occurring in the same embryo. There
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are about six cells containing germinal plasm at this stage
(Table 2).

Embryos from later gastula stages were not examined
and thus it can only be postulated as to the fate of these
germinal plasm containing cells during late gastulation.

As the movements of gastulation continue, the cells contain-
ing germinal plasm are passively moved from their position
in the lower vegetal pole (Fig. 12) to a region that is mid-
way between the archenteron floor and the ventral surface of
the endoderm. Examination of this region in neurula and
early tail bud embryos did not reveal any endodern cells
containing germinal plasm. Figure 13 illustrates this the-
oretical region in an early tail bud embryo.

The results of the comparison in staining character-
istics of Lehman's polychrome with Kanle's fixed and formalin
(10%) fixed, potassium dichromate post-fixed tissue, are re-
corded in Table 4.

At Shumway stage 25 when closure of the operculum is
complete, the primordial germ cells are lined up along the
genita} ridge (Fig. 14). Here they occupy positions at the
dorsal root of the dorsal mesentery (Fig. 15, 16), or in the
lateral and median ridges (Fig. 17). Since the nuclei of
the priﬁordial germ cells are very prominent during this
period (Fig. 18), it was easy to determine the number of

primordial germ cells (Table 2) occurring in this species.
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DISCUSSION

Staining of embryonic tissue with Lehman's polychrome
is influenced by the fixation employed. In Kahle's fixed
tadpole muscle cells (which contain myosin and acid protein),
the cytoplasm stains red due to chromatrope 2R. If neutral
formalin and chromation are used (as Bournoure (1934) and
others found necessary to preserve the germinal plasm), the
muscle cells of the tadpole stain a reddish-purple (Table 4).
Other staining abnormalities are apparent in Table 4 using
neutral formalin fixation and chromation. Although these
staining abnormalities did occur in muscle cells and nuclei
of other cells, the staining of the germinal plasm with cele-
stine blue was consistent with what Lehman (1965) reported
for cytoplasmic RNA, that is a deep lavender color. These
deep lavender islets were compared with slides that had been
stained with pyronine y and proved to be identical with the
deep red islets in these sections (Fig. 18).

The islets of germinal plasm in the 2-cell embryo
were located about 10 micrometers below the cortex in the
vegetal pole region. This is congruent with what Whitington

and Dixon (1975) reported in Xenopus laevis. The fact that

the islets of germinal plasm are spread out as far as 650

micrometers from the cleavage furrow in Bombina orientalis,

may be to insure that at the blastula stage the cells
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containing the germinal plasm will be situated in the lower

one-third of the embryo. Xenopus laevis, in which the islets

of germinal plasm are spread out at the 2-cell stage as far
as several hundred micrometers from the cleavage furrow
(Whitington and Dixon, 1975), also exhibit the cells contain-
ing germinal plasm in the lower one-third of the blastula.

In contrast, the cells containing the germinal plasm in Rana
pipiens are located in the blastocoel floor (Di Berardino,
1961) and at the 2-cell stage, the islets of germinal plasm
are concentrated in areas much closer to the cleavage furrow
(unpublished observations).

The observation that the islets of germinal plasm
coalesce into larger islets and move by the action of cleav-
age, close to and up the cleavage furrow is in agreement with
the findings of Blackler (1958) and Whitington and Dixon
(1975). The germinal plasm always remains in close associ-
ation with the cell membrane throughout cleavage and is usu-
ally passed to only one of the daughter cells during mitosis
(also reported by Blackler, 1958; Whittington and Dixon, 1975).
Thus by the 32-cell stage, the germinal plasm is contained in
only a few cells.

Blackler (1958) first described the phenomena of ex-
trusion of germinal plasm in cells that are located next to
the forming blastocoel in the 32-cell embryo. He believed
it to be some kind of elimination process peculiar only to

Bufo bufo. This phenomenon has also been reported in Dis-

coglossus (Blackler, 1966). Why it occurs in Bombina
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orientalis and the above species is yet to be elucidated.

The number of cells containing germinal plasm from
early cleavage up to gastulation, and the number of primor-

dial germ cells in Bombina orientalis can be compared with

other species listed in Table 5.

As cleavage continues, the number of célls containing
germinal plasm or ''the presumptive primordial (p.p.) germ
cells" as Whitington and Dixon (1975) refer to them, does
not appreciably increase. At the mid-to late blastula, the
cells are concentrated into one region, and the germinal
plasm is located much closer to the nucleus as a result of
the reduction in cell volume. During the onset of gastula-
tion, the germinal plasm begins to migrate to a juxtonuclear
position (also reported by Blackler, 1958; Di Berardino,
1961; Whitington and Dixon, 1975).

Blackler (1958, 1966, and 1970) assumed that this
juxtanuclear position of the germinal plasm prevented any
further mitosis in these p.p. germ cells, and as a result
the cells would remain in an embryonic state. This theory
was later shown to be incorrect by Dziadek and Dixon (1975,
1977) . They performed experiments that involved pulsing

embryos of Xenopus laevis with tritiated thymidine and

tritiated uridine. What they found, was that in cells of
the gastula that exhibited germinal plasm in the juxtanu-
clear position, the nuclei showed a high level of incorpor-

ation of the tritiated thymidine. This demonstrated that
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the cell nuclei were not quiescent, but were actively syn-
thesizing DNA. Also cells in the process of mitosis were
observed. The germinal plasm in this case was distributed
to both daughter cells. The intracellular migration of the
germinal plasm was found to be independent of RNA synthesis,
as they were unable to achieve any tritiated uridine incor-
poration into the cytoplasm.

From estimates of rates of cell division and number

of p.p. germ cells in the genital ridges of Xenopus laevis,

Whitington and Dixon (1975) suggested that there were two
cell divisions occurring in these cells between gastulation
and the time of their migration from the endoderm. Because
of the juxtanuclear position of the germinal plasm, both
daughter cells receive a portién of the germinal plasm dur-
ing mitosis. Thus, tﬂe number of p.p. germ cells can now
be increased (Whitingtgn and Dixon, 1975). These divisions

have been termed ''cloning divisions" by Whitington and Dixon
(1975), because the number of cells increases without chang-
ing their cytological state. Dziadek and Dixon (1977) have
recently found that there are actually three cloning divi-
sions that occur instead of only two.

Germinal plasm was believed by Kerr and Dixon (1974)
to initiate the migration of the p.p. germ cells from the
endoderm. This seemed very logical since the staining
ability of the germinal plasm disappears during this time

(Blackler, 1958; Whitington and Dixon, 1975; Michike, et al.,

1976) .
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In the present study, no detectable substance re-
sembling germinal plasm was seen in cells of the neurula
or early tail bud embryos. It may be that in Bombina

orientalis, there is a precocious disappearance of the

germinal plasm, or the amount present in the p.p. germ cells
could have been small and thus was overlooked. Blackler
(1966) has mentioned that it is the staining characteris-
tic of the germinal plasm which makes observation of germ
cells in the endoderm easy. If it were not present, identi-
fication would be most difficult.

Most investigators (Blackler, 1958; Whitington and
Dixon, 1975; and Michiko, et al., 1976) agree that the migra-
tion of the p.p. germ cells to the dorsal crest of the endo-
derm is an active one, possibly by some kind of ameboid
movement. The first definite indication that p.p. germ
cells may move by a type of ameboid movement came from a
study by Michiko (et al., 1976). They employed the tech-
nique of embedding the embryos in epon and then sectioning
them at one micrometer. As a result, the cellular membranes
of the endoderm cells were much more distinct. Observation
revealed that the p.p. germ cells that were in the process
of migration, showed certain morphological characteristics.
For example, they were very round in appearance compared to
the polygonal shape of the other endodermal cells. Also,
the intercellular space between the p.p. germ cells and the

endoderm cells was greater and more irregular than the space
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between adjacent endoderm cells. This suggested that the
p-p. germ cells, were actually isolated from the other en-
doderm cells.

Once the p.p. germ cells have begun to migrate,
there is the question of, how this migration is controlled.
Gipouloux (1970, as described by Giorgi, 1974) has suggested
that the migration of the p.p. germ cells in the endoderm
takes place under the attraction of the dorsal mesenteric
tissue. Evidence to support this came from grafting experi-
ments by Giorgi (1974). He found that by grafting dorsal
regions from one embryo of Bufo bufo to the ventral region
of another, some of the p.p. germ cells from the endoderm
migrated into the genital ridges of the ventral graft. It
appears that dorsal mesenteric tissue does play an important
role in controlling this migration.

There are conflicting opinions as to how the p.p.
germ cells leave their position in the dorsal crest of the
endoderm, and make their way to the genital ridges. Black-
ler (1958, 1966, 1970) believes that the migration of the
p-p. germ cells out of the endoderm is both an active and
passive process. Whitington and Dixon (1975) are in agree-
ment with Blackler. They have described a process in Xeno-

pus laevis whereby the lateral mesodermal sheets meet and

fuse in the midline, pinching off the p.p. germ cells which
are then carried with the developing mesentery. As this

latter process takes place, the p.p. germ cells actively
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move up the mesentery to its dorsal root. It has been shown
(Wylie and Heasman, 1976) with the aid of the transmission
electron microscope, that there are no cell junctions between

the p.p. germ cells and the mesenteric cells in Xenopus laevis.

Michiko (et al., 1976) have observed p.p. germ cells in the

dorsal crest region of Xenopus laevis which appear to be

actively pushing their way through the surrounding mesenchy-
mal sheet into the mesentery. Due to the lack of any addi-
tional evidence, it seems that this active migration of the
p-p. germ cells that was observed is not representative of
the normal process.

From their position at the dorsal root of the mesen-
tery, the primordial germ cells are believed to move actively
under a chemo tactic attraction from somatic cells which con-
stitute the lateral genital ridge (Wylie, et al., 1976).

Time lapse photography of dissociated primordial germ cells
(Wylie and Roos, 1976) from the genetal ridges of Xenopus
laevis have shown, at least in vitro, that these cells are
capable of active movement.

As was discussed in the introduction of this paper,
RNA is a major constituent of the germinal plasm. It is this
feature of the germinal plasm, that allows its ease of obser-
vation of sections stained with RNA specific stains such as,
pyronin Y or stains like celestine blue which reacts with
cytoplasmic RNA. Since this stain was employed in the pre-

sent study, a comparison was made with slides that had been
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stained previously with the RNA specific stain, pyronine Y.
Those areas that reacted with pyronine (Fig. 18) were iden-
tical with the areas reacting with celestine blue. Thus
areas reported to be islets of germinal plasm in the re-
sults of this paper, represent true areas rich in RNA.
From the ultrastructural studies of Mahowald and
Hennen (1971), Williams and Smith (1971), and Czolowska
(1972), it was revealed that the RNA staining characteris-
tic of the germinal plasm was mainly due to a large aggre-
gation of ribosomes in the germinal plasm rather than to
any specific concentration of messenger RNA. The electron

dense bodies or ''germinal granules'" as Williams and Smith
(1971) refer to them, appear to stain with indium trichloride
(Mahowald and Hennen, 1971) an RNA stain. This reaction
could represent messenger RNA which is called up in some

way inside the germinal granule, as was suggested by Maho-
wald and Hennen (1971), Williams and Smith (1971), and Smith
and Williams (1975). This would explain why there are masses
‘of ribosomes in the area. The germinal granule is thought to
be composed of a fibrous network of protein (Mahowald and
Hennen, 1971; Williams and Smith, 1971; and Smith and Wil-
liams, 1975). The function of the protein part of the gran-
ule could be to protect or mask the messenger RNA until the
specified time that it is to be read by the ribosomes.

A substance analogous to germinal plasm occurs in

many species of Drosophila (for review, see Mahowald, 1971).
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This substance, pole plasm, induces pole cells in the vege-
tal pole region of the embryo. The pole cells subsequently
give rise to the germ cells of the adult fly. Ultrastruc-
tually, pole plasm is very similar to germinal plasm. It
consists of aggregates of mitochondria and electron dense
bodies (polar gfanules) which are associated with large
number of ribosomes.

Illmensee et al. (1976) have performed experiments
involving a transfer of pole plasm (containing polar-granules)

from posterior pole cells to anterior cells in Drosophila

embryos. If the pole plasm contains the germ determinate,
it should induce an anterior somatic cell to become a pole
cell. This is exactly what occurred in the experimental
embryos. The anterior cells showed a precocious mitosis,
which separated them from the othef cells in that region.
In normal development, pole cells also become separated early
from the other somatic cells. Further evidence, that these
anterior cells were becoming pole cells came from transferal
of these cells to the vegetal region of the early embryo.
With the use of an enzyme deficiency as a marker, it was
found through subsequent matings, that the transferred cells
in fact were capable of becoming germ cells.

The presence of mitochondria in the germinal deter-
minate has been a puzzling one. 1In both anurans (Mahowald

and Hennen, 1971; Williams and Smith, 1971; and Czolowska,
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1972) and Drosophila (Mahowald, 1962) the electron dense

bodies appear to be fused to the outer membrane of the mito-
chondria at certain times in early development. Williams
(personal communication) has noted that in highly magnified
electron micrographs, the germinal granules are not as
closely applied to the outer mitochondrial membrane as was
believed. She has also mentioned that this aggregation of
mitochondria could represent some high energy requirement

in the germinal plasm region.

Dawid and Blackler (1958) have proposed a more con-
vincing explanation. During early oogenesis, there is an
amplification of a small group of mitochondria to form the
Balbiani body. As the germinal vesicle breaks down, the
mitochondria are dispersed. Those mitochondria that aggre-
gate in the germinal plasm region are subsequently incorpor-
ated into the primordial germ cells and give rise to the
next generation of mitochondria. Thus mitochondria are
maternally inherited in this manner.

Bounoure (et al., 1954), has shown that irradiation
of the germinal plasm with ultraviolet light at the time of

first cleavage, causes sterility in Rana temporaria. This

observation has been extended to Rana pipiens (Smith, 1966),

Xenopus laevis (Inkeniski, et al., 1974), and Bombina orien-

talis (Odom and James, unpublished observations). Ijiri
(1976) has reported ultraviolet light sensitivity in Xenopus

laevis as early as ten minutes after fertilization. From the
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studies of Tanabe and Kotani (1971), there appears to be a
quantitative relationship between the amount of germinal
plasm that is irradiated and the number of primordial germ

cells in the genital ridges of Xenopus laevis. Irradiation

of half of the germinal plasm, reduced the number of primor-
dial germ cells by one-half. Ijiri and Egami (1976) have
studied the effects of ultraviolet light irradiation on the

germ cell determination process in Xenopus laevis. They

have also proposed a mathematic model for this determination
process.

There are several theories on how ultraviolet light
irradiation induces sterility. Smith (1966) postulated from

his studies on Rana pipiens, that there is destruction of

some type of information molecule, such as a messenger RNA.
This would explain the fact that the most effective wave-
length used was in the region of absorbance for nucleic acid.

Fragmentation of germinal granules in Xenopus laevis eggs as

a result of their exposure to ultraviolet light, has been
reported by Ikeniskhi (et al., 1974). Such a phenomenon
would obviously prevent the germinal granules from function-
ing in a normal manner. On the other hand, Smith and Williams
(1975) have never observed this phenomenon of germinal granule

fragmentation in Xenopus laevis, and suggest that it could be

attributed to a fixation problem.
Zust and Dixon (1975) have presented an altogether

different explanation. They find that ultraviolet light
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causes a delay in cleavage in the vegetal pole. A syncytium
is formed as a result of inhibition of cytokinesis without
disruption of karyokinesis. At about blastula, the syncy-
tium breaks down. There is no noticeable difference in

gross morphology of the cells in the vegetal pole from those
in the normal embryos. It is postulated that this delay may
modify the normal events of compartmentalizing off the ger-
minal plasm, and thus primordial germ cells are never formed.
This syncytium may be caused by the ultraviolet light effect-
ing the mucopolysacchride adhesive substance between the
blastomeres (Beal and Dixon, 1975).

As a final note, Williams (personal communication)
recently has found that ultraviolet light may not actually
cause sterility. The usual assay for sterility is to check
the genital ridges when the primordial germ cells are present.
If the gonads of the metamorphosized froglet are examined,
they contain germ cells. It seems that the primordiai germ
cells are delayed in their migration from the endoderm, and
arrive at a later time in the gonadal rudiments.

The origin of germinal plasm has been investigated

by Czolowska (1969) in Xenopus laevis. She found RNA rich

patches of cytoplasm in the vegetal pole cortex of hormonally

treated oocytes. Similar areas have been found in Rana pipiens

by Williams and Smith (1971). The ultrastructure of these
areas consisted of mitochondria surrounded by electron dense

bodies resembling germinal granules, but much smaller in size.
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Thus some of the precursors of the germinal plasm are present
even before fertilization. Autoradiographic studies by Wil-
liams (personal communication) in which she used [3H] uridine
and [3H] leucine after hormone treatment of oocytes was nega-
tive. The components that compose the germinal granules must
be synthesized earlier in oogenesis.

The presence of an intermitochondrial electron dense
granular substance of ''muage,'" has been described in primor-

dial germ cells of Rana pipiens (Mahowald and Hennen, 1971)

and Xenopus laevis (Al-Muktar and Webb, 1971). Nuage material

has also been reported in; oogonia and early meiotic oocytes

of Rana pipiens (Eddy and Ito, 1971) and Xenopus laevis (Al-

muktar and Webb, 1971) and primary spermatocytes and spermato-

gonia (Kerr and Dixon, 1974) of Xenopus laevis.

The nuage material in tﬁe primordial germ cells is
located in a juxtanuclear position. This material could
represent the remains of the protein component of the germi-
nal granule (Mahowald and Hennen, 1971). As the primordial
germ cells develop into oogenia (Al-Muktar and Webb, 1971)
and spermatogenia (Kerr and Dixon, 1974), the nuage material
keeps its close association with the nucleus. In primary
spermatocytes, the nuage material degenerates (Kerr and Dixon,
1974) , but in oogonia, it has been observed as late as the
late lampbrush chromosome stage (Smith and Williams, 1975).
The mitochondria which inhabit this juxtanuclear region are

thought to give rise to the Balbiani body (Dawid and Blackler,
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1970; and Al-Muktar and Webb, 1971). Long before the mito-
chondria in the Balbiani body are dispersed, the nuage mate-
rial disappears, therefore no evidence exists that this nuage
material is continuous with the germinal granules.

It is apparent from the foregoing discussion that
germ cell determination is an active area of research and
future investigations should prove very interesting, especi-
ally those dealing with isolation and determination of the
composition of the dense germinal granules. Germ cell deter-
mination in the anuran also offers an ideal system in which
to study the intricate interactions between the cytoplasm
and the nucleus in embryonic cells.

To conclude, I believe that the information gathered
from the present study contributes to the present knowledge
of the understanding of germ cell development in the anuran.
Further, it is evident that this process is fairly consistent

among anurans thus studied, including Bombina orientalis used

in this study. Finally, it was imperative that this study be
conducted so that further research on germ cell development

using Bombina orientalis could be possible.
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SUMMARY

Lehman's polychrome stain was used to follow the fate

of germinal plasm in early development of Bombina orien-

talis embryos. The results were consistent with earlier

findings.

Islets of germinal plasm approximately 6 um in diameter
were observed in the vegetal pole region of the 2-cell .
embryo. By the 4-cell stage, some of these islets had
coalesced to form larger ones so that two size classes

of islets were present.

As cleavage continued to the 16-cell stage, the islets
were moved further up the cleavage furrow and they al-
ways remained in close association with the cleavage
membrane. The islets had reached a diameter of approxi-

mately 32 um.

Because of their peripheral location on one side of the
cells containing them in the 32-cell embryo, the islets
of germinal plasm were passed to only one of the daughter
cells during mitosis. Also those cells which contained
germinal plasm and were adjacent to the developing blasto-
coel, exhibited a protuberance of cytoplasm consisting of

pigment, yolk and germinal plasm.



29

At the mid-to late blastula stage, the germinal plasm
was contained in a few cells located in the lower one-
third of the embryo. The peripheral position of the

germinal plasm was maintained in these cells.

During early gastulation, the germinal plasm began to
migrate from its peripheral location to a juxtanuclear
position. It was postulated that the movements of
gastulation would deliver these cells containing
germinal plasm to a mid-posterior region of the en-

doderm.

Examination of neurula and early tail bud stages did
not reveal any cells containing germinal plasm. The
implication was that the germinal plasm had been util-

ized previously to these stages.

Primordial germ cells were observed in the dorsal

mesentery and genital ridges of stage 25 tadpoles.



30

LITERATURE CITED

Allen, B. M., 1907. An important period in the history of
the sex cells of Rana pipiens. Anat. Anz., 31:339-
347. (Manuscript not seen.)

Al-Mukhtar, K., and A. C. Webb, 1971. An ultrastructural
study of primordial germ cells, oogonia, and early

oocytes in Xenopus laevis. J. Embryol. Exp. Morph.,
26:195-217.

Beal, C. M., and K. E. Dixon, 1975. Effect of UV on cleav-

age of Xenopus laevis eggs. J. Exp. Zool., 1972:
277-283.

Blackler, A. W., 1958. Contribution to the study of germ
cells in the anura. J. Embryol. Exp. Morph., 6:
491-503.

Blackler, A. W., 1966. Embryonic sex cells of amphibia.
Adv. Reprod. Physiol., 1:9-28.

Blackler, A. W., 1970. The integrity of the reproductive

cell line in the amphibia. Current Topics Dev.
Biol., 5:71-87.

Bounoure, L., 1934. Recherches sur la lignee germinale
chez la Grenoville rousse aux premiers stades du
developpement. Annls. Sci. Nat. 10 Ser., 17:67-
248.

Bounoure, L., R. Aubry, and M. L. Hick, 1954. Nouvelles
recherches experimentales sur les origines de la
lignee reproductrice chez la Grenoville rousse.
J. Embryol. Exp. Morph., 2:245-263.

Buehr, M. L., and A. W. Blackler, 1970. Sterility and par-
tial sterility in the South African clawed toad

following the pricking of the egg. J. Embryol. Exp.
Morph., 23:375-484.

Czolowska, R., 1969. Observations on the origin of the

germinal cytoplasm in Xenopus laevis. J. Embryol.
Exp. Morph., 22:229-251.

Czolowska, R., 1972. The fine structure of the ''germinal

cytoplasm' in the egg of Xenopus laevis. Wilhelm
Roux' Arch., 169:335-344.




31

Dawid, I. B., and Blackler, A. W., 1972. Maternal and cyto-
plasmic inheritance of mitochondrial DNA in Xenopus
laevis. Develop. Biol., 29:152-161.

DiBerardino, M., 1961. Investigations of the germ plasm in
relation to nuclear transplantation. J. Embryol.
Exp. Morph., 9:507-513.

Dziadek, M., and K. E. Dixon, 1975. Mitosis in presumptive
primordial germ cells in post-blastula embryos of
Xenopus laevis. J. Exp. Zool., 192:285-291.

Dziadek, M., and K. Dixon, 1977. An autoradiographic analy-
sis of nucleic acid synthesis in the presumptive
primordial germ cells of Xenopus laevis. J. Embryol.
Exp. Morph., 37:13-31.

Eddy, E. M., and S. Ito, 1971. Fine structural and radio-
autographic observations on dense perinuclear cyto-
plasmic material in tadpole oocytes. J. Cell Biol.,
49:90-108.

Giorgi, P. P., 1974. Germ cell migration in toad (Bufo bufo):
Effect of ventral grafting of embryonic dorsal regions.
J. Embryol. Exp. Morph., 31:75-87.

Gipouloux, J. D., 1970. Recherches experimentales sur l'origine,
la migration des cellules germinales, et l'edification
des cretes genitales chez les Amphibiens Anoures. Bull.
Biol. Fr. Belg., 104-22-93. (Manuscript not seen.)

Henley, C., and D. P. Costello, 1957. The effects of X-irradi-
ation on the fertilized eggs of the annelid Chaeto-
pterus. Biol. Bull., 112:184-195.

Humason, G. L., 1972. Animal tissue techniques. W. H. Freeman
and Co., San Francisco.

Ijiri, K., 1976. Stage sensitivity and dose-response curve
of U.V. effect on germ cell formation in embryos of
Xenopus laevis. J. Embryol. Exp. Morph., 35:617-623.

Ijiri, K., and N. Egami, 1975. Mitotic activity of germ
cells during normal development of Xenopus laevis
tadpoles. J. Embryol. Exp. Morph., 34:687-694.

Ifiri, K., and N. Egami, 1976. A mathematical model for germ
cell determination process and effect of ultraviolet
light on the process. J. Theor. Biol., 57:



32

Ikenishi, K., M. Kotani, and K. Tanabe, 1974. Ultrastruc-
tural changes associated with UV irradiation in the

"germinal plasm'" of Xenopus laevis. Develop. Biol.,
36:155-168.

Illmensee, K., Mahowald, A. P., and M. R. Loomis, 1976. The
ontogeny of germ plasm during oogenesis in Drosophila.
Develop. Biol., 49:40-65.

Kerr, J. B., and K. E. Dixon, 1974. An ultrastructural study

of germ plasm in spermatogenesis of Xenopus laevis.
J. Embryol. Exp. Morph., 32:573-592.

Lehman, H. E., 1965. A cytochemical screening method for
: demonstrating general molecular groups in single-
tissue sections: II. Polychrome stain. J. Elisha
Mitchell Scientific Society, 81(2):90.

Mahowald, A. P., 1962. Fine structure of pole cells and

polar granules in Drosophila melanogaster. J. Exp.
Zool., 151:201-215.

Mahowald, A. P., 1971. Origin and continuity of polar gran-
ules. 1In, Origin and Continuity of Cell Organelles,
J. Reinert and H. Ursprug, eds., pp. 159-169. Spring-
er-Verlag, N.Y.

Mahowald, A. P., and S. Hennen, 1971. Ultrastructure of the
"germ plasm" in eggs and embryos of Rana pipiens.
Develop. Biol., 24:37-53.

Michiko, K., Kohji, I., Kotani, M., and T. Matsuno, 1976.
Observations on the migration and poliferation of

gonocytes in Xenopus laevis. J. Embryol. Exp. Morph.,
36:197-207.

Smith, L. D., 1966. The role of a ''germinal plasm" in the
formation of primordial germ cell in Rana pipiens.
Develop. Biol., 14:330-347.

Smith, L. D., and M. A. Williams, 1975. Germinal plasm and
determination of the primordial germ cells. In, The
Developmental Biology of Reproduction. C. L. Market
and J. Papaconstantinou, eds., pp. 3-24. Academic
Press, Inc., N.Y.




33

Tanabe, K., and M. Kotani, 1974. The relationship between
the amount of the ''germinal plasm" and the number
of primordial germ cells in Xenopus laevis. J.
Embryol. Exp. Morph., 31:89-98.

Whitington, P. McD., and K. E. Dixon, 1975. Quantitative
studies of germ plasm and germ cells during early
embryogenesis of Xenopus laevis. J. Embryol. Exp.
Morph., 33:57-74.

Williams, M. A., and L. D. Smith, 1971. Ultrastructure of
the "germinal plasm" during maturation and early
cleavage in Rana pipiens. Develop. Biol., 25:568-

580.

Witschi, E., 1929. Studies on sex differentiation and sex
determination in amphibians. J. Exp. Zool., 52:
235-265.

Wylie, C. C., M. Bancroft, and J. Heasman, 1976. The forma-
tion of the gonadal ridge in Xenopus laevis. 1II
A scanning electron microscope study. J. Embryol.
Exp. Morph., 35:139-148.

Wylie, C. C., J. Heasman, 1976. The formation of the gonadal

ridge in Xenopus laevis. I. A light and transmission
electron microscope study. J. Embryol. Exp. Morph.,
35:125-138.

Wylie, C. C., and T. B. Roos, 1976. The formation of the
gonadal ridge in Xenopus laevis. III The behavior
of isolated primordial germ cells in vitro. J.
Embryol. Exp. Morph., 35:149-157.

Zust, B., and K. E. Dixon, 1975. The effect of U.V. irradi-
ation of the vegetal pole of Xenopus laevis eggs on

the presumptive primordial germ cells. J. Embryol.
Exp. Morph., 34:209-220.




34

APPENDIX I

A. Embryos were collected at desired stages and dejel-
lied with watchmaker forceps. They were then transferred to
carrying tubes made out of small sections of glass tubing
with lens paper fastened to one end. These carrying tubes
allowed the material to be passed through solutions with
relative ease. Fixation was in hot (approximately 60°C) 10%
neutral formalin for 5 minutes, followed by post-fixation in
a saturated solution of potassium dichromate for 48 hours at
45°C. After rinsing in running water over night, the embryos

were dehydrated and embedded according to the followingipro—

cedure:
Grad. No. 95% Ethanol  Tertiary Distilled Time
butanol Water
(TBA)
1' 5 ml - 95 ml 15 minutes
1" 5 ml - 95 ml 15 minutes
2 10 ml -— 90 ml 15 minutes
3 20 ml - 80 ml 15 minutes
4 30 ml - 70 ml 15 minutes
5 40 ml 10 ml 50 ml 15 minutes
6 50 ml 20 ml 30 ml 15 minutes
7 50 ml 35 ml 15 ml 15 minutes
8 40 ml 50 ml 10 ml 15 minutes
9 25 ml 75 ml - 15 minutes
10' - 100 ml - 15 minutes
10" -— 100 ml -— 30 minutes
10'"! - 100 ml - 30 minutes
11 50 ml TBA-50 ml paraffin oil 30 minutes
12 TBA-paraffin oil from 12 and until melted
solidified para last
13 Transfer tissue through 4 30 minutes
changes of paraplast each

14 Embed in paraplast
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Appendix A, cont'd.

B. Six tadpoles, morphologically equivalent to Shumway
stage 25, were fixed in Kahle's fixative for comparison with
the formalin potassium dichromate fixation method.

Composition of Kahle's fixative (Henley and Costello,

1957) :

commercial formalin (40%) 16 c.c.
Ethanol (95%) 32 c.c.
Acetic Acid (glacial) 2 c.c.
Distilled water 60 c.c.

After fixation in Kahle's fixative for 12 hours, these
six embryos were passed through 3 changes of 70% ethanol, then
through 2 changes of 807% ethanol and stored in fresh 80%
ethanol. Dehydration and embedding was carried out by bring-
ing the material down to 70% and starting at grade number 6

in the TBA series.
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The Lehman's polychrome stain was formulated after

the developer's description (Lehman, 1965).

All slides used

in this study were treated in the following manner:
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Two changes of Xylene

Two changes of absolute ethanol

95% ethanol

80% ethanol

70% ethanol

Wash in two changes of distilled water
0.5 acid celestine blue, pH 1.6

Wash in two changes of distilled water
Differentiate in 1% chromalum

Wash in distilled water

0.5% napthol yellow s, pH 2.7
Differentiate in 1% acetic acid
Mordant in mixture of 1% phosphomolyb-
dic acid and 1% phosphotunastic acid
1% acid aniline blue and 1% chromotope
2R

Rinse with one quick dip in 1% acetic
acid

Differentiate, three to five dips acid
ethanol and tertiary butanol

Dehydrate in 3 changes of absolute
ethanol

Two changes of Xylene

Mount in Eukitt

min. (each)
min. (each)
min.

min.

min.

min. (each)
min.

Total of 1 min.
30 sec.

1 min.

1 min.

1 min.

NN

30 sec.

90 sec.

2 min. (each)
2 min.
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Table 1
Stage of development Number of embryos Number of embryos
that were examined containing germ
plasm
2-cell 12 5
4-cell 5 5
8-cell 7 4
16-cell 8 7
32-cell 4 4
Mid-blastula 4 4
Late blastula 1 1
Early gastula 1 1
Neurula 2 0
Early tailbud 6 0
Stage 25 tadpole 4 4
Table 2
Stage of development Number of cells
containing germ plasm
2-cell 2
4-cell 4
8-cell 4
16-cell 4
32-cell 4
Mid-blastula 5 ¢ 1.4%
Late blastula 8
Early gastula 6
Neurula none where found
Early tailbud none where found
Stage 25 tadpole 60.8 + 3.86%*

* represents the mean + the standard deviation



Stage of development

2-cell
4-cell

8-cell

16-cell

32-cell
Mid-late blastula
Gastula

Diameters are expressed as the mean

Table 3

n

(SRS RS ENENEV, RNV, |

n Number of observations

Table 4
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Diameter of germinal
islets in micrometers

6.30 + 1.07

a. 7.44 + 2.60
b. 19.50 = 3.62
24.77 + 5.45
31.57 + 6.12
22.10 + 7.08
13.03 + 3.54
8.50 + 9.96

+ standard deviation

Staining Characteristics of Lehman's Polychrome

Type of cell

Blood cell
Nerve cell

Notochord cell

Cells containing
yolk platelets

" Muscle cell

Kahle's fixed

Formalin (10%) fixed

green nuclei
lavender cyto-
plasm

green nuclei
sky blue cyto-
plasm

purple nuclei
yellow

red cytoplasm
steel blue
nuclei

Potassium dichromate
post-fixed

deep purple nuclei
light purple cytoplasm

purple nuclei
same
same

reddish purple cytoplasm
steel blue nuclei
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Table 5

Number of Germ Cells Recorded in Anuran Embryos
(Taken from Table 5, Whitington and Dixon, 1975)

Stage of development

Species Cleavage Blastula Gastula Genital Ridge
X. laevis -—- --- --- 22.4+14 .1
-—- --- --- 29.4+11
--- -—- -—- 22.4+4 .6
4.5+0.9 5.3+1.9 8.7+3.0 13.9+4.8
R. temporaria --- 10-15 --- 45.9+23.3
--- 5-7 11-23 39 + 6.8
R. esculenta --- --- -—-- 65.7+30.9
—— _—— _—— 26%
R. pipiens --- 8.8+2.7 8.6x4.4 -—-
-—- -—- -——- 61, 82*
B. bufo - 17 - 15%
B. viridis --- --- --- 21.3x2.1
- _—— - - 120.4+31.8
D. pictus -—- --- -—- 24 .6%

Numbers are expressed as the mean * S.D.
* Represents only one or two measurements.
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Figures 1-6

Cross-section through the vegetal pole of a 2-cell stage
embryo. An islet of germinal plasm (G) is visible ap-
proximately 10 micrometers below the vegetal cortex.
Cleavage membrane (CM), yolk platelet (Y).

Cross-section through a 4-cell stage embryo.

Tangential section of a 4-cell embryo approximately 15
micrometers above the vegetal pole. Many islets of
germinal plasm can be seen dispersed throughout the
cytoplasm of one of the blastomeres.

Cross-section through an 8-cell stage embryo. Large
yolk free islets of germinal plasm are located near
the cleavage membrane.

Cross-section through a 16-cell stage embryo. An islet
of germinal plasm is in close proximity with the cleav-
age membrane.

High magnification of an islet of germinal plasm in a
32-cell stage embryo. The granularity of the germinal
plasm is apparent at this stage. Plasma membrane (M).
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Figures 7-12

Blastomere of a 32-cell embryo exhibiting a cytoplasmic
protuberance of germinal plasm and yolk granules. Form-
ing blastocoel (B).

Cross-section through mid-blastula embryo. An islet of
germinal plasm can be seen lying in a position adjacent
to the plasma membrane. Nucleus (N).

High magnification of an islet of germinal plasm in cell
of mid-blastula embryo. The granularity of the germinal
plasm is apparent.

Cross-section through late-blastula embryo. The germinal
plasm is still in a position adjacent to the plasma mem-
brane. The blastomere is undergoing mitosis.

Cross-section through early-gastula embryo. A cell con-
taining germinal plasm is visible in the vegetal pole
region of the embryo.

Same stage as in figure 11. The germinal plasm has moved
from its pheripheral location to a juxtanuclear position.
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Figures 13-18

A sagittal section through an early tailbud embryo. The
boxed area represents the region of the endoderm where
cells containing germinal plasm theoretically should be
located. Hindgut (H), midgut (MG).

A sagittal section through a stage 25 tadpole. The
primordial germ cell (PGC) are seen lying in the genital
ridge (GR). Notochord (NC), coelom (C), intestine (I).

Cross-section through a stage 25 tadpole. Two primordial
germ cells are located at the base of the dorsal mesentery
(DM) in the genital ridge.

High magnification of figure 15.

Cross-section through a stage 25 tadpole showing primordial
germ cells located in the median and lateral genital ridges.

The primordial germ cells are surrounded by germinal epithe-
lial cells (EC).

Cross-section through a 2-cell embryo stained with methyl
green and pyronine Y. RNA rich germinal plasm can be
seen located in the cleavage furrow in the vegetal pole
region.
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