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INTRODUCTION

One of the better methods for examining nucleo-cytoplasmic rela-
tionships is to combine identical nuclei with different cytoplasms. This
can be achieved in a number of ways. For example, if the gametes of
two different species are brought together to form reciprocal diploid
hybrids, it is expected that at least in the early stages such hybrids will
have identical nuclei and different cytoplasms. This arises from the fact
that in most cases the maternal parent contributes practically all of the
cytoplasm. Differences which may appear in the development and
heredity of the reciprocals can therefore be related to differences in the
egg cytoplasms of the two parent forms. If such cytoplasmic differences
are observable and measurable, the possibilities are obvious.

The same end is achieved by combining the male nucleus of one spe-
cies, subspecies or race with the nucleus-free egg cytoplasm of the
same species and another species, subspecies or race. If the andro-
genetic or merogonic > homospermic haploid and heterospermic haploid
resulting from this procedure show dissimilarities, these must be related
to cytoplasmic differences.

It is scarcely necessary to point out that the results of such pro-
cedures seldom if ever satisfy the preconceived possibilities. The re-
sults from reciprocal diploid hybrids may be limited by an incompatibility
of combined nuclei or nuclei and cytoplasms; or, where this is not the
case, by the absence of sufficient cytoplasmic difference to produce an
effect. And heterospermic haploids are usually less satisfactory. In
the best of circumstances haploid organisms develop poorly and can only
be produced in a limited group of materials. Apparently as a result of

1 Data obtained, in part, from experiments performed during tenure of Na-
tional Research Fellowship at Princeton University.

2 The term androgenetic refers to the development of the whole egg with only
the male nucleus functional; merogonic refers to the similar development of an
egg-fragment (Wilson, 1925).
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a high degree of incompatibility between nucleus and cytoplasm, the
development of most androgenetic species hybrids is extremely abnormal
and ceases in the earliest stages.

Despite such results, the possibility remains that hybridizations with
lLieretofore untried material such as the North American Salientia may
reveal one or more compatible combinations with the desired qualities.
Experiments to test this possibility have been made and the following
pages report one such investigation. Two distinct but closely related
forms of the genus Rana have been combined reciprocally to form diploid
and androgenetic haploid hybrids. The results form an interesting addi-
tion to the existing data on nucleo-cytoplasmic relationships.

The author is very grateful to Prof. G. Fankhauser for helpful
suggestions and criticisms.

MATERIALS

The gametes for these hybridization experiments were derived from
two distinct forms of frog, one collected from the meadows of northern
Vermont, the other from the immediate vicinity of Philadelphia. Both
forms are commonly referred to as Rana pipiens and possibly represent
different races or subspecies of that species. More attention will be
given to their probable relationship in the discussion.

That the two forms are distinct is indicated by their general charac-
teristics (Ifigs. 1 and 2), and also by the results of these experiments.
These same features also indicate that the two are closely related.
Therefore, as a temporary assumption and to facilitate the description
of the experiments, the frogs arc being considered as northern and
southern forms or races of the same species.  As such they will be
referred to in the succeeding pages of this report.

A brief description, supplemented by Figs. 1 and 2, will indicate their
major differences and similarities.

The northern form (from northern Vermont) is generally larger
and, relative to its body size and weight, it has shorter jumping legs
than the southern form. The head is obtuse ; the vocal sacs on the male
are less apparent; the dorso-lateral folds are broad; the skin is thick;
the palmation is full. Distinctive features of pigmentation include spots
that are larger and surrounded by a green or yellow border; the cross-
bars on the tibia are generally complete ; the posterior border of the thigh
is marked by black spots on a continuous white background; the tym-
panum does not show a central light spot with the same clarity as in the
southern form.

The southern form (from the vicinity of Philadelphia) is generally
smaller and, relative to its body size and weight, its legs are longer.
The head is more accumate; the vocal sacs are thin-walled and usually
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Fic. 1. Photographs of representatives of northern (left) and southern (right)
forms of R. pipiens used in these experiments.

IM16. 2. Photographs showing pigmentation of jumping legs, northern (left) and
southern (right).
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apparent; the dorso-lateral folds are narrow; the skin is thin; the
palmation is shallow. Distinctive features of pigmentation include spots
that are smaller and, under the same laboratory conditions as the north-
ern form, not surrounded by clear borders; the cross-bar markings on
the tibia are generally interrupted along the dorso-lateral surface; the
posterior surface of the thigh is marked by white spots on a continuous
black background; and the tympanum generally shows a central light
spot.

MEeTHODS

The eggs were obtained in every case from frogs which had been
induced to ovulate by frog pituitary injections. As much care as pos-
sible was taken to avoid removing the eggs in the immature or over-ripe
condition. The sperm for insemination were obtained by macerating
the testes in 10 per cent Ringer’s solution and every precaution was
taken against contamination of one suspension with sperm from another.

The eggs of each frog were inseminated in two batches, the first
with sperm of the same form, the second with sperm of the other form.
Thus, in all, four batches of eggs were inseminated. An interval of 15
to 20 minutes was allowed to elapse between each insemination to provide
time for removing the egg pronucleus from a number of eggs of each
batch. By this procedure 8 different types of embryos were produced.
These are listed below with the designation used for each in the balance
of this report.

Homospermic diploids of the northern form ...................ooooen. "
Homospermic haploids of the northern form .............. ... ... ... n/2
Heterospermic (hybrid) diploids from eggs of northern form and sperm

of southern form ........ ... .. il ns
Heterospermic (hybrid) haploids from cytoplasm of northern form and

TREEES G SEEHNEHRT SO 000 0000000006000060800086000000360000 650
Homospermic diploids of the southern form ... .
Homospermic haploids of the southern form
Heterospermic (hybrid) diploids from eggs of southern form and sperm

of morthern form ... ... .. i e sn
Heterospermic (hybrid) haploids from cytoplasm of southern form and
nucleus of northern form ....... ... . i i i (s)n/2

The egg pronucleus was removed with a fine glass needle as described
in a previous report (Porter, 1939). Adequate numbers of pure and
hybrid haploids were thus easily prepared (Table I).

All embryos were kept under identical conditions of temperature
(19.4° C.) and space. In fixation of representative forms for a per-
manent record, a mercuric chloride, acetic acid, and formaldehyde mix-
ture was generally used. The same sequence and time intervals were
observed in fixation as had been observed in fertilization. Thus it was
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assured that all animals fixed at the end of a period of time were of
the same age.

REsuLTs

The description which follows is based upon observations made in
the experiments listed in Table I. The possibility that the same results
could occur by coincidence in all four series of crosses is slight if not
negligible. The analysis is confined to such characteristics as were ap-

TaBLE I3

Number of

Number of | ¢ 50

homo- 3
Exp. Date spermic SDEG Treatment
haploids | (hybrid)
produced haploids
produced

1. |Jan.9,1939 | 23 /2 |41 (n)s/2 | Preliminary comparison of living animals
21 s/2 {35 (s)n/2 | made throughout development. Repre-
sentative embryos fixed at end of 3, 5, 7,
9, 10 and 11 days.

2. | Jan. 17,1939 29 n/2 |30 (n)s/2 | Living animals compared throughout de-
37 s[2 |44 (s)n/2 | velopment. Representative forms fixed
atendof 2, 3,4, 5,6, 7and 8 days. Dip-
loid hybrids and controls carried through
metamorphosis for examination of in-
heritance.

3a. | Feb. 15, 1939| 37 n/2 |48 (n)s/2 | Living animals compared throughout de-
24 s/2 |43 (s)n/2 | velopment. Special attention given to
gastrulation and neural tube formation.
Representative forms fixed at end of 36,
43,48, 51,53, 55,57, 59, and 61 hoursand
at 3 and 4 days.

3b. | Feb. 15, 1939| 21 n/2 |36 (n)s/2 | Living animals compared. Special atten-
45 s/2 41 (s)n/2 | tion given to study of older stages. Ma-
terial fixed at end of 32, 54, and 60 hours
and 3, 5, 6, 8, 9, and 10 days.

3 The same females were used as a source of eggs for experiments 3a and 3b.
Otherwise, different parents were used in each cross.

parent from external examination and only those characteristics which
were uniformly shown by the animals in all four groups are stressed in
the succeeding paragraphs.

For greater clarity the description of the 3-day-old embryos is pre-
sented first. With the differences of these in mind the descriptions of
the younger and older stages have greater meaning.
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Three-day-old Embryos

The following account is illustrated by the outline drawings in Fig. 3
and to them reference is constantly made.

The homospermic (control) diploids of the two races develop at
approximately the same rate at 19.4° C. and, stage for stage, are com-
parable at the end of 72 hours. The differences, though real, are very
slight and were clearly recognized only after repeated examination of
material available. The northern diploids compared with the southern
diploids show larger gill plates, a larger sense plate and larger mucous
glands. Relative to body size the head of # is the larger. The neural
tube is broader and stands up more distinctly in n. The tail-bud in # is
smaller and directed more dorsally than in s, thus creating a deeper
depression in the back of #n. In relation to head size, the abdomen of s
is larger than that of n. To these differences it can be added that the
head flexure dorsal to the posterior margin of the gill plate is more
pronounced in s than in #n.

The homospermic (control) haploids of the two races, as is normal
for haploids, are retarded in their development. Compared with each
other they show in an exaggerated form the same differences that were
given for the diploid controls.

The heterospermic (hybrid) diploids show approximately the same
rate of development as the homospermic diploids and as each other.
They differ in body proportions and show in accentuation the differences
which are difficult to see between the pure diploids of the two forms. A
greater proportion of s consists of head structures than in the reciprocal
hybrid. Conversely, a greater proportion of sn consists of abdomen and
tail-bud. The mucous glands and sense plate are larger in ns and,
posterior to the medulla, s shows a smaller neural tube which terminates
in a smaller and more dorsally directed tail-bud.*

The heterospermic (hybrid) haploids show in most exaggerated form
the differences which have been referred to as existing between control
diploids and haploids and more distinctly between the hybrid diploids.
It is readily apparent that oral suckers, gill plates, and sense plate are
greatly enlarged in (1n)s/2. Relative to head size, the abdomen and tail-
bud of (s)n/2 are much larger than the same structures of (n)s/2. It
can be further noted that the head of (s)n/2 is flexed more ventrally
than (1)s/2 and the back of the latter is convex while in the former it

4 If these experiments had been confined to the production and study of diploid
hybrids, it is doubtful if the differences would have been considered great enough to

warrant any conclusions. Supported by the evidence from androgenetic hybrids,
however, the significance of the differences is unquestionable.
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is concave. These differences are the expression of the decidedly dis-
simitar embryology of the two reciprocal heterospermic haploids and not
a difference in age or stage.

Swummary.—In general the combinations which include cytoplasm of
the northern form are characterized by larger head primordia and smaller
posterior axial structures than are observed in those with southern cyto-
plasm. Such differences, only slightly apparent in the pure diploid
controls, become progressively more accentuated in the homospermic
haploids, the heterospermic diploids and in the heterospermic haploids.

It 1s of interest to observe now the earlier and later expressions of
these general differences as shown by an examination of the earlier and
later stages in the ontogeny of the various combinations.

Newral Tube Formation

The description under this heading is derived from a comparative
study of living material and of representative embryos of the eight
different types fixed at intervals of two hours from 51 to 61 hours after
insemination. Illustration is provided by outline figures 4, 5, and 6
which are respectively representative of developmental stages reached at
the end of 55, 59 and 61 hours.

The homospermic diploids, during this period, are very similar both
in character and rate of development. As the neural plate is outlined,
it becomes apparent that its anterior portion plus the sense plate are
larger in 2 than in 5. These differences increase in clarity as the neural
folds are elevated and gill plates appear (Figs. 5 and 6). At this latter
stage, s flattens dorsalty and shows a greater elongation of that portion
of the neural groove posterior to the gill plates. At the same time the
neural plate and folds are more distinctly elevated in s. Although the
neural plate and folds may be outlined in s slightly in advance of #, the
closure of the folds is more rapid in the latter. During neurulation the
blastopore of s is bounded laterally by distinctly thickened lips.

The homospermic haploids show in exaggerated form the slight dif-
ferences existing between the diploid controls. In equivalent stages (55
hours) the neural folds of /2 are thicker, the sense plate and other
primordial head structures are larger than in s/2, whereas the latter
shows a greater elongation of the neural plate, especially that portion of
it determined to be spinal cord. In s5/2 the neural folds show a greater
clevation, the dorsal surface straightens or flattens out, and pronounced
lateral lips bound the blastopore. Besides stage-for-stage structural dif-
ferences, the differences in rates of separate morphogenetic processes
are also accentuated. For example, it is noted that s/2 completes gas-
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trulation considerably ahead of #/2 and only slightly after s, whereas
in 712/2 the neural folds appear to close slightly before they do in s/2.
The heterospermic diploids show clear-cut differences. Compared
with each other in the early stages of neurulation, it is apparent that
the ns forms have a shorter neural plate which is abnormally broad at
the anterior end. The reciprocal sn, on the other hand, has a long and
narrow neural plate.  As the two differ from each other so do they differ
from their maternal control diploids though to a lesser degree. Other
features of dissimilarity include neural folds which are larger in ns than
in s and which are more distinctly elevated in ns than in the control
diploid, n. In this latter respect they approximate the condition noted
above as apparent in the paternal diploid control. As neural tube forma-
tion continues, the greater size of the head primordia and the shorter
neural plate and groove are maintained in ns. Though the neural plate
and folds are outlined almost simultaneously in these reciprocal hybrids,
the folds come together in ns slightly before they do in sn. The lateral
borders of the blastopore are swollen in sn to form lips as in s and s/2.
The heterospermic haploids show very striking differences during the
development of the neural tube. At the end of 51 hours (not illustrated)
(s)n/2 has a dorsal flattened surface, abnormally straight from anterior
to posterior ends. The neural plate is clearly outlined and is very
narrow. Gastrulation has been completed, and there are extremely pro-
nounced lips on both sides of the blastopore. Contrasting with this,
the reciprocal (1)s/2 is considerably retarded. The yolk plug is still
apparent and the limits of the neural plate are not visible. The (n)s/2
embryos are flattened dorso-ventrally and present a large, swollen ap-
pearance. By the end of 55 hours the neural plate of (1)s/2 has been
outlined. It is as broad as it is long and that portion designated to be-
come neural tube is extremely short. The yolk plug persists. At this
same time in (s)n/2 the neural plate has lengthened and the neural folds
have approximated to some extent. At 59 hours (#)s/2 continues to
show a short, broad neural plate, bounded by prominently elevated neural
folds. This latter feature is a characteristic of s embryos and its ap-
pearance in these (1)s/2 embryos represents the appearance of a specific
paternal character. In the reciprocal it is not shown. It is a feature
which will be easier of description and analysis when sectioned material
is available. By 6l hours the neural folds of (n)s/2 have started to
approach and subsequent observations have shown that once started this
process proceeds more rapidly here than in (s)n/2. At this time and
later there is little elongation of the neural plate in (n)s/2 and the yolk
plug still persists in some cases. The sense plate and gill plates are
abnormally large. The structure of the reciprocal hybrid (s)n/2 at 61
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hours is characterized by neural folds about ready to close, an elongate
neural tube, and extremely small head primordia which foreshadow the
diminutive head size of later stages.

Sununary~—In summarizing, a few generalizations can be made.
Those combinations which include cytoplasm of the northern race, in-
cluding the diploid controls, are characterized by: (a) neural plates
which when outlined tend to be shorter, and broader anteriorly, and ()
head primordia which are larger. The reciprocal combinations with
cytoplasm of the southern race are, on the other hand, characterized by :
(@) longer and narrower neural plates, (&) smaller head primordia, and
(¢) pronounced lateral lips on the blastopore. These differences become
increasingly apparent as one compares respectively the diploid controls,
the haploid controls, the reciprocal hybrid diploids, and the reciprocal
androgenetic hybrids.

At one stage in the development of the neural folds it is apparent
that they are more sharply delimited and distinctly elevated in the diploid
of the southern form. This characteristic is repeated in the hybrid
diploids and in the androgenetic hybrids containing the southern nucleus.
It seems to represent, therefore, an inheritable embryonic characteristic
capable of expressing itself in the foreign cytoplasm of the northern
race. More careful analysis of this phenomenon is needed.

There are also to be noted slight differences in the times of occur-
rence and rates of the same morphogenetic processes. Relative to blas-
topore closure the neural plate is outlined earlier in those combinations
with northern cytoplasm. Relative to time after fertilization, however,
this may be later. Once clearly outlined the neural folds of the com-
binations with the northern cytoplasm seem to close more rapidly.

Gastrulation

This phase of the embryology of these various combinations was
studied from living material and from representative forms fixed at the
end of 36, 43, and 48 hours. A few differences between the gastrulae
of those forms with northern cytoplasm and those with southern cyto-
plasm occur consistently (excepting the diploid controls where they are
not sufficiently pronounced to be clearly evident) and become progres-
sively more pronounced in haploid controls, heterospermic diploids, and
heterospermic haploids. Those combinations with the cytoplasm of the
southern race show a larger gastrular angle, a smaller completed blasto-
pore, epiboly largely from the dorsal and lateral borders of the blastopore,
and toward the end of gastrulation, an increasing thickening of the lateral
blastopore lips. Those combinations with northern cytoplasm show a
smaller gastrular angle, a larger blastopore, epiboly from all sides of
















































