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ABSTRACT 

This investigation attempts to ascertain whether or not 

abnormal morphology in embryos of Rana pipiens, such as that 

seen in haploid animals, has an effect on the number of germ 

cells present on the gonadal ridge. The possible effects of 

anomalous morphology were excluded from any effects of ploidy 

by creating diploid heart-extirpated embryos which exhibit 

haploid-like symptoms. Counts of dissociated germ cells done 

at stage 25 through stage 25+3 showed, overall, no significant 

difference in germ cell numbers betx^een haploids, diploids and 

heart-extirpated animals. Since embryos with abnormal morphology 

had similar germ cell numbers as normal animals, no effect on 

germ cell numbers can be attributed to the morphological 

anomalies of the haploid syndrome. No significant difference 

was detected by germ cell size comparisons between haploid, 

diploid and heart-extirpated animals. This finding is compared 

to cell size studies of haploids, diploids and triploids at 

other stages. 
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I. INTRODUCTION 

Haploid embryos have been observed to possess reduced numbers 

of germ cells in stage 25 tadpoles compared to diploid controls 

from the same cross (Subtelny, unpublished). At this time, germ 

cell migration to the gonadal ridges has normally terminated in 

Rana pipiens (Subtelny and Ladner, 1976).This observation is 

contrary to what may at first be expected from studies on cell 

size and ploidy. For instance, triploids have been shown to possess 

about two-thirds the number of somatic cells as diploids, and 

each triploid cell is approximately one-third larger than a 

diploid cell. Germ cell sizes and numbers in triploids have 

shown about the same ratios as the triploid somatic cells (Ladner, 

1978). If the same relationship of ploidy, cell size and cell 

number were true of haploids, they should possess cells that are 

half the size of diploid cells, but have double the number of 

cells of diploids. This is true of haploid somatic cells, at 

least at early embryonic stages (Graham, 1966). Presuming this 

pattern to hold for haploid germ cells as well as haploid somatic 

cells, one would expect to find twice as many germ cells in 

haploids as in diploids, and the haploid cells should be half 

the size of diploid germ cells. However, as stated above, haploids 

possess fewer or about the same number of germ cells as diploids. 

Two possible explanations for this so-called reduction in haploid 

germ cell numbers have been suggested. There may be a reduction 

in the strength of the attractive force emanating from the 

dorsal structures in haploids (Gipouloux, 1970; Giorgi, 1974) or, 



the abnormal morphology of the haploids may have an adverse 

effect on germ cell migration- This investigation was designed 

to test the latter hypothesis. 

To isolate possible effects of ploidy from possible effects 

of anomalous morphology it was necessary to create diploid 

animals with as many of the same morphological abnormalities 

of haploids as possible. This was done by extirpating the heart 

from diploid tailbud animals (Shumway stage 17; Shumway, 1940). 

For a more complete understanding of the problem outlined 

here, three topics need further explanation. These are 1) germ 

cell migration, 2) haploid development and 3) development of 

heart-extirpated embryos. Each of these topics is presented 

in greater detail in the sections following. 



A, Germ cell migration 

Bounoure (1934; cited in Blackler, 1958) first demonstrated 

the presence of special staining islets of plasm in the vegetal 

pole of fertilized eggs of Rana temporaria. He traced this 

germinal cytoplasm in the cells of cleavage stage embryos through 

to the appearance of plasm-containing cells in the gonadal 

ridge. Further work provided cytological evidence which confirmed 

the presence of germ plasm in R. temporaria and demonstrated 

the existence of such plasm in Xenopus laevis, Bufo bufo (Blackler, 

1958) and R. pipiens (Di Berardino, 1961). 

As these studies showed, the germ plasm is first situated 

in the vegetal pole of the fertilized egg. In Rana, the first 

two cleavage divisions extend from the animal pole to the vegetal 

pole. The germ plasm is therefore segregated between the first 

four blastomeres. Since the third cleavage is horizontal, the 

germ plasm is restricted to the vegetal hemisphere in those 

cells which will eventually contribute to endodermal structures. 

At this time, the plasm is found close to the cell membrane 

in a peripheral position (Di Berardino, 1961; Whitington and 

Dixon, 1975). Due to this position, the plasm is allocated to 

only one of the two daughter cells resulting from mitotic 

division. As a result, during cleavage there is only a small 

increase in the number of cells containing germ plasm. Blackler 

(1958) states that less than two dozen such cells form in X. 

laevis, while Whitington and Dixon (1975) find 5-14 such cells 

between bias tula formation and the time when the primordial 
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germ cells leave the endoderm. Di Berardino reports from 4-15 

germ cells in R. pipiens at blastula and early gastrula stages. 

At gastrulation, the germ plasm moves from its peripheral position 

in the cell to a perinuclear location (Blackler, 1958; Whitington 

and Dixon, 1975), After this, one may presume that the germ plasm 

is distributed to both daughter cells during subsequent mitoses. 

Evidence for this is provided by cell counts in sectioned material 

3 
(Whitington and Dixon, 1975) and by incorporation of ( H) thymidine 

in germ cell nuclei (Dziadek and Dixon, 1975). Direct counts 

of germ cells in the gonadal ridge of R. pipiens showed ranges 

from 20-100 cells, also suggesting post-gastrula division (Subtelny 

and Ladner, 1976). 

That the cytologically distinguishable germ plasm or some 

cytoplasmic component associated with it is actually the germ 

cell determinant was shown experimentally by the fact that eggs 

irradiated with ultra-violet light at the vegetal pole prior to 

the first cleavage (before the germ plasm has moved inward) 

developed into sterile or partially sterile adult frogs (Bounoure 

et al., 1954; cited in Williams and Smith, 1971). The most 

successful sterilization was reported by Smith (1966). He also 

was able to restore germ cell production by transferring vegetal 

cytoplasm from a normal egg into an irradiated host egg which 

would otherwise have formed a sterile embryo. This showed the 

transfer capability of the germ cell determining properties 

of the vegetal cytoplasm containing the germ plasm. 
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Finally, evidence that primordial germ cells actually do 

give rise to functional gonocytes is provided by germ cell transfer 

studies of Bladder and Fischberg (1961). In this study, endodermal 

regions from donor embryos were grafted to host embryos whose 

own endodermal regions had been removed. One-nu and two-nu 

markers were used to distinguish host and donor embryos. Later, 

it was found that the host embryos possessed germ cells of the 

donor origin. Another study by Bladder (1962) of germ cell 

transplants between two subspecies of X. laevis gave evidence 

that gametes originate only from primordial germ cells and not 

from any other cell type. 

B. Haploid development 

Haploids develop abnormally to feeding stage and then die 

at various stages thereafter. They display a collection of 

distictive abnormalities referred to as the haploid syndrome: 

retardation in development, beginning at gastrulation; abnormally 

shortened and less pronounced neural folds at neurulation; abnormal 

body proportions at tailbud stage (reduced head size, less 

pronounced organ primordia and a more rounded abdomen). At later 

stages of haploid embryogenesis, retardation in development 

becomes more evident and these deficiencies become more accen¬ 

tuated. The nervous system and sense organs are reduced in size 

and differentiate abnormally; gills are stunted; circulation is 



poor or may be absent; the digestive tract may be a straight 

tube or folded rather than coiled. The pronephros differentiates 

abnormally and is often deficient in function as revealed by 

the presence of abdomenal edema. Towards the end of embryogenesis, 

the opercular fold may fail to completely enclose the gills and 

the embryos show poor viability. All organ systems are affected 

to varying degrees, ranging from slight to severe abnormalities, 

depending on the cross involved. However, regardless of the 

severity of the symptoms, haploids generally fail to survive 

beyond the end of embryonic development and beginning of feeding 

(Porter, 1939; Briggs, 1949; Subtelny, 1958). 

In this laboratory it has been possible to make accurate 

germ cell counts by dissociating the germ cells and counting 

each one under a dissecting microscope. Such cell counts have 

been made on haploids. Preliminary evidence from many different 

crosses indicates that primordial germ cell numbers in haploids 

are more variable than those in diploids, and that, contrary 

to what one might expect, they are fewer in number or within 

the same range as the numbers of germ cells in the corresponding 

diploid controls from the same cross (Subtelny, unpublished). 

C. Development of heart-extirpated embryos 

To determine whether or not deficient germ cell migration in 

haploids may be attributed to the abnormal morphogenesis exhibited 
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by the haploid syndrome, the following experimental approach 

is required. Advantage was taken of the fact that heart-extirpated 

embryos (i.e. diploid embryos from which the heart primordia 

were extirpated at stage 17) reveal many of the symptoms of the 

haploid syndrome in their later development. Such diploid, heart- 

extirpated embryos show stunted gills, no circulation, poorly 

developed digestive tracts and abdomenal edema (Kemp, 1953; 

Knower, 1907). The reason for this is that many of the symptoms 

mentioned here are attributable to poor circulation or the total 

lack of circulation (Briggs, 1949; Kemp, 1953). 

In the case of these 2N heart-extirpated embryos, the dorsal 

structures differentiate as in normal diploid embryos and their 

influence on the intra-endodermal migration of the germ cells 

should be equivalent to that of 2N controls. However, if abnormal 

morphogenesis.plays a role in the ability of the germ cells 

to migrate to the genital ridges, then the heart-extirpated embryos 

should show reduced numbers of primordial germ cells relative 

to the diploid controls. 
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II. MATERIALS AND METHODS 
A. Animals 
B. Staging of embryos 

C. Induction of haploidy 
D. Confirmation of haploidy 

E. Production of heartless embryos 

F. Germ cell counts 

G. Germ cell measurements 
H. Fixation and sectioning 

Animals 

Rana pipiens obtained from several northern suppliers were 

maintained in aquarium bowls at 4° C. The water was changed 

every other day. 

Injection of one or two whole female pituitaries along with 

0.2 cc of a 2.5 mg/ml progesterone solution induced ovulation 

in gravid females. Eggs were stripped onto slides and fertilized 

with a sperm suspension created by macerating two testes in 

10 ml of 10 % Ringer’s. After allowing fifteen minutes for 

fertilization to occur, the excess sperm solution was decanted 

and the eggs were immersed in 10 % Ringer’s solution in large 

Petri dishes. In most cases, the percentage of successful fertilization 

and percentage of normal cleavage was recorded. Fertilized 

eggs were kept at 18° C until they reached tailbud stage (Shumway, 

1940; stage 17). 

Staging of embryos 

Early development was staged according to the system devised 

by Shumway (1940). Stage 17 and stage 25, referred to in this 
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paper, represent the tailbud and feeding stages, respectively. 

Induction of haploidy 

The method of production of haploid embryos was identical 

to the in vitro fertilization procedure previously described, 

except that a portion of the sperm suspension was pipetted into 

a Syracuse dish and exposed to ultra-violet radiation for 1.5 

2 
minutes at an intensity of 65 ergs/cm /sec for a total dosage 

of 5,850 ergs/cm. This ultra-violet exposure resulted in the 

inactivation of the sperm nucleus, though the sperm were still 

viable and capable of fertilization. Embryos developing from 

eggs fertilized with uv-exposed sperm cleaved at the same time 

as normal 2NTs and were, therefore, gynogenetic haploids. All 

haploids used in this study were produced in this manner. 

Confirmation of haploidy 

Ectodermal cell sizes of diploid and haploid siblings at 

Shumway stage 17 were compared under the dissecting microscope. 

At this stage, surface cells are easily seen and haploid cells 

are smaller than diploid cells. Further confirmation of haploidy 

was obtained by examination of fixed and stained tailtip whole 

mounts (haematoxylin, 15 minutes) to determine nucleolar number. 
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Production of diploid heartless embryos 

Diploid heartless embryos were produced by mechanical excision 

of the heart primordium region of normal diploid embryos at 

Shumway stage 17 (Figures 1 and 2)* Prior to the operation, 

embryos were rinsed in two washes of 10 % Ringer’s (ten minutes 

per wash). The excisions were done in clay operating dishes, 

made by pressing a non-toxic plasticine into the bottoms of 

small Petri dishes. The operating dishes were filled with Niu- 

Twitty medium containing 6 mg penicillin/ 100 cc and 10 mg 

streptomycin sulfate/ 100 cc. After the heart primordia were cut 

out with a microknife, the embryos were transferred through two 

postoperative washes of Niu-Twitty with antibiotics and 10 % 

Ringer’s with antibiotics (ten minutes per wash). These embryos 

were subsequently placed in individual small plastic Petri dishes 

containing fresh 10 % Ringer’s solution and were maintained 

at 18° C. Healing of the extirpation site was usually complete 

in li - 2 days after the operation. 

Germ cell counts 

Isolated germ cells were counted using a procedure previously 

established in this laboratory (Subtelny, unpublished). Diploid 

embryos which reached Shumway stage 25 and haploid and heartless 

embryos of the same age were anaesthetized with MS222 in 

I | | | 
plasticine-bottomed dishes containing a Ca - Mg free Niu- 

Twitty solution and 37.2 mg/ 100 ml ethylenediamine-tetraacetate 

(EDTA). The embryos were held in place by tungsten wire clips 



Figure 1. Stage 17 embryo showing sites where 
various organs will develop • 
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Figure 2. Heart extirpation procedure 

Heart primordia region marked by dashed 
line was removed by making two cuts with 

a microknife* 
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pressed into the clay, and the body cavities were opened with 

watchmakers forceps. After removal of the intestine and other 

viscera, the gonadal ridge and germ cells were clearly visible 

-j—f- 1_ 

(Plate 6) . Exposure of the germ cells to the Ca - Mg free 

EDTA solution for 10-15 minutes caused the cells to dissociate 

from one another. This allowed individual counting by lifting 

the cells away from the*gonadal ridge with a glass microneedle. 

Germ cell measurements 

Germ cells were dissociated in the same manner as for counting, 

but were removed from the gonadal ridge en masse with a Duffy 

pipette. The germ cells were transferred to a small dish with 

a black coating having a grid engraved on it. This made the germ 

cells readily visible and each was measured with a previously 

calibrated ocular micrometer. 

Fixation and sectioning 

Shumway stage 25 embryos were fixed 2j - 3 hours in Zenker’s 

solution. The body cavity was pierced to allow better penetration 

of the fixative. After fixation, the embryos were washed overnight 

dehydrated through a graded series of ethanol, 30 % to 100 % 

(30 minutes in each), and placed in amyl acetate overnight. After 

two changes of paraffin, the embryos were infiltrated under vacuum 

embedded in fresh paraffin and sectioned at 10 ym. The sections 

were stained with Feulgen and fast green, mounted in Canada balsam 

and examined under a Zeiss photomicroscope. 
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III. RESULTS 
A. External morphology 
B. Internal morphology 

C. Germ cell counts of diploid, haploid and heartless 

embryos at stage 25 (for controls) 
D. Germ cell counts of diploid, haploid and heartless 

embryos at stage 25 + ; counts done on consecutive 
days 

E. Germ cell measurements; size comparisons of diploid, 

haploid and heartless embryos at stage 25 to stage 25+3 
(for controls) 

External morphology 

Individual embryos were examined under the dissecting microscope 

at intervals after the extirpation operation, and the appearance 

of abnormalities in the haploid and diploid heartless embryos was 

noted. 

Haploid embryos exhibited the expected array of abnormalities 

which has become known in the literature as the "haploid syndrome" 

(Porter, 1939; Briggs, 1949; Subtelny, 1958). Firstly, at the 

tailbud stage (Shumway, 1940), haploid embryos showed shorter 

body length, larger and more rounded abdomens and slightly 

smaller heads than their diploid siblings. These characteristics, 

as well as the smaller ectodermal cell size of the haploids, 

made them easily distinguishable (Plate 1, A and B) . 

By Shumway stage 19 (heartbeat), diploid animals showed an 

increase in length not evident in haploids. Indeed, haploids 

began to lag behind their 2N counterparts both in length increases 

and in differentiation (Plate 1, D and E). This delay increased 

until the haploids were about one day behind diploids in their 
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development • 

Other abnormalities became evident as development proceeded. 

For example, haploids either showed no gill differentiation 

or had very stunted gills with sluggish circulation. Some 

better-developing haploids showed gills with fair circulation, 

but these were exceptional (Plate 4,C). In these cases, other 

haploid abnormalities were still present. 

Eye development in haploids was abnormal, with the eyes 

being small and sunken. The cornea often appeared cloudy and 

the eyes did not become moveable. Some animals also had small 

mouths, though this latter characteristic was not as prevalent. 

At later stages (about stage 22; Shumway, 1940) many haploids 

exhibited abdomenal edema, though this was not a universal 

symptom. The opercular fold in these animals failed to close 

and the animals seemed to arrest at stage 23 (Shumway, 1940); 

(Plate 5; IN, C; compare with 2N, A). The gut, which was visible 

through the stretched abdominal epithelium, never became coiled. 

Later, when the animals were dissected for germ cell counts, 

the gut was visible as a yolky, thick-walled, folded tube. 

These embryos also showed decreased viability, responding 

only feebly when prodded (Porter, 1939; Briggs, 1949; Subtelny, 

1958). 

It must be remembered that, while the aforementioned haploid 

syndrome symptoms are seen in all haploid embryos, there is 

a range in the severity of the abnormalities (Subtelny, 1958). 
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Diploid embryos subjected to the heart extirpation operation 

at stage 17 developed some abnormalities characteristic of 

the haploid syndrome, but not all of them. Further, the same 

symptoms were seen regardless of whether or not the operation 

was successful. In other words, some extirpations were not 

successful in removing the entire heart primordia region. Such 

embryos developed hearts, though smaller than normal hearts. 

In spite of this, these embryos exhibited the same symptoms 

shown by their siblings in which the operation successfully 

removed all of the heart primordium. These animals were only 

distinguishable by carefully looking for a heartbeat at the 

later stages (Plate 5, D and E). It was noted that the presence 

or absence of a heart did not seem correlated with the animal’s 

viability. For example, some embryos with no heart were more 

responsive to stimuli than those with hearts. 

The first abnormality shown by diploid»heart-extirpated 

embryos was a slight microcephaly, which was evident by the 

second day after the extirpation. The development of the heartless 

embryos was delayed compared to that of diploid controls, but 

not to the same extent as the haploid’s development (Plate 2; 

compare A, B and C) . Gill formation was extremely stunted in 

all heart-extirpated embryos, and in some cases better-developing 

haploids had more extensive gills than the heartless embryos 

(Plate 4, compare C and D). No circulation was visible in any 

heartless embryos, and these animals seemed to arrest in their 
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development at stage 23 (Shuinway, 1940). The opercular fold 

was hard to distinguish, due to the indentation formed at the 

extirpation site, (Plate 4, D), and no closed opercula were 

seen. By the time diploid control embryos showed well-established 

circulation, heart-extirpated embryos had developed edema, 

starting at the extirpation site and eventually including the 

abdomen (compare Plate 3, C and Plate 5, D). Heartless embryos 

also had sunken eyes, though they were not as poorly developed 

as those of the haploids. As the abdominal edema progressed 

and the epithelium became stretched, the gut of the embryo was 

visible. It appeared as a thick, folded tube, like that seen in 

the haploids. None of the heart-extirpated embryos developed a 

coiled gut. Surprisingly, most heart-extirpated embryos showed 

fair or good viability, and remained much more active and 

responsive than their haploid peers. Also, heartless embryos 

kept pace with their diploid controls regarding increase in 

length (Plate 4, compare B, C and D). These two characteristics, 

increase in length and better viability, were the main detectable 

differences in external morphological abnormalities between the 

diploid heartless embryos and the haploids. The other characteristics, 

microcephaly, poor eye formation, lack of gut-coiling, failure 

of the operculum to close, stunted gills, poor circulation or 

no circulation and edema, were common symptoms of both groups 

of embryos (Knower, 1907; Kemp, 1951); (Figure 3). 



Figure 3. Camera lucida drawings of diploid, haploid, 

and heart-extirpated embryos at various stages 

of development. X 1.6 
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Internal morphology 

The internal morphology of diploid, haploid and extirpated 

embryos (both those from which the heart primordia were 

successfully removed and those which developed reduced hearts 

after the extirpation) was examined in serial 10 ]im sections. 

Particular areas of interest were the eye, brain, heart and 

gut, since these regions had previously been found to show the 

most severe deficiencies in haploids (Porter, 1939; Briggs, 

1949; Subtelny, 1958). 

Plate 7, A shows a cross-section through a normal diploid 

embryo at the eye level. The eye is obviously well-developed, 

with a differentiated retina and well-formed lens. The brain 

is also normal. A similar section of a haploid (Plate 7, C) 

shows these same features to be abnormal. The haploid’s eye 

is small and poorly developed. The retina is collapsed around 

the lens, with no vitreous chamber, and the lens is somewhat 

smaller than normal. The eye itself is located closer to the 

brain in the haploid specimen, so that it has a sunken appearance, 

and the haploid brain is abnormal. Plate 8 shows sections through 

the eyes and brains of a diploid heartless embryo (A and B) and 

an extirpated embryo that developed a heart (C and D) . It is 

clear that the eyes of both of these animals are better developed 

than those of the haploid. These eyes show well-developed 

lenses and retinas, and the pigment layer is not collapsed. 

However, the vitreous chambers of these eyes are collapsed. The 
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brains of the heart-extirpated animals approach that of the 

diploid control in their development. 

Plate 9 depicts a section through the hearts of a diploid 

control animal (A and B) and a haploid animal (C and D). It 

is evident that the diploid heart is much more advanced than 

that of the haploid, with the latter having only a tube-like 

appearance. The diploid1s internal gills are also more developed 

than the haploid1s. Plate 10 shows similar sections through the 

heart region of a heartless embryo (A and B) and the heart 

which developed in an extirpated embryo (C and D). The heart 

in D, though not completely normal, is more advanced than that 

of the haploid. No heart is seen in B, as would be expected 

if the operation was successful. 

In Plate 11, a cross-section through the gut region of a 

diploid control animal is depicted. The gut is well-differentiated 

and coiled. In comparison, the haploid gut seen in C consists 

of yolky cells. The walls of the gut are very thick, and the 

gut itself is tube-like and not coiled. The guts of heart-extirpated 

embryos are similar in appearance (Plate 12, A and C), though 

the specimen on the right looks more differentiated (C is the 

animal with a heart). The gut cells of both of these animals 

look yolky and the guts are not coiled. In this respect, they 

are similar to haploids. 

Sections from twenty-three embryos were examined microscopically 

for the presence of pycnotic or degenerating nuclei. Particular 
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attention was given to the brain, gut, dorsal mesentery and 

somite/notochord regions. For the most part, diploid controls 

showed no pycnosis in any tissues, with the occasional exception 

of slight pycnosis in the gut. Haploid animals consistently had 

considerable pycnosis in the brain and gut regions, but no 

degeneration was detected in the dorsal mesentery and only 

slight pycnosis was present in the somite/notochord area. 

Heart-extirpated animals, like the haploids, had pycnosis of 

the brain and gut, but to a lesser extent. No degeneration 

was visible in either the dorsal mesentery or the somite/notochord 

regions. 

Observation of germ cells on the gonadal ridges of autopsied 

diploid, haploid and heart-extirpated embryos revealed three 

types of cell arrangements. In most cases, the germ cells were 

seen in two distinct rox*s, separated by the dorsal mesentery 

(Plate 6, D) . However, germ cells were also found in single, 

centrally-located clumps (Plate 6, H) or were somewhat scattered 

on the ridges (Plate 6, L). Tabulation of these observations gave 

the following information: 

number of  arrangement of germ cells  
embryos rows clumped scattered 

no. % no. % no. % 

2N 115 93 81 22 19 0 0 

IN 98 47 48 45 46 6 6 

heart-extirp. 
116 90 78 20 17 6 5 
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It is apparent that the clumped arrangement of germ cells 

occurred more frequently in the haploids than in either of 

the other categories. However, further study showed no correlation 

between the presence of clumps of germ cells and the general 

condition of the haploid animals. Ninety-nine haploid embryos 

were checked on the basis of their viability and their germ 

cell arrangement: 

viability germ cell arrangement 

poor 
54 animals 

clumped : 26 

rows : 25 
scattered : 3 

good clumped : 19 

45 animals rows : 23 
scattered : 3 

As can be seen, approximately half of the animals in each 

viability category showed the clumped germ cell arrangement, and 

about half showed distinct rows of germ cells. In each case 

the scattered arrangement was rare. 

On the basis of internal morphological abnormalities, diploid 

heart-extirpated animals (with and without hearts) might be 

classified as intermediate” between diploid controls and haploid 

organisms. Development of the eye, brain, heart (if present) 

and gut of these "intermediate" animals is neither as abnormal 

as that of the haploids nor as normal as that of the diploid 

controls. The internal morphological abnormalities observed 

agree well with the external features previously described. 

Also, the morphological abnormalities seen in the heartless 
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embryos in this study concur with those previously described 

by Kemp in 1953, although in his study the heart was extirpated 

after circulation had been established. Additionally, the results 

of these experiments support the statements of Kemp in 1951 

that circulation is necessary for the normal coiling of the 

intestine in anurans. 

Germ cell counts at stage 25 

By the time an embryo reaches Shumway stage 24 (operculum 

closed on the right), its germ cells have completed their 

migration to the gonadal ridge and the germ cell number is 

stable with few or no germ cells undergoing mitosis at this 

stage (Subtelny, unpublished). Therefore, germ cell counts were 

done on diploid, haploid and heart-extirpated embryos when the 

2N controls reached Shumway stage 25 (operculum completely 

closed). A summary of these counts is presented in Table 1. 

Germ cell numbers from all heart-extirpated animals were combined, 

since heartless embryos and those that developed partial or 

reduced hearts exhibited similar development and their germ 

cell numbers were not significantly different. The column 

designated "number" in Table 1 indicates the number of animals 

whose germ cells were counted. 

It is apparent from the data that there is a considerable 

range in germ cell number between progeny from different 

matings, but the averages of the counts seem fairly close 
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between the three groups of progeny from a given mating. To 

determine whether or not the differences in mean germ cell 

number between diploid, haploid and heart-extirpated embryos 

were significant, two statistical tests were used (Alder and 

Roessler, 1972). 

First, an F test was done to compare two independent sample 

variances. This test determines the validity of the assumption 

of identical standard deviations or identical variances of 

two populations. In each experiment the three types of embryos, 

haploid, diploid and heart-extirpated, were compared two at 

a time. The results of this test are given here. 

F test (comparison of 2 independent sample variances) 

2N IN EXTIRP. 2N 

X 8 1.17 < 2.58 1.44 < 2.60 1.70 < 2.53 

not sig. not sig. not sig. 

X 11 1.11 < 2.94 1.74 < 3.36 1.93 < 2.82 

not slg. not sig. not sig. 

X 20BI 1.48 < 3.53 1.30 < 3.53 1.13 < 3.48 

& X 20BII not sig. not sig. not sig. 

X 26 2.53 < 4.03 2.56 < 4.36 1.01 < 4.36 

not sig. not sig. not sig. 



Table 1. Germ cell counts of diploid, haploid and 
heart-extirpated animals done at Shumway 

stage 25. 

Number - number of animals used 
Av. no. g.c. - average number of 

germ cells 

Range - high and low numbers of 

germ cells counted 
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It is evident from these results that the variances of the 

three categories of progeny compared are not significantly 

different* Since this is true, it was possible to use the t 

test to ascertain the significance of the differences between 

the means of each category. (The F test was necessary as a 

preliminary measure, since the t test assumes equal variances 

of the samples compared.) The results of the t test are shown 

below. 

t test (comparison of 2 independent sample means) 

2N IN EXTIRP. 2N 

X 8 1.41 < 2.025 

not sig. 

2.36 > 2.027 

sig. 

3.79 > 2.025 

sig. 

X 11 .28 < 2.055 

not sig. 

1.16 < 2.06 

not sig. 
1.59 < 2.042 

not sig. 

X 20BI .14 < 2.08 
& X 20B1I not slg. 

.34 < 2.08 

not sig. 
.54 < 2.074 
not sig. 

X 26 1.69 < 2.10 
not sig. 

1.48 < 2.11 
not sig. 

.18 < 2.11 
not sig. 

As can be seen from the chart above, only two comparisons 

out of twelve were significant. In ten out of twelve cases, 

the means of the categories compared were not significantly 

different from one another. This shows that, though the heart- 

extirpated embryos showed morphological abnormalities like 

haploids, the germ cell numbers of both groups were similar 
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to those of the diploid controls. In these cases, abnormal 

morphology did not seem to affect germ cell numbers at stage 

25. And since the germ cells must migrate from the endodermal 

mass to the genital ridge, it may be inferred that the gross 

morphological anomalies and poor differentiation of the digestive 

tract shown by haploids and heart-extirpated embryos do not 

significantly affect germ cell migration. The fact that the 

haploids and heart-extirpated embryos in these experiments also 

had germ cell numbers similar to the 2N controls reinforces 

this conclusion. 

Germ cell counts at stage 25 through stage 25 + _3 

In the experiments shown in Table 2, germ cell counts were 

done in each of the three categories when the diploid controls 

had reached stage 25 and on subsequent days up through stage 

25+3 (i.e. three days after diploid controls reached stage 25). 

Data for stage 25 are the same as shown in Table 1 and are listed 

again for comparison with data from subsequent days. The main 

reason for doing germ cell counts on a series of consecutive 

days was to determine whether or not an increase in haploid 

germ cell number would be seen. If such an increase had been 

seen, it could have been attributable to a delay in migration 

of the germ cells to the genital ridges caused by the morphological 

abnormalities. However, Table 2 (expt. 26) shows that this was 

not the case. 



Table 2. Germ cell counts of diploid, haploid and 
heart-extirpated embryos done at stage 25 

and on subsequent days up through stage 25 
+ 3 days. 
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Within the diploid, haploid and heart-extirpated groups 

respectively there is no significant increase in the average 

germ cell numbers between stage 25, 25 + 1, 25 + 2 and 25 + 3 

days. Thus while one may anticipate twice the diploid germ cell 

number in haploids (see Discussion), the fact that the haploids 

had germ cell numbers comparable to diploids and the morphologically 

abnormal heart-extirpated embryos had similar germ cell numbers 

as the diploids (instead of reduced numbers relative to the 

2Nfs) further indicates that the abnormalities per se did not 

retard germ cell migration. 

Again, the F test was used to determine whether or not a 

significant difference existed in the variances of the three 

categories. These results are shown on the next page. 
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F test (comparison of 2 independent sample variances) 

2N IN EXTIRP. 2N 

X 8 1.17 < 2.58 1.44 < 2.60 1.70 < 2.58 
not sig. not sig. not sig. 

X 11 1.11 < 2.94 1.74 < 3.36 1.93 < 2.82 
not sig. not sig. not sig. 

X 20BI 1.48 < 3.53 1.30 < 3.53 1.13 < 3.43 
1 & X 20BII not sig. not sig. not sig. 

X 26 2.53 < 4.03 2.56 < 4.36 1.01 < 4.36 
not sig. not sig. not sig. 

X 20BI 1.10 < 3.67 1.83 < 3.53 2.03 < 3.48 
6c X 20BII not sig. not sig. not sig. 

X 26 11.53 > 4.36 3.00 < 4.82 3.84 < 4.53 
\ 

sig. not sig. notisig. 

CM 

> + X 26 5.25 > 4.43 1.00 < 4.10 5.22 > 4.36 
to 
CM 

sig. not sig. sig. 

CO 
} 
+ X 26 7.89 > 4.36 1.53 < 4.82 5.15 > 4.53 
m 
CM 

sig. not sig. sig. 

As shown in these results, there is no significant difference 

in the variances of the categories compared at stages 25 and 

stage 25+1, except for the X 26, 2N and IN comparison. However, 

there are four instances of significant differences out of 

six comparisons done at stage 25+2 and stage 25 + 3. In these 

cases, the significant differences are not between the haploid 

and the heart-extirpated embryos, but between these two groups 

and the diploids. This difference comes about because the diploids 

have lower germ cell numbers than the haploids and heart-extirpated 
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embryos. 

It must be pointed out here that the data for the second 

and third day after stage 25 come from only one experiment, X 26. 

This experiment was done considerably later in the season than 

the others, when other factors, such as aging, could enter into 

the picture. This could account for the greater variation in 

germ cell numbers of the three categories, especially the very 

low numbers seen in the diploids. However, the data are too 

scant to reach any definite conclusion about why the later stages 

show a greater variation between diploids, on the one hand, and 

the haploids and heart-extirpated animals on the other. Since the 

F test showed a significant difference in the variances for these 

days, these data could not be used for the t test. 

Comparisons which showed no significant difference in variances 

were used for the t test. Results of this test are shown below. 

t test (comparison of 2 independent sample means) 

2N IN EXTIRP 2N 

X 8 1.41 < 2.025 
not sig. 

2.36 > 2.027 
sig. 

3.79 > 2.025 
sig. 

X 11 .28 < 2.06 1.16 < 2.06 
not sig. not sig. 

1.59 < 2.042 
not sig. 

X 20BI .14 < 2.08 
& X 20BII not sig. 

34 < 2.08 

not sig. 
54 < 2.07 
not sig. 

X 26 1.69 < 2.10 1.48 < 2.11 
not sig. not sig. 

18 < 2.11 
not sig. 

+ X 20BI .12 < 2.08 .44 < 2.08 
JQ & X 20BII not sig. not sig. 

29 < 2.07 
not sig. 



37 

Out of the three new comparisons shown for the t test 

(stage 25 + 1), none showed a significant difference in the means 

of the new categories compared. This agrees with the previous 

data from stage 25 alone. It appears that at stages up to 

one day past stage 25, the morphological abnormalities of 

haploids and heart-extirpated embryos have no effect on germ 

cell numbers, since animals of these categories exhibited 

germ cell numbers similar to those of the diploid controls. 

Also, no appreciable increase in average germ cell numbers 

was seen. 

Comparisons of germ cell counts done at stage 25+2 and 

stage 25+3 showed no significant difference in variance 

between the haploid and heart-extirpated groups, but since 

the normal controls had considerably lower germ cell numbers 

(possibly due to aging and other factors), data from these 

days were not compared further. However, within the diploid, 

haploid and heart-extirpated groups no increase in germ cell 

numbers was seen up through stage 25+3 days. This discounts 

the possiblity of retarded germ cell migration occurring in 

the haploids. 

Germ cell measurements 

Germ cell sizes were recorded for all the cells counted 

in one experiment. These are presented in Table 3. It is clear 

from this data that there is no significant difference in germ 
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cell sizes between the three categories. Also, there is no 

significant change in germ cell sizes in any one category up 

to stage 25+3. This suggests that no significant mitosis 

has occurred by stage 25+3, since if it had one would expect 

smaller germ cell sizes, as well as increased numbers. 

It must be noted here that the numbers presented in Table 

3 are very close estimates of germ cell sizes, but are not 

absolutely precise. The ocular micrometer used in this study 

is not as accurate for this type of measurement as careful 

measurements of camera lucida drawings of the cells could be. 

While not able to detect slight differences in sizes, the numbers 

presented here do rule out the possibility that there are 

significant differences which might be expected between haploid 

and diploid cells. 



Table 3. Comparison of germ cell sizes in diploid, 

haploid and heart-extirpated embryos. 
Measurements were made at stage 25 and on 

subsequent days up through stage 25 4* 3 

days. Cell measurements are in microns. 
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IV. DISCUSSION 

A. Restatement of purpose 
B. Recapitulation of results 

1. Morphology 
2. Germ cell numbers 

3. Germ cell sizes 

The experiments in this study were designed to establish 

whether or not abnormal morphology, such as that seen in the 

haploid syndrome, can be correlated to a reduction in the 

number of germ cells present on the genital ridge of stage 25 

Rana pipiens embryos. To test the effect of abnormal morphology 

alone and exclude possible effects of ploidy, symptoms of the 

haploid syndrome were induced in diploid animals by means of 

heart extirpation. 

It has been shown by the results presented here that embryos 

subjected to a heart extirpation operation at Shumway stage 17 

(tailbud) develop an array of abnormalities almost identical 

to those of haploid embryos. These abnormalities include 

microcephaly, small eyes, stunted gills, absence of circulation 

or poor circulation, abdomenal edema, failure of the operculum 

to close and lack of coiling of the intestine. These deficiencies 

were seen in all heart-extirpated embryos, regardless of whether 

or not the extirpation procedure successfully removed all of the 

heart primordium. Animals for which the operation was not completely 

successful developed small hearts, but showed the same symptoms 

mentioned here. These anomalies have been cited in previous 

studies as the f,haploid syndrome” (Porter, 1939; Briggs, 1949; 



Subtelny, 1958). Similar symptoms were seen by Kemp (1953) in 

embryos from which the heart was removed after circulation had 

developed. Knower's study (1907) also mentions these symptoms. 

The two major differences between the haploids and heart-extirpated 

embryos in the present study were the stunted growth of the 

haploids and their poor response to stimuli. Heart-extirpated 

embryos kept pace with their diploid controls' increase in length 

and were surprisingly active, though their development eventually 

arrested about stage 23. 

Results of the histological analysis of the internal morphology 

of the haploids and heart-extirpated embryos concurred with 

external observations. The eyes of both types of animals were 

smaller than normal, though the haploids* eye development was 

poorer. The heart in haploids was poorly developed and tube-like, 

similar to that seen in partially extirpated embryos which developed 

rudimentary hearts. Both haploid and heart-extirpated animals 

showed poorly differentiated, tube-like guts with thick walls 

and yolky cells. Neither type of embryo had coiled intestines. 

The poor coiling of the gut and failure to utilize yolk have 

been attributed in part to faulty circulation (Briggs, 1949; 

Kemp, 1953). 

Germ cell counts were done when the diploid controls for each 

experiment had reached stage 25. Though the average germ cell 

numbers of these counts varied considerably between progeny 

from different matings, the F test for comparison of variances 

between diploid, haploid and heart-extirpated progeny from a 



given mating showed no significant differences. Since the 

variances were similar, a t test was done to show any significant 

differences in the means of the three categories of animals. 

In only one of the matings did the haploid and heart-extirpated 

progeny show a significant difference in mean germ cell numbers 

as compared to diploid embryos. This provided evidence that 

the abnormal morphological characteristics of the haploid syndrome 

had no effect on germ cell number. Haploid, heart-extirpated 

and diploid animals had similar numbers of germ cells in three 

experiments. 

Counts at stage 25+1 gave the same result. Unfortunately, 

similar comparison of counts for stage 25 + 2 and stage 25 + 3 

was not possible, since other factors entered into these 

experiments. However, the data for these days showed no increase 

in germ cell number within each group. Had such an increase 

been seen it might have been attributed to retarded germ cell 

migration or the onset of a significant degree of mitosis. 

When germ cells of diploid, haploid and heart-extirpated 

embryos were measured as well as counted (Table 3), there was 

no significant difference in germ cell sizes of the groups. 

Admittedly, these measurements are not as precise as one would 

wish, but they give a valid indication of germ cell size similarity. 

The fact that haploids and diploids showed similar germ cell 

sizes raises questions in the light of previous work on the 

relationship between ploidy, cell size and cell number. 
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Studies of triploid organisms have shown them to possess 

larger somatic cells than diploids. However, triploid animals 

are identical in size to diploids. Normal body proportions are 

maintained because the triploids have a decreased number of cells 

(Fankhauser, 1945a; Briggs, 1947). An approximate 2N/3N ratio 

of 1.5 was found for these somatic cells. 

Recent work in this laboratory indicated triploid germ cells 

showed the same increase in size and decrease in number seen 

in triploid somatic cells (Ladner, Ph.D. thesis). Direct counts 

of germ cells in this study gave a 2N/3N ratio of 1 : 0.63 for 

germ cell numbers. Germ cell volumes gave a 2N/3N ratio of 1 : 1.67. 

It was concluded that triploid germ cells continue dividing after 

gastrulation, and they divide according to physical laws determined 

by the number of chromosome sets present. 

Projecting this evidence onto studies of haploid cell sizes 

and numbers, one would expect the following : haploids, having 

half the genetic material of diploids, should have cells half 

as large as those of diploids; since, again, body proportions 

are maintained (up to a point), haploids should have twice as 

many cells as diploids. Evidence for this is given in the work 

of Graham (1966). Cell counts of dispersions of whole Xenopus 

laevls embryos showed that 24 hours after fertilization (stage 16), 

haploids contained almost twice as many cells as diploids. The 

haploid embryo volume is the same as the diploid volume up to this 

stage, so the haploid cells would have to be half the volume 

of the diploid cells. 
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Graham also counted cells in a given area of the endoderm 

of haploids and diploids. He found twice as many cells in the 

haploid endoderm between 12 and 20 hours after fertilization 

(stage 13 - stage 15). This evidence fits the hypothesis out¬ 

lined above. However, Graham’s work was done on neurulae of 

X. laevis and does not provide information about haploid cell 

sizes and numbers at later stages. In this laboratory, work is 

currently being done to measure diploid, haploid and triploid 

endoderm cell sizes at various stages of development in R. 

pipiens. To date, the results indicate a haploid/diploid size 

ratio of approximately .8:1 for somatic endoderm cells at 

stage 22 and beyond, while prior to this time the ratio is closer 

to .5 : 1. These measurements are more precise than those done 

for this study, and indicate only a slight difference in endoderm 

cell sizes between haploids and diploids not detectable by 

measuring techniques used here. However, it appears that 

endoderm cell numbers and sizes of haploids at later stages do 

not fit the simple haploid/diploid ratios of 2 : 1 for cell 

number and .5:1 for cell sizes seen in embryos at earlier 

stages. Since haploids begin to show more severe abnormalities 

in later stages, such as poor circulation and poor utilization 

of yolk, apparently these same factors exert an influence on 

endoderm cell number and size. A decline in metabolism leading 

to a slower rate of cell division, coupled with sluggish yolk 

use, could explain why haploid cells are closer to diploid cells 



in size and number at later stages than one might expect from 

measurements and counts at earlier stages. At this time, recent 

results obtained by others in this laboratory indicate that, 

mitotically, the intraendodermal germ cells behave just as the 

somatic endodermal cells during their post-gastrula movements 

to the gonadal ridge. 
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Plate 1. Photographs of diploid, haploid and 
heart-extirpated embryos at various 

stages of development. 

A. 2N at stage 17 
B. IN at stage 17 

C. 2N at stage 17 just after extirpation 
D. 2N at stage 20 
E. IN at stage 20 
F. 2N heart-extirpated at stage 20 

6. 2N at stage 21 
H. IN at same age as (G) - only very 

tiny gill bud is present 
I. 2N heart-extirpated at same age as 

(G) - no gill buds are visible 
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Plate 2. Photographs of diploid, haploid and 
heart-extirpated embryos at various 

stages of development. 

A. 2N at stage 22 
B. IN at same age as (A) 

C. 2N heart-extirpated at same age as 
(A) - very tiny gill buds are present 
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Plate 3, Photographs of diploid, haploid and 
heart-extirpated embryos at various 

stages of development. 

A. 2N at stage 23 
B. IN at same age as (A) 
C. 2N heart-extirpated at same age as 

(A) 



56 

  ■ 
5 mm 

PLATE 3 



Plate 4. Photographs of diploid, haploid and 
heart-extirpated embryos at various 

stages of development. 

A. 2N at stage 24 
B. IN at same age as (A) - abdomenal 

edema is evident 
C. better-developing haploid at same 

age as (A) - has gills and opercular 

fold; no edema 
D. 2N heart-extirpated at same age as (A) 

has abdomenal edema 
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Plate 5. Photographs of diploid, haploid and 

heart-extirpated embryos at various 
stages of development. 

A. 2N embryo at stage 25 
B. better-developing IN at same age 

as (A) 
C. IN with severe symptoms - same age 

as (A) 
D. 2N heart-extirpated embryo - same age 

as (A) - has abdomenal edema with gut 
visible through the epidermis 

E. 2N heart-extirpated embryo that developed 

a heart - has sypmtoms similar to (D) 

but edema is not as severe 
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Plate 6. Photographs of dissections of diploid, 
haploid and heart-extirpated embryos. 
Diploid animals were dissected at stage 

25; other animals were dissected at 
equivalent ages, though they had not 

reached stage 25 in their development. 

A. - D. Sequence showing ventral view 
of 2N with gut exposed, gut 
removed and close-up of germ 

cells on gonadal ridge. 

E. - H. Same sequence as above but with 
IN embryo. Notice that the gut 

is a thick tube. 

I. - L. Same sequence as above but with 
a 2N heart-extirpated embryo. 
Notice that gut is a thick, 

folded tube similar to that of 

the IN embryo. Edema is also 
noticeable. 
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Plate 7. Photographs of sections through the 
eyes and brains of embryos. 

A. 2N embryo X 36 
B. same as (A) but X 71 - note well- 

formed eyes with round lenses and 

vitreous chambers 

C. IN embryo X 36 
D. Same as (C) but X 71 - pigment 

layer is collapsed; lens is small 

no vitreous chamber is present 



64 

PL
A

T
E

 



Plate 8. Photographs of sections through the 

eyes and brains of embryos. 

A. 2N heartless embryo X 36 
B. same as (A) but X 71 - eyes are 

smaller than those of control; 

lens is small; vitreous chamber 

is collapsed 

C. 2N heart-extirpated embryo that 
developed a heart X 36 

D. same as (C) but X 71 - eye is 
comparable to that of diploid 

control though slightly sunken 
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Plate 9. Photographs of sections through 
heart and gill regions of embryos. 

A. 2N embryo X 36 
B. same as (A) but X 71 - heart and 

gills are well-developed 

C. IN embryo X 36 
D. same as (C) but X 71 - heart is 

poorly formed and tube-like 
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Plate 10. Photographs of sections through 
heart and gill regions of embryos. 

A. 2N heartless embryo X 36 
B. same as (A) but X 71 - no heart 

is present; gills are poorly 
developed 

C. 2N heart-extirpated embryo X 36 
D. same as (C) but X 71 - heart is 

developed but abnormal; gills are 
also abnormal 
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Plate 11. Photographs of sections through 

gut regions of embryos. 

A. 2N embryo X 36 

B. same as (A) but X 71 - gut is 
coiled and well-differentiated 

C. IN embryo X 36 
D. same as (C) but X 71 - gut is 

tube-like rather than coiled; 

gut walls are thick and cells 
are yolky. 
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Plate 12* Photographs of sections through 

gut regions of embryos. 

A. 2N heartless embryo X 36 
B. same as (A) but X 71 - gut is 

not coiled; walls are thick and 
cells are yolky; comparable to IN 

C. 2N heart-extirpated embryo that 
developed a heart X 36 

D. same as (C) but X 71 - gut is 

not coiled; walls are thick and 
consist of yolky cells; similar 

to the gut of a IN animal 
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