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ABSTRACT 

Cucurbita species have been known and used by man 

prior to the time of Christ. Due to technical difficul

ties t the amount of cytological research on the genus has 

been limited. Increased interest in interspecific 

hybridization for purposes of gene transfer and to gain 

knowledge on taxonomic relationships of its members led to 

the present study of microsporogenesis in selected species 

and interspecific hybrids. The species studied were 

C_. moachata, C_. lundelliana% C_. foetidissimai £. palmata, 

and £. cylindrata. The interspecific hybrids studied were 

the reciprocal crosses among the latter three species and 

the hybrid £. moschata x C. lundelliana which produce 

fertile pollen and the sterile hybrids C_. moschata x C. 

digitata and (£• moschata x £. lundelliana) x C. 

foetidissima. 

Snow's alcoholic hydrochloric acid-carmine stain 

with the addition of iron to a 70% ethyl alcohol wash 

solution prior to staining gave satisfactory staining and 

differentiation of chromosomes and nucleoli. 

The stages of microsporogenesis were similar in 

all species and fertile hybrids. A single nucleolus was 

evident in most pre-leptotene cells. At leptotene, 2 

chromosomes were observed attached to the nucleolus. 

ix 
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Sometimes the nucleolus was observed to bud at this stage 

and there were indications' that the frequency of budding 

was species dependents During mid-prophase numerous 

heterochromatin bodies, "nucleolar bodies," were observed 

to form on the chromosomes* By early diplotene their 

appearance was similar to the original nucleolus and their 

number had decreased to approximately 20. At diplotene 

only a very small original nucleolus was present along with 

bivalent chromosomes• An N number of 20 chromosomes was 

confirmed for all species based on counts at diakinesis. 

The chromosomes at this time were about 2 microns long and 

were usually in tight bivalents. Univalents, trivalents 

and quadrivalents were occasionally observed at this stage* 

The chromosomes were aligned on distinct plates at metaphase 

I and II and moved in groups during anaphase I and II. 

Telophase I and II were observed as a sequence of steps 

initiated by the formation of chromatin mass and sub

sequently by the formation of "nucleolar bodies." These 

bodies appeared to fuse to form multiple nucleoli which 

ultimately fused into a single nucleolus in each telophase 

nucleus. Cytokinesis took place at telophase II by a 

quadripartitioning process which was initiated at the 

periphery of the pollen mother cell (PMC). Multiple 

nucleoli sometimes developed in a single nucleus of 

immature pollen grains, in mature grains it was not pos

sible to observe nuclei. 
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The early stages of prophase in the sterile hybrids 

appeared similar to those described above. Asynapsis could 

not be observed in early prophase, but at diakinesis 87 

counts of the hybrid (C_. moschata x C_. lundelliana) x 

foetidissima revealed there were 6.2 2.3 bivalents per 

PMC. There were 1.8 +_ 1.4 bivalents per PMC of the hybrid 

£. moschata x C_. digitata based on 63 counts. The remaining 

chromosomes in each case were univalents which became 

scattered in the spindle mechanism and resulted in very 

irregular metaphase I and anaphase I stages. Micronuclei 

were observed to form at telophase I. The sequence of 

steps observed during telophase I and II in the species 

also occurred in the sterile hybrids. Two to 5 plates 

each with a variable number of chromosomes were observed 

at metaphase II. Subsequently from 2-10 variable sized 

microcytes were formed per "spore quartet." The microcytes 

continued to develop until just prior to dehiscence when 

they shriveled. Dehiscence did not take place. 

The present cytological evidence seemed to support 

Weilung's hypothesis that Cucurbita species are natural 

tetraploids. 

Various colchicine treatments were used in the 

species and hybrids with very limited success. 



INTRODUCTION 

The genus Cucurbita is one of the most important 

members of the Cucurbitaceae family. Included in the 

genus are 5 cultivated species and approximately 21 wild 

species. Cytological studies of the genus have been 

rather limited. The 2N chromosome number has been deter

mined to be kO for all members of the genus (Whitaker and 

Davis 196^). McGoldrick et al. (195^) state the reason 

for the lack of cytological research on this genus is that 

the small numerous chromosomes found in relatively large 

pollen mother cells are difficult to stain and differen

tiate. The first objective of this study was to find a 

stain techmique satisfactory for the study of micro-

sporogenesis among selected Cucurbita species. 

Interspecific hybridization experiments among 

Cucurbita species were initiated as early as 1856 by 

Naudin (Castetter 1930) who was unsuccessful in making 

hybrids among wild and cultivated species of Cucurbita. 

Since then a number of studies have been designed to 

transfer desirable characters from one species to another, 

and to learn more about the taxonomic relationships of the 

members of the genus. In many cases, interspecific 

hybrids were obtained but they were completely sterile 

(Bemis and Nelson 19&3)* The second objective in the 
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current study was to study microsporogenesis in a number of 

sterile interspecific hybrids to determine if there was a 

cytological reason for the sterility. The sterile inter

specific hybrids were £. moschata x C_. digitata and 

(C. moschata x C_. lundelliana) x £. foetidiasiina. A number 

of fertile interspecific hybrids were studied to determine 

the frequency of bivalent formation in them. Included in 

this group of interspecific hybrids were the reciprocal 

crosses among £. palmatat digitata and C_. cy 1 indrnta and 

the cross C_. moschata x C_. lundelliana. 

A final objective of this study was to attempt to 

make amphidiploids of the sterile interspecific hybrids by 

the use of colchicine with the aim of restoring their 

fertilityc Whitaker and Bohn (1950a) and Pearson et al. 

(1951) have been successful in making self-fertile amphi

diploids from interspecific hybrids among a few cultivated 

species which they studied. 



REVIEW OF LITERATURE 

Taxonomy 

The genus Cucurbita has been associated with man 

for centuries* Evidence for the existence of the culti

vated species £. moschata dates back to 4000-3000 B.C. 

(Whitaker and Davis 1962). There are also records of other 

species such as C_. mixta and <C. pepo which date back to or 

before the time of Christ. Most of this archeological 

evidence came from the identification of rinds, seeds, and 

peduncles in dry caves of Mexico and South America as well 

as Southwestern United States (VThitaker and Davis 1962). 

A written taxonomic description of the genus was 

started by Linneaus in 1753 when C_c pepo was described. 

Since then twenty-five other species have been described, 

the latest in 19^3 when Bailey (19^3) described £. cylin-

drata and C_. lundelliana. 

Whitaker and Davis (1962) characterize the genus 

as follows: 

Monoecious, annual or perennial, scandent herbs 
having 1'iberous, tuberous or tuberculate roots; 
stems long running or short and bushy, more or 
less prickly, angled or furrowed, often rooting 
at the nodes; tendrils branched; leaves simple 
alternate, shallowly to deeply lobed, occasion
ally palmately compound or nearly ,so; flowers 
large, solitary, showy, creamy-white to deep 
orange-yellow, having both calyx and corolla 
campanulate; anthers free, usually connivent 
into a long twisted body, the filament partly 

3 
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free; pistillate flowers short-pedunculate; 
pistil oblong or discoid, unilocular with three 
to five placentae; style thick, the stigmas 
three each two lobed; fruit a pepo, fleshy or 
fiberous; seeds numerous flat, smooth, occasion
ally checked, with or without raised margins, 
white, tawny, tan, buff, or black. 

The taxonomic characteristics of each of the 

species have been described in either Bailey (19^3) or 

Whitaker and Davis (1962). These characteristics as well 

as other significant information pertinent to each species 

is presented in succeeding paragraphs. 

Cucurbita moschata Poir.--Evidence of this species 

dates back to 400-3000 B.C. at a site called Huaca Prieta 

in Peru. Numerous other archeological findings which date 

back to the pre-Columbian time have verified the existence 

and early cultivation of this species in widely distributed 

areas of North and South America (Whitaker and Davis 19&2)• 

It was first described by Jean Poiret in l8l8. 

Botanical characteristics associated with this species are 

as follows. 

Monoecious, annual, running vines; foliage 
soft-hairy, not harsh or prickly, the leaves 
shallowly lobed, often with white spots along 
the veins; calyx tube of staminate flowers short 
or lacking, the lobes often foliaceous; corolla 
with widely spreading, mostly reflexed lobes; 
peduncle smoothly five-angled, expanded or flared 
at the fruit attachment; fruit variable, usually 
large, globular, cylindrical, or flattened; seeds 
with a thin or ragged margin, scalloped or shredded 
in appearance, the margin more deeply coloured 
than the body of the seed which is 16-20 mm long 
(Whitaker and Davis 1962). 
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Cucurbita lundelliana Bailey»--This wild species 

was first recognized by Bailey as an undescribed species 

in 1937 when he was sent a fruit from Guatemala* Sub

sequent studies showed that the species was distributed 

throughout British Honduras and Southeastern Mexico, as 

well as Guatemala* 

The taxonomic characteristics have been described 

by Bailey (19^3) to be: 

Probably annual in its native regions, in cultiva
tion producing a long taproot with coarse lateral 
fibers; stems slender, long-running, only sparingly 
rooting at nodes, softly thinly hirsute but 
becoming glabrous on the older parts, not scabrid 
or prickly, finely striate: tendrils mostly long 
and slender, often equalling or exceeding the 
leaves, usually simple or nearly so: leaves 
broadly ovate to nearly reniform in outline, base 
broadly cordate, dull green to ash-colored, blade 
5-9 cm long and nearly or quite as broad, thinly 
clothed on under surface and veins perhaps lightly 
scabrid, deeply 5-lobed but the lateral lobes 
often shallower, lobes obtuse but ending in a 
brief mucro, sinuses prominent and very obtuse, 
broad middle lobe often bearing indefinite side 
lobelets, margins finely and sometimes almost 
sharply crenulate; petiole slender, loosely soft 
hairy, usually longer than the blade (a few leaves 
on basal shoots sometimes scarcely lobed): flowers 
solitary, the staminates on long and very thinly 
hairy pedicels and campanulate corolla 6-7*5 cm 
long and bearing pointed lobes and orange-yellow 
with green ribs; pistillate flowers short-
pedicelled, of similar size and color; calyx-
lobes narrow and sometimes small and pointed but 
frequently 2-3 cm long with blunt expanded ends, 
the calyx-tube as well as corolla closely hairy-
pubescent: pepo glabrous, globular-oblong or 
longer usually tapering somewhat to stem and then 
short-campanulate, about 7 cm broad, with a few 
obscure ridges, greenish to yellowish and length
wise blotches of lighter color, the shell thin but 
•becoming hard and durable; peduncle stout, 
prominently angled and furrowed, attached with a 



prominent ridge to narrowed base of pepo; seeds 
glabrous, 10-12 nun long and 5-6 mm broad at 
widest part, tapering to a long acute base, 
provided with a prominent raised wrinkled 
marginal ridge. 

Cucurbita cylindrata Dailey.--This species is the 

most recent of all Cucarbita to be described. Bailey 

described it in 19^3 when he distinguished it from a 

closely related species C. cordata. The.habitat of this 

species is Baja California and Southern California. 

The taxonomic characteristics of the species were 

denoted by Bailey (19^3) to be the following. 

Presumably perennial but root unknown, plant 
gray; stems obtusely angled to almost terete and 
striate, sparingly pilose, with very few if any 
retrorse hairs and those very weak: tendrils 
small and weak, branched near the base, mostly 
coiled on themselves: leaves broadly cordate-
ovate, 7-10 cm across either way, pedate, divided 
to the base and the lateral ones again divided, 
the lobes again lobed so that the blade has a 
dissected look (this dissection pertaining even 
to the young leaves at the growing tips), the 
main lobes 3-5 cm long and often only 1 cm or 
less long, the sides perhaps bluntly toothed or 
angled, apices conspicuously obtuse even though 
infrequently apiculate, upper surface not 
papulate or not conspicuously so, covered with 
appressed stiff short gray hairs, under surface 
also covered with gray appressed hairs; petiole 
stout, covered with short hairs some of which may 
be reflexed: staminate flowers with conspicuous 
cylindric corolla-tube and calyx-tube when flower 
is ready to expand the tubes together 5-7 cm 
long, pubescent and the calyx-tube papulate, 
calyx-lobes very narrow and short, 7 mm or less 
long; pistillate flowers 0-9 cm long at anthesis, 
corolla veiny and pubescent, calyx-tube less 
than 1 cm long, the lobes short narrow and 
inconspicuous: pepo oblate-globose (somewhat 
flattened at poles), 8 cm thick, about 7 cm long, 
with about 10 narrow but irregular strips of 
light or whitish-green, and various mottlings; 



seeds small, turgid, irregularly ovate in 
outline, 9-10 mm long, not marginate, edges 
very obtuse* 

Cucurbita digitata Gray.--Cucurbita digitata is 

indigenous to the dry desert regions of New Mexico, 

Arizona and sparsely in Southern California and Sonora, 

Mexico. Gray first described the species in 1853* 

The species has the following taxonomic 

characters (Bailey 19^3)* 

Perennial by a deep fleshy fusi.form root; stems 
very slender, angled and sulcata, sparsely 
pilose; tendrils very short, the branches 
coiling into heads or tufts as if the plant 
were not a high climber: leaves grayish-dark-
green, the midribs usually lighter in color, 
pedate, the 3 main lobes extending to base of 
blade and the 2 lateral lobes divided again 
nearly to base, the lobes linear-lanceolate-
acuminate and often with a few obtuse angles 
of teeth on sides, 5-10 mm broad, upper surface 
asperulate with whitish points and perhaps 
appressed hairs along the rib, under surface 
with close sharp points and a few hairs; 
petiole bearing bulbate points: staminate 
flowers narrow-carapanulate, tube of corolla 
3-4 cm long and thinly pilose, lobes triangular-
acute and mucronate; calyx-tube cylindric, about 
3 cm long, hirsute, the lobes 7-10 mm long and 
very narrow: pepo slightly oblong-globose, when 
full grown and full size weighing about 10 
ounces, 8-9 cm high and slightly less in breadth, 
dark vivid green, the carpellary whitish-green 
stripes narrow, well-defined and very distinct, 
with small marblings of the same color; peduncle 
slender, little expanded at attachment, 7-8 mm 
broad, not marginate, the edges thick and 
obtuse. 

Cucurbita palmata Watson«--Cucurbita palmata was 

described by Watson in 18760 Its habitat is the dry 
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desert region of aouthern California from the Mohave Desert 

southward into the interior valleys and low elevations, 

western Arizona and northern Baja California* 

According to Bailey (19^3) the following character

istics are descriptive of the species* 

Gray perennial, with a long deep durable 
fusiform root that may be bifurcate or tri-
furate; stems angled or sulcate, gray with 
short stiff retrorse hairs and bulbate 
pricklets: tendrils commonly very short, the 
branchlets mostly coiled into a head or ball 
and the plant apparently mostly confined to the 
ground: leaves many and closely placed, 
canescent, thick and coriaceous, 6-10 cm broad 
and long, variously cordate or recessed at base, 
cut to below the middle into 5 narrow acuminate-
pointed and cuspidate lobes, the central or 
terminal lobe being 5-6 cm long and about 2 cm 
or less broad at base, upper surface densely 
covered with close short stiff gray hairs, under 
surface closely beset with stiff hairs and 
bulbate pricklets, veining on both surfaces very 
prominent and usually light colored above, 
margins entire, involute in drying and stiff-
hairy; petiole usually shorter them blade and 
roughly covered with bulbate pricklets: staminate 
corolla narrow-campanulate, 6-7 cm long, 4-5 cm 
broad, pubesescent, strongly ribbed; calyx-tube 
2-2*5 cm long, narrow and constricted above the 
base, tomentose-pubescent the thin pubescent 
lobes 6-10 mm long and erect or spreading; 
pistillate flowers about 8 cm long, corolla 
narrow-campanulate, pubescent, strongly ribbed 
and nerved, ovary 2*5 cm long and thinly pilose, 
calyx-lobes very small: pepo large and heavy, 
weighing 10-11 ounces when fresh, nearly globular, 
8-9 cm long and broad, dull light green marked 
with broad ill-defined longitudinal bands and 
splashes of greenish-white; peduncla stout, 
thickened on lower part and sulcate, not expanded 
at attachment; seeds very white, narrow-ovate, 
10-12 mm long and 7 mm broad, without raised 
margin. 

I 
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Cucurbita foetidissima H. B. K. This species has 

been classified in a number of generao However, the orig

inal one proposed by Humbot, Bonpland and Kunth in 1817 is 

currently accepted* The natural habitat of C. foetidissima 

is the hard dry waste lands and washes in the area west of 

the Mississippi, north to Nebraska, west to California and 

south to Guanajunta (Bailey 19^3)* 

The species characteristics as found in Bailey 

(19^3) are the following. 

Variable coarse rough perennial, eventually 
forming large persisting colonies, plant commonly 
but not always strong-smelling, root fusiform, 
perpendicular, and sometimes 2 m deep and 25 cm 
thick; axis angled and cornered, muriculate and 
sometimes thinly pubescent: tendrils stout but 
remaining short, the branches mostly coiled into a 
head and the plant mostly confined to ground or 
covering wastes: leaves diverse--gray-green to 
cinerous, mostly triangular-ovate, 15-30 cm long 
and two-thirds as broad at base, openly cordate 
to nearly truncate, apex acute and usually 
mucronate, sometimes angled, in the United States 
commonly not lobed but in Mexico sometimes 
prominently lobed, margins sinuate-denticulate 
to practically entire, upper surface very veiny 
and stiffly pubescent and scabrid, under surface 
similar but usually grayer and framework very 
prominent, ribs and veins muriculate; petiole 
stout, finely pubescent and roughly muriculate: 
staminate flowers large, 10-12 cm long, corolla 
ribbed and veiny, rough-pubescent, lobes and 
spiculate at apex; calyx-tube 15-20 mm long, 
pubescent and muriculate, the linear lobes 2-3 cm 
or more long; pistillate flowers 9-10 cm long, 
ovary pubescent, corolla pubescent, much ribbed 
and veined; calyx-lobes narrow, 1 cm long more or 
less: pepo slightly oblong-globular, 6-7 cm high 
and commonly a little broader, weighing 6-7 ounces 
when fresh, 3-loculed, dull light green marked with 
5 or 6 main cream-white stripes and a few inter
mediate one and many narrow mottlings; peduncle 
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angled, expanded at attachment; seeds small) oblong-
ovate, 12-mm long, 6-7 mm broad immarginate, edges 
obtuse o 

Hybridization of Cucurbita Species 

Interspecific hybridization of the cultivated 

species of the Cucurbita genus has received attention from 

a number of workers including Bailey (1890), Ervrin and 

Haber (1929), Castetter (1930), Pearson et al.(l95l) and 

others. These workers dealt largely with the breeding 

problems connected with the production of the hybrids and 

with characteristics of the resulting hybrids» The results 

of their work will be discussed in the succeeding para

graphs. There have been a limited number of studies by 

Yamane (1952, 1953) and Weilung (1959» i960) on the cyto

genetics of interspecific hybrids. These results will be 

discussed in a succeeding section. 

The large amount of work done in the production of 

interspecific hybrids among cultivated species resulted 

from the practical urge to transfer desirable character

istics from one species to another. A second reason was 

to seek out the evolutionary sequence of the species 

including the definition of species limits and the barriers 

involved in speciation. With these ideas in mind, most of 

the early work involved the cultivated species £. pepot 

C. moschata, C. maxima, and C. mixta. A very complete 

review of the work on these species is presented in the 
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book Ciacurbits by Whitaker and Davis (1962). In Table 1 is 

a summary of the results presented by Whitaker and Davis 

for crosses involving C. moschata. 

Table 1. A summary.of interspecific crosses involving 
C. moschata and other Cucurbita species. The 
cTata are summarized from Whitaker and Davis 
(1962). 

F cross 

Percent 
F^ plants self X 

fertile to 
Cross fruit set produced fertile parents 

C. pepo x 
C< moschata 7-20 yes yes ?• 

C. moschata 
x C. pepo 5-26 yes 36-77% * * 

C. moschata 
x C. mixta 12-15 yes 31-63% yes 

C. mixta x 
Cc moschata several few _____ 

C. maxima x 
C. moschata 12-'»3 yes ? yes 

Cc moschata nearly 
C. maxima 21-53 yes sterile yes 

C. ficifolia • 

x C. moschata 90 
• • • —— —— 

*? - variablet dependent on investigator or not stated by 
investigator 

•* - no observation made 

The conclusions drawn by Whitaker and Davis from the work 

they presented were that C_. moschata appeared to occupy a 

central evolutionary position with respect to other species. 

This was pointed out by the fact that C. mixta and C. 
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maxima both cross more readily with C_. moschata than with 

each other. Second, C_. mixta seemed to have a closer 

relationship to pepo than either £. moschata or C_o 

maxima, based on the ability to produce hybrids. Third, 

different cultivars of the same species have different 

results in hybridizing experiments* Wall and York (i960) 

have shown that fertility of F^ hybrids can be increased 

when the parent species were made up of two diverse culti

vars within the species. Both Wall and York (i960) and 

Whitaker and Davis (19&2) have suggested that inter

specific sterility may be under control of genes which 

affect chromosome pairing. The existence of these genes 

has been found for Phaseolus and Cliyrysanthemum species 

hybrids (work of Lamprecht cited by Weilung 1959). 

Recently there have been a number of studies of 

interspecific hybrids among wild and cultivated species 

for the same reasons that hybrids were made among culti

vated species. Whitaker (1956, 1959» 19&2) has used the 

wild species C^c lundelliana in crosses with £. moschata, 

<C. maxima, C_. f icif olia« pepo and £. mixta. In these 

crosses the hybrids involving the first three species 

were self fertile and would cross with either parent. 

With the latter two, the seed contained small weak 

embryos which did not emerge from the soil. 

Whitaker has studied the crosses C. lundelliana 

x C. moschata and C. lundelliana x C. maxima (Whitaker 
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1959» 1962 respectively) in some detail with regard to the 

inheritance of a number of phenotypic characters including 

leaf size and shape, petiole size and a number of other 

characteristicsc He found that in most cases the F^ plants 

were intermediate to the parents and that there was 

segregation of the characteristics in the F^. 

Rhodes (19&0) has made practical use of Whitaker's 

work with lundelliana and the cultivated species by 

developing an inbreeding population whose gene pool con

sisted of |C. lundelliana« ]C. pepo» maximat C» moschata 

and C. mixta. With such a pool he has been able to 

transfer a number of characters from one species to another. 

One example was that the bush growth habit of C^e pepo has 

been transferred to <C. moaohata. 

Bemis (1963) anc* Bemis and Nelson (19&3) have done 

extensive work in studying interspecific hybrids among the 

wild species lundelliana, C_. sororia« C^. radicans t C^. 

andreana, dlgitata» palmata, C_. cyllndrata, 

foetidissima and the cultivated species of C_0 maxima and 

C. moschata. Based on the criteria of fruit set, seed 

development and embryo development the ten selected species 

appeared to fit into two groups, each of which was divided 

into two subgroupso The species included in each group and 

subgroup are presented in Table 2 along with the fertility 

aspects of the crosses. 



Table 2. A sumaary of the Interspecific crosses and species selfs indicating 
the successful production of plants (Beals and M'elson 1963). 
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MOSCHATA • • 4- 4- • 4- t- - + 
R R : s i 

LUNDELLI AN A t • 4- — - — 

S R . 

SORORIA NS O • > 0 O NS O O 
R R S 

RADICANS • • • 

c* 
NS — NS NS 

ANDREANA NS NS NS o 
b 

NS NS NS O 

S R R 
DIG1TATA NS NS NS NS NS NS f 4- + 

R S R 
PAI.MATA NS NS NS NS NS f K + - -

R R S 
CYI.INDRATA NS NS NS NS NS NS f 4- 4 

— . 

FOhTTIDSSSlMA NS NS NS NS NS 
2) 

f 

Group U 

Group Ha 

Group lib 

•+• ~ Fj I'l.wf* 
— - Lrrhiy.1 f.tiliiii' 

N s  -  N o  f :  m l  M  t  

Group In 

S  —  N '  i  
K x Ki i i;*i• .i! 11»1 
i > — N..i ati! •: ;•»« .1 
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It is evident from the table that there was a 

certain amount of overlapping of the groups. For instance, 

C. moschata was compatible with all other species studied 

except cylindrata» 

This work showed that C. moschata may be a means 

in which germplasm could be transferred from wild to 

cultivated specieso This is true for species in group I 

(Bemis 1965), however, for species in group II the 

hybrids were sterile (Bemis 1963)* 

The phenotype characteristics of the hybrids 

between C. moschata and the species in group II have been 

studied by Bemis (1963)* Among the characteristics 

studied were fruit shape, size and flesh thickness, 

peduncle type, leaf shape, and the type of root system. 

In most cases the hybrids, as reported by Whitaker (1959» 

1962) for other interspecific hybrids, were intermediate 

to the parento Exceptions were that flesh thickness 

closely approximated moschata, and fruit size and type 

root system that of the group II species. 

A case of natural hybridization of Cucurbita 

species has been reported by Bemis and Whitaker (1965)* 

The species involved were C. digitata and C. palmata 
* mmm faaMMwaaki mmm 

which are both members of the xerophytic complex, group 

Ila in Table 2. Leaf shape index was used as the basic 

distinguishing characteristic among the parent and hybrid 

plantsc A number of isolated colonies have been found in 
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Southwestern Arizona, which is an area in which the range 

of each of these species overlaps* 

A summary of the interspecific compatibility of 

many of the Cucurbita species is presented in a report by 

Whitaker and Bemis (1965)* This report includes a figure 

which denotes interspecific crosses and indicates the 

fertility aspects of the hybrids. It is obvious from the 

figure that a number of interspecific hybrids produce viable 

progeny, although there has only been one report of natural 

hybridization in the genus* This aspect might seem unusual 

since a number of species are found in the same habitat. 

Hurd and Linsley (196^) found that the one natural barrier 

was that the chief pollinating agents of this genus were 

species of bees in the genera Peponapis and Xenoglossa^ 

The results of their extensive studies showed that certain 

bee species would polinate only the cultivated species of 

Cucurbita and £. foetidissima whereas other bee species 

would pollinate only the species C_. digitata and C. palmata, 

wild species growing in the same area* Thus the specificity 

of the pollinating agent was one explanation for the lack of 

natural interspecific hybrids. 

Cytological Studies of Cucurbita Spccies 

Ample evidence has been found to confirm that all 

Cucurbita species examined have 20 pairs of chromosomes 

(Whitaker and Davis 1962). A summary of the counts made 
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by selected authors is presented in Table 3* For a more 

complete review of reported chromosome counts of Cucurbita 

species see Darlington and Wylie (1953)* 

Table 3» Chromosome numbers of selected Cucurbita species 

Species 2n numb er Author 

C. moschata ko Ruttle (1931) 

ko Pearson (1951) 

C. digitata ko McKay (1931) 

C. palmata ko McKay (1931) 

C. foetidissima ko McKay (1931) 

C. lundelliana ko Whitaker (1959) 

There have been two reports in which microsporo-

genesis has been studied in Cucurbita« Castetter (1926) and 

Passmore (1930). The reason for the lack of research on 

these species is due largely to technical difficulties. 

McGoldrick et al. (195^) state that the difficulties arise 

from the small chromosomes which are difficult to stain as 

well as to differentiate from the cytoplasm with the 

commonly used smear techniques. A second problem is that 

it is difficult to separate and flatten the chromosomes 

because of the exceedingly large pollen mother cell. Ruttle 

(1931) has made comparative studies on the sizes of the 

nucleus and the microsporocytes0 In Cucurbita species the 
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microsporocytes were eight times as large as the nucleus, 

whereas in Malus species they were only twice as large* 

Passmore (1930) and Castetter (1926) both studied 

meiosis in £• maxima and the former also studied £o pepo. 

Doth researchers used the paraffin technique to study the 

meiotic process* Their results were presented in the form 

of camera lucida drawings* Passmore presented a number of 

drawings showing the classic stages of prophase; Castetter 

did not describe prophase* Both reported formation of a 

perinuclear zone around the nucleus which disappeared while 

fibers originated in the nuclear cavityD These fibers 

later became spindle fibers* Stages up to telophase 1 were 

according to classic description and at telophase I both 

reported the formation of a nucleolus* Passmore reported 

several nucleoli initially present at each pole which later 

became fused into one. Castetter reported the formation of 

a single nucleolus* The second division of meiosis was 

reported according to the classic description. Castetter 

and Passmore agreed that cytokinesis occurred during telo

phase II and was the result of a furrowing process. Both 

observed a fiberous cytoplasm in the areas of the inter-

cellar wall formation prior to furrowing. Castetter 

reported observing transitory plates during telophase I and 

II which did not enter into cell wall formation during 

cytokinesis. 
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Cytological Studies of Interspecific Hybrids 

The number of cytological studies on interspecific 

hybrids has been limited due to the cytological difficulties 

which were described in the preceding section. Weilung 

(1959» i960) has carried out the most extensive studies* 

Yamane (1952, 1953) Shanmugasundaram (1965) and Hayase 

(cited from Weilung 1959) have also done work in this area* 

The synapsis of chromosomes in the hybrid C. 

moschata x C_. maxima has been studied by all of the above 

authorsc There was a general agreement among them that 

there was a high frequency of bivalent formation* Yamane 

(1952, 1953) reported an average of 19«2 bivalents and 1*7 

univalents, whereas Hayase (as cited by Weilung 1959) 

reported l8<>57 bivalents, O.83 univalents and 0.40 quadri-

valents and 0*l4 trivalents. Yamane obtained similar 

results for the reciprocal cross between these species* 

Shanmugasundaram (1965) reported the formation of 20 

bivalents for this hybrid. 

The interspecific hybrid between <2. pepo and £. 

moschata has been found by Yamane (cited by Weilung 1959) 

to be very regular with 20 bivalents the usual case at 

diakinesis• 

Meiosis of the interspecific hybrid C_. pepo x C. 

maxima has been studied by Hayase (cited by Weilung 1959)* 

A typical meiotic configuration consisted of 0-1 trivalents, 
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15-20 bivalents, 4-10 univalents and up to 3 quadrivalents 

per cell* 

Weilung (1959) has done an extensive study of 

chromosome synapsis among the cultivated species of 

Cucurbit a, <3. maxima t moschata, mixta t pepo and 

C. ficifolla« The results of his study and those initially 

presented in this section were in agreement. Based 

partially on his more inclusive studies he has theorized 

that Cucurbita species were tetraploids with a basic chromo

some number of 10. Another basis for his theory was that 

in £. pepo there was occasional appearance of hexavalents 

and octovalents and also the fact that within the feunily 

there exist species with an N number as low as ?• A final 

reason was the report of Hayase (cited in Weilung 1959) who 

observed multivalent formation in a haploid seedling of 

maxima« Since bivalent formation among the interspecific 

hybrids involving £c mixta, pepo, moschata and C_. 

maxima was always greater than ten, they were assumed to 

have the same genomes which were assigned to be AABB. In 

the hybrids which included C_. ficifolia, the frequency of 

bivalent formation, with only two exceptions out of l60 

pollen mother cells, was less than ten. This species was 

assigned the genome complement of AACC. 

In a subsequent report Weilung (i960) studied the 

interspecific hybrid C. moschata x C_. foetidissima which 

had been made by Grebenscikov (1958)• Weilung found the 
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latter species, although very diverse from cultivated 

species in morphological aspects, was cytogenetically 

similar to those of the cultivated group and for this reason 

was assigned the genome compliment of AABD. 

Studies by Whitaker (1956, 1959% 19^2) have shown 

that C_. lundelliana was able to produce fertile hybrids 

with C. maxima% C_. moschata and C^. ficifolia. Weilung 

(1959) explained this relationship by assigning C_. 

lundelliana the genomes AAWW. The chromosomes of the W 

genome were theorized to be capable of pairing with those 

in genomes D and C, thus explaining the above compatibility 

relationships of the species* 

Although Veilung's ideas of natural polyploids 

within the Cucurbita species have been found to be true for 

Aegilops and Triticum (Lilienfield 1951) the evidence in 

Cucurbita is limited. Weilung (1959) suggests similar 

cytological studies or the finding of Cucurbita species 

with an N chromosome number of ten are needed to further 

substantiate this theory. 

Colchicine Research in Cucurbits Species 

A review of literature on the use of colchicine has 

revealed that the techniques and concentrations of colchi

cine which have been used to produce polyploids are variable 

Included in the variables are the plant species, investigate 

preferences and material available. An excellent review of 
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successful techniques Is presented in Eigsti and Dustin 

(1957) and Derman and Emsweller ( 1 9 6 1 ) .  

Research involving the use of colchicine on 

Cucurbita species has been limited to the work of Pearson 

et al• (1951) and Whitaker and Bohn (1950a)• In both cases 

seedlings of interspecific hybrids were treated with an 

aqueous colchicine solution. In Whitaker and Bohn's case 

the hybrids were pepo x maxima, C^o mixta x maxima 

and C_. maxima x C_. moschatac In all cases amphidiploid 

plants were formed, but only in the latter two crosses were 

amphidiploid lines established* 

Pearson et al• (1951) have made a more thorough 

study of the hybrid C_. moschata and maxima and were 

successful in establishing a number of amphidiploid lines* 



MATERIALS AND METHODS 

Materials 

Six species were selected for this study. They 

were moschata cv. Butternut, a cultivated species, £. 

lundelliana, an annual wild species and those wild species 

that compose the xerophytic complex, £. cylindrata, £. 

digitata, C. foetidissima and C_. palmata (Berais and Nelson 

1963)* Characteristics of these species have been 

described in the review of literature. The fertile hybrids 

studied included the reciprocal crosses among the species 

£.* digit at a 1 £.• palmata, C_. cylindrata and the cross of 

£. moschata x £. lundelliana. The sterile hybrids were 

£. moschata x £. digitata and (C_. moschata x C_. lundel liana) 

x <3. foetidissima. Plants of these hybrids and seed of all 

species were made available by Dr-. W. P. Demis, Horticulture 

Department, University of Arizona, Tucson, Arizona. 

Cultural Aspects 

The plants of all species and interspecific hybrids 

were grown in the Horticulture Department's plastic green

house located at the University's Campbell Avenue Farm, 

Tucson, Arizona. 

The seed of all species and fertile interspecific 

hybrids were planted in peat pots containing a sand and 

23 



2k 

loam soil mix or in flats containing perlite. After 

germinationt the seedlings were transplanted to ground beds« 

Those started in perlite were first transplanted to peat 

pots* The sterile interspecific hybrid seed in some cases 

contained partially developed embryost which, as suggested 

by Whitaker and Davis (1962), could be germinated and 

produce plants if embryo culture were used. 

The embryo culture technique which was used con

sisted first of excising the embryos from seed. They were 

then placed in 35 ml, wide mouth plastic vials containing 

glass wool and approximately 20 ml of Randolph and Cox's 

nutrient solution (Randolph and Cox 19^3)* Care was taken 

to partially submerge the embryos in the nutrient solution 

to insure good aereation as well as contact with the 

nutrient solution. The containers were then placed in a 

Manglesdorf Germinator.^ The embryos were germinated in a 

temperature range of 30-32 degrees C. After the embryos 

had germinated they were transferred to peat pots contain

ing sterilized soil mix of 1 part loam, 1 part sand and 2 

parts peat moss. The peat pots were then placed under a 

bell jar until the hybrid plants became established after 

which they were transferred to the ground beds of the green

house. 

1. Made by Fred Stein Laboratories, Atchison, 
Kansas. 



Powdery mildew, Erysiphe cichoracearum, was a 

persistent disease problem and was controlled by spraying 

1 2 with Acti-dione or Phaltan. Aphids and red spider mites 

which invaded the greenhouse periodically were the main 

3 insect problems. The aphids were controlled by Malthion 

or Spectracide while the spider mites were controlled with 

the latter* 

Cytological Methods 

The buds selected for study were removed from the 

plants between 7 and 10 AM depending on climatic condi

tions. The size of the buds which contained microsporo-

cytes in division was species dependent. The approximate 

bud size as determined by their corolla length ranged from 

4-5 mm for C_. moschata to 12-14 mm for £. foetidissima. 

The bud size of the other species and the interspecific 

hybrids were all intermediate to these extremes^ 

The collected buds were killed and fixed in 

freshly prepared Carnoy's solution (Darlington and LaCour 

1962) made of 3 parts 95 per cent ethyl alcohol and 1 part 

glacial acetic acid. The buds were stored in the killing 

solution. 

1. Made by Upjohn Chemical Company. 

2. Made by California Spray-Chemical Cooperation. 

3. Made by American Cynamid Chemical Company. 

4. Made by Geigy Chemical Company. 



26 

Numerous staining techniques were used in limited 

tests* Among the techniques included were the carmine 

techniques developed by Belling (1926), McGoldrick et al• 

(195^)t Snow (1963) and Endrizzi (1965)* Feulgen's 

technique (Darlington and LaCour 1962) and aceto-carmine 

were also used. 

Snow's alcoholic hydrochloric acid-carmine tech

nique was adopted for this study because it offered the 

advantages of staining the chromosomes well with good 

differentiation and it was a fairly rapid technique. The 

stain solution consisted of the following. 

Carmine (alum lake) -*tgm 

Concentrated IiCl -1ml 

85% Ethyl alcohol -95ml 

Distilled water -15ml 

The carmine, water and HC1 were mixed and boiled gently for 

approximately 10 minutes while stirring the solution 

frequently. The solution was then cooled, the alcohol 

added and the solution filtered. 

To stain the chromosomes in the pollen mother cells 

the following steps were taken. 

1. The buds which were fixed in Carnoy's solution 

were removed from the fixing solution and the 

anthers excised. The anthers were then washed in 

70 per cent ethyl alcohol at least once. 
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2. A few drops of per cent glacial acetic acid 

which was saturated with iron citrate was then 

added to the buds in the 70 per cent alcohol to 

act as a mordant. The anthers were left in the 

iron solution for 2-5 hours. 

3« The iron solution was discarded and the anthers 

washed in 70 per cent alcohol and then placed in 

the stain solution. Sixteen or more hours were 

required for staining the chromosomes. 

k. At the end of the staining period the stain was 

returned to the stock bottle and the stained buds 

stored in 70 per cent ethyl alcohol. Best results 

were obtained when the smears were made immediately 

after staining. 

5? The chromosomes were smeared in 45 per cent acetic 

acid and/or aceto-carmine stain (Belling 1926). 

Subsequent heating of the smears over a steam bath 

differentiated the chromosomes and nucleoli. This 

process aided in flattening the microsporocytes. 

6. Photomicrographs and camera lucida drawings were 

then made of the desired microsporocytes. 

The steps 1, 3i 4, and 5 were those suggested by 

Snow. Step 2, the addition of iron, was required in order 

to obtain good differentiation. Snow reported this step 

was not required for the species he worked with. 
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A technique suggested by Endrizzi (19^5) which 

involved Belling's aceto-carmine and hematoxylin also gave 

satisfactory results* This technique involved making an 

aceto-carmine smear to which a small amount (less than a 

drop) of hematoxylin was added. The smears are then 

treated as normal aceto-carmine smears• 

Photographic Techniques 

The photomicrographs were taken with a Bausch and 

Lomb 35 nun model N camera. The film used was Kodak High 

Contrast Copy film with an American Standard Speed Indax 

of 32. The film was developed in a solution consisting of 

one part Dektol and one part water. 

Negatives were enlarged on a Simmons-Omega 

Enlarger. Prints were made on Kodabromide enlarging 

paper with a contrast rating of F-k or F-5. The prints 

were developed in a 1:2 Dektol to water solution. 

Camera lucida drawings were made of most of the 

cells in the photomicrographs which contained distinct 

chromosomes. The drawings were then photographed and 

prints made. 

Plates with a combination of eight photomicrographs 

and camera lucida drawings were subsequently made and 

photographed with a Crown Graphic 4x5 camera. Full page 

prints of the plants were made on A-2 or A-3 Kodabromide 

enlarging paper. 



RESULTS 

Cytological Studies of Cucurbita Species and Fertile 
Interspecific Hybrids 

Microsporogenesis in each of the species studied, 

£. moschata cv. Butternut, C_. lundelliana, £. digitata, 

Cpalmata, £. cylindrata and foetidissima was found to 

be very similarc The results of studies of the inter

specific hybrids £. palmata x C« digitata, palmata x 

£. cylindrata, C_0 digitata x C^o cylindrata and their 

reciprocal crosses, which were reported by Bemis and 

Nelson (1963) to be fertile, as well as the interspecific 

hybrid £0 moschata x £. lundelliana which was found to have 

a low percentage of abnormal tetrads, are also included in 

this section. These interspecific hybrids were found to 

have a meiotic sequence similar to that of individual 

species. 

The sequence of microsporogenesis will be presented 

in photomicrographs. Unless stated otherwise photomicro

graphs will be of the species C_. palmata o Camera lucida 

drawings are included with some of the pictures for clarity. 

The pair of pictures, photomicrograph, and camera lucida 

drawing, will be referred to in sequence; the first being 

the photomicrograph, the second the camera lucida drawing. 

29 
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For examplet Figures 2A and B, A is the photomicrograph and 

B is the' camera lucida drawing. 

Prophase Io--Prophase I proved to be a difficult 

stage to study* The chromosomes stained rather poorly 

during this stage and with the exception of diplotene and 

diakinesis it was impossible to assign the classic steps of 

prophase I to a pollen mother cell (PMC). 

The best stained chromosomes during prophase I were 

achieved when Snow's stain technique (Snow 19&3)i as 

described in the methods, was used with one modification* 

A very small amount of iron was added to the smear when it 

was madec The iron was from a solution of 45 per cent 

acetic acid saturated with iron citrate. 

A pre-leptotene PMC can be observed in Figure 1A. 

The prominent feature of this cell was its large nucleolus 

when compared to that of a somatic cell. It was found that 

in a 1.1 mm anther of £. palmata that the diameter of 

nucleolus of a pre-leptotene cells were approximately 3 

times as large as the nucleolus of the somatic cell. The 

pre-leptotene cell was determined to be 2^.3 + microns 

in diameter and had a nucleolus with an average diameter 

of 7 • 3 _+ 0.7 microns. These data are from a mean of ten 

cells. 

The chromosomes were first visible as a small light 

staining mass situated to one side of a dark staining 

nucleolus, Figure IB. In the PMC of Figures 1C and ID 



Figure 1« Prophase stages of tneiosis in Cucurbita species 
and fertile hybrids 

A. Pre-leptotene cell in the species C_. palmata 

B. Cell of moschata showing formation of chromatin 
mass 

C. Cell of C_. palmata showing chromatin strands with 
a single nucleolus 

D. Cell of C_. palmata showing chromatin strands with 
two nucleoli 

E. Cell of C_. palmata showing initiation of 
•'nucleolar bodies" 

F. Cell of C. moschata showing further formation of 
"nucleolar bodies" 

G. Cell of palmata showing apparent fusion and 
increase in size of "nucleolar bodies" 

H. Cell of C_. moschata showing an apparent fusion 
and slight increase in size of "nucleolar bodies 
A few chromosomes which were evident are circled. 

Scale: Horizontal line in each photomicrograph represents 
10 microns. 
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chromosome strands have become visible. Figure 1C shows a 

PMC cell that has one nucleolus while in ID there are two 

nucleoli* The presence of a variable number of nucleoli 

during prophase I, interphase and telophase II resulted in 

designing experiments to study their number, mode of origin, 

time of appearance and their association with chromosomes 

especially during prophase I. The results of the studies 

will be presented in a proceeding section* 

It is evident in Figures 1C and ID as well as in 

Figures IE that it was not possible to study chromosomes 

synapsis at these stages because of the number and size of 

the chromosome strands. 

Small, numerous, dark staining bodies were obaerved 

to form on the chromosome strand as meiosis proceeded, 

Figure IE. For the balance of this study they will be 

termed "nucleolar bodies." These bodies appeared to 

coalesce as meiosis proceeded since their size increased 

and number decreased as shown in Figure IF» Stages 

presented in Figures IE and IF were observed in all species 

and hybridso Coalescense continued until the number of 

"nucleolar bodies" approximated the number of chromosome 

bivalents, 20, and their size that of the original nucleo

lus, Figure 1G. This latter stage, early diplotene, 

occurred infrequently and was observed in C. palmata« C. 

lundelliana, £. moschata (Figure 1H), and the fertile 

hybrids £. cylindrata x £. digitata and £. cylindrata x 
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C_. palmata<• It was also seen in the sterile hybrids (C_. 

moschata x C. lundelliana) x foetidiasima and moachata 

x C_. digitata» 

The number of "nucleolar bodies" observed in cells 

similar to those seen in Figures 1G to 2A for a number of 

species and interspecific hybrids is presented in Table 4. 

Table 4. Number of "nucleolar bodies" present during early 
diplotene stage of prophase I in Cucurbita 
species and interspecific hybrids 

Species or hybrid 

Number of 
number of 
brackets 

"nucleolar bodies" and the 
cells with that number in 

C. moschata 24(1) 

C. palmata 8(1) 
21(1) 

17(2) 18(1) 20(3) 
22(1) 

C. lundelliana 21(1) 

C. moschata x 
(T. palmata 24(1) 26(1) 

(C. moschata x 
C. lundelliana) 
x C. foetidissima 21(4) 23(1) 

C. moschata x 
<T. digitata 38(1) 

Although the data were scant, it appeared, at least in some 

PMCt there was a "nucleolar body" for each bivalent. This 

accounts for cells which have 21 to 24 bodies since the 

original nucleolus and budded nucleoli (see section on 
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nucleolus) was also included in these counts* It does not 

account for cells having less than 21 or more than 2k 

bodies* Possible explanations will be presented in the 

discussion* 

The chromosomes during early diplotene were usually 

not visible, Figure 1G. Exceptions are seen in Figure 1H, 

which is of moschata, and Figures 2A and B, which are 

the photomicrograph and camera lucida drawing of a cell in 

the interspecific hybrid cylindrata x digitata, in 

which both the "nucleolar bodies" and contracted chromo

somes are evident. The latter are circled in the photo

micrograph 1H. In Figure 2A eight "nucleolar bodies" 

appear to be associated with chromosomes. These are 

pointed out in Figure 2D. 

Diplotene was initiated by the gradual disappear

ance of the "nucleolar bodies," Figure 2C, which is of 

moschata° The chromosomes at this stage are contracted and 

thus observable* In Figure 2D the "nucleolar bodies" have 

disappeared, leaving a small nucleolus and bivalent 

chromosomes. This cell is of the hybrid C_. digitata x C. 

cylindrata. 

At diakinesis the original nucleolus disappeared 

and the chromosomes contracted into tight bivalents. 

Twenty bivalents are evident in Figures 2E and F. The 

chromosomes at this stage have a length of about 2 microns. 

Some chromosomes were slightly larger than others but no 



Figure 2. Continuation of Prophase I of meiosis in Cucurbita 
species and fertile hybrids 

A. An early diplotene cell showing "nucleolar 
bodies" and a few chromosomes in hybrid C_. 
cylindrata x <C. digitata 

B. Camera lucida drawing of cell in Figure 2A 

C. A mid-diplotene cell in C_. moschata showing dis
appearance of "nucleolar bodies" 

D. Diplotene in the interspecific hybrid digitata 
x C_. cylindrata 

E. Diakinesis in C_. palmatat all chromosomes are in 
tight bivalents 

F. Camera lucida drawing of cell in Figure 2E 

G. Diakinesis in cell of lundelliana, note 
chromosomes configurations 

H. Camera lucida drawing of cell in Figure 2G 

Scale: Horizontal line in each photomicrograph represents 
10 microns• 
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consistent size differences or other distinguishing 

physical features could be observed such that a particular 

chromosome could be recognized from cell to cell. 

Diakinesis was found to be the best stage to study 

chromosome synapsis* The study confirmed that all species 

included in the study had an N number of 20. Chromosome 

counts of the diakinesis stage were made for each species 

and fertile hybrid and the results are presented in Table 

5. The study showed that there was a high frequency of 

bivalent formation. Quadrivalents were observed in most 

species and hybrids. The frequency of their reported 

occurrence may be biased upward because at times it was 

impossible to distinguish a quadrivalent from two bi-

valents lying in close proximity to one another. 

In the interspecific hybrid £. moschata x C_. 

lundelliana many cells had configurations other than 

bivalents. Subsequent studies of this hybrid revealed 

that in approximately 8 per cent of the pollen mother 

cells the number of microcytes differed from the expected 

number (four). 

The preceding hybrid and the hybrid C_. digitata 

x C. cylindrata were studied during the fall of 19&5* 

On single occasion for each hybrid, buds were collected 

following a night temperature of near 10 degrees C. At 

these times there was a high frequency of univalent 

formation in the pollen mother cells, hence a large number 



Table 5« Synapsis studies in species and fertile interspecific hybrids in 
Cucurbita. Numbers in table body refer to the number of cells with 
the designated configuration shown in the heading. 

Species or 
interspecific 
hybrid 

Diakinesis Configuration Total 
cells 

2011* * l8ll 1IV l6ll 2IV 1911 21 Other** * counted 

18 2 20 
18 2 20 
17 1 2 20 
18 1 1 20 
22 1 1 24 
19 1 20 
12 11 3 11 37 
17 1 1 l 20 
9 2 16 27 
20 1 21 
19 1 20 
15 k 1 20 
17 3 5 25 

C_. moBchata 
C. foetidissima 
<T. lundelliana 
C. cylindrata 
C. palmata 
<T. digitata 
Hos. x lund.• 
Di£. £al. 
Dig. x cyl. 
Palm, x dig. 
Pal. x cyl. 
Cyl. x dig. 
Cyl. x pal. 

* Abbreviations of previously listed species 
** lf II, IV refer to univalent, bivalent, and quadrivalent chromosomes 
*** Configurations for these counts are listed in the Appendix in Table 10 

u 



of pollen mother cells are listed under the heading other 

in Table 5» With these two exceptions bivalent formation 

occurred consistently in all species and fertile hybrids. 

A few of the abnormal configurations found in the 

various species and hybrids are shown in the appendix, 

Figure 15• Included are PMC showing a definite univalent, 

a trivalent, and a quadrivalent. Ring and rod configura

tions were fairly common in the species £* moachata and £» 

lundelllana. The former species typically had a combina

tion 2 or 3 rings and/or rods while the latter had 3 or k 

of these configurations. An example is shown in Figures 

2G and H which are of the latter species. 

Satellite chromosomes could not positively be 

observed. In Figure 3A a photomicrograph of diakinesis in 

C. moachata and the corresponding drawing, Figure 3B, is 

presented showing a chromosome (note arrow in Figure 3B)» 

which appeared to hav^ a satellite. A few other cells on 

this slide had a chromosome which appeared to have a 

similar structureo 

Metaphase I.--A metaphase configuration of 

palmata is presented in Figures JC and D. During metaphase 

I the chromosomes were aligned on the metaphase plate and 

in most cases were not spread enough to make chromosome 

counts. When the cell was viewed from the end the 

chromosomes were arranged in an orderly, circular fashion 



Figure 3« Diakinesis and other 1st division stages of 
meiosis in Cucurbita species and fertile hybrids 

A. Diakinesis in moschata« arrow indicates pos
sible satellited chromosome 

B. Camera lucida drawing of Figure 3A 

C. Metaphase in C.^ palmata 

D. Camera lucida drawing of Figure JC 

E. Polar view of metaphase in palmata 

F. Camera lucida drawing of Figure JE 

G. Anaphase I in palmata 

H. Camera lucida drawing of Figure 3G 

Scale: Horizontal line of each photomicrograph represents 
10 microns« 
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which was difficult to distinguish from diakinesis. An 

example is seen in Figures JE and F for the species 

palmata. Similar spreads were included in the synapsis 

counts, presented in Table 5* 

Anaphase I.--Anaphase I in all species and fertile 

interspecific hybrids occurred in an orderly fashion, 

Figures 36 and He As seen in Figure 36 » the chromosomes 

moved in two groups, one to each pole. In many cases 20 

univalents could be counted in each group* Few abnormali

ties were observed at this stage* One exception was bridged 

chromosomes shown in Figures ^A and B. This cell was 

observed in the species C_. cylindrata. 

Telophase I.--As the chromosomes reached the poles 

they grouped into a heterochromatin mass, Figure kC. As 

telophase progressed the chromosomes took less stain and 

thin strands were evident, Figure . This photomicrograph 

is a cell of C. digitata. 

Interphase» Interphase was initiated by the forma

tion of dark staining globules on the very fine chromatin 

strands, Figure 4E° AS meiosis proceeded, the chromatin 

strands became less evident leaving 9-2k "nucleolar 

bodies," Figure kF. Most cells had l4 to 20 bodies at each 

pole. These bodies were not identified by a differential 

stain technique. Except for the apparent lack of 



Figure 4. Later stages of 1st division meiosis in Cucurbita 
species and fertile hybrids 

A. Anaphase 1 in cylindrata showing two pair of 
bridged chromosomes 

B. Camera lucida drawing of Figure kH 

C. Early telophase I in C. palmata 

D. Telophase I in C_, digitata 

E. Cell of palmata in which formation of numerous 
"nucleolar bodies" was initiated on chromosomes 

F. "Nucleolar bodies" at telophase I* Cell is of 
digitata. 

G. Later interphase stage in which the usual 
maximum number of multiple nucleoli were present. 
Cell is of foetidissima» 

H. Cell is of palmata, showing the usual maximum 
number of nucleoli for this species 

Scale: Horizontal line of photomicrographs represents 10 
microns. 
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chromosomes| this stage was very similar to that observed 

in prophase I, Figures 1G to 2A. 

The "nucleolar bodies" then apparently fused to 

form 1-5 nucleoli (us) at each pole. The number at the 

poles of a single PMC was not necessarily the same. 

Cucurbita foetidissima was observed to commonly have 3-5 

nucleoli of this stage while C_. palmata usually had a 

maximum of 2. Photomicrographs of this stage for the 

respective species are shown in Figures 4G and 4H. 

Nucleoli at this stage were positively identified by the 

methyl-green technique developed by Semmens and Bhaduri 

(19*11). 

The last stage of interphase was the fusion of the 

multiple nucleoli into one nucleolus, Figures 5A and 5B. 

Cytokinesis did not take place at this time. 

Second Division Stages.--Metaphase II was very 

similar to metaphase I. The chromosomes were observed 

aligned on the plates as seen in Figures 5C and D <> This 

cell was of £. moschata and was one of the few cells in 

which the chromosomes were spread enough to be counted. 

During anaphase, the chromosomes moved in groups to 

each pole, Figures 5E and F. Chromosomes at this stage 

could sometimes be counted. 

Telophase II was seen initiated as the chromosomes 

formed dark staining masses at each pole, Figure 5<*« In 



Figure 5» Interphase and second division stages of meiosis 
in Cucurbita species and fertile hybrids 

A. Cell of £. palmata in which there was an apparent 
fusion of nucleoli in one telophase nucleus 

B. Last stage of interphase, one nucleolus was 
present in each telophase nucleus 

Co Metaphase II in cell of C_. moschata 

D. Camera lucida drawing of Figure 5C 

E. Anaphase II in cell of £• palmata 

F. Camera lucida drawing of Figure 5E 

G. Telophase II in cell of moschata 

II. Later stage of telophase II in a cell of 
palmata« "nucleolar body" formation beginning 
on chromosomest cytokinesis was initiated 

Scale: Horizontal line in each photomicrograph represents 
10 microns. 
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Figure 5H, dark staining globules which were produced on 

fine chromatin strands are evident. Granulation of the 

cytoplasm in preparation for cytokinesis was evident in 

this cell. The chromatin strands were then observed to 

disappear leaving 9-22 dark staining "nucleolar bodies" 

which ware variable in size, Figure 6A. AS in telophase 

I, there was apparent fusion of the globules to form 1-4 

nucleoli, Figure 6B. These were identified with Semmens* 

and Bhaduri's stain technique to be nucleoli. (Semmens and 

Bhaduri 19^1). At the latest stage of telophase II the 

cells were observed to have a single nucleolus, Figure 6C. 

The initiation of the furrowing process, which Passmore 

(1930) and Castetter (1926) indicate results in the 

separation of the microspores, is evident in this cell* 

As microsporogenesis proceeded, multiple nucleoli 

were observed in the young microspores, Figure 6D. As the 

microspore matured, germ spores and "hairs" were observed 

to develop, Figure 6F. This cell is of £. moschata. 

There were usually 4-6 germ pores and a single nucleus in 

each young pollen grain. Multiple nucleoli were sometimes 

present in the nucleus at this time. At the time the 

pollen dehisced no nuclei were clearly visible. Three 

lightly stained structures were present in the cytoplasm 

which seemed to have the appearance of nuclei. 



Figure 6. Second division stages of meiosis in Cucurbita 
species and fertile hybrids 

A. Late telophase IIf numerous "nucleolar bodies" are 
evident in this cell of C_. moachata 

B. Multiple nucleoli present in two of the four 
nuclei of pollen mother cells of C. moschata 

C. Spore quartet in a cell £. palmata, a single 
nucleolus is evident in *each nucleus 

D. Microspores of palmata 

E. Young pollen grain of C_. moschata 

Scale: Horizontal line in photomicrograph equals 10 microns* 



45 

3** 



46 

Cytological Studies of Sterile Interspecific Hybrids 

The interspecific hybrids included in this section 

are C. moschata x Co digitata% and (<S. moschata x C_. 

lundelliana) x £. foetidissima. Both of these hybrids were 

completely sterile. 

Prophase I.--The early stages of meiosis in the 

sterile hybrids were found to be very similar to those seen 

in the fertile hybrids* Unless stated otherwise, the 

photomicrographs will be of the interspecific hybrid (£. 

moschata x Co lundelliana) x £. foetidissima« Pre-lepto-

tene cells were similar to the one shown in Figure 1A• The 

nucleolus was very prominent at this time and had a diameter 

equal to approximately 30 per cent of the cell diameter* In 

almost all cases, one nucleolus was present at this time. 

As in the species and fertile hybrids, meiosis was initiated 

with the formation of a chromatin mass centered on one side 

of the nucleolus(i)t Figure 7A. Cells in which the chromo

some strands have become evident were seen as the next 

stage, Figure 7&* At this time dark staining bodies were 

seen to form on the chromosomes* The "nucleolar bodies" 

were subsequently observed to condense and form 18-38 

bodies, Figure 7C. Cells of this stage were observed in 

each of the sterile hybrids. The number of bodies present 

in similar cells of these hybrids is included in Table 4. 

In Figure 7C a few chromosomes were visible and these are 



Figure 7* Prophase I stages of meiosis in selected sterile 
interspecific hybrids of Cucurbita 

A. Cell of hybrid moschata x C. digitata showing 
the formation o7 the heterochr'omatin mass around 
the nucleolus 

B. A cell of the hybrid moschata x C_. digitata 
showing formation of "globules on the" chromosome 
strands 

C. A cell in early diplotene showing enlarged 
"nucleolar bodies" and a few chromosomes (circles)* 
Cell is of the hybrid (C. moschata x lundelliana) 
x C. foetidiasima» 

D. Cell of moschata x C_. digitata showing dis
appearance of "nucleollir bodies" 

E. Diplotene of a cell of C_. moschata x C_. digitata 

F. Camera lucida drawing of Figure 7& 

G. Oiakinesis of a cell (<C. moschata x lundelliana) 
x foetidiasima showing 10 bivalent chromosomes 

H. Camera lucida drawing of Figure 76, bivalents 
indicated by arrows 

Scale: Horizontal line in each photomicrograph is equal to 
10 microns* 
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indicated with circles. As the cells proceed into 

diplotene the nucleoli began to disappear, especially the 

"nucleolar bodies," Figure 7D. At diplotene. Figures 7E 

and F, all the "nucleolar bodies" had disappeared and the 

original nucleolus was reduced in size. Chromosomes were 

evident as short strands. There were 3 or k bivalent 

chromosomes in this cell. The greatest variation in 

chromosome size was evident at this stage, but was not 

consistent enough to permit the chromosomes to be 

karyotyped. 

Diakinesis was seen as the stage in which the 

chromosomes were very contracted and no nucleolus or 

nuclear membrane was apparent. Photomicrographs and camera 

lucida drawings of diakinesis of the interspecific hybrid 

(£. moschata x C_. lundelliana) x £. foetldissima are 

presented in Figures 76 and II, and SA and B. The cells 

differ only in the number of bivalents present. There were 

10 bivalents in the 76 and 3 present in 8A. These are 

pointed out in the respective camera lucida drawings 7H 

and 8B. 

Eighty-seven cells of this hybrid were counted and 

found to have a mean number of bivalents of 6.20 with a 

standard deviation of 2.28 and a range of 0-12. The total 

data were broken down into three 3 month periods and the 

data presented in Table 6. Included in the Table are the 

frequency distribution of bivalents, mean number of 



Figure 8* Diakinesis and metaphase-anaphase I stages in 
selected sterile interspecific hybrids of 
Cucurbita 

A. Diakinesis cell of the hybrid (£. moschata x 
lundelliana) x foetidlssima showing 3 

bivalents 

B. Camera lucida drawing of Figure 8Af bivalents 
are indicated by arrows 

C. Diakinesis cell of the hybrid moschata x 
C_. digitata. The cell has no bivalents • 

D. Camera lucida drawing of Figure 8C 

E. Metaphase-anaphase 1 cell of the hybrid C* 
moschata x C. digitata» There were 3 bivalents 
in thiscelT. 

F. Camera lucida drawing of Figure 8E, bivalents 
are indicated by arrows 

G. Metaphase-anaphase 1 cell of the hybrid £* 
moschata x lundelliana x foetidissima. 
There were Tl bivalents in this cell. 

H. Camera lucida drawing of Figure 8G 

Scale: Horizontal line in photomicrograph is equal to 10 
microns. 
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bivalents, the standard deviation for each time period and 

the same statistics for the total data* The months of the 

year in which the buds were collected were July, August and 

September of 1964, September, October and November of 1964 

and July and August of 1965. 

From the data in Table 6 it is obvious that there 

was a large range in the frequency of bivalent formation 

for each of the 3 collection periods. The buds collected 

during the summer of 1964 had the highest frequency of 

bivalent formation with a mean of 8.03, while those 

collected in the fall of 1964 had the lowest with a mean 

of 4.38> Those collected in the summer of 1965 had a mean 

of 6o07* The respective standard deviations were 2*48, 

2.06 and 2ol9* The mean number of bivalents seemed to 

follow a trend which was highest during summer months and 

lowest during the fall months* This suggests that possibly 

environment influenced chromosome synapsis* 

An example of a cell in diakinesis for the hybrid 

£. moschata x £. digitata is seen in Figures 8C and D* 

This cell had 40 univalents. A cell of this hybrid which 

had 3 bivalents is seen in Figures 8E and F * This cell was 

in the early anaphase stage of meiosis* 

The hybrid C * moschata x C. digitata was found to 

have a mean of 1.8l bivalents with a range of 0-6. The 

average was compiled from 63 counts. The buds of this 

hybrid were collected during the same time periods as the 
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Table 6. Frequency and number of bivalents per pollen 
mother cell for the hybrid (C. moschata x C_. 
lundelliana) x C. foetidissima 

A. Data for buds collected in July, August and September 
of 1964. Twenty-eight counts were made. 

Number of 
bivalents 0123^56789 10 11 12 

Frequency 0001223343 6 2 2 

Mean 8.03 

Standard 
Deviation 2.48 

B. Data for buds collected in September, October and 
November of 1964. Twenty-six counts were made. 

Number of 
bivalents 0123456789 10 11 12 

Frequency 2112771410 0 0 0 

Mean 4v38 

Standard 
Deviation 2.06 
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Table 6--Continued 

C. Data for buds collected in July and August of 1965* 
Thirty-three counts were made* 

Number of 
bivalents 0123*156789 10 11 12 

Frequency 0013556352 3 0 0 

Mean 6.07 

Standard 
Deviation 2.19 

D. Combined data for all buds collectedc A total of 87 
counts were made. 

Number of 
bivalents 0123^56789 10 11 12 

Frequency 2 1 2 6 l4 l4 10 10 10 5 9 2 2 

Mean 6.20 

Standard 
Deviation 2.28 
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above three-way hybrid, however, no differences in range or 

mean number of bivalents was observed for them. The total 

data are presented in Table 7 which includes the frequency 

distribution of the bivalents, the mean number, and standard 

deviation. The latter was found to be 1.44. 

Table 7« Frequency and number of bivalents per pollen 
mother cell in the hybrid C. moschata x C. 
digitata. Sixty-three counts were made. 

Number of 
bivalents 0 1 2 3 k  5 6 

Frequency 13 18 11 13 6 1 1 

Mean 1.81 

Standard 
Deviation l . k k  

Metaphase-anaphase I.—In the sterile inter

specific hybrids all chromosomes were usually not aligned 

on metaphase plates. In nearly every cell a situation as 

seen in Figures 8G and H and 9A and D was observed. The 

former pair are of the hybrid (<D. moschata x £. lunelliana) 

x £. foetidissima in which there were H bivalents« 

Figures 9A and D are of the hybrid C_. moschata x C. 

digitata. This cell had no bivalents. In each cell, the 

univalents were scattered in the spindle mechanism. Some 

were in the immediate area of the metaphase plate, others 

had moved in the direction of the poles. Few cells were 



Figure 9* Anaphase I to telophase I stage of meiosis in 
selected sterile Cucurbita. hybrids 

A. Metaphase-anaphase I cell in hybrid C .  moschata 
x <1. digitata. There were no bivalents in this 
cell. 

B. Camera lucida drawing of Figure 9A 

C. Anaphase 1 cell of the hybrid (£. moschata x 
C. lundelliana) x C_. foetidissima 

D. Telophase I cell of hybrid £. moschata x 
digitata 

E. Later telophase I stage as seen in the hybrid 
(C_. moschata x C_. lundelliana) x C_. foetidissima 

F. "Nucleolar bodies" as seen in a cell of the 
hybrid C_. moschata x C. digitata 

G. A late interphase stage in which a few nucleoli 
are present at each pole in a cell of the hybrid 
£. moschata x £. digitata 

II. Last stage of interphase showing the formation of 
micronuclei. Cell is of the hybrid (£• moschata 
x C. lundelliana) x C. foetidissima. 

Scale: Horizontal line in each photomicrograph equals 10 
microns. 
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observed which had only metaphase or anaphase characteris

tics o  

Anaphase I»--An example of an anaphase I cell from 

the hybrid (£. moachata x C_. lundelliana) x £. foetidissima 

is presented in Figure 9C. The chromosomes were always 

observed to be very scattered in the spindle mechanism when 

compared to anaphase in the species where they moved as a 

group to each pole. 

Telophase I and Interphase.--Telophase was observed 

to be very similar to that found in the species* The only 

difference was micronuclei were formed because not all 

chromosomes moved to form nuclei at the spindle poleso 

Fifty cells were counted in each of the hybrids to deter

mine the frequency which a particular number of nuclei 

were formed at telophase I. Similar counts were made at 

metaphase II to determine the number of metaphase plates 

and at the end of telophase II to determine the frequency 

of microcyte formation per pollen mother cell. The results 

will be presented as each stage is described. 

At telophase I in the hybrid (£. moschata x C_. 

lundelliana) x C. foetidissima 48 per cent of the cells had 

2 nuclei, 36 per cent had 3 nuclei, lk per cent had k 

nuclei and 2 per cent had 5 nuclei. In the hybrid £. 

moschata x C_. digitata 72 per cent had 2, 16 per cent had 

3 and 12 per cent had k nuclei. 
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Telophase was initiated as the dark staining 

chromosomes reached the poles, Figure 9C• The chromatin 

mass then lightened in color, Figure 9D• In Figure 9E the 

globular bodies have become prominent on the chromosome 

strands, which then disappear leaving 9 to 2k nucleolar 

bodies of variable size. An apparent fusion of these 

bodies then took place resulting in the formation of 2-5 

nucleoli Figures 96 and H* The bodies were identified to 

be nucleoli by the differential stain of Semmens and Bhaduri 

(19^1)* The cell in Figure 96 is of the hybrid C_. moachata 

x C. digitata and has two nuclei, while the cell in Figure 

9H is of the hybrid (C. moachata x C. lundelliana) x £. 

foetidissima and had 3 nuclei. Few cells were observed in 

the sterile hybrids which had only one nucleolus in each 

nucleus » 

As in the species, cytokinesis did not take place 

at this time. 

Second Division Stages.--In metaphase II a variable 

number of metaphase plates were observed in the hybrid (C_. 

moachata x C_. lundelliana) x C. foetidissima. Forty per 

cent of the PMC had 2 metaphase plates, 38 per cent had 3 

metaphase plates, 18 per cent had k metaphase plates, 2 per 

cent had 5 metaphase plates and 2 per cent had 6 metaphase 

plateso The number of chromosomes at each plate was 

observed to be variable. A photomicrograph and 
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corresponding camera lucida drawing of a metaphase II cell 

are shown in Figures 10A and B. The chromosomes in this 

case are largely aligned on the metaphase plates* In 

Figure IOC is a metaphase-anaphase II cell with two meta

phase plates. The spindle mechanism is evident in this 

cell as well as the three chromosomes which have prema

turely separated* This situation would lead to the 

formation of numbers of microcytes other than four in the 

"spore quartet" stage of meiosis. 

A similar situation was observed for the sterile 

hybrid £. moschata x digitata but counts of the 

frequency of the various metaphase II configurations were 

not made. 

Telophase II was initiated with the formation of a 

heterochromatin mass, Figure 10D. As in telophase I, this 

mass lightened in color and "nucleolar bodies" became 

evidento As seen in Figure 10E the maximum number of bodies 

was similar to that found in the species, but the number in 

each nucleus was quite variable. Then as in the species 

there was an apparent fusion of the "nucleolar bodies" to 

form 2-6 nucleoli in each nucleus, Figure 10F. At this 

time cytokinesis began as a granulation and furrowing 

process and a variable number of microcytes were visible 

in the cell. There were 3 in Figure 10F and 6 in the cell 

in Figure IOC. Most of the microcytes in the latter cell 

contained 1 or 2 nucleoli. 

i 



Figure 10. Second division of meiosis in selected sterile 
Cucurbita hybrids 

A. Metaphase II in a cell of the hybrid (C. moschata 
x C. lundelliana) x C>. foetidisaima» There were 
three metaphase plates in this cell. 

B. Camera lucida drawing of Figure 10A 

C. Metaphase II is a cell of the hybrid (C. moschata 
x £. lundelliana) x C_. foetidisaima. There were 
two metaphase plates in this cell. 

D. Telophase II of the hybrid C_. moschata x 
digitata 

E. Later stage of telophase II showing the forma
tion of "nucleolar bodies." Cell of the hybrid 
C_. moschata x C_. digitata» 

F. "Tetrad stage" of meiosis in which 3 microcytes 
have formed. The cell is of the hybrid £. 
moschata x C. digitata. 

G. "Tetrad stage" of meiosis in which 6 microcytes 
have formed. The cell is of the hybrid C_. 
moschata x C. digitata. 

H. Microcytes of the hybrid (<C. moschata x C_. 
lundelliana) x £. foetidissima. Note" the 
variation in size and appearance. 

Scale: Horizontal line in each photomicrograph equals 10 
microns. 
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When cytokinesis was completed, the microcytes were 

released in the pollen mother cell saco Counts were made 

at this time to determine the number and frequency of micro-

cyte formation. Two replications of 100 cells each were 

counted for each of the sterile hybrids. The pollen mother 

• cells of the hybrid (C. moschata x £. lundelliana) x <C. 

foetidissima had 3^°5 per cent with k microcytes and 33*5 

per cent with 6 microcytes. PMC with 2, 3* 5» 7*or 8 micro

cytes accounted for the remaining 22 per cent. The data 

are means of the two replications. Some pollen mother 

cells were found which had an odd number of microcytes. A 

possible explanation is included'in the discussion. 

In the hybrid £. moschata x £. digitata 17 per cent 

of the cells had 2 microcytes, kl per cent had 4 microcytes 

and 12.5 had 3 microcytes. Other numbers found ranged from 

2 to 10 and accounted for 29*5 per cent. 

As the microcytes matured their appearance was 

similar to normal pollen, Figure 10H, except for their 

variable sizeo A single nucleus was present with a 

variable number of nucleoli. The microcyte cells at this 

time had a plump appearance and a number of germ pores were 

evident. The microcytes continued to resemble viable 

pollen until the anther neared the dehiscent stage at 

which time the microcytes shriveled up, Figure 11A. The 

anther at this time was still green. When the flower 

opened the anthers were of a yellow-orange color and the 



Figure 11. Mature microcytes and an unusual meiotic 
phenomenon in selected sterile Cucurbita inter
specific hybrids 

A. "Pollen grains" of the hybrid (<C. moschata x 
digitata) as the bud approach anthesis* Note 
their shrunken appearance at this time* 

B o  and C .  Phenomenon in which pollen mother cell 
divides in two* These cells were of the hybrid 
C_. moschata x digitata. 

D. Cell of C. moschata x Cd i g i t a t a  in which the 
nucleus of a pollen mother cell has completely 
divided 

E. Two microcytes in a pollen mother cell of 
moschata x <2. digitatat postulated to be the 
final product of the sequence observed in 
Figures A, 13, C and D 

F. Tetraploid cell observed in the interspecific 
hybrid C. digitata x <2. palmata 

G. Polyploid cell observed in hybrid moschata x 
C. digitata. More than 80 suspected univalent 
chromosomes are evident in this cell* 

H. Prophase cell of C. palmata with two nuclei 

•Other photomicrographs of this phenomenon are in Appendix 
Figure 15* 

Scale: Horizontal line on each photomicrograph equals 10 
microns• 





pollen was very shriveled. The anthers were then dried up 

and turned brown before the flower dropped from the plant• 

Dehiscence of the "pollen" did not take place* 

Unusual Meiotic Phenomena 

"Dyad Formation".--This irregularity occurred in 

the sterile interspecific hybrids. "Dyad formation" as 

used in this text is the phenomenon in which a pollen mother 

cell (PMC) was postulated to divide without passing through 

the classical stages of meiosis. The term was selected 

because the postulated end product of the phenomenon was 

two cells which had the appearance of microcytes. 

"Dyad formation" was initiated while the PMC were 

in early prophase I. The structures evident in the nucleus 

at this time were nucleoli and sometimes a chromatin mass. 

A cell in which the sequence had been initiated has been 

shown in Figure llllo A single nucleolus is evident in each 

half of the nucleus which seems to be in the process of 

fission. This cell and the others in the series were from 

the hybrid £. moschata x C_. digitata. Figure 11C shows a 

PMC in an intermediate stage of the sequence and in Figure 

11D the single nucleus has divided into two. The final 

product of this sequence may be the formation of two micro-

cytcs, Figure 11E, per PMC, i.e., a dyad. Dyads were 

occasionally found in anthers whose PMC were in early 

prophase, but usually they were observed in anthers whose 
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PMC were in the late stages of meiosis. In the hybrids (C. 

inoschata x Co lundelliana) x <£. foetidissima approximately 

9 per cent of the "spore quartets" had two microcytes while 

in the hybrid £. inoschata x C_o  digitata two microcytes per 

"spore quartet" were observed 17 per cent of the time. 

These figures are an average based on a count of 200 "spore 

quartets" in each hybrid. The percentages may be slightly 

biased upward because small microcytes could be shielded by 

the large microcytes which were normally present. The 

percentages do give a rough indication of the frequency of 

the phenomenon if its assumed dyads are produced only by 

this method. 

Polyploid Colls.--A few PMC cells were observed 

during this study which had more than an N number of 20. 

Examples of two of these cells ore shown in Figures 11F and 

HGo The cell in Figure HE is from the hybrid C. 

cylindrata x £. digitata and had ko bivalent chromosomes. 

In Figure 11G is a cell from the interspecific hybrid C. 

moschata x digitata. This cell had at least 80 

chromosomes which were all suspected to be univalents 

based on visual observation. 

Binucleatc Cells.--Occasionally in the species and 

the interspecific hybrids prophase I colls were observed 

which had two nuclei, Figure llli. These cells were similar 
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to what might be expected if cytokinesis had not occurred 

at the last miotic division. 

Binucleate cells are very similar in appearance to 

•eiotic cells in late interphase. The basis for separation 

was that all PMC from anthers containing binucleate cells 

were in early prophase, hence the binucleate cells were 

assumed to be in this stage. They differed from cells in 

the phenomenon of "dyad formation" in three ways. First, 

they were observed in the species as well as sterile inter

specific hybrid. Second, no connections were ever observed 

between the nuclei. Third, the nuclei were always observed 

to be widely separated in the cell as contrasted to the 

nuclei of cells in the dyad sequence, which tended to be in 

the central area of the pollen mother cell. 

The Nucleolus 

During the study of meiosis in Cucurbita species 
«» ~~———-• 

and interspecific hybrids, the nucleolus was observed to 

have a number of characteristics, some of which are un

common. These will be described in the succeeding para

graphs. Pertinent literature, which in some cases led to 

some of the experiments, will be included with results in 

this section. 

Vacuoles in the Nucleolus.--Vacuoles were commonly 

seen in the nucleolus of cells in all species and hybrids, 

Figure 12A, during prophase I when the nucleolus is largeo 



Figure 12. Vacuoles, chromosome attachments and the budding 
process observed in or around the nucleolus 

A. Nucleolus of £• moschata showing numerous 
vacuoles of variable size 

Bo Nucleolus of <C. moschata showing two attached 
chromosomes 

C. Nucleolus of the hybrid moschata x digitata 
showing three attached chromosomes ~~ 

D. Nucleolus of the hybrid £. moschata x C. 
lundelliana showing a slight swelling on lower 
side of nucleolus 

E. and F. Subsequent stages of the budding process 
in cells of the above hybrid 

G. Cell of the above hybrid in which the budded 
nucleolus has moved away from the parent 
nucleolus 

H. Cell of £. palmata in which the nucleolar bud 
can be seen attached to the parent nucleolus 

Scale: Horizontal line in each photomicrograph represents 
10 microns. 
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The number and size of the vacuoles was found to be quite 

variable. Vacuoles in the nucleolus have been observed in 

rice (Selim 1930), Lilium species (Allen 1908), Oenothera 

species (Sheffield 1927) and Callisa species (Dermen 1933)* 

Number of Chromosomes Attached to the Nucleolus*— 

Chromosomes were observed to be attached to the nucleolus 

at two points during early prophase I of meiosis in the 

following species: Co moschata, C_. palmata and the inter-

m  

specific - hybrids £. moschata x lundelliana, £. digitata 

x C_. cylindrata, £. moschata x £. digitata and (£. moschata 

x C. lundelliana) x £. foetidissima. In the latter two 

hybrids 3 chromosomes were occasionally observed to be 

attached to the nucleolus, Figure 12C. In the species and 

fertile hybrids the chromosomes attached to the nucleolus 

were assumed to be bivalent, however, since chromosome 

synapsis cannot be studied at this stage this statement 

will remain an assumption. In the sterile hybrids there 

was a low frequency of bivalent. Perhaps the observations 

of 3 chromosomes being attached to the nucleolus resulted 

from attachment of two univalents plus a bivalent. 

LaFontaine (1958) has indicated that the nucleolar 
% 

organizer is the only place where chromosomes are in 

intimate contact with the nucleolus. The literature 

indicating that nucleolar organizers are located on 

satellited chromosomes is vast (Jacob 19*K)» McClintock 
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193^ and Mensinkai 1939)* On the basis of these reports 

and the above observations satellited chromosomes might be 

expected in Cucurbita species* With one exception in 

moBchata where a single bivalent appeared to have a satel

lite) satellited chromosomes were not observed in this 

study. Bhaduri and Bose (19^7) have reported observing 

two satellited chromosomes in mitotic cells of C_. moschata 

and suggested there may be more. 

Mode of Origin of Nucleoli.--The study of meiosis 

revealed that in prophase cells there was one type of 

nucleolus which arose from the preceding mitotic division. 

This nucleolus was present in the pre-leptotene cells and 

persisted into diplotene. Succeeding evidence will show 

that this nucleolus sometimes will bud, thus producing 

other nucleoli. One, and infrequently two or more nucleoli 

may originate via this method. 

A few exploratory counts of the number of nucleoli 

in prophase I cells indicated that the percentage of PMC 

which had a single nucleolus may be species dependent. An 

experiment was done to determine if there was a relation

ship between species and the frequency of prophase I cells 

which had a single nucleolus. 

The experimental procedure consisted of collecting 

buds on k different dates from £. moschata% foetidissimat 

£.» lundellianat <2. digitata% C_. cylindrata and <Cc palmata. 

I 
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The dates were not necessarily the same for each species« 

On each date the buds were collected from all plants of a 

single species and placed in a vial of killing and fixing 

solution* The anthers were stained in the manner described 

in the methods* The number of cells with a single nucleo

lus out of 50 cells was determined for each date which was 

considered a replication when the data was analyzed as a 

completely randomized design* The means were separated 

with Duncan's Multiple Range Test (Steel and Torrie i960). 

The data are presented in Table 8. 

From this experiment it was determined that 

raoschata, C_* lundelliana and C_. cylindrata had significantly 

more PMC, approximately 90 per cant, with a single nucleo

lus than did the PMC of the other species* In the species 

C. palmata and £* digitata approximately 72 per cent of the 

PMC had a single nucleolus. This number was significantly 

greater than the 52 per cent found for £* foetidissimao 

The results of this experiment indicated that there was a 

relationship between species and the occurrence of PMC with 

a single nucleolus during the early stages of prophase. 

The PMC which had multiple nucleoli usually had two, but 

occasionally had three or four nucleoli per cell. 

The question was then asked, "how do multiple 

nucleoli arise in PMC?" A search of the literature 

revealed that in a number of plants, rice (Selim 1930; 
»» 

Nandi 1937)» oenothera (Sheffield 1937) and sweet clover 
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Table 8. Analysis of variance and mean separation of the 
number of cells out of 50 with a single nucleolus 
during early prophase I of meiosis in selected 
Cucurbita species* Statistical design was a 
completely randomized design. Means were 
separated with Duncan's Multiple Range Tests. 

Analysis of variance 

Source 
Degrees 
freedom 

Sum of 
squares 

Mean 
square F 

Total 23 1416.3 

Species 5 1226.3 245.3 23.25#* 

Error 18 190.0 10.55 

Mean Separation 

C. foetidissiroa C. palmata C. digitata C. moschata 

26o3a 36 .ob 36.8b 

C. lundelliana C. cylindrata 

^5-5° 45o8c 

Superscripts indicate significance at the 1.0 per cent 
level 
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(Castetter 1925) budding of the nucleolus was observed. 

Sorokin (1927) used the process of nucleolar division as a 

criteria that meiosis had been initiated in ranunculus* 

There were also reports by Gates (1908), Levan (1939) and 

Mensenkai (1939) which indicated that budding of the 
* 

nucleolus was really a fusion process. On the basis of 

these reports an experiment was set up to determine if 

budding or fusion of the nucleolus was 'occurring in 

Cucurbita species* 

The method used in this study was to collect a 

series of anthers whose sporogenous cell development ranged 

from pre-leptotene to just prior to the formation of 

"nucleolar bodies" in early prophase. Anther length was 

used as an index of meiotic stage of the sporogenous cells. 

Anthers of three ages (based on the length criterion), 

were selected at each of two collection dates. The small 

sized anthers were approximately 1 mm long for each 

species or hybrid studied while the length of the large 

anther was species dependent and ranged from approximately 

3 mm for C. moachata to approximately 4.5 mm for C_. 

lundelliana. That is the sporogenous cells of a 3 mm 

anther of £. moachata were in approximately the same stage 

of meiosis as those of a 4.5 nun anther of C_. lundellianao 

The medium sized anthers were intermediate in size to the 

extremes for each species or hybrid. The number of cells 

out of 50 with a single nucleolus was determined for each 
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size anther at each sampling date* Two replications were 

made at each date for each anther size. The results were 

based on a mean of the 2 replications* Each collection 

date was considered a trial. The species included in the 

study were C_. moschata, C_. lundelliana, and C. palmata« 

Two hybrids C_0 moschata x C_c lundelliana and (£. moschata 

x Cc lundelliana) x C_. foetidisaima were also included. 

The anthers were collected from single plants for <2. 

lundelliana and the hybrid C_. moschata x £. lundelliana and 

from a single clone for the hybrid (£. moschata x £. 

lundelliana) x £. foetidissima. In the case of £. moschata, 

the anthers were from 3 plants of the cultivar Butternut. 

Two plants of C. palmata were included in this study; the 

anthers were kept separate. The latter species accounted 

for k of the 12 trials while each of the other species or 

hybrid accounted for* 2 of the 12 trials since there were 2 

collection dates for each. 

The results of this study were that in 9 of 12 

trials there were an average of 2 more cells in the small 

sized anther with a single nucleolus than in the medium 

sized anther. In the three exceptions the medium sized 

anther had an average of 1 more cell with a single nucleo

lus. The largest difference was observed between the medium 

and large sized anthers. In 11 of 12 trials there were 

more cells with a single nucleolus in the medium sized 

anther than in the large sized one; conversely, pollen 
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mother cells of the large anthers had more cells with 

multiple nucleoli than the pollen mother cells of medium 

sized anthers* The differences (cells with single nucleoli 

out of 50) were influenced by the species or hybrid and 

ranged from 3 for the species £0 moschata and C_. 

lundelliana to 15 for the hybrid (£. moschata x C_. 

lundelliana) x £. foetidisaima» In the one exception to 

the preceding statements an average of 2 more cells with 

single nucleolus were found in the large sized anther of 

a C. palmata plant than in its medium sized anther* 

In all trials the small anther had 3 to 18 more 

cells out of 50 with a single nucleolus than did the large 

sized anther suggesting that there was a division (budding) 

of the nucleolus rather than a fusion, as the pollen mother 

cells matured. The fact that the largest differences were 

observed between the medium and large sized anther suggests 

the budding of the nucleolus occurred about the time the 

chromatin mass became visible. This was confirmed through 

observation of budding in a large sized anther. 

Stages of nucleolar budding were observed in all 

species and hybrids. The complete sequence is shown for 

the hybrid £. moschata x C_. lundelliana in Figures 12D to 

12H. In Figure 12D is a cell in which the nucleolus had 

begun to bud as indicated by a swelling on the bottom side. 

A cell showing the gradual separation of the new nucleolus 

is evident in Figure 12£» In the cell shown in 12Ft the 
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new nucleolus had formed and then moved away from the 

original nucleolus, Figure 12G. 

In Figure 12H is a cell of C_. palmata in which the 

connection between the parent and new nucleolus can be 

observedo 

A third study was conducted to see if there was 

variation in the number of nucleoli present at prophase 

among plants of a species• In this study all buds were 

collected on the same day and at approximately the same 

time. Care was taken to collect anthers whose PMC were 

similar morphogenically since a previous study had sug

gested the age of the PMC influenced the frequency of cells 

with a single nucleolus. Pollen mother cells in early 

prophase I were stained and the number of cells with a 

single nucleolus counted for 50 cells in each of k replica

tions for each plant. Included in this study were 3 

sibling plants of C_. moschata grown in the greenhouse, 3 

plants (2 siblings and 1 line cross) of £• digitata which 

were grown in the field, and 2 clonal plants of C_. 

palmata, one which was grown in the greenhouse and the 

other in the field. The data were analyzed as a completely 

randomized design. The analysis of variance, means for 

each treatment and their separation by Duncan's Multiple 

Range Test is shown in Table 9. The data indicate there 

were no differences in the nucleoli number among the plants 

of £. moschata. Also there was a significantly greater 



Table 9* Analysis of variance and mean separation to determine if there was 
variation in the frequency of nucleolar budding between plants within 
a species. Data are for the number of cells with a single nucleolus 
out of 50* Statistical design was completely randomized. Means are 
separated with Duncan's Multiple Range Test. 

Analysis of Variance 

Source Degrees freedom Mean square Sum of squares F 

Total plants 31 33H.9 

Treatment 7 3186.9 ^55-3 1 87.5** 

Error 2k 125 5.2 

Mean Separation 

Species Dig.a Dig. Pal. Dig. Pal. Mos. Mos • Mos . 

Plant 3 1 Gli 2 Field 25 26 27 

Mean number 
of cells 
with single 
nucleolus 
out of 50 17.5b 20.0 28.8 33o3 36.2 43.0 43.5 45.3 

aDig. - C. digitata» Pal. - C_. palmata, Mos. - £. ooschata, GH - greenhouse 

^Underlined are not significant at the 1 per cent level 
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number of cells with a single nucleolus in moschata than 

found for any of the plants in C_. palmata or C_» digitata 

which agrees with the results of the first study, Table 8. 

Two plants of C_. digitata were found to have significantly 

fewer cells with a single nucleolus than the third Ĉ . 

digitata plant or either palmata plant. The two plants 

of Co palmata were found to have a significantly different 

number of nucleoli, while the mean of the third £• digitata 

plant was not significantly different from either C_. 

palmata plant. The mean of the third digitata plant and 

the field C. palmata plant were similar to those found in 

the first study. Table 8. 

In conclusion, the above study showed that in <3. 

moschata there was no significant difference among the 

plants in regard to the number of cells out of 50 with a 

single nucleolus in early prophase I. In C. digitata 

significant differences were observed among the plants of 

this species. This might indicate that there was segrega

tion among plants of a species for their ability of the 

nucleolus to bud; however, the data on the clonal plants of 

C_. palmata indicate that significant variation may result 

from apparently non-genetic factors. Thus the cause for 

the significant variation in C. digitata is unknown. It 

could be species variation (including anther size), 

environmental variation or an interaction of factors» 
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A fourth study was conducted on the nucleoli to 

determine if there was any difference in the total nucleo

lar volume in early prophase cells with a single or 2 

nucleoli. Bhatia (1938) and Selim (1930) reported that the 

volume of the single nucleolus was larger than the total 

volume of multiple nucleoli. Olah (1961) and Woods (1937) 

reported no change in total volume regardless of the number 

of nucleoli. 
0 

In this study the volume of each nucleolus in 10 

cells with a single nucleolus and in 10 cells with 2 

nucleoli was determined from measurements of the nucleolar 

diameter. When two nucleoli were present, their combined 

volumes were used in the statistical analysis which was a 

completely randomized design. The species which were 

analyzed separately included £. moschata, C_. palmatat and 

C. foetidissima. The data of this experiment indicated 

that there was no significant difference in total nucleolar 

volume when there were 1 or 2 nucleoli present in the 

species C. moschata, £. foetidisslma or C_. palmata at the 

1 per cent level of significance. At the 5 per cent level 

of significance the total volume of cells with 2 nucleoli 

in C. palmata was greater than when there was a single 

nucleolus. 

"Nucleolar Bodies".--During the course of study in 

the Cucurbita species and hybrids, a phenomenon was 
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observed in prophase I of meiosis in which numerous 

heterochromatin bodies formed on the chromatin strands. 

As meiosis proceeded their number decreased and their size 

increased, possibly as the result of fusion which could 

occur as the chromosomes contract. In early diplotene 

18-24 of these bodies were usually evident. Their size 

and general appearance at this time was very similar to 

that observed for the original nucleolus. On this basis 

they were assigned the name "nucleolar bodies." The 

bodies were observed to disappear by the time the cells 

had reached diplotene stage of meiosis. At this time the 

original nucleolus was also very reduced in size. 

"Nucleolar bodies" were also observed to form 

during interphase and telophase II. The sequence of 

formation was similar to that observed in prophase, 

however, the initial heterochromatin bodies were observed 

to be larger and fewer in number. In this case these 

bodies were observed to fuse until only one large nucleolus 

was present in each nucleus. 

An attempt was made to identify the "nucleolar 

bodies" through the use of differential stains and/or 

specific enzymes. One technique developed by Semmens and 

Bhaduri (19^1) involved the use of the Peulgen reaction and 

the stain light-green. The former reaction will stain DNA 

and thus will stain the chromosomes; the latter will stain 

RNA and thus will stain nucleolar material. When this 
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technique was attempted on Cucurbita species it was found 

that the Feulgen reaction would not take place. Whitaker 

and Bohn (1950) have also attempted the Feulgen technique 

on Cucurbita species without success* In this study, the 

hydrolysis times were varied from 5 minutes to k-l/2 hours 

in IN HC1 at 37 degrees C. It was not possible to stain 

the chromosomes with Schiff's reagent even when anthers 

were kept in the stain for k days. A limited number of 

attempts were made to stain the nucleolus or nucleoli during 

early prophase, interphase and telophase II with the light-

green stain. This test confirmed that the multiple 

nucleoli (originating possibly as the result of fusion of 

the "nucleolar bodies" during interphase, Figures kF to $B 

and telophase II, Figures 6A to 6C) were of nucleolar 

material prior to their fusion into a single nucleolus» 

The methyl-green-pyronin method was also attempted 

as a means of identifying the "nucleolar bodies." It was 

unsuccessful, probably due to impurities in the stains which 

could not be removed by chloroform leaching (Darlington 

and LaCour 1962). 

A third technique to identify the "nucleolar 

bodies" was to treat buds with ribonuclease (RNase) and 

deoxyribonuclease (DNase) prior to staining with Snow's 

carmine (Snow 1963). The technique used was to kill buds 

in Carnoy's solution and then rinse the anthers in dis

tilled water. The anthers were then divided into 3 parts 
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and placed in vials with a phosphate buffer (K^HPO^ and 

KHgPO^) with a pH of 6*9. One vial served as a control, 

the second contained DNase in the concentration of 0.5 

mg/ml and the third had RNase in the concentration of 1*0 

mg/ral. The vials were held at 37 degrees C. for 2 hours* 

The buds were rinsed in water and placed in equal volumes 

of 70 per cent ethyl alcohol. Equal volumes of ferric 

citrate in a k5 per cent acetic acid were then added to 

each vial. After 2 hours the alcohol solution was removed 

and an equal volume of Snow's carmine (Snow 1963) was 

added. After k8 hours squashes were made of the stained 

anthers. 

The chromosomes and the nucleoli of the control 

were stained very well. However, the anthers treated with 

RNase and DNase showed no difference from the control in 

stain intensity, thus no conclusion on the chemical identi

fication of nuclear structures could be drawn. 

Mitosis in Cucurbita Species.--Mitosis was studied 
4 

in the root tips of C_. moschata, C^o digitata, £o palmata, 

and C. foetidissimao This experiment was conducted mainly 

to study the nucleolus (i), hence it was included in this 

sectiono 

Mitosis was initiated with the enlargement of a 

somatic cell. A single large nucleolus and a number of 

heterochromatin granules were typically evident in the 
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cell| Figure 13A. In Figures 13& and C rf cell of C. 

digitata which is in late prophase can be observed. The 

root tips in this case had been treated with an O.k per 

cent aqueous solution of colchicine for 2 hours before they 

were killed and fixed. Forty chromosomes were counted in 

the cell. 

Metaphase was observed to be an unusual stage as 

Frew and Bowen (1930) had reported for the species 

maxima and C_. pepo. At metaphase, the chromosomes were 

observed to line up on a metaphase plate, Figure 13d; 

frequently the nucleolus (i) was also on the metaphase 

plate, Figures 13E and F. In Figure 13E it was centered 

to one side of the metaphase plate and apparently had 

started to divide prior to the chromosomes. In Figure 13F 

two nucleoli were present on the metaphase plate possibly 

as the result of division of a binucleolate cell similar 

to that shown in Figure 13Ao 

A typical anaphase cell is seen in Figure 136* 
1 

Frew and Bowen (1930) stated the nucleolus divided at 

metaphase and moved toward the poles at anaphase but was 

not included in the new nucleus formed at telophase. The 

portion of the nucleolus which moved to the poles was said 

to be influenced by its alignment on the metaphase plate. 

The complete division and movement of the nucleolus was 

not observed in this study, because of the low frequency 

of anaphase cells. 



Figure 13. Early stages of mitosis in root tips of Cucurbita 
species 

A. Cells of £. moschata showing cells at interphase. 
Note presence of two nucleoli in center cell and 
formation of chromatin mass in the cell on the 
extreme right. 

B. Cell of £• digitata in late prophase 

C. Camera lucida drawing of Figure 1JB 

D. Cell of £• moschata in metaphase 

E. Cell of C. moschata in metaphase with a nucleolus 
which wa? dividingat this time 

F. Cell of C_. moschata in metaphase with two 
nucleoli~~present on metaphase plates 

G. Cell of C_. moschata in anaphase 

H. Cell of C. moschata in telophase 

Scale: Horizontal line in each photomicrograph represents 
10 microns. 
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At telophase the chromosomes formed a dark staining 

mass at each pole, Figure 13H<> Cell plate formation was 

observed to begin from the interior of the cell and move 

toward the cell periphery. During late telophase multiple 

nucleoli were observed to form in each new nucleus, Figure 

l(kA. AS the cell matured the nucleoli apparently fused so 

that after cytokinesis had been completed a single nucleolus 

was usually evident in each new cell. Occasionally, as 

seen in Figure 13A, two nucleoli were present while the 

cell was in interphase. 

A clear area immediately adjacent to and surrounding 

the nucleolus was observed in some of the mature somatic 

cells, Figure l^B. Similar observations have been reported 

by Zirkle (1928) in maize, Frew and Bowen (1930) in 

Cucurbita pepo and maximat and by Bailey (1920) in 

various diotyledons. Frew and Bowen believe the regions 

are artifacts, while Zirkle observed them only with acidic 

fixatives 0 Bailey reported the clear areas, halos, 

occurred only in dicotyledons and not in conifers > He 

used an acid killing and fixing solution. Based on these 

reports the exact nature of the clear area around the 

nucleolus is inconclusive0 



Figure Ik. Somatic cells of Cucurbita species 

A. Cell of £. moschata immediately after cytokinesis 
has occurred. . Multiple nucleoli were present at 
this time. 

B. Cell of £. moschata showing clear area surround
ing nucleolus 

Scale: Horizontal line in each photomicrograph represents 
10 microns• 
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DISCUSSION 

Stain Techniques 

Using the alcoholic hydrochloric acid-carmine 

technique (Snow 19&3) was possible to stain and dif

ferentiate the chromosomes in most stages of meiosis if 

iron in the form of ferric citrate was added prior to 

staining. The addition of iron to 'freshly killed buds 

caused a precipitate, apparently as a result of a reaction 

of the iron and a component of the bud tissue. If this 

precipitate was not removed from the vial, the anthers 

stained dark brown and the chromosomes could not be 

differentiated easilyo In order to avoid this effect the 

anthers should be killed and fixed for 2k hours prior to 

staining. By this time the soluble substance had been 

dissolved by the killing solution and could be poured off 

before the iron was added. 

Cytological Aspects of Meiosis in Species and Fertile 
Hybrids 

Meiosis in Cucurbita species and fertile hybrids 

was found to be similar to that described by Passtnore 

(1930) and Castetter (1926). In some cases similar observa

tions, but different interpretations were made. These will 

be pointed out in succeeding paragraphs* 

8 3  
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Passmore (1930) studied prophase I and based his 

interpretation on the spireme theory of chromosome struc

ture which was prevalent at that time<> He observed that 

during leptotene the spireme was doubled; also that it was 

coiled after synizesis. Neither a doubled chromosome 

structure nor obvious coiling was observed in this study 

so the above results could not be confirmed° 

Passmore (1930) reported that just prior to 

synizesis the spireme was beaded and that the beaded 

appearance was lost after synizesis but prior to the time 

when the spireme fragmented. On the basis that the scheme 

presented in Figures ID to 1G is correct, then the non-

beaded stage is out of sequence. 

A camera lucida drawing of the fragmented spireme 

was presented by Passmore (1930) which closely resembled 

the cells seen in Figures 1G to 2A in which "nucleolar 

bodies" are evident. Passmore interpreted the structures 

to be chromosomes while the present study suggested they 

were nucleoli and that the chromosomes were very much 

smaller and difficult to stain at this time. 

Passmore did not report the appearance of diplotene 

cells but did mention a condition just prior to the 

disappearance of the nucleolar membrane where bivalent 

chromosomes were evident along with a number of other 

heterochromatin bodies. Based on his description and 

camera lucida drawing this stage corresponded to the 



mid-diplotene stage observed in Figure 2D. The only-

difference is that Passmore did not observe the nucleolus 

at this stageo However, at this time it is comparatively 

small and may have been misinterpreted as a heterochromatin 

body. 

When the nuclear membrane disappeared Passmore 

(1930) and Castetter (1926) observed a perinuclear region 

and multi-polar spindleso The cells at this time were in 

diakinesis. Neither of these observations were made in 

this study; however, the cytological techniques used by 

these authors differed slightly from those used in the 

current studyo 

Diakinesis was the best stage to study the 

chromosome synapsis* As indicated in Table 5 there is a 

high frequency of bivalent formation in the species and 

fertile interspecific hybrids. Two buds, one in each of 

the interspecific hybrids £. moschata x C. lundelliana and 

£.* digitata x cylindrata were exceptions to this 

statemento In these cases the mean number of bivalents 

dropped from near 20 to approximately 7 and 10 per cell 

respectively. Both of these buds were collected when the 

preceding night temperatures were near 10 degrees C. A 

similar decrease in the number of bivalents was observed 

in the sterile hybrid (_C. moschata x £. lundelliana) x C. 

foetidissima when the buds were collected during the fall 

months, as compared to those collected during the summer 



months. These results seem to suggest cool temperatures 

may decrease chromosome synapsis. A brief review of 

literature indicated that temperature shocks resulted in 

univalent formation in Lillum longiforum (Emsweller and 

Brierly 19^3)» oenothera (Sax 1936) and tradescantia (Sax 

1937). 

Metaphase I and II and anaphase I and 11, reported 

by Castetter and Passmore, were similar to those described 

in the present study= 

The telophase I and II sequence shown in the study, 

Figures 4E-5B and 5H-6B respectively were the same as 

reported by Passmore. Passmore reported the formation of 

nucleolar material on the chromosomes which later fused 

into a single nucleolus. Castetter reported that each 

globule was a split univalent chromosome rather than a 

"nucleolar bodyo" Such an interpretation would not have 

been difficult since the number of globules frequently was 

about 20| the same as the N number of chromosomes. 

Castetter also reported the formation of a distinct 

plate(s) across the spindle mechanism(s) during telophase 

I and IIo This plate soon disappeared and was not observed 

to enter into cell wall formation. It was not observed in 

this study or by Passmoreo 

Microspores were shown to be formed by a simul

taneous quadripartition of pollen mother cells by both 

Passmore (1930) and Castetter (1926). Both reported or 
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indicated in drawings a granulation of the cytoplasm in the 

areas where the intercell walls formed in the pollen mother 

cell* Similar observations were made in this study. 

Castetter did extensive work on cytokinesis and concluded 

it was the result of furrowing which was initiated at the 

periphery of the cell? 

The Nucleolus 

The mode of origin and time of appearance of the 

nucleolus proved to be one of the most interesting and 

challenging aspects of this study * A review of the meiotic 

sequence will show there were three "types" of nucleoli 

observed prior to diplotene in a pollen mother cell. 

Types as used here refers to mode of origin. The pre-

leptotene cell usually contained a single nucleolus. This 

nucleolus was formed in the last mitotic division through 

the fusion of multiple nucleoli which was occurring during 

telophase of mitosis. 

The second "type" of nucleolus was one which 

originated through a budding process. Budding of the 

nucleolus was postulated to occur in Cucurbita species 

based on the experiment in which the number of nucleoli in 

different size anthers was determined. No statistical 

analysis was made on these data, but in every trial which 

consisted of 2 replications of each anther size, the 

smallest anther always had a larger number of cells with a 

I 
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single nucleolus than did the largest anther. The dif

ferences ranged from 3-18 depending on the species or 

hybrid. 

A number of other experiments were conducted to 

learn more about the budded nucleoli* The first was one 

in which the mean number of early prophase cells out of 50 

with a single nucleolus was determined in each of the six 

species* The data indicated that there were significant 

differences among species suggesting that the budding 

process was species dependent* These data were collected 

prior to the time that differences due to anther size or 

plant variations were known. When all the research on the 

nucleolus was completed it seemed remarkable that data with 

as little variation as observed in this experiment could be 

attainedo Apparently the technique of aligning the stained 

buds in increasing size prior to squashing) led to the 

selection of anthers of similar size for a particular 

species. Another factor that tended to decrease the 

variation was that at the time the experiment was con

ducted, there were in many cases, only single plants of 

each species flowering. 

Later an attempt was made to see if there was any 
I 

variation in the frequency of budding among plants within 

a species. Cucurbita moschata was observed to have no 

significant variation among the three plants studied, 

while for £. palmata and C_. digitata variation among plants 
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was found* The plants of £. digitata were slbs or line 

crosses so variation in this case might be expected. The 

2 C. palmata plants were of the same clone and thus would 

be expected to be genetically the same. The latter plants 

were grown in different environments) which may have 

influenced the frequency of budding. A second possibility 

was the anthers were in slightly different stages of 

meiosis even though physically they were the same length; 

length had been used as an index of their morphogenic age. 

This latter statement may also hold for the C_. digitata 

plants which were grown under the same environmento In 

conclusion) these results show that a number of factors 

appear to influence the frequency of budding. 

The latter research placed doubt as to the 

validity of the results found in the former experiment, 

especially since the means of the £. palmata and 

digitata were found to be variable from experiment to 

experiment as well as from plant to plant» On the other 

hand, budding in the species £. moschata and C_. lundelliana 

always occurred rather infrequently and was consistent in 

all experiments. Before any absolute statements can be 

made as to whether the frequency of budding is species 

dependent or whether there is variation among plants within 

species, the experiments should be conducted under a 

constant environment. Suggested treatments would be to 

have plants of the same clone as well as plants from 
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different seed sources or line crosses for a particular 

species• Such a study would minimize all sources of 

variation except for the morphogenic age of the anther 

which still would contribute a significant source. 

Possibly this variable could be reduced if the bud was 

tagged as soon as it is physically feasible* 

An experiment on budded nucleoli was conducted to 

determine if there was a change in total nucleolar volume 

when a nucleolus budded as compared to one which had not 

in the species C^c moschata, C_. foetidissima» and £. palmata. 

The results were inconclusive. There was no significant 

change in total nucleolar volume of the former two species, 

but in the latter species there was a significant dif

ference at the 5 per cent level of significance with the 

total volume of the budded nucleoli being greater. 

There has been some speculation as to why the 

nucleolus buds. Nandi (1937) and Selim (1930) have indi

cated that budding occurred as a result of an increase of 

nucleolar material. Olali (1961) suggested it may occur to 

increase the total surface area of the organ to carry out 

metabolic activity. Both these statements are postulates 

and there is no proof for either. 

The third "type" nucleoli were the ones observed 

to form on the chromatin strands during prophase I, inter

phase and telophase II. During prophase I these "nucleolar 

bodies" were first observed as small globules of 
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heterochromatin material. As the chromosomes contracted 

the size of these globules increased until their maximum 

size was achieved during early diplotene. At this time 

their individual size approached that of the original 

nucleolus and the total number of nucleoli was usually 

between 17 and 2k per cello The initial conclusion was 

that a "nucleolar body" was being formed for each chromo

some as many of the early-diplotene cells had 21-24 

nucleoli at this time* These numbers could be accounted 

for with the initial nucleolus, 1, 2, or 3 nucleoli from 

budding and 20 "nucleolar bodies." This scheme did not 

account for the observations of cells with 17-20 and the 

few cells which had more than 2k nucleoli. Perhaps under 

some conditions fusion of the initial numerous "nucleolar 

bodies" was affected, sometimes stopping short of the usual 

termination point and in other conditions continuing past 

this point. The lower number of nucleoli could also be 

accounted for if some chromosomes did not always produce 

"nucleolar bodies" and budding did not occur. 

There have been a number of reports that indicate 

"nucleolar bodies" or multiple nucleoli occur in other 

species. Dhaduri and Bose (19^7) have indicated that in 

Cucumis sativus and Cucumis melo there are 6 and 10 

nucleoli, respectively, produced during prophase I of 

meiosis. In the former species they have shown there are 

6 satellite chromosomes, the number of satellite chromosomes 

I 
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for Co melo was undetermined. Phillips (19^6) reported 

that in the chamase lily 30 to 50 dark chromatin bodies 

were scattered throughout the nucl'eus but associated with 

chromosomes, and that many of the bodies took place in the 

formation of nucleoli* He observed two large nucleoli and 

later a single nucleolus as the cells developed during 

prophase I. Gates (1908) and Selim (1930) reported the 

formation of small dark bodies on the spireme of oenothera 

and rice respectively. These bodies were reported to be 

small nucleoli and prochromosomes respectively. 

During interphase and late telophase II "nucleolar 

bodies" were again observed to appear first in association 

with chromatin strands and later seemingly free of the 

chromosomes. The number of bodies seemed to average 

slightly less than the N number chromosomes, but a large 

amount of variation, 9-22, was observed. Remembering that 

the "nucleolar bodies" at this stage seem to fuse into a 

single nucleolus it is very possible that a number of the 

counts were made when fusion had already begun; hence cells 

were observed with a low number of "nucleolar bodies." 

Another factor is that the original and budded nucleoli 

were included in the prophase I counts. There is no reason 

to believe that the maximum number of "nucleolar bodies" 

produced at this stage differs from the number observed in 

early diploteneo 
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Hakansson and Levan (19^2) and Morrison and Lin 

(1955) have observed a very similar nucleolar sequence 

during telophase I in Pisum sativum. They observed 0-k 

globules to form on each chromosome. These were reported 

to fuse by Hakansson and Levan (19^2) into a single 

nucleolus. The bodies were not confirmed to be nucleoli 

but based on shape, size and time of appearance it was 

suggested that they may be nucleoli. Pathak (19^0) and 

Levan (1939) have observed the formation of many nucleoli 

during telophase of mitosis in crocus and Allium amplectens 

respectively. These ultimately fused into a constant 

number of nucleoli. 

None of the above reports proved that the 

"nucleolar bodies," heterochromatin bodies, etc. actually 

contained RNA and tfhus would be considered nucleolar 

material. An attempt was made to identify the "nucleolar 

bodies" through the use of differential stains and in one 

technique specific enzymes. The first technique was the 

Feulgen light-green method developed by Semmens and 

Dhaduri (19^1)* This technique met with failure because 

it was impossible to stain the chromosomes with the 

Feulgen stain. The larger nucleoli observed during 

prophase I, interphase and telophase II were stained by 

the light green in limited tests. 

The methyl-green-pyronin method was also tried. 

This technique, developed by Unna Pappenheim (Darlington 



and LaCour 1962) and modified by a number of researchers) 

required the use of pyronin Y and methyl-green, which are 

stains contaminated with other stains* Reportedly these 

contaminates can be removed by chloroform* Ten times the 

suggested volume of chloroform was used without purifying 

either stain* With the contaminating stains present, the 

selective staining nature of the pyronin Y and methyl-

green was lost* 

The third technique utilized carmine stain and the 

enzymes DNase and RNase in an attempt to see if the 

enzymes affected the staining of the structures on which 

they act. No differences in staining could be observed 

between the control and anthers treated with RNase or 

DNase prior to staining. The enzymes used in this study 

were from stock which had been used successfully by 

Hosford (1965) and had since been refrigerated for their 

preservation^ The maximum suggested concentrations, 

1 mg/ml and 0.5 rag/ml of RNase and DNase respectively, and 

the longest suggested hydrolysis, 2 hours at 37 degrees C., 

were used without success (Darlington and LaCour 1963)0 

It was possible the enzyme had become inactive or simply 

that it was unable to penetrate to the nucleus of the 

large pollen mother cells. Either of these reasons could 

cause the observations which were made. 
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Comparison of Meiosis in Sterile Interspecific Hybrids with 
That in the Species and Fertile Hybrids 

The early stages of prophase from leptotene to 

early diplotene were visually identical in the sterile and 

fertile hybrids as well as the species which were studied* 

Chromosome synapsis was not observed in these stages thus 

asynapsis which must have existed in the sterile hybrids 

based on counts at diakinesis could not be used as a 

distinguishing characteristic. 

Nucleolar bodies were observed in all hybrids and 

species studied. Their number and size in the cells of 

the sterile hybrids during early diplotene did not differ 

from those observed in the species and fertile hybrids 

based on the few counts included in Table k. 

The diplotene stage was observed infrequently in 

both the sterile and fertile hybrids and species* In the 

sterile hybrids univalents were common whereas fertile 

hybrids and species the few cells observed had a high 

frequency of bivalentso 

In diakinesis the most obvious difference between 

meiosis in the sterile hybrids and the species and fertile 

hybrids was observed. While almost complete bivalent 

formation was observed for the latter two groupst bivalent 

formation occurred rather infrequently in the sterile 

hybridso For example, in the hybrid C. moschata x C. 

digitata there was an average of 1.8 1.4 bivalents per 
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cell. Such results would indicate there were few homolo

gous chromosomes between these species* The results found 

for the hybrid (£. inoschata x lundelliana) x £. 

foetidissima showed there were a larger number of homolo

gous chromosomes with an average of 6.2 +_ 2.3 bivalent a per 

cell. More will be said about these hybrids when the re

sults of this study are incorporated with the research and 

postulations by Weilung (1959» I960) in a proceeding 

section. 

In contrast to the fertile hybrids and species, a 

distinct metaphase plate was not observed in the sterile 

hybrids. Rather, the univalent chromosomes were scattered 

throughout the spindle apparatus and the bivalents were 

aligned at the metaphase plate. This factor influenced the 

anaphase movement of the chromosomes which in the species 

occurred in distinct groups, while in the sterile hybrids 

it was irregular. Many chromosomes were apparently lost 

during anaphase I in the sterile hybrids and formed 

micronuclei whose presence was observed at telophase I as 

the result of the formation of a nucleolus (i). 

The sequence of steps during telophase I and II 

in the sterile hybrids and species were identical« 

Apparently the loss or addition of chromosomes to the 

telophase nuclei did not prevent them from undergoing the 

normal meiotic sequence of this stage. As in the species, 

globules were formed on the chromosomes which later 
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apparently became free and finally fused into nucleolio In 

the species the fusion continued until there was only one 

nucleolus per nuclei, in the sterile hybrid complete fusion 

did not seem to occur as frequently. This statement is 

based strictly on visual observations and no counts were 

made to prove or disprove the statement. 

Metaphase II in the fertile hybrids and species 

was seen as the formation of two metaphase plates, each 

with an equal number of chromosomes. In the sterile 

hybrids metaphase II was characterized by the formation of 

2-5 metaphase plates with a variable number of chromosomes 

usually aligned on each. Occasionally some of the chromo

somes were scattered away from the metaphase plates. These 
O. t;-

results follow those observed at telophase I in which 

micronuclei formedo As meiosis proceeded a metaphase II 

plate with a variable number of chromosomes resulted from 

each nucleus because of the irregular distribution of 

chromosomes during anaphase I. 

Anaphase II was not observed in the sterile hybrids 

but the movement of chromosomes at this stage would likely 

be similar to that observed in the species if the univalent 

chromosomes did not divide at metaphase I. If they did not 

then the metaphase II division is strictly a mitotic 

division and a group movement of the chromosomes as 

observed in the species would be expected0 The number of 

groups observed would be as variable as the variation in 



98 

the number of metapliase II plates* In many of the metaphase 

II cellst univalents were observed scattered away from the 

metaphase plates* This suggests that possibly some of the 

univalent chromosomes had divided at metaphase I and had 

precociously left the metaphAse II plate* 

As previously mentioned, the sequence of stages 

in telophase II of the sterile hybrids was as observed in 

the species and fertile hybrids. In contrast to the latter 

two, a spore quartet was not usually formed in the sterile 

hybrids* Rather, microcytes of variable number, two to 10, 

were observed in each "spore quarteto" The frequency of a 

particular number of inicrocytes per pollen mother cell was 

found to be similar to that expected based on the forma

tion of micronuclei at telophase I or metaphase II plates* 

For example, in the hybrid (C_. moschata x £* lundelliana) 

x C* foetidissima approximately 48 per cent of the PMC had 

had 2 nuclei at telophase I approximately JO per cent of 

the PMC had 2 metaphase II plates, and approximately jk 

per cent of the PMC had k microcytes. These data simply 

point out that there was a general agreement in frequency 

of expected products from telophase I to the formation of 

microcyteso 

In approximately 20 per cent of the pollen mother 

cells of the sterile hybrids an odd number of microcytes 

were formed. This might seem impossible since the second 

division of meiosis is mitotic, however, in a number of 
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cells situations were observed similar to that shown in 

Figure lOCo In this cell the two spindle mechanisms have 

a common pole. The result is that the chromosomes from 

two metaphase II plates can he included in a single 

microcyte. Similar situations would then result in the 

formation of odd numbers of microcytes in a pollen mother 

cell • 

The microcytes were observed to undergo a develop

mental process very similar to the microspores in the 

species or fertile hybrids until the anther approached 

dehiscence. Just prior to the time the anther changed from 

green to yellow color the microcytes were observed to begin 

to shrivel. At the time the anther was to dehiscet the 

microcytes all were shriveled and seemed devoid of contents. 

Dehiscence was not observed in the sterile hybridst 

apparently as the result of prior disintegration of the 

microcytes. 

In conclusion, the sterility which exists in the 

sterile hybrids is the result of partial and sometimes 

complete chromosome asynapsis. The breakdown was first 

observed at diplotene but most likely occurred during 

zygotene when chromosome synapsis was initiated. The 

failure may be the result of non-homologous genomes as 

postulated by Weilung (1959» 19^0) or could be under 

genetic control as observed in Lampbrecht (cited in 

Weilung) for Phaseolus and Chrysanthemum hybrids. Even 

I 
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though aaynapsis does occur, the meiotic sequence did not 

break down, but continued to form the microcytes which 

disintegrated prior to dehiscence, probably because of 

their lack of a complete genome. 

Taxonomic Relationships of Selected Cucurbita Species as 
Revealed by Cytological Studies 

The material presented in this section will be a 

discussion of possible taxonomic relationships based on 

present cytological knowledge of Cucurbita species and will 

include the work of Weilung (1959» i960) who has theorized 

Cucurbita species as secondary polyploids• 

The study of the interspecific hybrids among the 

xerophytic species £. cylindrata« £. digitata and C. 

palmata indicated that the chromosomes of these species had 

a high degree of homology. This was shown in the present 

cytological study of the six possible hybrids among these 

species i» which the frequency of bivalent formation was 

similar to that observed for the species. Further evidence 

is provided by the fact that all the hybrids have been 

successfully selfed and backcrossed to either parent 

(Bemis 19&5)• One exception to the apparent high degree 

of chromosome homology among these species was found when 

a bud of the hybrid C_. digitata x cylindrata was 

collected preceding a night temperature of about 10 

degrees C. Nine diakinesis cells of this bud were counted 

and a mean of approximately 10 bivalents per cell observed 
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with the rest of the chromosomes being univalents. This 

result suggests that all chromosomes of £. cylindrata are 

not completely homologous with those of <C. digitata. 

The apparent chromosome homology of the xerophytic 

species would indicate that when each is crossed with £• 

moschata there would be a similar degree of chromosome 

synapsis as observed for the C, moschata x C_o digijtatiia 

This is especially true for C_. palmata which has been 

successfully crossed with £. moschata (Demis and Nelson 

1963). There is some evidence presented in the second 

paragraph of this section that C_. cylindrata may not be 

completely homologous to the other two species of the 

complex. The fact that successful crosses of this species 

with C. moschata have not been made, whereas they have for 

the other two species is further evidence £. cylindrata may 

be slightly different from the other members of this 

complex. 

Weilung (1959) theorized that Cucurbita species 

were secondary polyploids. His evidence was based on the 

fact that he observed multivalent formations other than 

bivalents in the species pepo and the report of Hayase 

(cited in Weilung 1959) who observed occasional bivalent 

formation in a haploid plant of C_. maxima. Such observa

tions indicated that there was a degree of homology within 

the genome of this species. His second evidence was the 

knowledge that there were members of the Cucurbitaceae 
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family with an N number of ̂ chromosomes as low as 7 which 

could provide a base to form new polyploid species. This 

suggestion has also been made by Bhaduri and Bose (19^7)• 

The third source of evidence came from his cytological 

studies of interspecific hybrids. 

Weilung (1959) studied interspecific hybrids among 

the species £• moschata, mixta, C_. pepot £. maxima, and 

—• ficlfoli0» The hybrids among the first four species 

were found to have more than 10 bivalents per PMC. The 

actual average was species dependent but in most cases 

there were l4 or more bivalents per PMC. On the basis of 

these results these species were assumed to have the same 

two genomes. The fact that bivalent•formation was not 

complete was postulated to be due to chromosomal changes 

within the genomes or possibly genetic factors affecting 
4 

chromosome synapsis. In order to characterize chromosomal 

structural differences which existed between species with 

the same genomes as the result of evolutionary changes, 

Weilung (1939) recommended using species abbreviations as 

superscripts to the genome formula. For example the 

exact genome formula of C_. pepo was designated A^e A^B*16 

bp®. 

In the cross of the above species with C. ficifolia 

an average of 6-8 bivalents per PMC was observed depending 

on the other species in the cross. Weilung assigned £. 

ficifolia the genomes A and Ct since less than half the 
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chromosomes in these hybrids had synapsed* He felt the low 

frequency of bivalent formation indicated C_. ficifolia had 

only one genome in common with each of the other cultivated 

species• 

Cucurbita lundelliana was assigned the genomes A 

and W by Weilung (1959) on the basis of the work of 

Whitaker (1956) who found this hybrid could cross with both 

C. ficifolia and those species which had been assigned the 

A and B genomes* The chromosomes in genome W were postu

lated to be capable of synapsing with those in B and C 

genomes ° 

Weilung ( i 9 6 0 )  studied the hybrid moschata x 

foetidissima and found that the frequency of bivalent 

formation averaged 11 per cell* This species was also 

assigned the A and B genomes since more than half of the 

chromosomes synapsed in an average cell. Weilung recognized 

this species was an extreme member of the AB group since it 

had obvious morphological and physiological characteristics 

which were vastly different than all other presently known 

members of the group* 

How do the present results fit into this scheme? 
4 

The hybrid £* moschata x C_. lundelliana, according to 

Weilung's interpretation, should have fairly high frequency 

of bivalent since each of these species have a common 

genome, A, and the chromosomes their second genome B and W 

respectively were theorized to be capable of synapsis* The 
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results presented in Table k show that bivalent formation 

was common although not as frequent as found in either 

species* The frequency of bivalent formation aaemed to be 

affected by temperature, when night temperatures were near 

10 degrees C. asynapsis occurred* The observation of 

asynapsis under an adverse environment showed that the 

chromosomes of these species were not completely homologous, 

thus as was proposed by Weilung, these species may have a 

common genome A while the chromosomes of their B and W 

genomes respectively are capable of synapsing only under 

ideal conditions. 

When the above hybrid was crossed with C. 

foetidissima a mean of 6.2 _+ 2.3 bivalents was observed. 

This figure is less than Weilung (i960) observed for the 

<S. moschata x £. foetidissima hybrid although the results 

cure not unexpected since C. lundelliana was observed to 

cause a reduction in bivalent formation in the C. moschata 

hybrid. 

In the hybrid £. moschata x £. digitata there 

appears very little homology of chromosomes since an 

average of 1.8 _+ 1<>4 bivalents wore observed in each cell. 

Following Weilung1s scheme of a common A genome, 

digitata would then have the genomes A and D. The relation 

of the A genome of £. digitata to the A genome of C. 

moschata is obviously very slight and possibly non-existent 

to the A genomes of other species presently assigned this 
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genome. Interspecific hybrids between C_. digitata and some 

of the other A genome species have met in failure (Bemis 

and Nelson 1963)* 

If C. digitata is assigned the genomes A and D, 

then the genomes of £. palmata and possibly cylindrata 

are also likely to be A and D on the basis of previously 

presented cytological studies among these species and their 

hybrids. There is some scant evidence which would indicate 

that perhaps the genomes of cylindrata are D and E. The 

chromosomes of genome E under normal conditions would 

completely synapse with those of the A genome in 

digitata and C_. palmata. The evidence is that to date in 

15 crosses of C_. cylindrata with £. moschata no embryos 

have been attained whereas they have been attained for the 

other two species of the complex in a similar number of 

crosses. Second, there were a few less PMC with 20 

bivalents in hybrids in which cylindrata was a maternal 

parent as compared to most other interspecific hybrids 

among the species of this xerophytic complex. Third, the 

observation that under cool conditions bivalent formation 

in the hybrid C_. digitata x £. cylindrata approximated 10 

bivalents per cell indicated that possibly all the chromo

somes of these species are not homologous. Admittedly the 

evidence in each case is weak, but all of it gives a 

similar indication, which could fit the scheme that 

Cucurbita species are secondary polyploids and that one 
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genome of C. cyllndrata differs slightly from one found in 

the other xerophytic species* 



SUMMARY 

Microsporogenesis was studied and illustrated by 

photomicrographs in Cucurbita moschajta, £. lundellianat 

foetidissimat £. cylindratat £. digitata and Ct palmata and 

in the fertile interspecific hybrids among the latter three 

species and also the hybrid moschata x C_. lundelliana. 

Snow's alcoholic hydrochloric acid-carmine stain was used 

for this material* 

1. The study confirmed tjll species had 40 chromosomes 

(N c 20) -which were usually observed as tight 

bivalents at diakinesis. Occasionally at 

diakinesis univalents, trivalents, and quadrivalents 

were present. Asynapsis occurred in pollen mother 

cells (PMC) of hybrids C_. moschata x C_. lundelliana 

and digitata x £. cylindrata in buds collected 

following a night temperature of near 10 degrees C. 

2. Three "types" of nucleoli, based on mode of origin, 

were found in the pollen mother cells* The first 

"type" originated at the last mitotic division 

through the fusion of multiple telophase nucleoli. 

These nucleoli were observed to bud during early 

prophase, thus giving rise to a second "type" 

nucleolus. There was some evidence that showed the 
4 

frequency of budding may be species dependent. A 
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third "type" of nucleoli, "nucleolar bodies," were 

observed to form on the chromosomes during mid-

prophase I, interphase and telophase II as 

heterochromatin bodies. During prophase I the 

initial bodies were small but increased in size and 

decreased in number until early diplotene. At this 

time the number roughly approximated the N number 

of chromosomes and their size and shape were similar 

to the "type" 1 nucleolus* At diplotene only the 

"type" 1 nucleolus was evident. At interphase and 

telophase II the "nucleolar bodies" underwent a 

sequence similar to prophase If however, in this 

case they seemed to fuse until there was only a 

single nucleolus in each cell* 

3* Metaphase I and II were characterized by the 

alignment of chromosomes to form distinct metaphase 

plates, and anaphase I and II by movement of the 

chromosomes in groups toward the poles* 

4. Cytokinesis took place at telophase II. 

Microsporogenesis was also studied in the sterile 

interspecific hybrids (£. moschata x £. lundelliana) x £. 

foetidissima and C_. moschata x C_. digitata. 

1. The early stages of prophase and formation of 

nucleoli were similar to that observed in the 

species and fertile hybrids. In the hybrid (C. 
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moschata x lundelliana) x £. foetidiasima there 

were 6.2 2.3 bivalents per PMC based on 87 

counts* In the hybrid £. moschata x £. digitata 

there were 1*8 _+ 1.4 bivalents per cell based on 

63 counts* 

2. The large number of univalents resulted in irregular 

metaphase I and anaphase I stages since the uni

valents were widely scattered in the spindle 

mechanism* 

3* Micronuclei were observed at telophase I. 

k. The steps of nucleolar formation at interphase and 

telophase II were as observed in the species and 

fertile hybrids. 

5. Two to 5 metaphase plates which had had a variable 

number of chromosomes were observed at metaphase 

II. 

6. Two to 10 microcytes were observed in each spore 

quartet. These continued to develop until the 

anther neared dehisence at which time they 

shriveled and were never shed. 

Based on the cytological results, evidence was 

presented supporting Weilung's postulate that Cucurbita 

species are natural polyploids. 

Colchicine was applied to the selected species and 

hybrids in various concentrations and in various methodso 



Success was limited to the production of 1 polyploid C. 

moschata plant (see Appendix). 



APPENDIX 



Colchicine Studies 

Eigsti and Dustin (1957) have stated that in order 

to successfully produce amphidiploids with colchicine the 

sterile F^ hybrids must be vegetatively vigorous and there 

should be a low frequency of bivalent formation. The 

interspecific hybrids of the current study fulfilled the 

criteria suggested by Eigsti and Dustin (1957) except that 

F^ seedlings were very weak and hence could not be treated. 

All treatments applied tp vigorous established plants were 

unsuccessful. 

The treatments included 0.2, 0.4, 0.6 and 1.0 per 

cent aqueous solutions of colchicine which were applied to 

the apical meristems of shoots for various lengths of time, 

8, 24, 50 hours on each of the sterile hybrids. Three to 

5 shoots were included in each treatment combination. 

Colchicine was also applied to the apical meristems in the 

form of a lanolin paste in the concentrations of 0.2, 0.4 a 

and 0.6 per cent. Most of the treated shoots died. The 

shoots that did not die exhibited an abnormal growth habit 

for 2 to 3 weeks after which growth was again normal. The 

abnormal growth was characterized by thickened, wrinkled 

leaves, shortened internodes and brittle stems. 

The second approach to establish amphidiploids was 
4 

an attempt to form tetraploid lines which ultimately would 
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be crossed to form Interspecific hybrids. This method has 

been used successfully by Brewbaker and Keim (1933) on 

Trifolium repens and T. nigrescens. This method of 

approach is more involved since tetraploid lines must be 

established in two species instead of a single hybrid, but 

it offers the advantage that large numbers of seedling 

plants can be treated. 

Two methods were used in an attempt to form 

tetraploid lines particularly of C_. moschata and to a 

lesser extent £. palmata, £. digitata and C. foetidissima. 

In the first method colchicine in a lanolin paste was 

applied to seedling plants on which the cotyledons had just 

opened. On C>. moschata plants all concentrations 0.2, 0.4, 

and 0.6 per cent caused distortion of the first true leaves, 

the severity of distortion was related to concentration. 

Out of over 100 £. moschata plants treated in this manner 

only 2 plants, both treated with the 0.4 per cent concentra

tion were suspected to be polyploido The basis of suspicion 

was that the mean pollen size of these plants was 1-1/2 

times larger than diploid pollen. These plants initially 

were weak and one was lost. The other was confirmed 

cytologically to be polyploid, probably tetraploid. No 

visual changes could be observed on the plants of other 

species and they have not been checked cytologically at 

this date. 



I l k  

The lanolin paste method offered the advantage that 

a large number of plants can be treated with a small amount 

of colchicine. Its main disadvantage that the length of 

time the colchicine is in contact with the plant cannot be 

controlled. 

The second method was to treat seedlings with 

aqueous solutions of colchicine as reported by Pearson 

et al. (1951) and Whitaker and Bohn (1950a). This method 

offers the disadvantage that it requires relatively large 

amounts of colchicine to treat a comparatively small number 

of plants as compared to the lanolin paste method. Its 

advantage is that the length of colchicine contact with the 

meristem can be closely controlled. The main disadvantage 

was overcome by making a stand which could hold pots as 

well as 15 tnl vials. One of two seedlings per pot could be 

inserted upside down into each vial. Using this apparatus, 

20 pots of seedlings could be treated with about 250 ml of 

colchicine solution. In the present study the seedlings 

were first placed in the colchicine solution for 48 hours 

at a day temperature of over 32 degrees C. All these plants 

died soon after removal from the colchicine solution. Most 

of the cells of the cotyledons were a greenish-brown at the 

time they were taken out indicating they were probably dead 

at this time. Subsequently a few plants were treated at 

these temperatures for 24 hours with less adverse effects 0 
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After the death of the Initial plants the apparatus 

was moved to a greenhouse with a day temperature of 

approximately 27 degrees C. and the seedlings treated for 

36 and 50 hours* Seedlings of £. moschata and 

foetidissima as well as a few of C_. digitata were treated 

under these conditions• A severe distortion of the 4-5 

true leaves of £. moschata was observed while there was 

little effect on the plants of other species. These plants 

are presently in the greenhouse and will be studied 

cytologically to determine their ploidy level. Tetraploid 

plants will be used to establish tetraploid lines. 

The aqueous treatment of Cucurbita seedlings seemed 

to be the best technique based on the success of Whitaker 

and Bohn (1950a)'and Pearson et al. (I95l)» a*id the lack of 

success with other methods used in the current study. With 

the present apparatus up to kO seedlings can be treated 

every k8 hours. Thus, for future study, this method is 

suggested. Stronger aqueous solutions of colchicine than 

0.4 per cent may be required to treat the xerophytic 

species as their growth did not seem to be affected by the 

above concentrations. This method may also be adaptable to 

treating rooted cuttings of the sterile hybrids. It offers 

the advantage that all apical meristems of the cutting can 

simultaneously be immersed; thus any apical growth that 

occurs would do so in the presence of the colchicine 

solution. 



Figure 15. Miscellaneous stages in pollen mother cells of 
Cucurbita species 

A. Cell of lundelliana showing trivalent and 
univalenT (arrow) chromosomes 

B. Cell of cylindrata x C. digitata showing a 
quadrivalent chromosome Tarrow) 

C. and D« Intermediate stages in the phenomenon of 
"dyad formation." Cell is of C_. moschata x 
digitata» 

E. Cell of C>. moschata x £. digitata showing 
attachment of chromosome to budded nucleolus 

Scale: Horizontal line in each photomicrograph represents 
10 microns o 
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Table 10. Diakinesis configurations of species and fertile hybrids listed under 
the column other in Table 5» Arabic number is the number of cells, 
numerals in brackets indicate the configurations) I, refers to a 
univalent, II refers to a bivalent, etc* 

Species or 
interspecific 
hybrid Diakinesis Configurations 

C. lundelliana I(l8ll 1III 11) 1(1711 2III) 

C. cylindrata 1(l4ll 1XII) 

C. palmata l(l6ll 1VIII) -

C. digitata 1(1711 IIV 21) 

Mos. x Lund. 1(1711 2III) 
1(16 1III 41) 
1(811 IIV 201)* 
1(511 301)' 

1(1711 61) 
1(1711 IIV 21) 
1(1111 181)• 
l(3H 2111 281 )• 

1(1611 4i mi) 
2(611 281)* 
1(1111 18D* 

Dig. x Cyl. 1(1711 6l) 
l(l8ll 41) 
1(511 301)• 
1(1011 201)• 
l(l4ll 121)* 

l(l8ll nil I) 
1(311 liv 301)* 
2(611 281)• 
1(1111 181)• 
l(l8ll 41)* 

1(1611 IIV 4l) 
1(1111 181)* 
1(911 221)* 
2(1211 l6l)• 

Cyl. x Pal. 3(1411 121) 1(1311 l4l) 1(1211 l6l) 

* Buds collected proceeding a minimum night temperature of approximately 10 degrees 
c .  

** Abbreviations for species studied. mos. - moschata, lund. - C. lundelliana, 
dig. - £. digitata, cyl. - £. cylindrata, pal. - C_e palmata ~~ 
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