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ABSTRACT 

Cucumis melo L., a member of the family Cu-

curbitaceae, is of unknown origin but is thought to be 

indigenous to the tropical and subtropical regions of 

Africa, and has been introduced relatively recently into 

Asia, In Asia, melo. quickly produced a large number 

of diverse forms. Cucumis melo var. reticulatus was 

chosen for a cytological investigation of microsporogenesis 

in the diploid, triploid and tetraploid. Due to technical 

difficulties, the amount of cytological research on this 

species has been limited. However, Groff (1966) found in 

his investigation of Cucurbita that Snow's alcoholic hydro

chloric acid-carmine stain with iron added was satisfactory 

for staining chromosomes. Snow's stain was also used in 

this study with satisfactory results. 

Most stages of microsporogenesis were observed to 

be similar in the diploid, triploid and tetraploid. Except 

for zygonema which was not observed in the triploid or 

tetraploid, all of the classical stages of prophase I were 

found in the three ploidy levels. Coalescing of nucleoli 

was found at all ploidy levels principally during pachynema. 

Two dark staining heterochromatic bodies were also observed 

in the diploid, with two or more observed in the triploid 

ix 



and tetraploid during pachynema. The formation of "nuc

leolar bodies" was observed during diplonema only in the 

diploid and tetraploid; then in late diplonema or early 

diakinesis the nucleoli apparently coalesce and dissipate 

simultaneously. Karyotyping of the chromosomes was not 

possible in the diploid since no consistent size or shape 

differences could be found. Variation in size of chromo

somes seems to be due to their configuration. Most of the 

chromosomes of the three ploidy levels in diakinesis or 

metaphase had at least one chiasma in each arm. Occasion

ally, a rod shaped bivalent with only a single terminal 

chiasma was observed in the diploid. In metaphase I and 

II the chromosomes were aligned on the metaphase plates and 

in anaphase I and II groups of chromosomes and chromatids 

migrated to the poles, respectively in all three ploidy 

levels. Two pairs of chromosomes with satellites were 

observed in this study. Dark staining areas were observed 

in the cytoplasm of both telophase I and II in the diploid, 

triploid and tetraploid. During interphase and telophase 

II nucleoli formed on the chromosomes in all three ploidy 

levels, became angular then coalesced into one or more 

large nucleoli per nucleus. 

Cytokinesis, by invagination around the periphery 

of the pollen mother cell and by furrowing within, was ob

served in the triploid and tetraploid in telophase II. 
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Micjronuclei were observed only in tripioid and tetraploid 

quartets. Pollen grain abortion was highest in the tripioid 

because of an apparently higher frequency of aneuploidy. 

Abortion of pollen grains was much lower in the tetraploid 

and still less in the diploid. Since pollen grain size was 

found to be significantly different in the diploid and 

tetraploid, it could be used as an indicator of these 

ploidy levels. 



INTRODUCTION 

Cucumis L., an important genus in the family 

Cucurbitaceae, includes two commonly cultivated and ec

onomically important species: Cucumis melo L. is a melon 

with a diverse number of forms in both the wild and cul

tivated state, and Cucumis sativus L. is the cucumber. 

Eighteen species are recognized within the genus (Meeuse, 

1962). 

Whitaker and Bohn (1950) report it is very difficult 

to cytologically study species of the Cucurbitaceae family. 

Because of these difficulties cytological studies of the 

genus Cucumis have been rather limited. 

Whitaker (1930) reported that the variable number 

of chromosomes in the genus Cucumis is not formed by poly

ploidy or by non disjunction of one of the bivalents. 

Bhaduri and Bose (1947) suggest that fragmentation at 

secondary constrictions of chromosomes of C. sativus or 

a closely related species is the explanation for the 12 

pairs of chromosomes in C. melo. Bhaduri and Bose (1947) 

report only one pair of chromosomes with distinct satellites 

as did Ervin (1939, 1941). 

Shimotsuma (1965) studied the chromosome number of 

16 Cucumis species and reported natural polyploidy within 



the genus. He found the 2N chromosome number to be 14 for 

C. satiyus, 24 for 13 species including Cy melo, and 48 for 

two species C, ficifolius and C. heptadactylus. 

Whitaker and Davis in 1962 reported that a wide 

sampling of cultivars and botanical subspecies of C. melo 

revealed a regular meiosis with 12 pairs of chromosomes, 

Also, Whitaker (1930) , Passmore (1930) , and Afify (1944) 

found no distinct individual differences in the chromosomes. 

Despite these reports, in 1965 Chandola, Bhatnagar and 

Tokuta in studying only ten cultivars of C. melo reported 

finding aneuploidy. Eight of the cultivars studied had 

24 chromosomes each, with two aneuploid cultivars: one 

having 20 and the other 22 chromosomes. They also reported 

size differences of chromosomes within and between varieties. 

Batra (1952) examined meiosis in induced tetraploid 

C. melo and he found from 6 to 12 quadrivalents with occa

sional trivalents and univalents at diakinesis and metaphase 

I in the tetraploid. Furusato and Tanaka (1952) reported 

the chromosome configurations of 11 pollen mother cells 

(PMC) at the first maturation division and found three PMC 

with only one quadrivalent and three PMC with three quad

rivalents. 

It was the purpose of this study to undertake a 

detailed cytological investigation of microsporogenesis 

in the diploid, triploid and tetraploid levels of C. melo. 

Photomicrographs were used to illustrate the sequence of 



microsporogenesis in the diploid and to show Flavor differ

ences and irregularities existing in the other two ploidy 

levels compared with the diploid. Of special interest in 

the diploid were the nucleoli and satellited chromosomes. 

In the triploid the chromosome assortments at metaphase I 

were compared with the expected frequency of aneuploid 

pollen and aborted pollen. In the tetraploid special 

attention was given to diakinesis and metaphase I configura

tions and their relation to development of pollen grains. 



REVIEW OF LITERATURE 

Taxonomy of Cucumis melo L. 

The origin of Cucumis melo L. is not definitely 

known. The non-cultivated species of Cucumis are in

digenous, however, to the tropical and subtropical regions 

of Africa. Cucumis melo is thought to have been introduced 

relatively recently into Asia where secondary centers of 

origin became well developed. Secondary centers of 

origin for this species are in India, Persia, Southern 

Russia, and China (Whitaker and Davis, 1962). No Sanskrit 

name is known for C. melo but the later Tamil culture had 

a name for its fruit. 

It is thought that after being introduced into 

Asia, the species under the care of man very quickly pro

duced the large number of diverse forms found in this 

species (Whitaker and Davis, 1962). 

The position of the genus Cucumis in the Cucur-

bitaceae family is as follows according to Jeffrey (1964): 

Family Cucurbitaceae 
Subfamily Cucurbitoideae 
Tribe Melothrieae 
Subtribe Melothriinae 
Genus Cucumis 

The genus Cucumis L. has been taxonomically char

acterized by Whitaker and Davis (1962:38) as follows: 

4 
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Monoecious rarely andromonoecious or dioecious 
annual or perennial trailing herbs; staminate 
flowers in clusters, rarely solitary; pistillate 
flowers clustered or occasionally solitary; corolla 
rotate, five parted; stamens three, free; pistil 
with three to five placentae and an equal number of 
stigmas; fruits usually (but not always) fleshy, in-
dehiscent, globular, pubescent or echinate; seeds 
numerous. 

Cogniaux and Harms (1924) recognized 38 species in 

the Cucumis genus. Meeuse (1962), through a study of field 

and herbarium material, has reduced the number of species 

to 18. 

In 1753 a taxonomic description of C. melo was first 

made by Linneaus, The taxonomic characteristics of C. melo 

were described by Whitaker and Davis (1962:41) to be as 

follows: 

A polymorphic species: flowers staminate, 
pistillate or perfect; vines monoecious, or andro
monoecious; stems soft-hairy to glabrous, striate 
or angled; leaves orbicular of ovate to reniform, 
usually five-angled, sometimes shallowly three to 
seven lobed, hairy or somewhat scabrous, 3-5 in. 
across; flowers 0.5-1.0 in. across, the staminate 
clustered, the pistillate solitary, on short stout 
pedicels; fruits exhibiting tremendous variation 
in size, shape, and external appearance, being 
smooth or sutured, netted, or partially netted, at 
maturity usually yellow, yellow-brown, or green
ish-yellow; seeds oval or flattish, 5-15 mm long. 

•« 

The C. melo species consists of many diverse forms 

which has been divided into botanical species, subspecies, 

varieties, and other groupings by different investigators. 

Since all of these forms readily hybridize and intermediate 
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forms exist, the soundness of such groupings is questioned 

(Whitaker and Davis, 1962). 

The following classification of varietal forms of 

C. melo by Naudin (1859), as cited by Whitaker and Davis 

(1962:42), has persisted and is considered the most useful. 

With the exception of the description of C, melo var.reticu-

latus all other varietal descriptions have been shortened. 

1. C. melo var. cantaloupensi s Naud. (True 
Cantaloupes). The fruits are rough, warty, 
or scaly; grown predominantly in Europe. 

2. C. melo var. inodorous Naud. (Winter Melons, 
White-skinned Melons). The fruits are smooth 
or corrugated; they ripen late and store well. 

3. C. melo var. flexuosus Naud. (Snake Melon, 
Serpent Melon). Slender long fruits; when 
immature may be used as cucumbers. 

4. C. melo var. conomon Mak. (Oriental Pickling 
Melon). Fruits small, oblong, smooth, soft; 
flesh white and mushy at maturity. 

5. C. melo var. chito Naud. (Mango Melon, Garden 
Lemon). Fruits small, smooth, mottled; flesh 
with an acid flavor. 

6. G. melo var. dudaim Naud. (Pomegranate Melon, 
Queen Anne's Pocket Melon). Fruits small, 
globular, pubescent at maturity, with a mild, 
musky odor. 

7. C. melo var. reticulatus Naud. (Netted or 
Nutmeg Muskmelons). The fruit is medium in 
size, its surface netted, with shallow sutures; 
flesh green to deep salmon-orange in color. 
This includes nearly all of the cultivars 
grown commercially in the United States, 
e.g., the so-called "Cantaloupes," Persians, 
etc. 

Cytological Studies of Cucumis melo L. 

The chromosome number of diploid Cucumis melo L. 

had been reported to be 12 pairs for all cultivars and sub

species studied in this polymorphic species until 1965. 



Chandola, Bhatnagar and Tokuta in 1965 reported finding, 

from studies of ten varieties, eight with 24 chromosomes, 

one with 20 chromosomes and another with 22. These two 

aneuploid varieties were the first varieties reported for 

C, melo with a 2N number other than 24. Also in 1965 

Shimotsuma reported two Cucumis species as having 48 

chromosomes each thus being tetraploid. This was the 

first report of natural polyploidy within the genus. 

Table 1 contains a list of authors who have reported 

chromosome counts for C. melo. Some of the counts were of 

induced tetraploid C. melo and these counts are in brackets. 

Only six reports have been found on the study of 

microsporogenesis or aspects thereof in C. melo. Of these 

studies only Passmore's (1930) is more than fragmentary. 

Whitaker (1930), Afify (1944), Bhaduri and Bose (1947), 

and Chandola, Bhatnagar and Tokuta (1965) have studied 

only certain aspects of microsporogenesis. Batra (1952) 

partially studied microsporogenesis in tetraploid C. melo. 

According to Whitaker and Bohn (1950) it is very 

difficult to cytologically study species of the Cucurbitaceae 

family. Smears using aceto-carmine, acetoorcein or the 

Peulgen technique were found unsuccessful. Reasons given 

for the difficulty in making good smear preparations were 
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Table 1. Chromosome counts of Cucumis melo L. 

Numbers in brackets refer to induced tetraploids. 

Authors 2N Numbers 

Kozukhov (1925, 1930) 24 

McKay (1930, 1931) . 24 

Passmore (1930) 24 

Whitaker (1930, 1933) 24 

Yamaha and Suematsu (1936) 24 

Ervin (1939, 1941) 24 

Arenkova (1940) 24 and [48] 

Afify (1944) 24 

Bhaduri and Bose (1947) 24 

Batra (1952) 24 and [48] 

Furusato and Tanaka (1952) 24 and [48] 

Kubicki (1962) [48] 

Chandola, Bhatnagar and 
Tokuta (1965) 

20, 
24 

22 and 

Shimotsuma (1965) 24 



(1) poor differentiation between chromosomes and cytoplasm, 

(2) the pollen mother cells have a tendency to remain to

gether in tissue-like masses and (3) the chromosomes are 

comparatively small, numerous, and closely grouped during 

meiosis. Whitaker and Bohn (1950) reported a staining 

procedure for making satisfactory smears of species in the 

Cucurbitaceae, 

The first and most complete study of microsporo

genesis in diploid C. melo was by Passmore (1930), in which 

she embedded staminate buds in paraffin and studied sec

tions stained with Heidenhain's iron-alum haematoxylin. 

However, microsporogenesis of C. melo was not reported in 

detail. Passmore's main contribution was a description of 

microsporogenesis in Cucurbita pepo and she studied only 

chief differences in other species of the family Cu

curbitaceae, including C. melo. This leaves some question 

as to the details of microsporogenesis which were observed 

in C. melo. Passmore reported that the leptonema chromo

somes of Cucurbita pepo showed apparent pairing but was 

unable to determine if it was significant or merely acci

dental. Classical stages of prophase and the other stages 

of microsporogenesis are illustrated with camera lucida 

drawings for Cucurbita pepo with no mention of differences 

for diploid C. melo except that at diakinesis no dark 

staining granules were present as in Cucurbita pepo. The 
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first illustration of C. melo is at diakinesis and a nu

cleolus is shown with 12 bivalent chromosomes. Passmore 

reported no evidence of lagging chromosomes at anaphase I. 

After anaphase I Passmore observed in Cucurbita pepo that 

several nucleoli were formed during interphase with usually 

only one being present in a nucleus at the end of the first 

division. She also found that metaphase II spindles were 

parallel or occupied other planes and in the formation of 

microspores guadripartitioning of the pollen mother cells 

was usually found to take place simultaneously. These 

observations are considered important enough that they 

would have been mentioned if different in C. melo. 

Whitaker (1930) stated that meiosis occurred in 

C. melo in the usual manner with no irregularities being 

observed. No distinct individual differences were found 

in the chromosomes of C. melo. Only one camera lucida 

drawing is included which is a polar view of metaphase I. 

Ervin (1939, 1941) reported from studying four 

varieties of C. melo that polysomaty is a regular occurrence 

in the periblem of both primary and secondary root tips. 

Monosomatic cells (with 24 chromosomes) were found to be 

smaller than polysomatic cells (with multiples of 24 

chromosomes) of the same region. Polysomaty was also re

ported in stem tips and in leaf primordia. Chromosome 

duplication in resting nuclei was given as the probable 
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origin of polysomaty in C. melo. He observed two chromo

somes with satellites in diploid metaphase, 

Afify (1944) reported on a cytological study of C. 

melo in which subspecies flexuosus and dudaim were investi

gated in both mitosis and meiosis and subspecies vulgaris 

and pubescens only during mitosis. From root tips the 

chromosome number was reported 2N = 24 for all four sub

species. Also, for the four subspecies the chromosomes 

were strikingly uniform in size, form, and shape. All of 

the chromosomes were reported to have an almost median 

centric constriction. 

Pollen mother cells studied by Afify (1944) showed 

that 24 chromosomes formed 12 bivalents at the first meta

phase of meiosis. Afify also reported that the bivalents 

were probably all of the simple rod type with a single 

terminal chiasma in each one. Twelve haploid chromosomes 

were reported in each of the two daughter nuclei of the dyad 

stage. The number of nucleoli present during interphase 

was not mentioned but Afify has a drawing with what appears 

to be two large nucleoli in each of the two nuclei. The 

spindles during metaphase II were reported as being usually 

parallel. Although no abnormalities in either division 

were reported two microspores of a normal size and a large 

body in place of the other two was observed in a few cases. 

No mature giant pollen grains were observed and the 
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percentage of bad pollen was very low. No mention of nu

cleoli in microspores was made. 

A chromosome arrangement of a ring of nine with 

three in the center is shown in polar views of meiotic 

metaphase I drawings by Passmore (1930), Whitaker (1930), 

and Afify (1944). Afify (1944) also has another drawing 

of metaphase X in polar view in which there is a ring of 

eight chromosomes with four in the center. 

In a study to discover chromosome arrangement 

Kuwada (1929) used floating magnets which were placed in 

water in wooden jars with conducting wire coiled around 

them. By passing an electric current through the coiled 

wire it caused the magnets to usually take definite posi

tions and thus form a certain stable arrangement. Kuwada 

found that with 12 floating magnets a ring of nine was 

formed with three in the center, Kuwada stated that "the 

resemblance of the chromosome arrangement to the stable 

form of floating magnets is marked when the number of 

chromosomes is relatively small and when the chromosomes 

present no marked size difference between one another." 

Bhaduri and Bose (1947) in a cytogenetic investiga

tion of nine species in the Cucurbitaceae family, studied 

the chromosomes of C. melo in both mitosis and meiosis. 

In meiosis the number of nucleoli were also studied in the 

dyad nuclei. 
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Two satellited chromosomes were reported at the 

mitotic metaphase plate with 24 chromosomes. Some of the 

chromosomes were reported to have thread-like projections 

at their pointed ends. Bhaduri and Bose believed this to 

be good evidence for the formation of C. melo chromosomes 

by fragmentation from Cucumis satiyus chromosomes at 

secondary constriction regions. During meiosis ten nucleoli 

were reported as a maximum number in any one dyad nucleus. 

This was also believed to support the idea of fragmenta

tion of C, satiyus chromosomes. They cited references 

reporting that a chromosome having a portion of a secondary 

constriction will be capable of producing a nucleolus. Thus 

an explanation for the ten nucleoli in a dyad nucleus was 

given although only one pair of satellited chromosomes was 

reported. 

Four diploid varieties and their induced tetra-

ploids were examined cytologically by Batra (1952) to de

termine the extent to which meiotic chromosome behavior 

might explain reduced fertility in the tetraploids. The 

somatic chromosome number was found to be 2N = 24 and 4N = 

48 for diploid and tetraploid plants respectively. Meiosis 

was normal in the diploids with 12 bivalents being present 

at diakinesis and metaphase I. Diakinesis and metaphase I 

of the tetraploids had from six to 12 guadrivalents with 

trivalents and univalents being occasionally present. The 
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mean number of quadrivalents found for each of four tetra-

ploid varieties was 9.15, 9.36, 9.51 and 10.17. Of the 

total number of sporocytes examined at division X 40 percent 

exhibited 24-24 disjunction. Irregularities in anaphase I 

distribution of chromosomes to the daughter nuclei resulted 

in the elimination of chromosomes from the nuclei. At 

least some of these chromosomes apparently persisted in the 

cytoplasm to form micronuclei. From 33 to 49 percent of 

the spore quartets examined in three varieties of the 

tetraploids had one or more micronuclei. No relationship 

could be established between the number of quadrivalents 

and the percent of good pollen. 

As mentioned earlier two aneuploid varieties were 

reported by Chandola, Bhatnagar and Tokuta (1965) with 2N 

numbers of 20 and 22. The variety Luchnow with a somatic 

chromosome number of 2N = 22 was studied at metaphase X 

of meiosis and 11 bivalents were reported. The variety 

Kob-ten-1087 with a reported somatic chromosome number of 

2N = 20 was not investigated during meiosis. 

One pair of chromosomes was reported to have dif

fering sizes which were presumed to represent sex chromo

somes by Chandola et al. This heteromorphic pair of chromo

somes was reported in the two aneuploid varieties as well 

as in the eight other varieties that had the normal number 

of chromosomes. They also reported other size differences 
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for chromosomes within the varieties and differences in 

chromosome size between the varieties. 

Voeller (1964) stated that vacuoles are present in 

all plant cells including meristematic cells. Although 

several different views on the origin of vacuoles are dis

cussed by Barton (1965), his explanation for vacuoles in 

Phaseolus root tip cells could also apply to vacuoles in 

CI. melo meiotic nucleoli. Barton considers vacuoles to 

arise by expansion of small provacuoles and not to be 

derived from any other cell organelle but to persist in the 

cytoplasm during cell division. 

Studies were made on deoxyribonucleic acid (DNA) 

synthesis (Muckenthaler, 1964) in an attempt to correlate 

cytological structures found during meiosis with this cyto-

chemical process. Walters (1968) described various struc

tures containing ribonucleic acid (RNA) and protein, which 

she calls ribonucleoprotein (RNP) structures. She suggests 

that an excess of RNA during meiosis is responsible for 

the formation of RNP structures such as "nebennucleoli" 

(nucleoli next to chromosomes) and diffuse chromosomal 

material. Nucleolar bodies were found in C. melo during 

this study of microsporogenesis. 

Muckenthaler (1964) studied nucleic acid synthesis 

by autoradiography and reported that DNA synthesis occurs-

immediately prior to meiosis and represents final synthesis 



16 

of PNA. His study suggests that DNA, and possibly the 

chromosomes, are doubled before meiosis begins. Parlington 

(1935) noted that leptonema chromosomes are single stranded 

but Rhoades (1961) suggests that they are double and cites 

DNA and histone synthesis prior to zygonema as cytochemical 
ft 

evidence. 

In studying RNP structures in meiotic prophase of 

Zea mays Walters (1968) reported finding a nuclear body 

during zygotene with diffuse material and "nebennucleoli" 

during pachytene. During late diplotene and early dia

kinesis she reported that the diffuse material increased 

in quantity and that irregular masses, often interconnected 

by strands, were composed of this diffuse material. She 

reported seeing granules and also fine strands extending 

from the chromosomes into RNP structures. At very late 

diakinesis she reported that numerous homogeneous round 

bodies were present and after late diakinesis these RNP 

structures diminished rapidly. Chromosomes of Zea mays 

were thready and granular during late diplotene and most 

of diakinesis and resembled lampbrush chromosomes during 

the latter stage. 

Nuclear RNA synthesis has been shown by auto

radiographic studies to be very active in different 

organisms during early meiotic prophase and to diminish 

during later stages of prophase (Taylor, 1959; Henderson, 

\ 
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1964; Muckenthaler, 1964; and Das 1965). As Walters (1968) 

points out,these studies were not suited to illustrate 

changes in synthetic activity. She reports that the pres

ence of RNP structures in prophase of Zea mays suggests 

that RNA is produced faster than it is dispersed. Hotta 

and Stern (1963) pose the question of the possibility of 

a meiotic sequence if essential proteins are all produced 

during an interval prior to the cycle. They cite Stern 

(1956) who reported the occurrence of sytokinesis in 

enucleated marine eggs. 



MATERIALS AND METHODS 

Materials 

Cucumis melo L. cultivar Powdery Mildew Resistant 

Cantaloup No. 45 (PMR #45), at the diploid, triploid and 

tetraploid levels, was selected for this cytological study. 

A description of this cultivar was made by Jaggar and 

Scott (1937). 

Diploid and tetraploid seeds of PMR #45 were sup

plied by Dr. Robert E. Foster.-1- The PMR #45 tetraploid 

seed had been received by Dr. Foster from Dr. G. W. Bohn.2 

Triploid seed was produced by crossing tetraploid PMR #45 

X diploid PMR #45. 

Diploid and tetraploid plants from which staminate 

buds were collected for this study were grown during 1966, 

1967, 1968 and the spring of 1969. Triploid plants were 

grown only during the fall of 1968 and the spring of 1969. 

Cultural Methods 

The plants in this study were grown in ground beds 

in the plastic greenhouse of the Horticulture Department 

•'•University of Arizona, Agricultural Experiment 
Station, P. 0. Box 631, Mesa, Arizpna. 

2U. S. Horticultural Field Station, P. 0. Box 150, 
La Jolla, California. 

18 
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located at The University of Arizona Campbell Avenue Farm, 

Tucson, Arizona. 

The diploid and tetraploid seed were planted in 

four inch peat pots containing approximately three parts 

loam to one part peat mixture. Soon after emerging,seed

lings in the peat pots were transplanted into ground beds. 

Triploid seedlings were started using embryo culture 

(Randolph and Cox, 1943) since the triploid embryos were 

only partially developed. 

The first step in the triploid embryo culture was 

the excising of the embryos from the seed. They were then 

placed in ten dram vials, which contained glass wool and 

approximately 30 ml of Randolph and Cox's (1943) nutrient 

solution which was modified by adding MnSO^'t^O at the rate 

of 0.4 parts per million. The addition of manganese was 

found beneficial by Bemis (1968) with embryo culture of 

Cucurbita. The embryos were only partially submerged in 

the solution in order to provide aeration as well as to 

have them in contact with the nutrient solution. The vials 

with the embryos were then placed in a Mangelsdorf Ger

minator.-*• The temperature of the germinator was maintained 

between 30° and 32°C and high humidity was achieved by 

placing a pan of distilled water in the germinator. After 

•^-Manufactured by Fred Stein Laboratories, Atchison, 
Kansas. 
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the embryos had germinated and had roots 50 mm, or longer 

they were planted in four inch peat pots containing a mix

ture of approximately three parts loam to one part peat. 

After becoming established in the peat pots the triploids 

were planted in ground beds of the horticulture greenhouse. 

The plants in this study were grown in a manner 

consistent with good horticultural practices. 

Cytological Methods 

Buds containing the meiocytes used in this study 

were collected throughout the year between 7 and 10 A.M. 

During this period the chromosomes were found to be in a 

more actively dividing state than before or after this time. 

The size of the buds in which the chromosomes were dividing 

seemed to vary with the different levels of ploidy. The 

appropriate length of the buds for the diploid ranged from 

approximately 2.0 to 3.5 mm, for the triploid from 2.5 to 

4.0 mm and for the tetraploid from 3.0 to 4.5 mm. 

Most of the buds were killed and fixed in freshly 

prepared Carnoy's solution (Johansen, 1940:40). This solu

tion consisted of three parts 100 percent ethyl alcohol 

to one part of glacial acetic acid. Propionic acid was 

substituted for the glacial acetic acid on two collecting 

days. Johansen (1940:42) reported that propionic acid 

appears to give more adequate fixation than acetic acid. 

Solutions also used were 6:3:1 and 6:1:3 of 100 percent 
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ethyl alcohol, glacial acetic acid and chloroform, respec

tively, as Ramage (1969) suggested in testing for the 

presence of fat. All of the killing and fixing solutions 

appeared to be adequate for this study with subsequent 

satisfactory staining of chromosomes and nucleoli. 

Staining techniques which were tried were aceto-

carmine, iron-propionocarmine, and acetic-orcein as reported 

by Brooks, Bradley and Anderson (1950), an aceto-carmine 

technique of Whitaker and Bohn (1950) and a carmine stain 

technique of Snow (1963). 

The alcoholic hydrochloric acid-carmine stain of 

Snow (1963) was selected for this study because the chromo

somes stained well with it thus proyiding good contrast 

between the chromosomes and the cytoplasm. The stain solu

tion was prepared as Snow suggested except that iron 

citrate was added in order to obtain good differentiation. 

The following staining procedure was used in this 

study and is a modification of Snow's procedure. 

1. The buds were left in one of the fixing solutions 

for 24 hours. 

2. The fixative was washed out with four changes of 

70 percent ethyl alcohol with at least two hours between 

each change. The buds were then stored in a refrigerator 

up to a year before being used. 

3. The buds were removed- from the alcohol and placed 

in Snow's stain for approximately 36 hours. This staining 
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period was found to be long enough for good staining of the 

Chromosomes and required little destaining of the cytoplasm. 

4. The stained buds were placed in 70 percent ethyl 

alcohol; they then could be used for smear preparations or 

could be stored in a refrigerator for at least a year. 

5. The anthers were excised from the buds just prior 

to making smears and placed in a drop of approximately 

equal parts of 45 percent acetic acid and aceto-carmine 

stain. 

6. The anther material containing the meiocytes was 

broken up with a glass rod on the slide and a cover slip 

was placed over the material. 

7. Destaining of the cytoplasm was accomplished by 

heating the slides over a steam bath; heat also aided in 

flattening the cells. By inverting the warm slides between 

paper towels pressure could be applied with the thumb to 

further- flatten the cells. 

Meiocytes prepared in this manner were studied and 

desired photomicrographs were made. 

Photographic Technique 

Photomicrographs were taken at various magnifica

tions using a Bausch and Lomb Dyna Zoom Microscope equipped 

w i t h  a  L e i t z  W e t z l a r  A r i s t o p h o t .  T h e  f i l m ,  P o l a r o i d  4 X 5  

Black and White Type 55 P/N which produces both prints and 

negatives, was used in a Polaroid 4X5 Land film packet. 



The Polaroid negatives were cleared in 18 percent sodium 

sulfite and then washed in running tap water. A Gossen 

Luna-Pro Electronic Exposure Meter was used in regulating 

light exposures. 

The Polaroid negatives were used in making contact 

prints on Ilfoprint S2 - IP contact paper. A one part 

Dektol to two parts water solution was used in developing 

the prints. The contact prints were made into plates of 

s i x  w h i c h  w e r e  p h o t o g r a p h e d  w i t h  a  C r o w n  G r a p h i c  4 X 5  

camera using Polaroid Black and White Type 55 P/N film in 

a Polaroid 4X5 Land film packet. These, Polaroid nega

tives were enlarged on a Simmons-Omega Enlarger to full 

page prints. The full page prints were made on Ilfoprint 

Projection Document R4,D paper. Since some detail was lost 

in combining photos into plates, original negatives will 

be kept by the Horticulture Department of The University 

of Arizona, Tucson. 



RESULTS AND DISCUSSION 

Cytological Study of Microsporogensis 
in Diploid Cucumis melo L. 

Microsporogenesis in diploid C. melo cultivar PMR 

#45 will be presented in sequence using photomicrographs. 

Premeiosis and Leptonema 

The difficulty in separating pollen mother cells 

(PMC) from each other during premeiotic interphase and 

leptonema made studying these stages very difficult. The 

premeiotic cells could be distinguished from the somatic 

cells by having a larger diameter and a much larger nu

cleolus. The diameter of ten premeiotic cells was 55.65 

± 5.52 microns while the diameter of ten somatic cells was 

25.20 ± 2.50 microns. The diameters of ten nucleoli in 

each type of cell were 8.51 ± .17 microns and 3.22 ± .30 

microns respectively. 

Nebel and Ruttle (1936) have named the first stage 

of meiosis as they observed it in Tradescantia and Trillium 

the "spiral prophase." Hiraoka (1941) and others have also 

observed this stage'in which the chromosomes are in a spiral 

or appear as coiled threads. Coiling of chromosomes could 

not be observed and preleptonema could not be distinguished 

as a distinct stage in the meiocytes studied. 

24 
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Passmo.re (1930) interpreted the chromosomes as being 

in a spireme when they emerged from synizesis; however, 

the spireme theory is no longer accepted. The chromo

somes were not observed in a spireme in this study; in

stead, the chromosomes in this study were first observed 

clumped in a mass at the side of the nucleus as in synizesis. 

As meiosis advanced, the chromosomes became less clumped 

together, more distinct and appeared as long single strands. 

This observation agrees with Darlington's (1935) that 

leptonema chromosomes are single strands. 

The leptonema chromosomes of C. melo which appeared 

single stranded but which may be divided had numerous 

chromomeres. Rhoades (1961) states that the larger chromo-

meres are constant in size, position and number. Consistent 

chromomere counts were not possible in the material studied. 

One large to 12 small vacuoles were observed in the 

spherical nucleolus. Vacuoles and apparently single strand

ed chromosomes of leptonema are evident in Figure 1-A. .The 

number of chromosomes associated with the nucleolus could 

not be determined in leptonema. 

Zygonema 

The distinguishing characteristic of zygonema, the 

synapsing of homologous chromosomes, was quite difficult 

to observe due to the number and small size of the chromo

some strands. PMC were observed that had chromosome strands 



Figure 1. Early prophase stages of microsporogenesis in 
diploid Cucumis melo L. 

A. A leptonema PMC showing single stranded 
chromosomes with a single nucleolus (X1186). 

B. A zygonema PMC with an arrow indicating an 
asynaptic portion of a bivalent chromosome. 
Two nucleoli are coalescing (X1186). 

C. A zygonema or early pachynema PMC with two 
adjacent nucleoli (X1186). 

D. A zygonema or early pachynema PMC with two 
nearly coalesced nucleoli (X1186). 

E. A pachynema PMC showing double stranded 
chromosomes. Two dark staining bodies are 
associated with the single nucleolus (X1186). 

F. Slightly pressed pachynema PMC showing 
lightly stained nuclei (X524). 
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Figure 1. Early prophase stages of microsporogenesis in 
diploid Cucumis melo L. 
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differing from one another in staining density. This may 

indicate that some chromosomes had synapsed and others had 

not. Chromosomes were rarely observed that appeared to be 

in the process of synapsing as in Figure 1-B. An arrow 

shows the end of a bivalent chromosome that is not completely 

synapsed. The partially asynapsed areas observed were always 

at one end of bivalent chromosomes. 

Darlington (1940) reported that synapsing of chromo

somes is affected by the position of the centromeres,^the 

site of initiation of pairing, and the existence of a time 

limit after which synapsing does not occur. In organisms 

with median or near median centromeres, if pairing starts 

in the central portion of the chromosomes the ends would be 

the last to pair unless the ends come into contact causing 

two point pairing, thus leaving the intercalary region to 

pair last or to remain unpaired. 

Based on what Darlington has reported, pairing is 

probably initiated in the median area of C. melo chromo

somes since all unpaired regions were at the ends of 

chromosomes. It is possible that the partially synapsed 

chromosomes observed in C. melo were in the pachynema stage 

if the time limit as reported by Darlington (1940) for 

synapsing had been insufficient for the given chromosomes. 

Another possible explanation would be that in making the 

smears the ends of the chromosomes were unpaired due to 
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mechanical manipulation. Partially synapsed chromosomes 

when observed were in PMC with two adjacent nucleoli or 

where two nucleoli were coalescing. In Figure 1-C two ad

jacent nucleoli are shown with at least one chromosome 

intimately associated with each nucleolus. 

The nucleolar volume of ten individual PMC with two 

adjacent nucleoli as in Figure 1-C, which were in zygonema 

or early pachynema was calculated. A comparison of the 

nucleolar volume of the ten individual PMC was made with 

the mean nucleolar volume of 30 pachynema PMC which had 

only one nucleolus each. The nucleolar volume of each of 

the ten PMC was within the limits of one standard deviation 

from the mean of the 30 PMC. This indicates that for 

diploid C. melo in zygonema or pachynema, the nucleolar 

volume of PMC with adjacent nucleoli and those with a 

single nucleolus are the same. 

Whether budding or coalescing of nucleoli was 

occurring or not during zygonema was not known. In PMC 

such as in Figures 1-B and 1-C the two adjacent nucleoli 

could represent (1) budding - separation of a portion of 

one nucleolus which develops into a second nucleolus, (2) 

coalescing - two nucleoli fusing to form one nucleolus, 

or (3) neither of the above - nucleoli which are adjacent 

by chance. Observations which favor each of the above 

possibilities include the following for (1) budding - a 
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large nucleolus with a small knob was observed (Figure 1-D), 

(2) coalescing - in pachynema a large nucleolus appeared to 

be absorbing a small nucleolus since the smaller nucleolus 

in some PMC appeared wrinkled, and ^3) by chance - in some 

PMC two nucleoli appeared to be in contact with each other 

without any visible exchange of nuclear material. 

A study to resolve whether budding or coalescing 

was occurring in the diploid, triploid and tetraploid was 

conducted. Four trials using PMC from buds of the diploid 

which were approximately 2.6 and 2.9 mm long were used. 

The number of PMC with and without budding or coalescing 

were determined for 50 PMC from a given bud. Four collec

tion dates were considered the four trials with two buds 

used as two replications in each trial for each bud length. 

In each of the four trials the longer buds, considered 

older, had fewer nucleoli than the shorter buds which were 

considered younger. This indicates that coalescing had 

occurred. Approximately 76 percent of the PMC from the 

shorter buds had single nucleoli whereas 90 percent of the 

PMC from the longer buds had single nucleoli. 

Two nucleoli are coalescing (Figure 1-D) and as

sociated with these two nucleoli are two dark staining 

bodies. These heterochromatic bodies were not always 

visible at this stage. 
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Pachynema 

Coalescing of nucleoli continued into pachynema. 

In pachynema the chromosomes were visibly double stranded 

as in Figure 1<-E indicating that synapsis had occurred. 

The chromosomes could not be studied in sufficient detail 

to karyotype them,but chromomeres and heterochromatic knobs 

were visible. Small, numerous vacuoles were present in the 

nucleoli at this stage. Two dark staining bodies which are 

commonly associated with the nucleolus during early pachynema 

are shown in Figure 1-E. These two commonly observed 

heterochromatic bodies may be two heterochromatic regions 

each next to the nucleolar organizing region of two pairs 

of chromosomes or heterochromatic satellites which are next 

to the nucleolar organizing region. Heterochromatic satel

lites have been reported in tomatoes (Lesley, 1938) and in 

potatoes (Yeh and Peloquin, 1965). Two pair of satellited 

chromosomes were later noted in the course of this study. 

Four hundred pachynema PMC from buds approximately 

2 mm long showing these dark staining bodies associated with 

the nucleolus had 65.5 percent of the PMC with two visible 

heterochromatic bodies and 12.5 percent of the PMC with 

only one evident. The remainder, or 22 percent of the PMC, 

had no visible heterochromatic bodies associated with the 

nucleolus. The PMC which had no visible heterochromatic 

bodies or only one associated with the nucleolus could have 
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had one or both of the heterochromatic bodies hidden. The 

nucleolus stained dark enough to hide the heterochromatic 

bodies if they were under it and remained there during 

smearing of the PMC. When only one heterochromatic body 

was evident, another possibility was that both heterochro

matic bodies were so close together that they appeared as 

one. 

The diameter of PMC and nucleoli in diploid 

pachynema was 66.73 ± 7.55 microns and 8.32 ± .29 microns 

respectively. These data are from 30 PMC which had a single 

nucleolus and which were smeared out into a nearly perfect 

circle. 

In pachynema smears which had little or no pressure 

applied, the nuclear sap was often noticeably lighter in 

color than the surrounding cytoplasm. Figure 1-*F shows a 

group of such PMC, Sorokin (1927) reported a clear area 

around the nucleolus and also a clear area just inside the 

nuclear membrane in Ranunculus acris which extend toward 

each other and fuse. As reported by Sorokin this occurs 

in very early prophase and whether or not this is the same 

phenomenon as was observed in C. melo pachynema PMC is 

questionable. 

The chromosomes during pachynema, though not in a 

tight mass, were still at one side of the nucleolus before 

smearing. Smearing tends to spread out the chromosomes and 



32 

to make the nuclear area stain as darkly as the rest of the 

PMC thus visibly obliterating the nuclear membrane. 

Diplonema 

With the initiation of the diplonema stage, as the 

bivalent chromosomes shortened they were observed to become 

longitudinally separated except at a few points along their 

length. Chiasmata, the points where separation does not 

occur, determine the configuration of the diplonema, dia--

kinesis and metaphase I chromosomes. A chiasma is indicated 

by number 1 in Figure 2-A. Two X-shaped bivalents, as in

dicated by numbers 2 and 3, are held together by at least 

one chiasma. The loop indicated by number 4 has at least 

one chiasma on each side of the centromere. Two bivalents 

which are in contact with the nucleolus and which are 

closely associated with each other have one dark staining 

body attached to each of them. These heterochromatic 

bodies as discussed in the pachynema section could be either 

a dark staining area on each bivalent next to the nucleolar 

organizing region or the heterochromatic satellites of these 

two bivalents. This early stage of diplonema was observed 

infrequently. The nearly football shaped nucleolus as ob

served in Figure 2-A was a common shape at this stage but 

nucleoli were also observed which were more elongated with 

a chromosome attached at each end. The shape of the nu

cleolus as observed in Figure 2-A and more elongated forms 



Figure 2, Late prophase of microsporogenesis in diploid 
Cucumis melo L, 

A. A diplonema PMC with a nearly football 
shaped nucleolus. A chiasma is indicated 
by number 1. Two X shaped bivalents, 
indicated by numbers 2 and 3, each have at 
least one chiasma on each side of the centro
mere (X1186). 

B. A diplonema PMC showing diffuse chromosomes. 
The arrow indicates a clear centromere area 
between the chromosomes of a bivalent 
(X1186). 

C. Granules intimately associated with the 
chromosomes and initiating the formation 
of the "nucleolar bodies" in a diplonema 
PMC (X1186). 

D. Further development of the "nucleolar 
bodies." The arrow indicates a tenuous 
thread attached from a chromosome to a 
small "nucleolar body" (X1186). 

E. "Nucleolar bodies" with the original nu
cleolus slightly reduced in size (X1186). 

F. Apparent coalescence and slight increase 
in size of "nucleolar bodies." The original 
nucleolus shows further reduction in size 
(X1186). 
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Figure 2. Late prophase of microsporogenesis in diploid 
Cucumis melo L. 
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may be due to the way the material was handled: from fix

ing, staining, smearing or from some other cause. Since 

the nucleolus was never observed like these forms at any 

other stage though, this suggests that it is different 

physiologically whether the shape as observed is the true 

shape or not. 

In diplonema, chromosomes could be counted for the 

first time. Twelve bivaients could be counted in most PMC, 

with two of these bivaients usually associated with the 

nucleolus (Figure 2-B), in which vacuoles were commonly 

visible. The chromosomes showed less detail as they became 

shortened and diffuse with the progression of diplonema. 

The centromere area of the diffuse bivalent chromosome 

failed to take up stain and often appeared as a clear area 

between the chromosomes of bivaients as indicated by the 

arrow (Figure 2-B), The chromosomes became so diffuse as 

to be hardly recognizable. 

Small, dark staining bodies appear during the late 

diplonema diffuse stage. At first granules appear which 

are intimately associated with the chromosomes (Figure 2-C). 

These granules enlarge and become usually not visibly con

nected to the chromosomes; some of these were irregular in 

shape and others were spherical. Infrequently, one of these 

small bodies could be seen attached to a chromosome by a 

• tenuous thread as indicated by the arrow in Figure 2-D. 
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Some bodies which were diffuse can also be seen in Figure 

2-D. These bodies collectively will be called "nucleolar 

bodies," With the appearance of the nucleolar bodies the 

original nucleolus became reduced in size. It continued 

to decrease in size as the nucleolar bodies coalesced and 

enlarged as shown in Figures 2-C through 3-A, Nine rel

atively large bodies, two smaller ones, and some granular 

ones, as is shown in Figure 3-A, were the smallest number 

of nucleolar bodies observed in a PMC. The 12 bivalents 

are all visible and are, in general, darker stained than the 

nucleolar bodies even though the periphery of the chromo

somes is indistinct and diffuse. The nucleolar bodies 

have relatively sharp outlines and appear nearly spherical. 

Only one nucleolar body, which may or may not be the orig

inal nucleolus, is in contact with a bivalent chromosome. 

Although a smaller number of nucleolar bodies was 

never observed in diplonema than is shown in Figure 3-A it 

is believed that they coalesce into one nucleolus. They 

may coalesce and dissipate very rapidly as they become 

fewer in number and relatively large. In the study of 

microsporogenesis in tetraploid C. melo, which has a similar 

sequence of nucleolar bodies, as few as three were observed 

in late diplonema or early diakinesis. Another reason for 

believing they may coalesce into one nucleolus is that one 



Figure 3. The continuation of late prophase stages and 
metaphase I in diploid Cucumis melo L. 

A. A late diplonema PMC showing 12 bivalent 
chromosomes and relatively large "nucleolar 
bodies" before the disappearance of the 
latter (X1186). 

B. An early diakinesis PMC with a disappearing 
nucleolus. Twelve bivalents are present 
with two attached to the nucleolus (X118 6). 

C. Twelve highly contracted bivalents during 
diakinesis. Three chiasmata are in the bi
valent indicated by number 1. Apparent 
satellites are indicated by numbers 2 and 
3 (X1186). 

D. Diakinesis with one of the 12 bivalents 
having a rod like appearance due to the 
presence of a single chiasma (X1186). 

E. An equatorial view of metaphase I showing 
12 bivalent chromosomes. All chromosomes 
have at least one chiasma in each arm 
(X1186). 

F. A metaphase I configuration showing 11 
highly contracted bivalents, each with at 
least one chiasma in each arm of the chromo
somes. One bivalent has a single terminal 
chiasma causing it to be rod like (X1186). 
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Figure 3. The continuation of late prophase stages and 
metaphase I in diploid Cucumis melo i,. 
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nucleolus was observed disappearing in very early dia

kinesis in the diploid (Figure 3-B). 

It is possible that the formation of the nucleolar 

bodies and their subsequent coalescence may not occur in 

every PMC as some PMC in late diplonema do not exhibit this 

phenomenon. 

Sorokin (1927) reports that the nucleolus in 

Ranunculus acris in early prophase extrudes granules which 

are either budlike or are attached by delicate connecting 

threads. No mention is made of what becomes of these 

granules. Sorokin's report may be of a different phenomenon 

since it apparently occurred earlier than the formation of 

nucleolar bodies in C. melo but the description is very 

similar to that observed when the nucleolar bodies are 

beginning to form in C. melo. 

The formation of granules and diffuse material as 

reported by Walters (1968), and noted in the Review of 

Literature, during late diplonema and early diakinesis was 

very similar to that observed in C. melo during diplonema. 

Fine strands extending from chromosomes into the ribonu-

cleoprotein (RNP) structures were also similar to that 

observed in C. melo. The numerous homogeneous round bodies 

which Walters observed in late diakinesis appear very sim

ilar to the nucleolar bodies in C. melo after they have 

begun to coalesce in late diplonema. Walters' description 
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o£ the chromosomes j.n Zea mays as being thready and granular 

during late diplonema and early diakinesis did not apply to 

the condition observed in C. melo. Granules associated with 

the chromosomes were observed in C. melo, but the chromo

somes themselves appeared diffuse and indistinct during late 

diplonema except for strands that appeared to originate from 

them and to be connected to small dark staining nucleolar 

bodies. The similarity between the chromosomes in C, melo 

with lampbrush chromosomes as Gall (1952, 1954) reported was 

slight. Unlike lampbrush chromosomes the chromosomes were 

indistinct and diffuse. Small distinct strands appeared to 

originate from these diffuse chromosomes. The formation of 

nucleolar bodies as observed in C. melo occurred only during 

diplonema whereas Walters (1968) found RNP structures before, 

during, and after this period. Many similarities though 

were found between her observations in Zea mays and those 

observed in C. melo. 

A possible explanation for the nucleolar bodies in 

C. melo is that prior to and/or during the time when the 

granules and very small bodies were being produced, an ex

cessive amount of RNA and possibly protein was being 

synthesized. The nucleolar bodies may be a visible ex

pression of this excessive RNA, or RNA plus protein which 

may be essential in further steps in meiosis. Harris (1965) 

reports that RNA and protein are found in nucleoli, and one 

view of nucleoli is that they are giant puffs associated 
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with specific genetic loci. If RNA, which is essential 

for meiotic processes, is produced in connection with the 

formation of nucleolar bodies then the sites for this RNA 

production on chromosomes may be different than the sites 

known as nucleolar organizer regions which are associated 

with the nucleolus during early prophase. If these nu

cleolar bodies are puffs of RNA and protein that have 

originated from the chromosomes then RNA and protein should 

be a component of them. 

Two attempts were made to determine whether the 

nucleolar bodies of diploid C. melo were truly nucleolar or 

chromosomal using whole PMC. The first technique tried was 

the Feulgen method in which the stain (leuco-basic fuchsin) 

is considered specific for deoxyribonucleic acid (DNA). 

The chromosomes, which contain DNA, are stained while the 

rest of the PMC remains colorless if the method is success

ful. The procedures for preparing the stain and for stain

ing were those of Brooks, Bradley and Anderson (1950). 

Using this procedure the chromosomes failed to stain with 

hydrolysis in 1 N HC1 for 15, 30, 45 and 60 minutes at 

60°C. Since hydrolysis is considered a critical part of 

the Feulgen method, hydrolysis using 5 N HC1 at room tem

perature as recommended by Itikawa and Ogura (1954) and 

Decosse and Aiello (1966) was tried. No staining" was ob

tained even by using 5 N HC1 instead of 1 N HC1 during 
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hydrolysis. No conclusions could be drawn about the 

identity of the nucleolar bodies from this study. 

Another technique which failed utilized the enzyme 

ribonuclease (RNase) and carmine stain in an attempt to see 

if RNase affected the staining of the nucleoli and the nu

cleolar bodies. RNase should destroy ribonucleic acid 

(RNA) and thus reduce or eliminate the staining of nucleoli 

and also the nucleolar bodies if they are truly nucleolar. 

Meiocytes were treated with 0.2 mg/ml of RNase at pR 7.6 

for two and four hours at 37°C (Walters, 1966). No dif

ferences were noted in the staining between treated and 

control PMC with all PMC constituents which normally stain 

being stained. The crystalline RNase used was not fresh 

and thus may have been inactive. Another possibility is 

that the enzyme could not penetrate to the nucleus of the 

PMC. 

Diakinesis 

A meiocyte in early diakinesis is shown in Figure 

3-B. The chromosomes are distinct, although not as dis

tinct and contracted as they become later. The nucleolar 

bodies have disappeared and the nucleolus, with two bi

valent chromosomes attached, is disappearing. Figure 3-C 

shows 12 highly contracted bivalents at diakinesis. Two 

terminalized chiasmata, one in each arm, are observed and 

are responsible for the ring, square or rectangular shaped 
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bivalent configurations. Three chiasmata are in the bi

valent indicated by number 1 in Figure 3-C. Two of the 

bivalents appear to have satellites which are indicated 

by numbers 2 and 3 (Figure 3-C). A rod like bivalent, due 

to a single terminal chiasma, is shown in Figure 3-D. 

This was infrequently observed, as PMC usually contained 

12 bivalents each with at least one chiasma in each arm of 

both chromosomes. 

Passmore (1930) reported that during diakinesis in 

C. melo no dark staining granules were present similar to 

those she had observed in Cucurbita pepo. She also shows 

a nucleolus in a drawing of diakinesis. This agrees with 

observations of diakinesis during this study although a 

nucleolus was observed only during the early stage of dia

kinesis. 

Chandola, Bhatnagar and Tokuta (1965) studied the 

size of somatic chromosomes in ten varieties of C. melo. 

They reported differences in length of chromosomes within 

a variety and between the varieties they studied. 

Diakinesis chromosomes were measured in this study 

to determine mean chromosome length and to see if differences 

in length of individual meiotic chromosomes could be de

termined. The bivalent chromosomes during diakinesis were 

found to be shorter than at any other stage but were more 

variable in size than at metaphase. No consistent size 
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differences could be found in the chromosomes and yariation 

in size appears to be due to the configuration of the 

chromosomes. The length of highly contracted bivalent 

chromosomes at diakinesis was found to vary from approx

imately 1.9 to 3,2 microns. The mean length of the 12 

bivalent chromosomes in such a PMC was 2.3 + .4 microns. 

Metaphase I 

The bivalent chromosomes, although often not spread 

well enough to make chromosome counts, were lined up on the 

metaphase plate during metaphase I; however, in Figure 3-E 

12 bivalents can be easily counted. As in diakinesis a 

rod-shaped bivalent with a single terminal chiasma was 

infrequently observed. In 34 metaphase PMC all bivalents 

had at least one chiasma in each arm except two PMC which 

had one rod shaped bivalent each, with a chiasma in only 

one arm. A PMC with such a bivalent is shown in Figure 

3-F. The chromosomes in this equatorial view are lined up 

well on the metaphase plate. 

Afify (1944) reported that all the bivalents in 

C. melo were the same type and that they were probably all 

simple rods with a single terminal chiasma in each. In 

Afify's drawings of polar views of metaphase I the chromo

somes appear to contain at least one terminal chiasma in 

each arm as was commonly observed in this study. 
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Cucumis melo chromosomes appear to commonly form the 

stable arrangement of a ring of nine with three in the 

center at metaphase X (Figure 4-A). This configuration was 

noted when polar views were observed that were thought to 

have little or no distortion due to smearing. Other 

spatial arrangements were observed but in such cases the 

chromosomes were not arranged in a very orderly fashion. 

Passmore (1930) reported a dense perinuclear zone 

at metaphase I in Cucurbita pepo and Citrullus lanatus 

but failed to merttion whether or not this was observed in 

C. melo. No dense perinuclear zone was observed in this 

study but the spindle area stained darker than the sur

rounding area as can be observed in Figure 4-A. 

Metaphase I chromosomes were studied to determine 

their mean length and to see if differences in length of 

individual chromosomes could be found. Bivalent chromo

somes at metaphase differed in length within a PMC but as in 

diakinesis no consistent differences in length of the 

chromosomes were found. Bivalent chromosomes, which all 

had at least one chiasma in each arm, were measured using 

three PMC and their mean length was found to be 3.3 ± .2 

microns. The chromosomes from one PMC which were more 

tightly contracted had a mean length of 2.9 + .2 microns. 

Whitaker (1930) reported that apparently there are no dis

tinct individual differences in C. melo chromosomes. The 



Figure 4. Polar view of metaphase I, anaphase I, and early 
telophase I stages in diploid Cucumis melo L, 

A. A polar view of a metaphase I configuration 
showing an outer ring of nine chromosomes 
with three in the center (X1186). 

B. Early anaphase I with 12 univalents migrating 
to each pole (X1186). 

C. A mid anaphase X PMC showing 12 univalents 
migrating to each pole (Xll8 6). 

D. A late anaphase X configuration showing 
two chromosomes, each with a satellite as 
indicated by arrows, migrating to the same 
pole (X1186). 

E. A PMC which shows a transitional stage be
tween anaphase I and telophase I (Xll86). 

F. Telophase I with chromosomes indistinguish
able from one another surrounded by a nu
clear membrane (X1186). 



44 

W* •&? ̂ t ** 
Vi*\ **>**? v .»*. . S :»• <• :• ' >VR.;/ *• :V ;* 

Figure 4. Polar view of metaphase X, anaphase I, and early 
telophase I stages in diploid Cucumis melo L. 
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chromosomes were observed to be very similar in length with 

no satellites visible at this stage. 

As meiosis proceeded the homologous chromosomes 

on the metaphase plate became extended and the attached 

spindle fibers were hardly discernible. 

Anaphase I 

The 12 bivalent chromosomes on the metaphase plate 

separated into two groups. This reductional division 

with the relaxing of the chiasmata initiated anaphase I. 

Figures 4-B through 4-D show a progression of anaphase I. 

The two chromatids of the univalent chromosomes were 

occasionally observed flaring out, indicating that the 

Chromatids were free except for the attachment at the 

centromere. In Figure 4-D two chromosomes going to the 

same pole, each with an apparent satellite, are indicated 

with arrows. Anaphase I chromosomes were found to vary in 

length from approximately 1.5 to 2.0 microns. 

No lagging chromosomes were observed in diploid 

C. melo. Some of the chromosomes are at the poles and 

others approaching the poles in Figure 4-E. In this 

transitional stage between anaphase I and telophase I 

the spindle is barely observable. 



Telophase I 

Figure 4-F shows a meiocyte of telophase I. The 

chromosomes have reached the poles and individual chromo

somes are no longer distinguishable. Spindle fibers are 

not apparent. The chromosomes came together in tight 

groups at the poles with a nuclear membrane forming around 

the mass. As meiosis progresses the chromosomes relax and 

chromatin strands are observable as in Figure 5-A.. Also 

in Figure 5-A are small dark staining areas observable in 

the cytoplasm at this stage of telophase X. Whether this 

phenomenon is due to fat globules, nuclear origin, the way 

the material was handled, or some other cause it was always 

observed at this stage and also always at telophase IX. 

A study was made to determine if these dark stain

ing areas, which were apparent in both telophase I and II 

were fat bodies. On two dates buds were collected, from 

all three ploidy levels, in two different killing and fix

ing solutions containing chloroform as described in 

Materials and Methods. Chloroform dissolves fats and would 

have removed the dark staining areas if they were due to 

fat (Ramage, 1969). The two different solutions were used 

as it was not known how either one would affect the chromo

somes which were necessary for identifying the telophase 

stages. Neither of the two chloroform containing killing 

'and fixing solutions had any noticeable effect on the dark 



Figure 5, A continuation of telophase I and early inter
phase stages in diploid Cucumis melo L, 

A. A telophase I PMC with dark staining areas 
in the cytoplasm. The chromosomes are be
ginning to relax (X1186). 

B. Twelve dispersed chromosomes at each pole 
of a telophase I PMC. Two of the chromo
somes at each pole have a satellite as 
indicated by arrows (X1186). 

C. An early interphase PMC with ten nucleoli 
in the left nucleus, the maximum number 
observed in any nucleus (X786). 

D. Angular nucleoli are in both nuclei of an 
interphase PMC. Chromosomes are attached 
at the vertices of the angles of the nu
cleoli (X876). 

E. Nearly spherical nucleoli in both nuclei of 
an interphase PMC. The small number of 
nucleoli is due to coalescing (X1186). 

F. An interphase PMC in which one nucleus has 
one large nucleolus and the other nucleus 
has two nucleoli which appear nearly ready 
to coalesce (X1186). 
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Figure 5. A continuation of telophase I and early inter
phase stages in diploid Cucumis melo L. 
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staining areas of telophase I and II or on the chromosomes 

of the three ploidy levels. The conclusion was drawn that 

the dark staining areas are not due to fats. 

These dark staining areas disappear from the cyto

plasm in conjunction with enlargement of the two nuclei 

and the chromosomes become dispersed within the nuclei. A 

PMC with 12 dispersed, relaxed chromosomes in each of the 

two nuclei at telophase I is shown in Figure 5-B. Two 

chromosomes in each nucleus have visible satellites which 

are indicated by arrows, whereas only one pair of somatic 

chromosomes has satellites according to Ervin (1941) and 

Bhaduri and Bose (1947). 

Interphase 

As globular shaped nucleoli form on the chromo

somes, interphase is initiated. There were variable num

bers of these nucleoli per nucleus but this variation could 

be due to the stage of development." A maximum number of 

ten nucleoli per nucleus was observed as is shown in one 

nucleus of Figure 5-C; the other nucleus has eight nucleoli. 

These small nucleoli increase in size and coalesce, forming 

angular nucleoli as in Figure 5-D. The angular shape of 

these nucleoli may be due to the smearing of the PMC. The 

chromosomes, which are attached to the nucleoli may spread 

upon smearing so as to pull the nucleoli causing the angular 

form and being at the vertices of the angles. As many as 



five chromosomes were observed to be associated with one 

nucleolus formed by coalescence. As the nucleoli became 

larger and fewer they became spherical or nearly so (Figure 

5-E). Finally, the nucleoli coalesce into one nucleolus 

in each nucleus. In Figure 5-F one nucleus has one nucleolus 

and the other nucleus has two nucleoli which appear nearly 

ready to coalesce. At this stage only one or two chromo

somes and in some cases none were visibly associated with a 

nucleolus. As the nucleoli coalesced and enlarged the 

chromosomes became less distinct. In Figure 6-A a single 

nucleolus is observed in each of the two nuclei of the PMC. 

Figure 6-B is of a PMC in which one of the nucleoli has 

almost disappeared and the other is still visible. 

Although a maximum number of ten nucleoli was ob

served in an interphase nucleus, the fragmentation scheme 

of Bhaduri and Bose (1947), as explained in the Review of 

Literature, is questioned because other explanations seem 

more plausible. Whether the chromosome fragments of Cu-

cumis sativus would be able to acquire new centromeres 

spontaneously and act as chromosomes is unknown. Mather 

and Stone (1933) studying X-radiation on somatic chromo

somes report that chromosome fragments, regardless of length, 

if not carrying the original centromere of the chromosome 

will not orient themselves on the equatorial plate. They 



Figure 6. Late interphase and second division configura
tions of microsporogenesis in diploid Cucumis 
melo L. 

A. An interphase PMC with a single nucleolus 
in each nucleus (X1186). 

B. An interphase PMC with a large nucleolus 
in one nucleus and a small dissipating 
nucleolus in the other nucleus (X1186). 

C. Metaphase XI with 12 chromosomes visible 
in both plates of a PMC (X1047). 

D. A PMC of metaphase II smeared so that both 
an equatorial view and a near polar view 
of the plates are visible. Twelve chromo
somes are visible in each plate (X890). 

E. An anaphase II PMC with all 48 chromatids 
visible (X1047). 

P. Telophase II with a chromatid that failed 
to reach one of the poles (X836). 
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Figure 6. Late interphase and second division configura
tions of microsporogenesis in diploid Cucumis 
melq L. 
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also reported that the fragments will not separate to the 

poles at anaphase and will be lost. 

Also chromosomes derived as suggested from C. 

sativus would be more variable in size than the observed 

chromosomes. If fragments will produce chromosomes as is 

suggested, by fragmentation of certain chromosomes of C. 

sativus, 12 chromosomes could be formed with a range of 

nucleoli from six through 11 being possible. Being able to 

account for the observed number of nucleoli is possible 

but schemes to account for other numbers could also be 

derived. 

The interphase stage ceases with the sudden dis

appearance of the nucleoli. Cytokinesis does not occur 

and so the two nuclei remain in a single cell. No ephemeral 

plate was observed between the nuclei as Castetter (1926) 

reported in Cucurbita maxima. 

Metaphase II 

The first observable second division stage is meta

phase II. The chromosomes lined up on two metaphase plates 

with the spindles parallel or nearly so and at right angles 

to the orientation of the first division spindle. Afify 

(1944) reported that the two spindles were usually parallel. 

In Figure 6-C the 12 chromosomes can be seen on each plate 

just prior to division. In Figure 6-D the PMC is smeared 

in such a fashion as to show chromosomes in both an 
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equatorial view and a near polar view in the same cell. 

The near polar view shows two chromosomes adjacent to each 

other probably due to distortion by smearing. This near 

polar configuration also shows three chromosomes in the 

center and nine in the outer ring. This nine outer and 

three inner ring configuration is a stable arrangement 

according to Kuwada (192 9). 

Anaphase H 

Twelve chromosomes in each of the two second di

vision metaphase plates separated to form 48 chromatids. 

Figure 6-E is a view of such an anaphase stage, and in this 

PMC the spindles are nearly parallel. This PMC was one of 

f.ew spread well enough to count all of the chromatids. The 

chromatids migrate to the poles ending anaphase II. 

Telophase II 

* After reaching the poles the chromatids formed a 

dark staining chromatin mass with the loss of identity of 

individual chromatids. A nuclear membrane formed around 

each of the four chromatin masses. In Figure 6-F a 

chromatid has failed to reach one of the poles, one of the 

few chromosome abnormalities observed in the diploid. 

Small, dark staining areas appeared in the cyto

plasm of telophase II similar to those observed in telo

phase I (Figure 7-A). 



Figure 7. Telophase II and quartet formation in diploid 
Cucumis melo L. 

A. Dark-staining areas evident in the cyto
plasm of a telophase II pollen mother 
cell (X748). 

B. Angular nucleoli in four nuclei after coa
lescing has begun (X748). 

C. Nucleoli apparently ready to coalesce in 
one nucleus of a PMC before cytokinesis 
(X748). 

D. Four nucleoli, one in each of the nuclei, 
of a PMC prior to cytokinesis (X748). 

E. A quartet of four microspores each with a 
single nucleolus (X524). 

F. A quartet of four microspores, one with 
three nucleoli which was rarely observed 
in the diploid, is shown. Two microspores 
have a single nucleolus and the other micro
spore has two nucleoli (X489). 
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Figure 7. Telophase II 
Cucumis melo 

and quartet formation in diploid 
L. 
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Quartet Formation 

The four nuclei enlarged with the PMC and the 

chromatid strands became dispersed in the nuclei. Small, 

irregular nucleoli were observed to form on the chromatids 

very similar to the formation of nucleoli during interphase. 

A maximum number of ten nucleoli for any one nucleus was 

observed. These small nucleoli coalesce and are angular 

at this stage (Figure 7-B). This angularity of the nu

cleoli was similar to that observed during interphase and 

may be due to smearing. Chromatids were visible at the 

vertices of the angles of the nucleoli at this stage like 

chromosomes were in interphase. With further coalescing 

and enlargement of the nucleoli they became spherical or 

nearly so and one, two or no chromatids were visibly as

sociated with them. Chromatids could be hidden by the 

nucleoli. In Figure 7-C nucleoli were apparently ready 

to coalesce. • Just prior to cytokinesis the four nuclei 

of the PMC usually had one or two nucleoli each, rarely 

three. In Figure 7-D four nucleoli are shown. Cytokinesis 

of pollen mother cells resulting in four microspores was 

never observed in diploid C. melo. Whitaker (1930) re

ported that quadripartitioning occurs by furrowing or in

vagination of the plasma membrane in C. melo. Passmore 

(1930) reported quadripartioning to be simultaneous in 

most cases in Cucurbita pepo. Cytokinesis appears to have 



55 

occurred simultaneously in C. melo and this may account 

for not observing it in smears. By. making smears the 

microspores were usually pressed at least partially free 

of the cell membrane and were distinct. If cytokinesis 

was simultaneous or nearly so but was not quite complete, 

possibly the microspores would be observed free and separate 

entities due to smearing. Cytokinesis was observed in 

triploid C. melo (Figure 11-E) and was not simultaneous in 

this PMC, 

After cytokinesis one or two nucleoli per micro

spore are common in the diploid. In Figure 7~E one nu

cleolus is in each of the four microspores. Three nucleoli 

in a microspore were rarely observed as in Figure 7-F. 

Frequency, number, mean and standard deviation of 

nucleoli per microspore are presented in Table 2. At least 

one nucleolus was in each microspore. Almost 70 percent 

of the PMC observed contained only one nucleolus per micro

spore in diploid C. melo. 

Afify (1944) reported that he observed a few cells 

in which two pollen grains and a large body were present. 

From his discussion and pictures the large body appears 

to be a large microspore. No abnormal sized diploid C. 

melo microspores were observed in this study. 
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Table 2. Frequency, number, mean and standard deviation 
of nucleoli per microspore in diploid C. melo. 

Number of Nucleoli 1 2 3 

Frequency 279 117 4 

Mean 1.31 

Standard Deviation .49 

Pollen Grains 

After cytokinesis the microspores increase in size 

and become triangular. This triangular shape is noticed 

in the microspore with three nucleoli in Figure 7-F. With 

further development the pollen wall and three apertures are 

apparent (Figure 8-A). These immature pollen grains are 

from anthers in a bud 5.2 mm long. As shown here, a single 

nucleolus was observed 97.5 percent of the time in 400 pollen 

grains. Two nucleoli were found in 2.5 percent of the im

mature pollen grains examined. None were found which had 

three or more nucleoli. This indicates that coalescing 

of nucleoli had occurred in some of the pollen grains 

reaching this stage of maturity. 

Mature pollen is' shown in Figure 8-B. The pollen 

was observed as described by Marticorena (1963) as oblate, 

reticulate and with a "NPC-system" number of 344. This 

number, according to Erdtman and Straka (1961), is based on 
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Figure 8. Immature and mature pollen grains of diploid 
Cucumis melo L. 

A. Immature pollen grains from anthers in a 
bud 5.2 mm long. A pollen wall, three 
apertures, and a single nucleolus is ap
parent in each of the grains (X489). 

B. Mature pollen grains each with three 
apertures (X119). 



the apertures of spores,, e.g., their number (N), position 

(P) and character (C). A number of 344 indicates three 

apertures, each with at least one pore, situated at the 

middle line of a zone coinciding with or parallel to the 

equatorial belt. Marticorena (1963) reported the diameter 

of the pollen to be 56 to 57 microns. In this study the 

mean diameter of 60 mature diploid pollen grains which took 

up aceto-carmine stain was 57.3 ± 1.4 microns. Of 2,000 

observed diploid pollen grains 3.55 percent did not stain 

with aceto-carmine, which is a smaller percentage of bad 

pollen than Afify (1944) reported. Afify did not mention 

the criterion used to determine bad pollen. He reported 

4.7 percent bad pollen in subspecies pubescens, 5.6 in 

dudaim, 6.4 in flexuosus and 5.5 in vulgaris. He also 

reported uniformity in size of the pollen grains. In this 

study no abnormalities were observed, such as noticeable 

difference in size or more or less than three apertures, 

in stained pollen. Neither nuclei nor nucleoli were 

visible in mature pollen. 

Cytological Study of Microsporogenesis 
m Triploid Cucumis melo L. 

During the fall of 1968 and spring of 1969 plants 

of triploid C, melo cultivar PMR #45 were grown for this 

study. The seed for these triploid plants was produced by 

crossing tetraploid X diploid plants in the spring of 1968. 
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The photomicrographs are from buds collected during the 

fall of 1968. The complete sequence of microsporogenesis at 

the triploid level was studied just as extensively as in the 

diploid. However, for brevity and clarity only those 

stages which differ from the diploid and tetraploid are' 

described in detail and the photomicrographs shown indicate 

the irregularities observed. 

Premeiosis and Leptonema 

Triploid PMC during premeiotic interphase and 

leptonema had a tendency to remain clumped together as 

tissue and were also closely associated with somatic cells. 

The premeiotic interphase and leptonema PMC were approxi

mately twice the diameter of the somatic cells and were 

easily distinguished from them. A single nucleolus and no 

distinct chromosome strands were observed in the premeiotic 

PMC which were from buds approximately 2.2 mm to 2.5 mm 

long. The chromosomes during early leptonema were in a 

clump at one side of a single spherical nucleolus, as was 

also observed in the diploid. As meiosis progressed the 

chromosomes relaxed and were not clumped so tightly. The 

number of chromosomes associated with the nucleolus at this 

stage could not be determined. Chromomeres were visible 

but were not determined to be associated with certain chromo

somes. One large to 12 small spherical vacuoles were 



present in the nucleolus similar to what was observed in 

the diploid nucleolus. 

Zygonema and Pachynema 

The synapsing of homologous chromosomes in the tri-

ploid meiocytes was not observed. When pairing was first 

observed it was impossible, due to the number and size of 

the strands, to determine whether, pairing was partial or 

complete. 

During early pachynema there were varying numbers 

of heterochromatic bodies associated with the nucleolus 

(Table 3). The occurrence of these heterochromatic bodies 

Table 3. Frequency of observed heterochromatic bodies 
associated with the nucleolus during pachynema 
of triploid C. melo. 

• Data are from 400 PMC. 

Number of heterochromatic 
bodies 0 1 2 3 4 

Percentage 7 15 74 3 1 

is presumed to be due to heterochromatic satellites or to 

heterochromatic regions next to the nucleolar organizing 

regions. Since 12 trivalents were the usual configuration 

observed at diakinesis, two of the heterochromatic bodies 

at pachynema would be expected to be the most frequent 
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because two pair of satellited chromosomes were observed in 

the diploid. Seventy four percent of the PMC observed had 

two heterochromatic bodies associated with the nucleolus. 

The observance of none or one heterochromatic body could be 

due to one or two of them being hidden by the nucleolus. 

Another possibility when only one was visible is that the 

heterochromatic bodies were so close together to appear as 

one. Three of the heterochromatic bodies associated with 

a nucleolus could be explained by one of the two sets of 

three homologues with the heterochromatic areas forming a 

bivalent and a univalent, and the other set forming a tri-

valent. If both sets each formed a bivalent and a univalent 

four heterochromatic bodies would be formed. 

Coalescing of nucleoli was observed in the tri-

ploid. In a study to determine whether nucleolar budding 

or coalescing was occurring in zygonema and pachynema it 

was found that coalescing was occurring in the triploid 

similar to that in the diploid. In four trials using 

length of buds as the criterion for age, it was found that 

buds approximately 3.4 mm long had fewer nucleoli than buds 

approximately 3.0 mm long. This indicates that coalescing, 

not budding, had occurred as shown by the increase in the 

number of older PMC with a single nucleolus. The shorter 

buds had one nucleolus in 69.5 percent of 400 PMC whereas 

the longer buds had one nucleolus in 81 percent of 400 PMC. 
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Two separated nucleoli not in the process of coa

lescing were never observed in the diploid and rarely 

observed in the triploid. Figure 9-A shows two separated 

nucleoli in a triploid PMC which have not started to coa

lesce. The lower nucleolus in Figure 9-A which appears to 

be coalescing with a small nucleolus may be the result of 

two homologues forming the large nucleolus and the other 

homologue forming the small one. The upper nucleolus in 

Figure 9-A without any visible heterochromatic bodies may 

have a heterochromatic body or bodies hidden by the nu

cleolus . 

Figure.9-B shows a PMC which was observed in either 

zygonema or early pachynema with what appears to be two 

small nucleoli coalescing with one large nucleolus. One 

relatively large heterochromatic body appears to be as

sociated with all three of the nucleoli. It is speculative 

but possible that the two small nucleoli were each organized 

by a univalent chromosome with a nucleolar organizer and the 

large nucleolus from two pair of chromosomes with nucleolar 

organizers, as apparently occurs in the diploid. By synaps-

ing, three homologous chromosomes may be associated with 

each other. Synapsing occurs between only two chromosomes 

at any one point as reported by Newton and Darlington 

(1929) but different pairs can associate at different 

points. The heterochromatic area associated with the 



Figure 9. Prophase and metaphase stages of jmicrosporo-
genesis in triploid Cucumis melo L, 

A. A zygonema or early pachynema PMC with two 
separated nucleoli which have not started 
to coalesce. The lower nucleolus appears 
to be coalescing with a small nucleolus 
(X888). 

B. A zygonema or early pachynema PMC with two 
small nucleoli coalescing with a large nu
cleolus . A heterochromatic body appears 
to be associated with all three nucleoli 
(X888). 

C. A pachynema PMC in which three homologues 
are associated with one another as indicated 
by the arrow. Two homologues are synapsed 
with the third forming a loop (X888). 

D. A diplonema PMC with diffuse chromosomes 
(X888). 

E. Twelve trivalents of late diakinesis or 
early metaphase I (X888). 

F. Metaphase I chromosomes in an equatorial 
view (X799). 
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Figure 9. Prophase and metaphase stages of microsporo-
genesis in triploid Cucumis melo L. 
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nucleoli may be from all six nucleolar organizing chromo

somes and appear as one body or it may be from a trivalent 

and another heterochromatic body of the other trivalent may 

be hidden by the nucleoli. 

In pachynema three homologous chromosomes were ob

served in association as pointed out by the arrow in Figure 

9-C. Only two chromosomes were observed to be actually 

synapsed at any one point as shown by the loop formed by a 

single chromosome. The chromosomes that were synapsed 

often appeared shorter, possibly by contracting, than the 

corresponding single strand. Newton and Darlington (1929) 

also observed this in triploid tulips. 

From one large to 12 small vacuoles were observed 

in nucleoli during pachynema. The mean diameter of smeared 

PMC at pachynema was 101.5 ± 11.6 microns and the mean diam

eter of the nucleoli from PMC with a single nucleolus was 

11.9 ± 0.6 microns. 

Diplonema 

In early diplonema the trivalents became shortened 

and formed loops or rarely rough X configurations. The 

loops appeared to be mainly formed from two chromosomes with 

the third homologue' attached either for a short distance 

or by a terminal chiasma with the rest of the chromosome 

free. Loops are visible in a late diplonema PMC in Figure 

9-D. In rough X configurations one of the arms of the X was 
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quite long and apparently formed by. one of the homoiogues 

attached by a terminal chiasma. The chromosomes become 

very diffuse in late diplonema as occurs in the diploid. 

The nucleolus was commonly football-shaped or even 

more elongated with chromosomes attached at each end in 

early diplonema and it became spherical during mid and late 

diplonema. The two heterochromatic bodies associated with 

the nucleolus in pachynema were observed in early diplonema 

but by mid diplonema were not visible. 

The formation of nucleolar bodies as occurs in dip

lonema of diploid C. melo was not observed in the triploid. 

The triploid chromosome condition apparently keeps the nu

cleolar bodies from forming due to some unknown cause. 

Diakinesis 

The chromosomes at diakinesis are highly contracted 

and distinct, with the nucleolus disappearing in early 

diakinesis. In Figure 9-E 12 trivalents that are in very 

late diakinesis or very early metaphase I are apparent.' 

Due to the small size of the chromosomes it was not de

termined exactly where chiasmata were and the exact associa

tion of the three chromosomes making up trivalents at 

diakinesis. From the shape of trivalents some associations 

appeared to be as follows: (1) a V, W or rod-shaped con

figuration from a chain of three chromosomes with at least 

one chiasma between two of the homologues, or (2) roughly a 
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frying pan configuration either with two chromosomes form

ing a loop by having at least, one chiasma in each arm and 

the third chromosome paired for at least a short distance 

with one of them, or with two chromosomes having at least 

one chiasma in each arm between the two and the third 

homologue attached by a terminal chiasma, 

Metaphase I 

In well-spread preparations it was possible to 

count chromosomes at metaphase I. Ten trivalents, two bi-

valents, and two univalents were observed in the meiocyte 

of Figure 9-F. However, the chromosomes are not all dis

tinct in the photomicrograph because they are in different 

focal planes. Polar views of metaphase I indicated the 

chromosomes were not in a single plane. When 12 trivalents 

were observed in polar views their configurations varied. 

Sometimes a nine outer ring three inner ring configuration 

was observed, as well as an eight outer ring four inner 

ring configuration. There were additional configurations 

that could not be classified due to the chromosomes being 

in different planes and not in an orderly arrangement. In 

polar arrangements when other than 12 trivalents were pres

ent some of the chromosomes were observed to form a circular 

or nearly circular ring with other chromosomes scattered 

within it. 
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The attachment of three spindle fibers to each 

trivalent with two toward one pole and one toward the other 

may cause tension toward one pole and account for the tri-

valents not lining ujj> on a single plane in an equatorial 

view. The three attachments may also cause stress so that 

the chromosomes are pulled laterally and may account for 

the chromosomes not being so orderly arranged as the diploid 

in polar view. 

The number of trivalents found at diakinesis and 

metaphase I ranged from nine to 12 with the most common 

frequency being 12. Chromosome counts of diakinesis and 

metaphase I configurations were made for three collection 

periods September 1968, November 1968, and May 1969. No 

significant differences in mean number of trivalents was 

found for the three collection periods. The combined data 

are presented in Table 4 which includes the frequency, 

mean, and standard deviation of observed trivalents. 

Table 4. Frequency and number of trivalents per meiocyte 
in triploid C. melo. 

Number of trivalents 

Frequency 

Mean 

Standard deviation 

12 11 

120 30 

11.6 

.7 

10 

8 

9 

4 
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Anaphase I 

The chromosomes at anaphase I separated into two 

groups with a group going to each pole. Laggards were 

often observed but not in every PMC. In Figure 10-A of 

late anaphase 16 univalents are evident going to one pole 

and .17 to the other, with three univalents as laggards. 

The chromatids of one of these laggards had separated as 

indicated by arrows.. It appears that migration toward the 

poles has begun due to the attachment of two spindle fibers 

to the chromosome. Ordinarily in anaphase I only one 

spindle fiber is attached to each chromosome. Chromatids 

at this stage were infrequently observed and spindle fibers 

attached to chromatids or chromosomes were rarely seen. 

Telophase I 

When the chromosomes reached the poles after ana

phase I, lagging chromosomes were commonly observed that 

were not incorporated into the two groups. In a meiocyte 

of Figure 10-B a lagging chromosome is evident. Spindle 

fibers were barely visible in very early telophase (Figure 

10-B) and then they disappeared. The sequence of events 

in telophase I was similar to that observed in the diploid, 

with the chromosomes first forming a tight mass at the poles 

with a nuclear membrane forming around the mass. The 

chromosomes then relax and small dark-staining areas are 

observed in the cytoplasm. By collecting the meiocytes in 



Figure 10. Late first division, interphase, and meta
phase II stages of microsporogenesis in tri-
ploid Cucumis melo L. 

A. An anaphase I PMC which had three uni
valents as laggards. The chromatids of 
one of these laggards had separated as 
indicated by arrows (X779). 

B. A telophase I PMC with a lagging univalent 
midway between the poles (X779). 

C. An interphase PMC with apparent nucleoli 
outside of the nuclei as indicated by 
arrows (X584). 

D. Two large nucleoli, one in each nucleus, 
in a late interphase PMC (X779). 

E. Polar or near polar view of a metaphase 
II PMC. A number of univalents had di
vided either because anaphase II had 
already begun or due to precocious separa
tion (X652). 

F. A metaphase II PMC with the two metaphase 
plates nearly perpendicular to each other. 
A univalent chromosome (upper center in 
picture) is observed which is in neither 
of the metaphase plates (X779). 
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Figure 10. Late first division, interphase, and metaphase 
II stages of microsporogenesis in triploid 
Cucumis melo L. 
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killing and fixing solutions containing chloroform it was 

found as in the diploid that these small stained areas 

were not removed and so were not due to fat globules. The 

chromosomes became dispersed in enlarged nuclei and became 

further relaxed as in the diploid. The chromosomes at this 

stage were never observed as distinctly as in the diploid 

and satellites were not apparent. 

Interphase 

During interphase globular-shaped nucleoli formed on 

the chromosomes and a maximiam number of 17 was observed. 

As few as 12 nucleoli in some nuclei were observed before 

coalescing was thought to have occurred. Variation in the 

number of chromosomes capable of producing nucleoli tahich 

migrated to the poles could have led to a variable number 

of nucleoli in a given nucleus. In the meiocyte of Figure 

10-C arrows indicate what appear to be nucleoli outside 

of the nuclei. A possible explanation is that lagging 

chromosomes which were not incorporated into the nuclei 

formed the nucleoli. Chromosomes were not distinct enough 

to be observed in contact with these nucleoli. Angular 

nucleoli were observed as in the diploid after coalescing 

had started and these are apparent in Figure 10-C. The 

nucleoli continue to coalesce and form a single nucleolus 

in each nucleus (Figure 10-D) then they suddenly disappear. 
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Metaphase II 

Figure 10-E is a polar or near polar view of meta-

hase II. In this PMC and in others observed in a polar 

view the chromosomes were observed in two circular areas 

but were not in any definite arrangement as they were in 

diploid metaphase II. A number of chromatids are observed 

in both of the metaphase plates (Figure 10-E). This could 

be due to normal division of chromosomes with anaphase II 

already begun; further separation of some of the chromatids 

by smearing could have occurred. Another possibility is 

that some of the chromosomes were univalents in first 

division (Figure 10-A). 

The two spindles of metaphase II were found in some 

meiocytes to be parallel to each other but to vary from this 

so much as to be nearly perpendicular to each other (Figure 

10-F). A chromosome is observed which is in neither of the 

metaphase plates (Figure 10-F) and is apparently one that 

lagged during anaphase I. Fifteen univalents are in the 

metaphase plate at the left and 20 on the right. A PMC 

was rarely observed in which the two spindles were parallel 

and so close together that the chromosomes nearly formed a 

single plate as in Figure 11-A. The chromosomes were always 

observed in two metaphase plates when viewed under the 

microscope in such meiocytes with two distinct spindles. 



Figure 11. Second division stages of microsporogenesis, 
also cytokinesis, and microspores of triploid 
Cucumis melo L. 

A. A metaphase XI PMC with the two metaphase 
plates parallel and so close together as 
to appear to form a single plate (X779). 

B. An anaphase II PMC with normal spindle 
orientation (X584). 

C. A PMC in which the two spindles of ana
phase II appeared to be nearly parallel to 
the orientation of the spindle in first 
division (X489). 

D. A late anaphase II PMC with one of the 
spindles at an oblique angle to the other 
one. Lagging chromatids are visible in 
both spindles (X731). 

E. A PMC in the process of cytokinesis. Four 
invaginations are visible around the per
iphery of the PMC with a furrow indicated 
by an arrow (X652). 

F. Four microspores after cytokinesis. The 
microspore free of the PMC membrane is 
nearly ellipsoidal and this may indicate 
that it would have had only two apertures 
as a pollen grain (X489)-. 



72 

Figure 11. Second division stages of microsporogenesis, 
also cytokinesis, and microspores of triploid 
Cucumis melo L. 
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Anaphase II 

During anaphase II PMC were observed with no lag

ging chromatids as in Figure 11-B. However, other PMC were 

observed which had as many as 14 lagging chromatids. A PMC 

in which the two spindles of anaphase II appeared to be 

parallel or nearly so to the orientation of the spindle in 

first division is shown in Figure 11-C. Eighteen chromatids 

were counted in each of the groups. In Figure 11-D one 

of the spindles is at an oblique angle to the other one and 

lagging chromatids are visible. Irregularities in spindle 

orientation and lagging of chromosomes are apparently due 

to triploidy. 

Telophase II 

Lagging chromosomes were prevalent in telophase II 

but otherwise it was very similar to that observed in the 

diploid. 

Quartet Formation 

Four nuclei were observed to enlarge within the 

PMC but micronuclei were evidently also forming in at least 

some of the PMC since they were observed after cytokinesis. 

As during interphase the number of nucleoli formed 

in a nucleus was considered to be variable due to a variable 

number of chromosomes capable of forming the nucleoli. A 

maximum number of 16 nucleoli was observed to form in any 
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one nucleus. The nucleoli of each nucleus coalesced into 

one or a few relatively large nucleoli before cytokinesis 

of the PMC occurred. 

Cytokinesis of a PMC is shown in Figure 11-E with 

four invaginations around the circumference and a visible 

furrow indicated by an arrow. Since this meiocyte has been 

pressed out of its membrane the furrowing has not been 

complete or else individual microspores would be separated 

from each other. 

Figure 11-F shows four microspores present after 

cytokinesis. In the microspore free of the PMC membrane 

three nucleoli are apparent. The free microspore appears 

nearly ellipsoidal and may indicate that it would have had 

only two apertures as a pollen grain. Four microspores and 

two micronuclei are present in Figure 12-A. Chromosomes 

that were laggards and persisted apparently formed the 

micronuclei. 

The frequency and number of micronuclei per quartet 

were counted in PMC from buds collected during the last 

week of September, during October and the first week of 

November in 1968. From 100 quartets 54 were free of micro-

nuclei, 24 had one, and 22 had two micronuclei. The 68 

micronuclei observed had single very small nucleoli with the 

exception of three which had two very small nucleoli. One 

of the three was nearly as large as the microspores in the 
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12. Microspores also inunature and mature pollen 
grains of triploid Cucumis melo L. 

A. Four microspores and two micronuclei after 
cytokinesis (X748). 

B. Stained immature pollen grains of variable 
shapes and sizes from the anther of a bud 
7 mm long (X239). 

C. Mature pollen grains with various sizes of 
both aborted and stained pollen grains 
(X119). 
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quartet but was counted as a micronucleus; all other micro-

nuclei observed were very small. 

Frequency and number of nucleoli found per micro

spore are presented in Table 5 along with the mean and 

standard deviation. Each microspore had at least one nu

cleolus and the maximum number of nucleoli per microspore 

was four. 

Table 5. Frequency, number, mean and standard deviation 
of nucleoli per microspore in triploid C. melo. 

Number of Nucleoli 1 2 3 4 

Frequency 184 185 30 1 

Mean 1.62 

Standard Deviation . 63 

Pollen Grains 

Immature pollen grains, from a bud 7 mm long, were 

of variable shapes and all stained with aceto-carmine 

(Figure 12-B). The immature pollen grains in Figure 12-B 

have one, three or four apertures. Both immature and mature 

nearly ellipsoidal pollen grains that had two apertures 

were observed, 

Mature pollen grains are shown in Figure 12-C, 

Various sizes of both aborted' and stained pollen grains are 



77 

evident. The diameter of pollen grains with three apertures 

was measured as the distance from one aperture to the side 

directly opposite that aperture. Four of the pollen grains 

measured had two apertures and two pollen grains had four 

apertures. The diameter for each of these six grains was 

calculated as the average distance across the apertures 

and across the areas without apertures. The range in di

ameter of 60 stained pollen grains each in the diploid and 

triploid was 54 to 60 microns and 45 to 76,5 microns, 

respectively. The mean diameter of stained triploid pollen 

grains was 54.3 ± 6.8 microns which was smaller but not 

significantly smaller than stained diploid pollen grains 

which had a mean diameter of 57.3 + 1.4 microns. The mean 

diameter of triploid pollen was expected to be larger than 

that of diploid pollen because of the probability of more 

chromosomes per pollen grain. However, an imbalance of 

chromosomes is apparently the cause for the relatively 

small stained and aborted pollen grains. 

Of 2,000 pollen grains collected in May 1969 1,819 

or approximately 91 percent did not stain. This large per

centage of aborted pollen was considered to be due to certain 

aneuploid chromosome numbers, in the aborted pollen. Much 

smaller percentages of aborted pollen, 3.5 and 18.4 percent 

were found in haploid and diploid.pollen derived from di

ploids and tetraploids respectively. 
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By. expanding the binomial formula of (a + b)n = 1 

the expected frequency of N, 2N, and all possible aneuploid 

chromosome complements migrating to the poles at anaphase 

I can be calculated if random assortment is assumed. In 

the formula, a = h or the probability of two homologous 

chromosomes going to one pole and b - h or the probability 

of the other homologue going to the other pole. The number 

of homologous sets of chromosomes or 12 in this case = n. 

By using the binomial formula the expected percentage has 

been calculated for each of the possible ways in which the 

chromosomes can assort after metaphase X and these data are 

presented in Table 6. The percent shown for a given meta

phase I assortment (Table 6) is also the expected percent 

of nuclei receiving the two chromosome complements from that 

assortment. Therefore, the expected percent for only one 

chromosome complement would be one half of that for the 

assortment. Using the metaphase I assortment with 2N -

2, or 22, chromosomes going to one pole and N + 2, or 14, 

chromosomes going to the other as an example, the percent 

of each nucleus receiving these chromosome numbers would be 

1.6113. Assuming that in second division the chromosomes 

divide normally the same percentages will hold true for 

the number of chromatids going to each microspore which 

develops into an aneuploid pollen grain. 
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Table 6, Expected frequencies of metaphase I assortments 
and their corresponding pollen grains in triploid 
C. melo expressed as percents. 

Metaphase I 
Gametes Assortments Gametes Percent 

2N 24 - 12 N .0488 
2N - 1 23 - 13 N + 1 .5859 
2N - 2 22 - 14 N + 2 3.2227 
2N - 3 21 - 15 N + 3 10.7422 
2N - 4 20 - 16 N + 4 24.1699 
2N - 5 19 - 17 N + 5 38.6719 
2N - 6 18 - 18 N + 6 22.5586 

100.0000 

Few counts of anaphase I chromosomes were made but 

of those counted the chromosomes were found to be assorting 

similarly to what is expected from Table 6. In five PMC 

with no lagging chromosomes at anaphase X one each of the 

following assortments was observed, 18-18, 19-17, 21 -

15 and two PMC were assorting 20 - 16, At metaphase XX a 

PMC with 22 and 14 chromosomes was the most divergent from 

an 18 - 18 assortment observed. The meager data obtained 

on chromosome assortment are consistent with what is ex

pected. The assortments with greater probability were ob

served whereas the two assortments with the least prob

ability 24 - 12 and 23 - 13 were never observed. 

The total of the low frequency percentages of the 

gametic chromosome complements 2N, 2N - 1, 2N - 2, N, 
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N + 1, and N +• 2 equals 3.8574 percent. . This is a much 

lower frequency than observed in stained pollen grains. By 

adding the gametic frequency of N + 3 which is 5.3711 the 

total frequency is 9.2285 which is slightly higher than the 

9.05 percent stained pollen grains. All of the pollen 

grains which contain the gametic chromosome complement of 

N + 3 may not take up stain. In cases where the number of 

chromatids going to a microspore is N + 3 or 15, a certain 

chromosome or a certain combination of chromosomes may 
i 

cause the pollen grain to abort. This would account for the 

slightly lower percentage of stained pollen than was ex

pected. 

Cytological Study of Hicrosporogenesis 
in Tetraploid Cucumis melo 

The plants used in this study were sixth, seventh, 

and eighth generation highly inbred autotetraploids of C. 

melo cultivar PMR #45. Microsporogenesis of these auto

tetraploids was investigated just as thoroughly and ex

tensively as that in the diploid and triploid plants. How

ever, for clarity and brevity stages of microsporogenesis 

are described in detail and portrayed in photomicrographs 

only if they differ in some respect from the diploid or 

triploid plants. 
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Premeiosis and Leptonema 

Premeiotic cells in tetraploid C. melo were dif

ficult to separate from each other and from somatic cells. 

As in the diploid and triploid no distinct chromosome 

strands were visible and a single nucleolus was observed. 

In leptonema a single nucleolus and many tiny single chromo

some strands were observed. 

Zygonema and Pachynema 

Zygonema could not be distinguished from early 

pachynema due to the number and size of the strands. Dur

ing early pachynema dark staining bodies were associated 

with the nucleolus. As in the diploid and triploid the 

bodies were thought to be heterochromatic satellites or 

heterochromatic areas next to the nucleolar organizing 

regions of two homologous groups of chromosomes. The per

centages of 400 PMC which had differing numbers of hetero

chromatic bodies associated with the nucleolus during 

pachynema are shown in Table 7. 

From none to four heterochromatic bodies associated 

with the nucleolus were observed. Four of these hetero

chromatic bodies could be explained if both homologous 

groups of four chromosomes which had satellites were each 

associated as two bivalents or if one homologous group was 

associated as two bivalents and the other homologous group 

was a trivalent and a univalent. Several other combinations 
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Table 7, Frequency of observed heterochromatic bodies 
associated with the nucleolus during pachynema 
of tetraploid C. melo. 

Data are from 400 PMC. 

Number of Heterochromatic Bodies 0 1 2 3 4 

Percentage 3 10 77 6 4 

would also form four heterochromatic bodies. If four uni

valents were present from, the two satellited homologous 

groups of chromosomes more than four heterochromatic bodies 

would be expected but this was not observed. Three hetero

chromatic bodies would be associated with the nucleolus if 

one group of homologues formed a quadrivalent and the other 

group two bivalents, or a trivalent and a univalent. Two 

heterochromatic bodies would be formed if the two homologous 

groups of chromosomes were each in a quadrivalent configura

tion. The high percentage of two heterochromatic bodies 

observed indicates a high frequency of quadrivalent con

figurations. One body would be observed if two hetero

chromatic bodies each formed by a quadrivalent were so 

close together as to appear as one or if all but one of the 

heterochromatic bodies present were hidden by the nucleolus. 

When no heterochromatic bodies were observed they were 

evidently hidden by the dark staining nucleolus. 
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A comparison of heterochromatic bodies in the three 

ploidy leyels indicates that the percentage of PMC with two 

Visible heterochromatic bodies associated with the nucleolus 

increases with increasing ploidy number. In the diploid, 

triploid and tetraploid the percentages of PMC with two 

heterochromatic bodies was observed to be 65,5, 74 and 77 

percent respectively. The number of PMC with three or four 

visible heterochromatic bodies also increases with none in 

the diploid to a total of three percent in the triploid and 

ten percent in the tetraploid. The percentage of PMC with 

no visible heterochromatic bodies decreased from 22 percent 

in the diploid to seven percent in the triploid and to three 

percent in the tetraploid. Thus evidence is given that with 

an increase in ploidy levels the number of heterochromatic 

bodies increases. This increase in heterochromatic bodies 

is evidently due to an increased number of satellited 

chromosomes associated with the nucleolus. 

Two pairs of a group of homologous chromosomes were 

infrequently observed synapsed during pachynema. However, 

in Figure 13-A an arrow points to two pair of synapsed 

chromosomes. The homology of the two pair of chromosomes 

is indicated by the identical arrangement of chromomeres. 

The two homologous pairs were observed to be roughly parallel 

to one another for a short distance and then the two pairs 

of chromosomes appeared to come together in one group. At 

the point where the four homologues appeared to be together 



Figure 13. Propha.se stages of microsporogenesis in tetra-
ploid Cucumis melo L. 

A. A pachynema PMC with two pairs of a group 
of homologous chromosomes synapsed as in
dicated by the arrow (X584). 

B. Coalescing of two nucleoli in a diplonema 
PMC (X625). 

C. A football shaped nucleolus, in a diplonema 
PMC, with a quadrivalent attached at both 
ends. The long strand of chromosomal 
material in the upper part of the picture 
was thought to be a chain of four homo
logous chromosomes (X584). 

D. A diplonema PMC with three quadrivalents 
in ring configurations (X625). 

E. Approximately 50 "nucleolar bodies" in a 
diplonema PMC (X779). 

F. Coalescence of a "nucleolar body" with the 
apparent original nucleolus in a diplonema 
PMC (X584). 
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Figure 13. Prophase stages of microsporogeriesis in tetra-
ploid Cucumis melo L. 
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it is thought that an exchange of partners occurred. By 

exchanging partners the four homologues would be held to

gether. 

Coalescing of nucleoli in the tetraploid occurred 

possibly in zygonema, commonly in pachynema and was rarely 

observed in diplonema (Figure 13-B). In the diploid or 

triploid coalescing of nucleoli was not observed in dip

lonema. A study which determined coalescing and not budding 

was occurring in the tetraploid nucleoli was conducted with 

results similar to that obtained in the diploid and triploid. 

In each of four trials using PMC from buds approximately 

3.3 and 3.7 mm long it was found that the PMC from the longer 

buds had fewer nucleoli than from the shorter buds indi

cating that coalescing had occurred. 

The mean diameter of smeared tetraploid pachynema 

PMC was 116.2 ± 10.1 microns and the mean diairleter of nu

cleoli Of pachynema PMC with a single nucleolus was 13.5 

± 0.6 microns. Three to 14 vacuoles were observed in the 

nucleolus during pachynema. 

Diplonema 

As mentioned earlier coalescing of nucleoli was 

rarely observed in diplonema and is shown in Figure 13-B. 

In some PMC a football shaped nucleolus was observed during 

diplonema with either a bivalent or quadrivalent attached 
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at each end. Such a nucleolus is shown in Figure 13-C with 

a quadrivalent attached at each end of the nucleolus. 

Quadrivalents in a ring configuration were commonly 

observed in diplonema and three of these ring configura

tions, which have four chiasmata each, are evident in Figure 

13-D. The association of some chromosome groups could not 

be determined with certainty. Rarely a long chain of 

chromosomal material; which was thought to be a chain of 

four homologous chromosomes, was observed as in Figure 13-C. 

Sometimes two bivalents were apparently connected by a 

terminal or near terminal chiasma to form a quadrivalent 

configuration of two loops. Bivalents were observed which 

appeared to have a chiasma in each arm. 

During late diplonema the chromosomes became very 

diffuse and simultaneously dark staining granules developed. 

The granules, which appeared to be intimately associated 

with the chromosomes, enlarged to form the nucleolar 

bodies. As the nucleolar bodies increased in size they 

appeared to become free of the chromosomes. Throughout 

this phenomenon the original nucleolus persists. At least 

50 nucleolar bodies which exhibit no evidence of coalescing 

were counted in PMC such as the one shown in Figure 13-E. 

Coalescence of the nucleolar bodies occurs in the terminal 

stages of diplonema or in early diakinesis (Figures 13-F 
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and 14-A). Apparently coalescence proceeds simultaneously 

with the dissipation of the nucleolar bodies. 

The smallest number of coalesced nucleoli observed 

in the tetraploid was three but these may coalesce into one 

nucleolus if they are spatially close to one another. A 

single nucleolus was observed in the diploid before its 

disappearance. The total volume of the three nucleoli 

shown in Figure 14-A was compared to the mean nucleolar 

volume of single nucleoli measured in ten PMC prior to the 

formation of nucleolar bodies. The total volume of the 

three nucleoli (Figure 14-A) was less than the mean volume 

of the ten single nucleoli, differing by more than one 

standard deviation. The smaller volume of the three 

coalescing nucleolar bodies supports the contention that 

the nucleolar bodies coalesce and dissipate simultaneously. 

Diakinesis 

The nucleolar bodies or a single nucleolus disappear 

during late diplonema or early diakinesis. The chromo

somes during diakinesis are tightly contracted as shown in 

Figures 14-B and 14-C. In Figure 14-B nine quadrivalents 

are present with six bivalents and in Figure 14-C 11 

quadrivalents and two bivalents. The chromosome associa

tions, other than quadrivalents in rings and bivalents, 

were very difficult to determine as in diplonema. 



Figure 14, Late prophase, metaphase I, and anaphase I 
stages of microsporogenesis in tetraploid 
Cucumis melo L. 

A. Three "nucleolar bodies," the smallest 
number observed, in a late diplonema-
early diakinesis PMC (X779). 

B. A diakinesis PMC with nine quadrivalents 
and six bivalents (X786). 

C. A diakinesis PMC with 11 quadrivalents 
and two bivalents (X786). 

D. A metaphase I PMC with eight quadrivalents 
and eight bivalents. One of the bivalents, 
indicated by an arrow, is rod shaped with 
a single chiasma (X779). 

E. An anaphase X PMC with 24 univalents mi
grating to each pole (X524). 

F. Lagging chromosomes in an anaphase I PMC 
(X584). 
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Figure 14. Late prophase, metaphase I, 
stages of microsporogenesis 
Cucumis melo L. 

and anaphase I 
in tetraploid 
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The chromosome configurations at diakinesis or 

metaphase I of three collection periods, one each in March, 

July, and November of 1968, were counted and no significant 

differences were found in the number of guadrivalents formed 

during the three periods. Only three plants were used in 

this study, a different plant for each collection period. 

In Table 8 the total configurations of 90 PMC (30 from each 

of the three collection periods) are shown. 

As Table 8 indicates, a very high degree of regu

larity is found in the chromosome configurations at dia

kinesis or metaphase I. Only 66 chromosomes out of a total 

of 4,320 or less than two percent of the chromosomes are 

not incorporated into either a quadrivalent or bivalent. 

Sixty or two-thirds of the PMC observed are composed of 

chromosome configurations made up solely of a combination 

of guadrivalents and bivalents (Table 8). Each of these 

60 PMC should have equal assortment and consequently no 

pollen aneuploidy should result from them. Of the remaining 

30 PMC three have two univalents and no trivalents as part 

of their chromosome configuration. Twenty three of the PMC 

have one trivalent and one univalent present. The PMC with 

two univalents and no trivalents, and the PMC with one uni

valent and one trivalent as indicated in Table 9 will each 

produce 2N, 2N + 1 and 2N - 1 pollen gametes with fre

quencies of ,5, .25 and .25 respectively. 
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8, Chromosome configurations and frequency during 
diakinesis and metaphase I of tetraploid C. melo. 

Data are of .90 PMC. 

Chromosome Configurations 

III II I Frequency 

6 15 
8 12 

• 4 11 
2 11 

1 4 1 8 
10 7 

1 6 1 4 
1 2 1 4 
1 8 1 3 
1 12 1 2 

14 2 
12 2 

1 14 1 1 
2 10 2 1 
2 8 2 1 

11 2 1 
7 2 1 

2 2 2 1 
5 2 1 

2 2 1 
1 1 1 
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Table 9. Chromosome configurations containing trivalents 
or univalents and the calculated frequency of 
resulting aheuploid and euploid pollen gametes. 

Chromosome 
Configurations Calculated Gametic Frequencies 

I III 2N 2N-1 2N+1 2N-2 2N+2 2N-1+1 

2 0 .5 .25 .25 

1 1 •5 .25 .25 

2 2 .25 .25 .25 .0625 .0625 .1250 

Four of the 90 PMC observed (Table 8) have two tri

valents and two univalents present in their chromosome 

configurations. The types of pollen gametes and their cal

culated frequencies are shown in Table 9. Based on the 

observed frequencies of PMC having univalent or trivalent 

chromosome configurations (Table 8) and the calculated 

frequencies of aneuploid pollen gametes produced (Table 9) 

the total expected frequencies of the various pollen gametes 

are shown in Table 10. The calculated percentage of 

aneuploid gametes (Table 10) compares favorably with the 

observed percentage of non-stainable pollen in tetraploid 

C. melo being 17.78-and 18.4 percent respectively. Aneu-

ploidy during development of pollen grains is apparently 

one reason for pollen abortion as indicated by the failure 

to take up stain. 
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Table 10. Calculated frequencies of aneuploid pollen 
gametes produced by tetraploid C. melo. 

Based on counts of 90 PMC. 

Aneuploid 
Pollen Gametes 2N-1 2N+1 2N-2 2N+2 2N-1+1 Total 

Calculated Fre
quency (%) 8.33 8.33 .28 .28 .56 17.78 

The mean number of quadrivalents found for tetra

ploid C. melo in this study was 8.62 ± 1.67 as reported in 

Table 11. This was not significantly different at the five 

percent level from the mean number of quadrivalents found 

by Batra (1952) for each of four varieties of C. melo, as 

reported in the review of literature. 

Table 11. Frequency and number of quadrivalents per PMC 
during diakinesis and metaphase of tetraploid 
C. melo. 

Data are of 90 PMC. 

Number of 
Quadrivalents 4 5 6 7 8 9 10 11 12 

Frequency 1 5 4 10 17 25 16 12 0 

Mean 8.62 

Standard 
Deviation 1.67 
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Furusato and Tanaka (1952) reported the chromosome 

configurations at metaphase I of 11 PMC of induced tetra-

ploid C. melo. Only four of the 11 PMC had quadrivalents 

within the range of 4 to 11 as found in the present study. 

The other seven had fewer quadrivalents per cell than was 

observed in any one of the 90 PMC in this study. The low 

number of quadrivalents reported by Furusato and Tanaka 

(1952) could be due to a genetic difference which influenced 

quadrivalent formation. Another possibility is that low 

temperature or some other environmental factor reduced the 

number of quadrivalents formed. 

Metaphase I 

The chromosomes during metaphase I were lined up 

in a near perfect plane in some PMC but not in others; 

variations may be due to smearing. Counts were made of the 

chromosomes when they were spread well and, as mentioned 

previously in Tables 8 and 11, represent counts made in 

metaphase I and diakinesis. Figure 14-D is of a PMC 

showing eight quadrivalents and eight bivalents, with an 

arrow pointing to a rod shaped bivalent with a single 

chiasma. This was the only PMC in metaphase I of the 

tetraploid in which such a bivalent was observed. All the 

other bivalents observed in metaphase X had at least one 

chiasma in each arm of the two chromosomes. Polar views of 
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metaphase I showed that the chromosomes were in a spherical 

group and in a, single plane or nearly so. 

Anaphase I -

The chromosomes separated into two groups during 

anaphase I with 24 univalents migrating to each pole in 

some PMC as in Figure 14-E. In 12 out of 18 PMC of anaphase 

I in which the chromosomes were counted 24 univalents mi

grated to each pole. Of the remaining six PMC which had 

unequal assortment four PMC had 23 and 25 univalents mi

grating to opposite poles and two PMC had 22 and 26 migrat

ing to opposite poles. The assortment of chromosomes ob

served at anaphase I were the same as expected from 

configuration counts made at diakinesis and metaphase I. 

However, the frequencies of observed unequal assortments 

were higher than expected. The percent of PMC with an 

expected 23-25 assortment was 16.67 but 22.22 percent was 

observed. Less than one percent of PMC assorting 22-26 

was expected with approximately 11 percent observed. The 

discrepancies in the expected and the observed percentages 

of unequal chromosome assortments is possibly due to the 

small number of assortments counted at anaphase I. Another 

explanation is that- actual differences may be present as the 

PMC of the anaphase I assortments were not collected at the 

same time as the PMC used to make the diakinesis and meta

phase I configuration counts. The environment of the 
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plants at the time the buds were collected may have af~ 

fected the chromosome configurations and, in turn, the 

assortments. 

Lagging chromosomes were infrequently observed in 

anaphase I. In Figure 14--F lagging chromosomes are shown 

but it is possible the laggards would be incorporated into 

the two interphase nuclei of such meiocytes. 

Telophase X 

With the exception of observing lagging chromosomes 

infrequently the telophase sequence was similar to that of 

the diploid. Dark staining areas observed in the cytoplasm 

at this stage were not removed by collecting buds in killing 

and fixing solutions containing chloroform and so they were 

not due to fat globules. It was impossible to get the chro

mosomes spread well enough when they were relaxed to observe 

the chromosomes in detail and satellites were not seen at 

this stage. 

Interphase 

Globular shaped nucleoli formed on the chromosomes 

during interphase similar to what was observed in the di

ploid and triploid. Ten nucleoli, which were thought to be 

produced by certain chromosomes, were observed in diploid 

interphase nuclei. Twenty nucleoli were expected in the 

tetraploid nuclei and were observed in some interphase PMC 
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apparently before nucleolar coalescence began. . An unequal 

assortment of chromosomes was observed in some anaphase I 

meiocytes, Thus, more than 20 nucleoli were expected in 

some nuclei, due to the possibility of a greater number of 

chromosomes capable of producing nucleoli at one pole, but 

this was never observed. 

Metaphase II 

Equatorial views of metaphase II were very similar 

to those of the diploid except for a doubled chromosome 

number and infrequent irregularities which were not observed 

in the diploid. Irregularities are shown in Figures 15-A 

and 15-B. In Figure 15-A a univalent chromosome is shown 

between the two metaphase plates and is apparently a laggard 

from the first division which failed to get incorporated 

into either group of chromosomes. In Figure 15-B the two 

metaphase plates are observed to be roughly 55 degrees from 

the parallel. Twenty three univalent chromosomes are in 

one plate and 25 in the other (Figure 15-B). 

Polar views of metaphase II showed the chromosomes 

of each plate to be in a circular area but with no constant 

arrangement observed. 

Anaphase II and Telophase II 

The chromosomes divided into four groups of chroma

tids during anaphase II. Lagging chromatids were observed 



Figure 15. Second division stages of microsporogenesis, 
microspores, and mature pollen grains of 
tetraploid Cucumis melo L. 

A. A metaphase II PMC with a univalent between 
the two metaphase plates. The chromosome 
was apparently a laggard during the first 
division (X584). 

B. A metaphase II PMC with the two metaphase 
plates roughly 55 degrees from the parallel. 
Twenty three univalents are in one plate 
and 25 in the other (X584). 

C. A late anaphase II PMC with lagging chroma
tids in one spindle (X584). 

D. A quartet of microspores after cytokinesis 
(X390) . 

E. A quartet of microspores with two micro-
nuclei indicated by arrows (X390). 

F. Mature pollen grains each with three 
apertures except the one indicated by an 
arrow which has four apertures (X119). 
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H 

Figure 15, Second division stages of microsporogenesis, 
microspores, and mature pollen grains of 
tetraploid Cucumis melo L. 
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infrequently in both spindles or in one spindle as in 

Figure 15-C. Rarely was a PMC spread well enough to count 

all of the chromatids with certainty. 

Telophase II with the exception of having occasional 

lagging chromatids was very similar to that of the diploid. 

Quartet Formation 

After telophase four nuclei were observed to enlarge 

within the meiocytes. Within a nucleus as many as 20 nucle

oli were observed associated with the chromosomes. The 

nucleoli coalesced first forming angular nucleoli and then 

larger spherical ones. 

Meiocytes in cytokinesis were rarely seen in tetra-

ploid C. melo because of its apparently rapid occurrence. 

Within the cell membrane four invaginations nearly equally 

spaced around the circumference of the PMC were observed. 

Also observed was a furrow or furrows between regions of the 

PMC similar to that indicated by an arrow in a triploid 

meiocyte (Figure 11-E). Apparently the furrows cut off the 

four microspores. 

Counts were made of the number of micronuclei per 

quartet after cytokinesis. One hundred quartets were ex

amined, from buds collected from four plants in July 1968, 

with 81 found to be free of micronuclei. Fourteen of the 

quartets had a single micronucleus and five quartets had 

two micronuclei each. The 24 micronuclei each, had a single 
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very small nucleolus with the exception o£ two, one of 

which had two and the other three very small nucleoli. 

The micronuclei apparently were formed from persistent 

lagging chromosomes. Figure 15-D is of a quartet without 

micronuclei, but arrows indicate two micronuclei in Figure 

15-E. 

Varying numbers of nucleoli per microspore and also 

different sizes of nucleoli are shown (Figures 15-D and 

15-E). The frequency and number of nucleoli per microspore 

were counted and are presented in Table 12. 

Table 12. Frequency, number, mean and standard deviation 
of nucleoli per microspore in tetraploid C, melo, 

Number of Nucleoli 1 2 3 4 5 

Frequency 122 184 77 14 3 

Mean 1.98 

Standard Deviation .84 

A tendency for more nucleoli per microspore with 

increasing ploidy levels was found. The means were 1.31, 

1.62, and 1.98 for the diploid, triploid, and tetraploid 

respectively but these means are not significantly different. -

All observed microspores of the three ploidy levels had at 

least one nucleolus. 
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Pollen Grains 

The microspores increased in size after cytokinesis. 

Most of the immature and mature pollen grains had three 

apertures and were triangular. However, an occasional 

pollen grain was observed which had four apertures and this 

caused such pollen grains to appear roughly square shaped, 

as indicated by the arrow (Figure 15-F). Mature pollen 

collected in May 1969 from three tetraploid plants was 

measured and the mean diameter was found to be 69.0 ± 2.8 

microns. Of the 60 pollen grains measured four had four 

apertures. The average of the distance across the apertures 

and across the areas without apertures was considered to be 

the diameter for each of these four pollen grains. The 

distance from one aperture to the side directly opposite 

that aperture was measured as the diameter for pollen grains 

with three apertures. The tetraploid pollen diameter of 

69.0 ± 2.8 microns when compared with the diameter of 57.3 

± 1.4 microns of the diploid pollen is significantly dif

ferent at the five percent level. The tetraploid pollen 

is approximately 20 percent larger in diameter than the 

diploid. Thus pollen size is a good indicator for the 

diploid and tetraploid levels, although it is not a posi

tive identification criterion for either one of them. 

Tetraploid pollen collected in May 1969 had 81.6 

percent stainable pollen with aceto-carmine. Since 17.78 
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percent of the pollen grains were expected to be aneuploids 

due to unequal assortment, and 18,4 percent of the pollen 

grains were observed to abort it is believed that the 

aborted pollen grains are due to aneuploidy. Lagging 

chromosomes would also lead to aneuploids and could account 

for the slight discrepancy in expected aneuploid pollen 

grains and those observed to abort. 



3UMMA.RY 

Microsporogenesis was studied cytologically and 

illustrated by photomicrographs at the diploid, triploid, 

and tetraploid levels in Cucumis melo L, Carnoy's solution 

of three parts 100 percent ethyl alcohol and one part gla

cial acetic acid was the principal killing and fixing solu

tion employed. The material used in this study was stained 

with Snow's alcoholic hydrochloric acid-carmine. An 

estimated 8,000 PMC were studied in each of the three 

ploidy levels. 

The classic prophase stages of meiosis were observed 

at the diploid level. One stage, zygonema, could not be 

identified in the triploid and tetraploid. In the diploid 

two bivalents were commonly observed associated with the 

nucleolus. 

Two unusual phenomena involving the nucleoli were 

observed during prophase. The first phenomenon, coalescing 

of nucleoli, was observed in all three ploidy levels. 

Coalescing of nucleoli occurred principally in pachynema 

but was observed in zygonema in the diploid and rarely in 

diplonema in the tetraploid. The formation of "nucleolar 

bodies," the second phenomenon involving nucleoli, was ob

served only in the diploid and tetraploid. Granules which 

102 
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initiated the formation of "nucleolar bodies" were inti

mately associated with diffuse diplonema chromosomes. 

These granules enlarge and then are not visibly associated 

with the chromosomes. Finally, in very late diplonema or 

early diakinesis the ''nucleolar bodies" apparently coalesce 

and dissipate simultaneously. 

Two dark staining bodies considered to be either 

heterochromatic regions next to the nucleolar organizing 

region or heterochromatic satellites were commonly observed 

in the three ploidy levels during pachynema. Three or four 

of these heterochromatic bodies were observed in a small 

percent of the pollen mother cells (PMC) in the triploid 

and tetraploid. This is probably due to chromosomal con

figurations with satellited chromosomes present as bivalents 

or univalents. 

Twelve bivalents could be counted in diploid dip

lonema. The chromosomes at the triploid and tetraploid 

levels could not be accurately counted during diplonema. 

No consistent size differences were found in the 

tightly contracted diakinesis chromosomes of the diploid. 

Variation in size appears to be due to the configuration 

of the chromosomes. A rod shaped bivalent with only one 

chiasma was infrequently observed though usually each of 

the 12 bivalents appeared to have, at least one chiasma in 

each arm of the chromosomes. Two apparent satellited 
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chromosomes were obseryed at diakinesis in the diploid. 

Diakinesis or metaphase chromosome associations of the three 

ploidy levels indicated a high incidence of chiasmata. In 

the diploid all chromosomes observed at these two stages 

were in bivalents. The triploid chromosomes were predom

inantly in trivalents and the tetraploid chromosomes were 

predominantly in quadrivalents and bivalents with some 

trivalents and univalents. 

In metaphase I and II the chromosomes were aligned 

on metaphase plates. The diploid plates were more regular 

than the triploid or tetraploid. Diploid polar views of 

metaphase I and II thought to have little or no distortion 

due to smearing were usually in a configuration of an outer 

ring of nine and three in the center. The triploid and 

tetraploid did not form regular spatial arrangements in 

polar views. 

Anaphase I and II were characterized by the migra

tion of chromosomes in groups toward the poles. Irregu

larities in numbers of chromosomes moving to the poles and 

lagging of chromosomes were common in the triploid. In the 

diploid two chromosomes going to the same pole each with an 

apparent satellite were observed ir\ an anaphase I PMC. 

During telophase I two chromosomes in both nuclei of 

a diploid PMC had visible satellites. In the cytoplasm of 

both telophase I and II at all three ploidy levels dark 
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staining areas were observed. These dark staining areas 

were determined not to be fat globules. 

During interphase, up to ten nucleoli were observed 

to form on the chromosomes in the nuclei of the diploid. 

These nucleoli became angular and then coalesced to form a 

single nucleolus in each nucleus. During triploid and 

tetraploid interphase a maximum of 17 and 20 nucleoli, 

respectively, were observed to form on the chromosomes and 

these also became angular then coalesced into one or more 

large nucleoli per nucleus. Nucleoli also formed on the 

chromosomes during telophase II and coalesced in a manner 

similar to that observed during interphase in all three 

ploidy levels. 

Cytokinesis occurred in telophase II in the diploid, 

triploid and tetraploid. After cytokinesis micronuclei 

were observed in triploid and tetraploid quartets. 

Pollen abortion, as determined by aceto-carmine 

staining, occurred at 3.55, 90.95 and 18.40 percent for the 

diploid, triploid and tetraploid respectively. Calculations 

of aborted pollen in the triploid and tetraploid were 
I 

approximately 90.77 and 17.78 percent respectively. These 

calculations are in good agreement with the observed 

frequencies. 

Diploid and tetraploid pollen was found to be 

significantly different in size with the tetraploid 
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approximately 20 percent larger. Size of pollen grains 

could be used as an indicator of diploid and tetraploid 

levels. Triploid pollen grains were more variable in size . 

than either the diploid or tetraploid grains. Variation 

in size and the high percent of aborted pollen could be 

used as an indicator of the triploid level. 

During the detailed cytological study of diploid 

C. melo the nucleoli and satellites were of special interest. 

Coalescing of nucleoli and the formation of "nucleolar 

bodies" occurred during prophase. Two pair of satellited 

chromosomes were observed in diakinesis, anaphase I and 

telophase I of the diploid. In the triploid emphasis was 

placed on the chromosome assortments at metaphase I as 

compared to expected and aborted pollen grains. In the 

"tetraploid chromosome configurations at diakinesis and meta

phase I and their relationship to pollen grains was of 

special .interest. 
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