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The objective of the invtiations was to deteriìiine the 
role of chromosome numbers in netode taxonomy by preliminary 
studies of oágenesis in several free-living end plant parasitic 
nemat odes. 

O8gønesis of two species of root-knot nematodes belonging 
to the genus Meloidojzne (Goeldi, 1e87) Chitwood, 1949, a cyst- 
forming nernatode of the genus Heterodera Schidt, 1871, and a 

saprozoic nenaode of the genus Dilqgaster M. Schultze, in Carus, 
1857 was investigated. Slide material of whole female nematodes 
was prepared by the squash method using propionic-orcein in 
staining and dehydrating in an alcoholic vapor. A new method of 
handling sniall nmatodes is introduced. Nematodes are first 
placed in a 2 agar block and then prepared for study by the 
paraffin niethod. Sectioned material stained In either Heidenhain's 
iron hematoxylin or crystal violet was unsatisfactory for the 
study of chromosornes 

The sperm nuclei are found in some ocytes during the 
maturation divisions in Meloidogne spp. No sperm nuclei were 
found in the oöcytes of the Heteroders. sp. which was investigated. 
Chromosome nuithers are determined daring the maturation division 
of the primary oöcyte. The haploid number of chromosomes in. 

Veloidogyne hapla Chitwood, 1949 varies within the group. When 
sperm nuclei are present in the oöoytes of thiseies, the 
haploid nimiber is ten, and when the sperrii nuclei are absent the 
haploid number is six. ieloidone incojn.ita (Kofoid and ahite, 
1919) Chitwood, 1949 has a haploid number cf eight and a diploid 
nuniber of 16. lieterodera sp. has a cliploid number of 16 
chroniosomes and apparently there is no reduction in the number of 
chromosomes during the fonation of the ocytes. The haploid 
number of chromosomes in Diplcaster p, is six, 

Apparently chronmsone numbers may be used in the separation 
of nematode genera. More species of plant perasitic and free- 
living nematodos should be investigated before chromosome numbers 
niay be used in specific separation. 
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O&)ENESIS IN SEVERAL FREE-LIVING 
AND PLA1T PARASITIC NEMATODES 

INTRODUCTION 

Recently nematode parasites of plants have become 

increasingly important in plant pathology. Life history 

studies, chemical and cultural control, and taxonomy of 

plant parasitic nematodes have received considerable 

attention. Although the physiology and morphology of 

cyst-forming and root-knot nematodes have been studied, the 

chromosome numbers and related studies have not been 

investigated. 

At the present time the taxonomy of nematodes is 

based mainly on morphological differences. Museum taxonomy 

correlated with host preference has been recently intro- 

duced in separating the species of root-knot and cyst- 

forming nematodes. Other groups of plant parasitic 

nernatodes are separated by the same system. Certain 

species of nematodes within the plant parasitic genera are 

difficult to separate using the present system of taxonomy 

The purpose of the investigations presented in this 

paper was to determine the role of chromosome nwnbers in 

nematode taxonomy. Preliminary studies of oögenesis in 

several plant parasitic and free-living nematodes form the 

basis of the present investigation. 
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LIThRAT1JRE REVIEW 

Gametogenesis in animal parasitic nematodes 

belonging to the genus Ascaris L., 1758 has been studied 

extensively by many well known cytologists including Van 

Beneden (24), Carnoy (s), and Walton (25 and 26). 

Free-living species of nematodes belonging to the 

genus Rhabditis Dujardin, 1845 have also received 

considerable attention by Kruger (14), Belar (1), and 

Honda (il). Oögenesis and chromosome numbers in plant 

parasitic nematodes, of which the cyst forming and root- 

knot species are of predominant economic importance, have 

not been studied. A brief review of oögenesis in the 

genera Rhabditis and Ascaris will therefore serve as a 

basis for consideration of nematode oögenesis. 

Walton (25, pp.167-175) reviews the literature 

of nematode gaxnetogenesis up to 1923. He has made many 

major contributions in the field of nematode cytology. 

According to Walton (26, p.535) the oögonial cells in the 

anterior portion of the ovary of Ascaris canis Verner, 1782 

are very small and tightly packed. The oögonia multiply 

by raitotic division. The oögonial cells increase in size 

as ther move dovm the ovary. The nucleus of each cell 

shows corresponding growth. The chromatin is a single, 

spherical mass located in the center of the nucleus. The 



chrornatin appears as a single mass during mitosis rather 

than individual chromosomes. Goodrich (9, pp.147-150) 

reported that the ogonial chromatin also tends to divide 

in mass rather than being resolved into individual 

chromosomes in ovary of Ascaris incurva Rudd, 1819. 

Walton (26, pp.538-539) describes the formation of 

karyosomes or "prochromosomes" in the primary o6cytes of 

Ascaris canis. He also noted that the prochromosomes 

became arranged at the periphery of the nucleus. The 

chromosomes are ellipsoidal in shape when first formed but 

later by constriction assume a dumb-bell appearance. 

arcus (cited by Walton 26, p.539) observed the phenomena 

of prochromosome formation while working on another species 

of Ascaris parasitic on dog. Hertwig (cited by 'Ia±ton 26, 

p.539) found a similar stage in the o6cytes of Ascaris 

megalocephala Cloquet, 1824. 

The chromatin again condenses after the formation of 

the prochromosomes into a compact spherical mass but dis- 

placed from its former central position in the nucleus. 

Maturation division follows. 

Sharp (20, p.252), in his description of meiosis, 

remarks that each chromosome enters into a synapse with its 

homologue and also divides longitudinally, thus giving a 

tetrad chromosome composed of four chromatids. Van 

3eneden (cited by Walton 27, p.205), who was first to 
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describe reduction in the number of chromosomes in the 

nuclei of the egg and sperm of Ascaris, observed that each 

sex cell contained one-half the number of chromosomes 

found in somatic cells. The chromosomes pair during the 

first maturation division and then come to lie with their 

broad faces in contact with each other. An achromatic 

bridge of connecting material is formed between the 

daughter chromosomes. 

Walton (27, pp.205-206) observed that two successive 

meiotic divisions followed the pairing of homologous 

chromosomes. The first meiotic division is disjunctive 

(separation of homologous structures) anu the second is 

equational. The divisions follow each other without 

complete nuclear reorganization during interphase. 

The cytoplasm of the cell becomes vacuolated during 

the formation of the first maturation division chromosomes 

with the largest vacuoles near the periphery of the cell. 

The cell wall of the primary ocyte is very thin during 

early maturation. 

Walton (26, p.550) observed in Ascaris canis that 

chromosomes forming the metaphase plate of the first 

maturation division are located in the center of the eg. 

When the sperm enters the eg the spindle and its nuclear 

contents migrate to the periphery of the egg. The spindle 

then undergoes a 90 degree rotation and comes to rest with 



one of its poles against the fertilization membrane. The 

chromosomes separate and the first polar cell and secondary 

o6cyte are formed. The chromosomes within the polar cell 

clump together while those in the egg retain their 

individuality. À new spindle forms and eventually rotates 

until its axis is perpendicular to the surface of the egg. 

The second maturation division, wh±ch is equational, 

separates like chromosomes which form a second polar body 

and a pronucleus of a large ovum. Both of he cells have 

the haploid number of chromosomes. Walton (26, p.555) 

observed the second polar cell in Ascaris canis remains on 

the surface of the cell cytoplasm while the first polar 

body attaches itself to the inner surface of the 

fertilization membrane. 

The female and male pronuclei eventually come to lie 

side by side. Individual chromosomes form within both 

pronuclei. The membranes of the pronuclei break down and 

either a fusion nucleus or a fusion spindle is formed. 

Welton (26, p.562) observed the formation of a fusion 

nucleus in Ascaris canis wherein the chromosomes arrange 

themselves in the equatorial plate region and normal 

mitotic division follows. 

The formation of a fusion spindle, when the two 

pronuclei como together, is apparently the most common 

process in the early cleavage of nematode eggs. In this 



type of spindle the male- and female- derived chromosomes 

are posicioned in opposite sides of the spindle. The 

chr'oniosomes become indistinguishably mixed only during 

second cleavage. 

The entry of the sperm into the egg and subsequent 

fertilization has received considerable attention by many 

workers including Carnoy (3), Kroning (13), and 

VJaton (27). Other investigators have found exceptions to 

normal fertilization in the form of parthenogenesis and 

non-functional sperm. These observations are given in the 

discussion of the present paper. 



SOURCES MW SPECIES OF NE11ATODES STUDIED 

Me1oidoyne spp. Root-knot nematodes belonging 

to the genus Teloidoyne Goeldi, 1887 are parasitic on 

approximately 2000 different kinds of host plants and are 

therefore easily obtained. Species identification is 

principally determined by the perineal pattern of the 

female (5, pp.90-104). Young gravid females (Plate VI, 

figure 31) selected for study were taken from the following 

infected host plants: 

Je1oidogyne hapla Chitwood, 1949, from lettuce roots. 

Leloidoc'yne incocmita (Kofoid and White 1919) Chitwood, 

1949, from potato tubers. 

.eloidogyne inconita (Kofoid and White 1919) Chitwood, 

1949, from potato roots. 

Ie1cidocyne incqgnita (Kofoid and White 1919) Chitwood, 

1949, from multiflora rose roots. 

Heterodera sp. A cyst-forming nematode of the 

genus 1-leterodera Schmidt, 1871 was obtained from hairy 

vetch roots. An ample supply of gravid females was 

available 35-37 days after the planting of hairy vetch in 

pots containing soil heavily infested with Heterodera 

cysts (matn'e females). 

Diplogaster sp. A saprozoic nematode of bhe 

genus Diplogaster M. Schultze, in Carus, 1857 was obtained 



from decaying narcissus bulbs, Gravid females of 

Diplogaster sp. were present in sufficient numbers in the 

bulbs. 



MAThRIiUS AND IETHODS 

Histological tecimigues. 

Two methods of preparing the nematode material were 

employed; a modified squash method (21, p.27) and the 

paraffin embedding method. 

Squash method. The plant parasitic female nematodes 

were fixed in Carnoy's fluid (absolute alcohol 
6, chloroform 3, and glacial acetic acid 1) one to three 
hours. The nematodes were then transferred to a small 

watch glass containing propionic-orcein stain (1 gram of 

orcein in 100 cc. of 45 propionic acid brought to a boil, 
cooled and filtered). After three to five minutes the 

nematodes were placed in a small drop of propionic-orcein 
on an albumenized slide. A cover slip was applied and by 

gently applying pressure to the cover slip the female 

nematodes were broken open to release the body contents 
into the stain, The slide was heated several times over an 

alcohol flame and with care to prevent the fluid from 

boiling. Excess fluid was removed with filter paper. 
Dehydration was accomplished by the exchange vapor 

method (2, pp.51-52). Theslides were placed in a Coplin 

jar, the bottom of which was lined with absorbent paper 

saturated with 95 ethyl alcohol. The slides were left in 
the vapor jar for a period of 12-36 hours arid then placed 



in a 95% ethyl alcohol bath. 

iii: 

The cover slip was pried free 

of the slide and then both cover slip and slide were taken 

from the alcohol bath and placed on filter paper. Excess 

alcohol was quickly removed from around the stained 

nematodes, a drop of diaphane (which is miscible wif;h 95 

ethyl alcohol) was placed on the nematode material, and the 

original cover slip applied. Gentle pressure on the cover 

slip flattened the nematode eggs to aid in subsequent 

examination of the chromosomes. 

The free-living nematodes viere prepared for study in 

the following manner. Specimens were fixed ïn Carnoy's 

fluid for 15-25 minutes. Better penetration of the 

fixative into the ovaries was made possible by removal of 

the anterior end of each nematode while in the fixative. 

After fixation the nematodes were transferred to 

propionic-orcein stain in a small watch glass and from 

there to a small drop of the same stain on an albumenized 

slide. A cover slip was applied, the slide gently heated 

over an alcohol flame and then dehydrated in a vapor jar 

of 95 ethyl alcohol. After four to six hours. the slide 

was removed and placed in a 95% ethyl alcohol bath for two 

to three minutes and then transferred quickly to filter 

pa)er. re cover slip was pried off, diaphane added, and 

the cover slip replaced. Gentle pressure arplied to the 

cover slip flattened the nematodes to aid in future 
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examination of he chromosomes. 

Paraffin method. The writer experienced considerable 

difficulty in handling nernatodes in preparaiion for 

embedding and therefore the following procedure was 

adopted. 

A 2 agar solution was prepared and a small watch 

glass was partly filled with this solution. The female 

plant parasitic nematodes were placed in the center of the 

warm agar and oriented as desired. After solidification 

the agar was trimmed into a small rectangular block with 

the nematodes in the center. 

The block was fixed in Allen's modified Bouin's 

fluid (heat 100cc. of Bouin's fluid to 370 centigrade and 

add 1.5 grams of chromic acid crystals and 2 grams of 

urea) overni:ht in an oven at 370 centigrade. Several 

blocks containing nematodos were also fixed overnight in 

Bouin's fluid. 

After fixation the blocks were rinsed in tap water, 

washed in 50% ethyl icohol (saturated with Lithium 

Carbonate) five times at twenty minute intervals. After 

washin', the material was thoroughly dehydrated in pure 

dioxan. The dioxan was replaced with xylol and after 

two to three minutes was removed from the vials 

containing the blocks and melted paraffin was added. The 

blocks were thoroughly infiltrated with paraffin and then 
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embedded in low melting point paraffin. The material was 

sectioned ten microns in thickness and then mounted on 

albumenized slides. 

The nematode material fixed in Allen's modified 

Bouin's fluid was stained in crystal violet using iodine 

(1% aqueous solution), as a mordant after staining. The 

material fixed in Bouin's fluid was stained in Heidenhain's 

iron homatoxylin. 

Technique of observation. 

Chromosome counts. A Wrattn (#56) green filter 

was used during the examination of the nematode material to 

increase the contrast between the chromosomes and the 

cytoplasm. The chromosomes in many instances were in two 

or three different planes in each spindle. Chromosome 

numbers were determined in each plane while focusing the 

objective of the microscope up and down. 

Drawings. All drawings were made with the aid of a 

camera lucida. A lOx eyepiece and a 90x (N.A. 1.25) oil 

immersion objective was used in the examination of the 

chromosomes. 
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CPERI IVIEN TAL RESULTS 

Plant rasitic genera. 

gonial development. The youngest o6gonia (Plate 

I, figure 1) appear as very small cells in the anterior 

portion of the ovary. The nuclear diameter is nearly half 

that of its cell. The chromatin is a single compact 

rounded mass situated in the center of the nucleus. 

The nucleus in mitosis is resolved into individual 

chromosomes (Plate I, figures 2 and 3). The spindle fibers 

are faintly visible. As the oögonia move down the ovary 

the cells increase in size with corresponding growth of 

the interphase nucleus. Definite chromosomes are formed 

after the last of the ogonial divisions which mark the end 

of the multiplication of the cells. Chromosomes which 

exhibit a chain-like attachment to each other (Plate I, 

figure 4) were observed in the primary o6cybes of 

Heterodera sp. Honda (11, p.218) observed a similar 

conditIon in Rhabditis elegans Maupas, 1900 at the end of 

the growth period. He reported that the chromosomes appear 

to be joined end to end. 

Ocytes. 

i). Prophase of the first maturation division. 

The prophase stage extends through the period of growth of 

the sex cells. 
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As previously mentioned, after the last oögonial 

division the mass of chromatin in the oogonial nucleus 
breaks up into chromosomes which appear to be attached end 

to end. This condition was observed in Heterodera sp. but 
not in Meloidogyne species. There are approximately 
16 prochrornosomes in each primary o6cyte (Plate I, 
figure 4). Following this stage the chromatin again 
becomes concentrated into a mass within the nucleus (Plate 
I, f iure 5). As the primary oöcyte moves down the ovary it 
increases in size with corresponding growth of the nucleus. 

The chromatin is organized into definite chromosomes 

(Plate III, figure 13 and Plate IV, fi',ure 18) after the 

completion of the growth period. Duplication of each 

chromosome follows. The homologous chromosomes pair 
(Plate III, figure 14) and thus the primary o6cytes have 

the haploid number of chromosome pairs. 
2). Metaphase. The chromosome pairs become 

arranged at the equatorial plate region (Plate I, figure 6, 
Plate II, figure 7, Plate III, figure 15a, Plate IV, 

figure 19 and Plate VI, figures 27-30). The chromosome 

fibers appear to be in bundles and each bundle of fibers 
is associated with only one chromosome. The achromatic 
material between daughter chromosomes is well defined. The 

cytoplasm is densely vacuolated (Plate III, fiure 15) and 

the membrane is very thin. During early metaphase the 
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spindle and its nuclear elements lie within the center of 

the egg. Eventually the sindle, which up to this time i: 

parallel with the axis of the egg, rotates through an 

angle of 90 degrees and comes to rest with one of its poles 

against the cell membrane (Plate III, figure 16). 

3). Anaphase and telophase. Many oöcytes were 

observed in early anaphase, but few were found in late 

anaphase and telophase. The two latter stages are 

probably of short duration. During telophase stage (Plate 

II, figure 8, and Plate III, figure 17 and Plate IV, 

figures 20 and 21) the chromosomes become clumped together 

with spindle fibers faintly visible between daughter 

groups. Further development of the daughter groups into 

the first polar cell and secondary oöcyte was not observed. 

4). Second maturation division. The prophase 

stage of the second maturation division of the chromosomes 

was not observed. The second maturation division follows 

the telophase stage of the first maturation division. The 

chromosomes become arranged in the equatorial plate region 

(Plate II, figure 9). At first the spindle fibers are at 

right angles to the long axis of the egg. Eventually the 

spindle undergoes a rotation of 90 degrees and comes to 

rest with its fibers parallel with the long axis of the 

egg (Plate II, figure lO). The chromosomes separate and 

the telophase stage is initïated. The pronucleus (Plate II, 
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fipure il) is derived from this last division of the 

chromosomes in the egg. 

Fertilization. The sperm nucleus was first ob- 

served in the plant parasitic nematodes during telophase 

of the primary o6cyte (Plate II, figure 8). The sperm is 

closely associated with the spindle during second 

maturation division (Plate II, figure 9). The female 

pronucleus, after it has become established, comes to lie 

side by side with the sperm nucleus (Plate II, figure ii). 

Individual chromosomes are clearly visible in both 

pronuclei. The fusion nucleus (Plate II, figure 12), which 

is formed from the fusion of the two pronuclei, has the 

diploid number of chromosomes. 

Ogenesis in a free-living nematode, Diplor'aster sp. 

The movement of the ogonia and the o6gonial 

structure (Plate VII, figure 32) in Dip1ogaster sp. 

parallels that previously described for the plant parasitic 

nematodes. Prochromosomes, described by Walton (26, p.539) 

and seen by the writer in Heterodera sp. were not observed 

during pro)hase of the first maturation division. 

According to Walton (26, pp.544-545) in Ascaris canis 

during prophase of tb first maturation division the 

chromatin mass breaks up into individual chromosomes. 

Pairing of the chromosomes gives the impression that only 

the haploid number of chromosomes is present. This latter 



17 

stage was observed by the writer (Plate V, figure 24). 

The maturation stages between prophase and the 

formation of the first polar body were not studied. 

The secondary ocyte shows a peripheral polar cell 

and a closely associated egg nucleus containing individual 

chromosomes (Plate V, figure 25). Tue sperm nucleus, in 

which the chromosomes appear discrete, is located at one 

side of the egg and apart from the egg nucleus. The 

cytoplasm shows some shrinking away from the fertilization 

membrane. 

Anaphase of the secondary oöcyte shows two groups 

with six chromosomes in each group (Plate V, figure 26). 

The writer assumes this is a secondary oScyte because of 

Its proximity to the vulva. 

Small cells containing intensely stained spherical 

chromosomes (Plate V, figure 23) of uniform size, were 

observed in the uterus region. These cells were numerous 

in females containing several eggs and in many instances 

were not found in females without eggs. Iany cells of a 

similar type, with the chromosomes in various arrangements, 

were found in the seminal vesicle area of the Dinlogaster 

males. The writer believes these cells are spermatocytes. 

Chromosome numbers. 

Chromosome numbers vary within the Meloidogyne 

species. Meloidogyne hala has a haploid number of ten 
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chromosomes when the sperm is present and a haploid number 

of six when the sperm is absent. Meloidogyne incognita 

from potato tuber, potato root, and rose root has a 

haploid chromosome number of eight and a diploid number 

of sixteen. 

Ileterodera sp. from hairy vetch roots has a 

chromosome number of sixteen which is probably the diploid 

number. 

Dijlogaster sp. has a haploid number of six 

chromosomes. 

All chromosome counts were observed in the primary 

o5cyies. Chromosome numbers of the plant parasitic and 

free-living nexnatodes investigated are incorporated in 

Table I. Chromosome numbers of free-living Rhabditis, 

according to Honda (11, pp.38-39), are also included in 

Table I. 
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TABLE I 

CIIROMOSOÌ NU1BERS IN SOME PLANT PARASITIC 
AND FREE-LIVING NEiIA TODES 

Chromosome 
Number 

Species Source 2n n Sperm Mes 
Me1oidogne hapla Lettuce - 5 none few 

IT hapla Lettuce - 10 yes few 
incognita Potato 15 8 none absent 

(tuber) 
incopnita Potato 1 8 none absent 

(root) 
It incognita Rose 16 8 yes few 

Heterodera sp. Hairy Vetch 16? 16 none absent 

Dio1ojaster sp. Narcissus - 5 yes present 

*Rhabdjtjs aberrans Soil 24 24 parthenogenetic 
H asera It 

14 7 yes present 
'I dolichura 'I 

6 yes present 
il elegans t' 

5 yes present 
t, gurnei lt 

lo 5 yes present 
t' monohystera t, 10 parthenogenetic 
" nigrovenosa ti 12 6 yes present 
il pe110 II 

14 7 yes present 
ti pellio 14 14 yes present 

(mutant) 
sp. 14 7 yes present 

Note: Chromosome numbers of Rhabditis spp. were observed 
in oögonium (2n) and primary oöcyte (n). 

* After Honda (II, pp.38-39). 
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DISCUSSION 

Histological techniques. 

Propionic-orcein stains the chromosomes satisfacto- 

ruy and at the same time generally imparts very little 

stain to the cytoplasm. The stained material is best 

observed after a period of approximately one month. The 

diaphane hardens during this time and the nuclear elements 

show up much better than when the slide was first made. 

During the staining process the nernatodes should be first 

transferred from the fixative to propionic-orcein stain in 

a small watch glass. Later the nematodes may be transferred 

to a small drop of stain on a slide. This additional step 

avoids "travelling" of the proponic-orce1n on the slide due 

to repulsion between the fixative and the stain. 

Nernatode clironiosomes in material prepared by the 

paraffin method did not stain sufficiently for study. The 

compact cliromatin material in the nucleus stains 

satisfactorily with both crystal violet and iron 

hematoxylin. The chromosomes may have remained unstained 

because of poor fixation. This might be corrected by using 

a more )enetrative fixative (. Carnoys fluid). 
Oogenesis in bisexual nematodes. 

According to Walton (27, pp.205-206) the cells 

destined to give rise to the o6cytes undergo a series of 
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mitotic divisions until a definite number is reached. The 

last generation of the odgonial cells undergoes a growth 

period during which time the homologous male- and f emale- 

derived chromosomes are paired. The resulting primary 

o6cytes have the haplold number of chromosome pairs. 

Normally two successive meiotic divisions follow; one 

disjunctive (separation of homologous structures) and the 

other an equational division without complete nuclear 

reorganization during the interphnse. The resultant 

otids have the haploid number of chromosomes. 

The chromosomes were discrete during the mitotic 

divisions of the ogonia in the ovaries of the plant 

parasitic nematodes studied. Goodrich (9, ìp.l47-15O) and 

Walton (26, p.536) observed that the chronatin remains as a 

single mass during the mitotic divisions of the odgonia in 

Ascaris sp. The chromatin is not resolved into individual 

chromosomes. 

The objective of the present studies was essentially 

to determine the rolo of chromosome numbers in neniatode 

taxonomy. Recognition of the various maturation and 

initotic divisions is therefore of great importance. The 

polar bodies, which are characteristic of certain stages of 

the maturation divisions, were not observed in the species 

of plant parasitic nematodes studied. The writer is unable 

to explain at this tine the absence of the polar cells. 
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The interDretations of the various maturation stages are 

based on structural and pbysical features of the cell 

obse:-'ved during examination of the nematode material. 

These features are considered in the f ollowing ïaragraph. 

Mitotic divisions in the ovaries of Heterodera 

s1iow discrete chromosomes (Plate I, figures 2 and 3) which 

unfortunately could not be accurately counted. The 

chromosomes are very small and not entirely separated from 

each other. The only other mitotic figures observed were 

those found in a single Heterodera egg (Plate IV, firure 

22). The assumption that all the figures observed, except 

those mentioned above, are maturation divisions is based 

on several factors including (1) the vacuolated cytoplasm 

of the eggs in which the division figures were found, 

(2) the thin cell membrane, (3) the duplicated appearance 

of the chromosomes, (4) the presence of sperm nuclei in 

many cells, and (5) the so-cailed fiber bundles associated 

with individual chromosomes. I:any eg.;s, in which the 

cytoplasm had shrunk away from the fertilization membrane, 

show no stained nuclear material. Several e,gs in the two- 

cell-stage of cleavage show the cytoplasm separated from the 

fertilization membrane. The prophase chromosomes are 

faintly visible in the two-celled stage. 

The limited or non-staining of the nuclear material 

within the eggs described above may be due to the inability 
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of the fixative to penetrate the shell of the more 

developed egg. 

Fertilization and parthenogenesis. 

The presence or absence of males should be considered 

in proposing that chromosome numbers be used as a possible 

taxonomic character in nematode taxonomy. 

Many species belonging to the genera Meloidoyne, 

Heterodera, Rhabditis, and Diploaster are bisexual, with 

males and females being present in equal numbers. Males 

are rare in some species of the fore-mentioned genera and 

in other species have not been found (Table I). 

Therefore, the question arises as to whether the 

haploid or diploid number of chromosomes is being observed. 

Walton (27, p.208) remarks that only in rare 

instances does the egg develop without fertilization by the 

sperm. He mentions several workers .rho have found 

exceptions or modifications to the above condition. Belar 

reported that two parthenogenetic species of Rhabditis show 

a single matura;ion division and no reduction in the 

chromosome number. A similar condition was round in 

Heterodera sp. studied in the present investigations. No 

males were found in the mass of host material examined. 

Sperm nuclei are absent daring the maturation division of 

the eggs. Furthermore, two spindles (Plate IV, figure 22) 

which may represent a cleavage starte, were found in one egg. 
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Apparently no polar bodies are formed and the telophase of 

the prinary o$cyte is the extent of the maturation division. 

It was not definitely determined whether the diploid or 

haploid number of chromosomes is present in the maturation 

division of Heterodera sp. The prochrornosornes found in the 

ovary are approximately 16 in number within each cell. 

The first maturation division figures also show 16 chromo- 

somos in each daughter group. Considering the two 

spindles found in one egg as cleavage spindles (each had a 

chromosome number of 16), anparently the diploid number 

has not been reduced in the maturation stage of 

Heterodera sp. 

Kruger (14, pp.87-124) reports that the herma- 

phrodite Rhabditis aberran Kruger, 1913 produces eggs that 

are apparently parthenogenetic of the diploid type (one 

polar body and no reduction of the somatic number of 18). 

The sperm frequently enters the eg but fails to take part 

in the subsequent nucleus cleavage. Paula Hertwig (cited 

by V'a1ton 27, p.208) investigating a dioecious culture of 

Rhabditis pellio (Scbn., 1866) Butschli, 1873 found a 

mutant which produced only one polar cell without reduction 

and therefore retained the diploid number of 14 chromo- 

somes. None of the eggs would develop without the sperm 

being present in the egg although the sperm did not enter 

the cleavage nucleus. The author observed sperm nuclei in 
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many of the eggs showing maturation divisions in Lieloidogyne 

hapla taken from lettuce roots. The eggs in which a sperm 

nucleus is present show a chromosome number of ten (n). 

Eggs in which a sperm nucleus is absent have a chromosome 

number of six (n?). The difference in chromosome numbers 

within ;his group may indicate that actually two species 

are present. A single species with some individuals being 

parthenogenetic and others bisexual is unlikely since the 

haploid chromosome number is different in individual 

females. 

Tyler (2, pp.73-388) reported that reproduction 

without males in a root-knot nematode (Ileloidogyne) is 

regular and normal. LIales, vhen present, are in many 

instances rare. She also observed that males appear more 

frequently in old, unhealthy or heavily parasitized roots. 

Males of Leloidogyne species, when found during the present 

study are also extremely few in number as compared with the 

female popultion. The ocyte generally contains no sperm 

nucleus when no males are observed. (Table I). 

The role of chromosome number in nematode taxonomy. 

The maturation divisions in the ocytes are best for 

determining chromosome numbers in plant parasitic nematodes. 

The chromosomes in the o&ytes are largest and are most 

readily stained at this stage with propionic-orcein. 

The fixative apparently is unable to penetrate the 
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egg shell formed dur1n late maturation rind early cleavage. 

Therefore, under these conditions mitotic figures are not 

demonstrated. 

Early anaphase of the first maturation division 

appears to be the optimum time for chromosome counting. 

The chromosomes are positioned slightly apart and early 

anaphase figures predominate in numbers over all other 

stages. Considerable pressure (using the eraser of a lead 

pencil) should be applied to the cover slïp of the prepared 

slide several days after mountin to bring the chromosomes 

a corimon plane. 

The present investigation indicates that chromosome 

numbers ma be of some value in the taxonomy of plant 

parasitic and free-living nemaodes. ADarent1y the 

chromosome numbers in the primary o6cytes may be used to 

separate the genera Heterodera and Meloidogyne. However, 

several species of each ¿enus should be examined before the 

role of chromosome numbers as a specific separation can be 

determined. 
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STJMLARY 

1. Root-knot nematodes belonging to the genus Meloidogyne 

were recovered from infested host plants. Ìeloidone 
inconita was obtained from multiflora rose roots, potato 
roots, and potato tubers; M. hapla was obtained from lettuce 
roots. Heterodera sp. (a cyst-forming nematode) was taken 

from the infected roots of hairy vetch. Diplogaster sp. 

(a saprozoic nematode) was recovered from decaying 

narcissus bulbs. 

2. Female nematodes were fixed in Carnoy's fluid, stained 
in proponic-orcein, dehydrated in a vapor jar, and 

mounted in diaphane. 

3. A new method of handling small female nematodes was 

develoed. The nematodes are placed in 2% agar which is 
allowed to solidify. The agar, with the nematodes 

centrally located, is trimmed into blocks which are fixed, 
infiltrated with paraffin, sectioned and mounted on slides. 
Sectioned material, stained in either crystal violet or 

Heidenhain's iron haernatoxylin, was unsatisfactory for 
chromosome studies. 
4. The youngest ogonia, located in the anterior portion 
of the ovary, are small, tightly packed cells. The 

chromatin is centrally located in a single, compact, nearly 
spherical mass. The o6gonia multiply by mitotic divisions. 



Individual chromosomes are discrete during mitotic 

divisions in the plant parasitic nernatodes studied. The 

oögonia increase in sise as ty move down the ovary. The 

nucleus maintains corresponding growth with its ogonia1 

cell. 

5. Prochromosorne formation occurs in the primary oöcytes 

of Heterodera sp. 

6. Reduction in the chromosome numbers during the first 

matura;ion division appears to occur in the ccytes of 

Meloidogyne hapla and ÌI. incognita. Heterodera sp. 

apparently retains the diploid number of chromosomes 

during maturation division. 

7. Sperm nuclei are present in some oöcytes of Meloidogyne 

hapla, incqgnita, and Diplogaster sp. ITo sperm nuclei 

were found in the oöcytes of the Heterodera sp. 

investigated. 

8. The haploid number of chromosomes in Meloidogyne hapla 

is either six or ten. The ocytes of this species, in 

vïhich sperm nuclei are present, have a haploid number of 

ten chromosomes. The oocytes which contain no sperm nuclei 

have a haploid number of six. The haploid number of 

chromosomes in Meloidogyne inconita is eight and the 

diploid number is sixteen. ileterodera sp. has a diploid 

number of sixteen and aoparently there is no reduction in 

the chromosome number during the maturation division. The 
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haplold number of chromosomes in Dipioaster sp. is six. 

lo. Individual chromosomes are very small. The optimum 

time for determination of chromosome numbers is during 

early anaphase of the first matura;ion division. 

11. Anparently chromosome numbers may be of some value in 

the separation of plant parasitic genera. Further 

investigation of several species in both the cyst-forming 

and the root-knot nematode genera is needed before 

chromosome numbers nay be used in specific separation. 



r!1 

BIBLIOGRAPHY 

1. Belar, Karl J. TJber den Chromosomenzyklus von 
parthenogenetischen Erdnematoden. Bio1oisches 
Zentraiblatt 43:513-518. 1923. 

2. Bridges, Calvin B. The vapor method of changing 
reagents and Of dehydration. Stain technology 
12:51-52. 1937. 

3. Carnoy, Jean Baptiste. La vesicule germinative et 
les globules polires de l'Ascaris meaiocepha1a. 
La Cellule 2:1-III, 1886 

4. . La segmentation de ]»oeuf chez les 
nematodes. La Cellule 3:61-113. 1887. 

5. Chitwood, Benjamin Goodwin. A revision of the genus 
i.:eloidoyne Goeldi, 1887. Proceedings of the 

helninho1ogical society of washington l69O-lO4. 
July 1949. 

6. Cobb, N. A. Nemic sperraatogenesis. Journal of 
heredity 16:357-359. 1925. 

7. -. Nemic spermatogenesis with suggested 
discussion of simple organisms. Journal of 

Washington academy of science 1837-5O. 1928. 

8. Dougherty, Ellsworth. The role of free-living nema- 
todes in genetic research. Proceedins of the 
8th international congress of genetics, Stockholm. 
Hereditas Lurid 562-564. July 1948. 

9. Goodrich, Hubert Baker. The maturation division in 
Ascaris incurva. Biological bulletin 27(3):l47- 
150. 1914. 

10. _________. The germ cells in Ascaris incurva. Journal 
of experimental zoology 21(I):61-99. 1916. 

11. Honda, Hikokura. Experimental and cytological studies 
on bisexual and hermaphrodite free-living nema- 
todes with special reference to the problem of 
sex. Journal of morphology 40:191-233. 1925. 

12. Johansen, Donald Alexander. Plant microtechnique. 
New York, McGraw-Hill, 1940. 523p. 



31 

13. Kroning, Friedrich. Studien zur Chromatinreifung der 
Keimzellen. Archiv fur Zellforschung 17:63-85. 
1923. 

14. Kruger, Eva. Fortpflanzung und Keimzellenbildimg von 
Rhabditis aberrans nov. sp. Zeitschrift fui' 
Wissensehaftliche Zoologie 105:87-124. 1913. 

15. LaCour, L. Acetic-Orcein: A new stain-fixative for 
Chromosomes. Stain technology 16:169-174. 
1941. 

16. Llakino, Sajiro. Chromosome numbers in animals. 2d 
ed. Ames, Iowa state college res, 1951. 29Op. 

17. Maupas, Emile. LIode et formes de reproduction chez les 
neinatodes. Archives de zoologie expeririental et 
generale VIII (3):463-624. 1900. 

18. Pasteels, Jean. Recherches sur le cycle germinal chez 
l'Ascaris (Etudie cytochemique des acides 
nucleique dans l'o'ógenese la spermatogenese et le 
developpement chez Parascaris eguorum, Goerze). 
Archives do biologie 59:40.5-446. 1948. 

19. Schleip, W. Das Verha±ten des Chromatins bei Anpio- 
stomum (Rhabdoner;ia) nigrovenosum. Archiv fur 
Zeilforschung 7:85-138. 1911. 

20. Sharp, Lester W. Introduction to cytology. 3rd ed. 
New York, McGraw-Hill, 1934. 5E37p. 

21. Smith, Stanley G. Techniques for the study of insect 
chromosomes. The Canadian entomologist 75:21-34. 
Feb. 1943. 

22. Threlkeld, William Logan and Myron Eugene Henderson. 
Sprrmatogenesis and oögenesis in Haemonchus 
contortus a nematode worm parasite in the fourth 
stomach of ruminant animals. The Virginia academy 
of science:172. 1941. (Abstracted in Virginia 
Journal of Science 2(6). 1941) 

23. Tyler, Jocelyn. Reproduction without males in aseptic 
root cultures of root-knot nematode. ililgardia 
7:373-388. 1933. 

24. Van Beneden, Edouard. Recherches sur la maturation de 
l'oeuf et la fecondation Ascaris megaloceDhaÏa. 
Archives de biologie 4:265-640. 1883. 



32 

25. Walton, Arthur Calvin. Studies on nematode gameto- 
genesis. Zeisc}wift fur Zellen- irnd 

Gewebelehre 6(2):167-239. 1924. 

26. . Ogenesis and early embryology of Ascaris 
canis werner. Journai of morphology 30:527-603. 
1918. 

27. . Garnetogenesis. In B. G. Chitwood's An 
introduction to nematology. Section II, Part I, 
Babylon, N. Y., Li. B. Chitwood, 1940. pp.205- 
215. 

28. Wilson, Edmund Beecher. The cell in development and 
heredity. 3rd ed. New York, Macmillan, 1925. 
1232p. 



PLATE I 

Explanation of Figures 

Female reproductive organ of Heterodera sp. showing 
multiplication of ogonia and growth of the oöcytes. 

________ onial cell. Figure 1 
xl55O). 

Figure 2 O6gonial cell. 
(x1550). 

Interphase stase of nucleus 

Metaphase stare, side view 

Figure 3 Oögonial cell. Late ariaphase, side view (x1550). 

Figure 4 Primary o6cyte. Prochromosomes of prophase 

in first maturation division (x1550). 

Figure 5 Primary oöcyte. Interphase stage of nucleus 
(x1550). 

Figure 6. Primary oöcyte. Chromosomes at equatorial plate 

region (x1550). 
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OVIDUCT - 

OOCYTE ----- 

EGOS ------ 

Figure 3 



PLATE II 

Explanation of Figures 

L'laturation stages of Meloidojyne hpla. 

Figure 7 Primary ocyte. Chromosomes at equatorial plate 

l'egion, side view (x3100). 

Figure 8 Primary o&yte. Telophase stage showing sperm 

nucleus within the egg, side view (x2000). 

Figure 9 Secondary oöcyte. Early anaphase showing closely 

associated sperm nucleus, side view (x2000). 

FiRure 10 Secondary oöcyte. Early anaphase, side view 
(x3100), 

Figure 11 Male and large female pronuclei, each with 

haploid number of chromosomes (x3100). 

Figure 12 "Fusion nucleus" and cleavage centrosome (x3lOO). 
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PLATE III 

Explanation of Figures 

ríaturation stages of Meloidogyne incognita. 

Figure 13 Primary ocyte. Prophase nucleus showing 

duplication of each chromosome (x3100). 

Figure 14 Primary o6cyte. Prophase nucleus showing 

eight bivalents (observed in the center of 

an egg), (x3100). 

Figure 15 Pri:-ary o6cyte. Chromosomes at equatorial 

plate region. Egg cytoplasm vacuolated (xi000). 

Figure 15a Primary o6cyte. Spindle of figure 15 enlarged 
(x3100). 

Figure 16 Primary o6cyte. Chromosomes in equatorial plate 

region with one pole of the SD indie against 

the fertilization membrane (x3lOO). 

Figure 17 Ocyte. Telophase (x3lOO). 
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PLATE IV 

Explanation of Figures 

Maturation stages and cleavage spindle of Ileterodera s. 

Figure 18 Primary oöcyte. Prorhase stage (x3100). 

Figure 19 Primary oöcyte. Chromosomes in equatorial plate 

region. Chromosomes observed in two planes of 

the same spindle (x3lOO). 

Figure 20 Primary oöcyte. Telophase stage (xl0O). 

Figure 21 Primary oöcyte. Telophase stage showing one 

polo of the spindle against the fertilization 

membrane (x3100). 

Figure 22 Cleavage spindles (x3100). 
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PLATE V 

Explanation of Figures 

Ìiaturat1on stages of Diplogaster sp. 

Figure 23 Cells found in female uterus and male seminal 

vesicle (x3100). 

Figure 24 Primary ocyte. Prophase stage (x3100). 

Figure 25 Secondary oöcyte. Prophase stage showing sec- 

ondary oöcyte and closely associated polar 

cell. The sperm nucleus set off to one side 

of oacyte. Egg cytoplasm is vacuolated. 

(x3100). 

Fiure 26 O6cyte. Anaphase stage with chromosomes 

observed at two levels (x3100). 
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PLA VI 

Explanation of Figures 

Photomicrographs of primary oöcytes 
of plant parasitic nematodes 

Fiíure 27 L'eloidogyne incognita. Primary oöcyte showing 

chromosomes at equatorial plate re;ion. 

Level one showing three =iairs of chromosomes 

(x2200). 

Figure 28 Leloidogyne incognita. Same egg as figure 27. 

Level two showing five pairs of chromosomes 

(x2200). 

Figure 29 Meloidogyne hapla. Primary oöcyte showing 

chromosomes at equatorial plate region (x2500). 

Figure 30 Ileterodera sp. Primary o6cyte showing 

chromosomes in equatorial plate region (x2500). 
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PLATE VII 

Explanation of Figures 

Reproductive orp:ans of a female root-knot nematode 

FIgure 31 Lieloidogyne sp. female nematode. Body outline 

drawn from prepared specimen. Reproductive 

organs are diagrammatic. (x500). 
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PLA VII 

Figure 31 



PLAIE VIII 

Explanation of Figures 

Reproductive organs of a mature free-living nematode 

Figure 32 Diplqgaster sp. female. ieprothctive organs 

showing ovaries and cleavage cells. (x500). 



PLATE VIII 


