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Abstract: Three Meloidodera floridensis populations of different geographic or host origin 
all reproduced by mitotic parthenogenesis. One of them from pine had a somatic chromosome 
number of 26, whereas, another population from pine and one from azalea had 2n = 27 
chromosomes. All are considered to be triploid forms derived from an amphimictic ancestor 
with n ---- 9 chromosomes, the basic number in the closely related genus Heterodera. Evidence 
is presented which suggests that during division the chromosomes of the germ-line cells of the 
developing embryo behave differently than the chromosomes of all other blastomeres. Key 
Words: Reproduction, Cytology, Germ-line cells. 

The genus Meloidodera Chitwood, Han-  
non and Esser has been recognized as a link 
between the genera Meloidogyne Goeldi and 
Heterodera A. Schmidt because it exhibits 
several morphological characteristics of both 
these genera (1) .  Furthermore, the genus 
Cryphodera Colbran appears to morpholog- 
ically link Heterodera and Meloidodera (2). 
The mode of reproduction of some species of 
Heterodera and Meloidogyne already has 
been studied cytologically and this informa- 
tion has facilitated considerably elucidation 
of the phylogenetic relationships of these or- 
ganisms (5). Similar studies of members  of 
the genus Meloidodera could prove equally 
valuable in defining the relationship of this 
genus to the other genera of the family Het-  
eroderidae. With this objective in mind, we 
cytologically studied three populations of M. 
floridensis Chitwood, Harmon and Esser, the 
type species of the genus. The other two de- 
scribed species, namely M. charis Hopper ,  
and M. armeniaca Pogosyan, could not be 
obtained in live cultures which are necessary 
for cytological study. 
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M A T E R I A L S  AND M E T H O D S  

Population 21-NC and 264-Fla were ob- 
tained originally from loblolly pine (Pinus 
taeda) from North Carolina and Florida, re- 
spectively. They were maintained in the 
greenhouse for at least 5 years before they 
were used for cytological study. Population 
250-NC was obtained from azalea (Rhodo- 
dendron sp.) f rom North Carolina. 

Oogenesis of all three populations was 
studied in young, egg-producing females ob- 
tained from roots of loblolly pine seedlings 
inoculated with eggs and larvae 4 to 6 
months earlier. The females were smeared 
on slides, treated for 5 rain with 1N HCL,  
fixed in 3:1 ( v / v )  alcohol-acetic acid and 
stained in propionic orcein as described 
earlier (6) .  

Divisions of somatic cells were studied in 
embryos at the blastula and gastrula stages. 
Females containing eggs in all stages of de- 
velopment in their uteri were dissected in 
distilled water. The eggs thus released were 
treated 5 to 6 min in 1.5% sodium hypo- 
chlorite solution and were then processed for 
staining with orcein as described earlier (6 ) .  

Most of the observations reported herein 

were made with population 21-NC. The 
other two populations were studied only with 

regard to the chromosome number  and the 

general process of oogenesis. 
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FIc. 1. Camera  lucida drawing of an oogonium 
of M. tloridensis at midprophase showing details 
of the karyotype. Chromosomes No. 1 to No. 6 
are identified. 

OBSERVATIONS 

MULTIPLICATION OF OOGONIAL CELLS: 

Very few oogonial divisions were observed in 
the germinal zone of egg-producing females. 
Most oogonial divisions take place during the 
4th molt and in very young females. At mid- 
prophase, when the nucleolus is still well 
visible, 26 distinct chromosomes are scat- 
tered in the nucleus (Fig. 1 ). Four, and in 
some cases six chromosomes could be iden- 
tified in several oogonia according to their 
size and distribution of various constrictions. 
No. 1 and No. 2 chromosomes are clearly 
the largest and have two constrictions each. 
They do not appear to be completely ho- 
mologous: in No. 1 chromosome the two 
constrictions divide the chromosome in three 

approximately equal sections; whereas, in 
No. 2 chromosome the three segments are of 
unequal size (Fig. 1). No. 3 and No. 4 
chromosomes are of medium size and have 
one satellite each. Although they are very 
similar in general shape, No. 3 chromosome 
appears to be slightly larger than No. 4, and 
in most oogonia it has a distinctly smaller 
satellite. Occasionally No. 5 and No. 6 
chromosomes could be distinguished as the 
next largest chromosomes after No. 1 and 
No. 2, but distinction between them could 
not be made. All the other chromosomes are 
of small or medium size with no constrictions 
and cannot be identified. All chromosomes 
at midprophase and up to metaphase appear 
as single strands. Individual chromatids are 
not visible until early anaphase. 

MATURATION OF OOCYTES AND MODE OF 

REPRODUCTION: Following the last oogonial 
division and through the growth period of 
the oocytes, the chromatin behaves as de- 
scribed for Meloidogyne arenaria (Neal) 
Chitwood (4). Near the end of the growth 
zone, each oocyte contains a large nucleus 
with one to three (and occasionally more) 
nucleoli and with the chromatin condensed 
in small, dark-staining spheres which are ar- 
ranged in tandem, forming long, twisted, 
knotted threads (Fig. 2). Later as the oo- 
cytes approach the oviduct-spermatotheca 
area, these chromatic threads contract and 
form definite chromosomes which, however, 
are not clearly discernible because they are 
closely associated with each other (Fig. 3). 
At prometaphase the chromosomes spread in 
a relatively large area and at the same time 
become arranged in one plane. Thus a large 
metaphase plate with quite distinct chromo- 
somes is formed. At this stage the chromo- 
somes can be counted accurately but only a 
few exceptionally good chromosomal figures 
(Fig. 4-7).  All the chromosomes are univa- 
lent, each one consisting of two chromatids 
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FIG. 2-7. Photomicrographs of chromosomal figures of M. floridensis during maturation of the 
oocytes: 2. The nucleus of an advanced oocyte with three nucleoli and the chromatin forming long, 
knotted threads; 3. The chromosomes of a fully grown oocyte at late prophase; 4-5.  Prometaphase 
figures from population 21-NC with 26 chromosomes; 6-7.  Prometaphase figures from populations 
250-NC and 264-Fla, respectively, with 27 chromosomes. Magnification of Figs. 2-6 same as Fig. 7. 
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FIG. 8-12. The chromosomes of somatic and germ cells of M. /loridensis during embryogenesis: 
8 -9 .  The chromosomes of early and midprophase figures, respectively, of somatic (mesodermal  or en- 
dodermal)  cells. Chromosome No. 1 identified in Fig. 9 (ar row);  10. The posterior half  of an egg at 
the gastrula stage showing divisions of somatic cells in the ventral-posterior side; 11. The metaphase 
chromosomes of a somatic cell at the blastula stage. The chromosomes are still like single threads; 12. 
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that lie parallel to each other. Occasionally 
some chromosomes appear to be tetrapartite 
and resemble bivalent chromosomes. Appar- 
ently this is due to a constriction that appears 
in the middle of each chromatid of such chro- 
mosomes. The chromosome number of 2n 
---26 was determined in more than 30 oo- 
cytes from population 21-NC. Seven good 
chromosomal figures were scored from pop- 
ulations 250-NC and 10 from population 
264-Fla and all had 2 n -  27 chromosomes. 
Shortly after metaphase I, permeability of the 
oocytes to the fixative and stain decreased 
considerably; for this reason the remainder 
of the process of maturation was not studied 
in detail. Occasional observations, however, 
indicated that with the completion of the 
first maturation division, the egg pronucleus 
is formed and the first cleavage division fol- 
lows. Males were not observed in any of the 
cultures used for the cytological work, and 
no sperm were detected in the spermatotheca 
of the females or in the maturing oocytes2 
Development of the eggs, therefore, was by 
mitotic parthenogenesis. 

THE CHROMOSOMES OF SOMATIC AND 

G E R M - L I N E  CELLS OF THE E M B R Y O :  T h e  

only cells in the nematode embryo that could 
be utilized in cytological studies were those 
occupying the posterior ventral part of the 
embryo at the 14 to 100-cell stage of devel- 
opment (Fig. 10). According to the em- 
bryological work of Pai (3) conducted with 
Turbatrix aceti Muller, and on the basis of 
their position in the embryo, these cells would 

a Numerous males can be obtained by incubating heavily- 
infected roots in moist chambers for a period of 10 to 30 
days. Second-stage larvae maintained in tap water at 
room temperature undergo three molts and develop into 
small sized adult males. Studies on the mechanism of 
sex differentiation were conducted recently and will be 
presented in a separate paper. 

correspond roughly with the mesodermal and 
endodermal cells derived from the EMST 
cell and with the Pz o r  P4 cells of the germ- 
line. All these cells divided almost simul- 
taneously during the blastula stage and con- 
tain large, clearly distinct chromosomes. 
The ectodermal cells that occupy the dorsal, 
anterior and lateral surfaces of the embryo 
are small cells, and their chromosomes are 
not discernible during division. 

At early prophase the chromosomes are 
long with many chromomeres visible along 
their length (Fig. 8). As they contract they 
take a more definite shape, but most of them 
cannot be identified individually (Fig. 9). 
The No. 1 and No. 2 chromosome, as these 
were characterized in oogonial divisions, 
could be recognized in some nuclei. They 
are the largest chromosomes and have two 
constrictions each in the same relative posi- 
tion as in oogonial cells. No. 3 and No. 4 
chromosomes which exhibit one satellite 
each could also be recognized in some nuclei. 

At metaphase the chromosomes are ar- 
ranged close to each other and are still un- 
divided, like the metaphase chromosomes of 
oogonial divisions (Fig. 11 ). The chroma- 
rids of each chromosome become visually dis- 
tinguishable only at early anaphase as they 
separate and migrate toward the opposite 
poles. An exception to this behavior was ob- 
served in the chromosomes of one cell from 
each of three embryos at the late blastula 
stage. The chromosomes of this single cell 
were double stranded even during the early 
prophase and appeared similar to the chro- 
mosomes of oocytes during the first matura- 
tion division. At prometaphase these chro- 
mosomes clearly consisted of two chromatids 
arranged parallel to each other (Fig. 12). 

<.- 

The  p r o m e t a p h a s e  c h r o m o s o m e s  of  w h a t  has  been  in te rp re ted  as a "ge rm- l ine  cel l"  f rom an  egg at  the  
gas t ru la  stage. The  c h r o m o s o m e s  consis t  of  two c h r o m a t i d s  each  and  re semble  those  of m a t u r i n g  oo- 
cytes. M a g n i f i c a t i o n  of  Figs.  8, 11 a nd  12 same as  Fig. 9. 

I . . . . . . . . . .  
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It is suspected that this cell is the P3 or P4 
cell of the germ line from which the germ 
cell or cells of the germinal primordium of 
the larva will be derived eventually (see dis- 
cussion). 

CONCLUSIONS AND DISCUSSION 

The present cytological study demon- 
strated that M. floridensis has 2n = 26 and 
27 chromosomes and reproduces by mitotic 
parthenogenesis. Earlier cytological work 
established that the closely related genus Het- 
erodera has a basic chromosome number of 
x = 9, and that most of its members are 
amphimictic (5) .  If the same basic chro- 
mosome number is assumed for the genus 
Meloidodera, then M. floridensis can be re- 
garded as a triploid parthenogenetic form de- 
rived from an amphimictic ancestor with n 
= 9 chromosomes. 

Since no synapsis takes place during oo- 
genesis of M. lloridensis, no homologies 
among chromosomes can be established with 
certainty. The chromosomes that occasion- 
ally can be identified morphologically do not 
fall into groups of three as would be expected 
in a newly established triploid organism. 
They can more easily be classified into pairs, 
but still the chromosomes of each pair are 
not identical. This great deviation of the 
karyotype from the expected suggests that 
mitotic parthenogenesis was established quite 
early in the phylogenetic development of M. 
floridensis. 

In the blastula stage, the prometaphase 
chromosomes of one blastomere consisted of 
two distinct chromatids each, whereas, the 
chromosomes of all other dividing cells were 
single-stranded until late metaphase. It is 
suspected that this special cell is the P.a or P4 
cell of the germ line. If this is true, M. flori- 

densis will be the second case, besides various 
ascarids, in which the chromosomes of the 
germ-line cells behave differently than the 
chromosomes of the somatic cells of the 
embryo. In Parascaris equorum and other 
ascarids the somatic cells undergo chromo- 
some fragmentation and chromatin diminu- 
tion so that at metaphase of each division they 
have many small chromosomes. In contrast 
to this, the cells of the germ line (p o, P:~ or 
P4) maintain the original small number of 
large chromosomes observed at metaphase 
of the first cleavage. Although much effort 
was made to verify this assumption through 
study of thousands of eggs at the blastula- 
gastrula stage, technical difficulties associated 
with staining and also the low frequency of 
occurrence of cells with double chromo- 
somes did not permit further elucidation. 
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