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Gametogenesis in Amphimictic and 
Parthenogenetic Populations of Aphelenchus avenae ~ 

A. C. TRIANTAPHYLLOU and J. M. FISHER 2 

Abstract:  T h e  fetnale reproductive system of Aphe lenchus  avenae, studied in orcein-stained ma- 
terial, showed a peculiar s tructural  pat tern  not yet reported in other  nematodes. Chromosome 
morphology attd behavior dur ing  gametogenesis could be studied in more detail than in other  
tylenchid or aphelenchid species investigatetl to date. In a bisexual popula t ion  from Australia, 
gametogenesis was hy normal meiosis attd reprottuction hy amphimixis.  The  haploid chromosome 
tmmber  was n = 8  in both males and females, attd no sex chromosomes were detected. Three  
monosexual  populat inns  fronl Australia, Califtn'nia, and Nnrth  Carolina nnderwcut  oogenesis hy 
meiosis but  reproduced hy parthenogenesis. T h e  haploid chroutosonte n u m b e r  was ca=8 in the 
Australia and the North Carolina populat ions,  hut  n = 9  in the California populat ion.  Spermato- 
genesis in temperature-induced males of the California popula t ion  was by m,rntal meiosis, and 
spernl had u = 9  chronlnsonles. Most chronmsomes consisted of a central euchromatic section and 
two characteristic helerochrontatic ends. No centromere was observed in any chronmsome. The  
relationship hetween the California populat ion with n = 9  and all the other  populat ions with 
11=8 chromosnntes is not well understood. Key Words: oogenesis, sperntatogenesis, reprodttction, 

Aphelenchus avenae Bastian is a favor- 
able nematode for experimental  work be- 
cause of its cosmopolitan distribution, short 
life cycle, and its adaptibility to being 
reared on different fungi (19). It can also 
be cultured axenically in chemically defined 
media supplemented with various extracts 
(8), a characteristic which has opened many 
avenues for studying its nutr i t ional  require- 
ments, physiology, anti various develop- 
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tnental aspects, including the effects of phys- 
ical and chemical factors on sex differentia- 
tion (1, 9, 9, 10). Biochemical studies have 
dealt with determinations of protein and 
enzyme patterns (3), and attempts have 
been made to elucidate the physiological or 
hiochemical mechanism of molt ing (4). 
Aphelenchus avenae is often used as a test 
species in evahtating and studying the mode 
ot action of nematicides (13, 14). Findings 
from snch investigations may contr ibute to 
the tmderstanding of various aspects of the 
biology of plant-parasitic nematodes which 
generally are more diffictdt to study. 

Cytogenetic information about  A. avenae 
wonld be very helpful as a supplement  to 
these biological studies, particularly in view 
of the taxonomic complexity of this species 
which is comprised of at least two races, a 
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monosexual and a bisexual one. T h e  mono- 
sexual race is assumed to be partheno- 
genetic (5) or hermaphrodit ic  (12), whereas 
the male is necessary for reproduction in the 
bisexual race (5). Nothing is known about  
tile cytology of these races, al though one 
monosexual populat ion has been reported 
to undergo meiosis and to have n = 8  
chromosomes (21). 

In the present study, gametogenesis and 
tile chromosomal complements of one bi- 
sexual and three monosexual populations 
of A. avenae were analyzed and compared. 
T h e  mode of reproduct ion was also eluci- 
dated cytologically. Because the meiotic 
chromosomes of A. avenae were found to be 
more favorable for cytological analysis than 
those of any other tylenchid nematode ex- 
amined thus far, a detailed description of 
meiosis with representative illustrations 
from the bisexual race is included. 

MATERIALS AND M E T H O D S  

Four populations of A.  avenae were se- 
lected for this study. Two populations from 
Australia, one bisexual and one monosex- 
ual, were those studied earlier by Fisher 
(5). The  third populat ion (from California) 
was monosexual and had been studied by 
Hansen et al. (9, 10) with regard to sex 
expression. T h e  fourth populat ion (from 
North Carolina) had been examined cyto- 
logically by Tr iantaphyl lou  (21). All popu- 
lations were maintained on cultures of 
Rhizoc ton ia  solani Kiihn at 26 C in tile 
dark. For observation of gonad structure 
and detection of insemination, adult  fe- 
males were stained in toto with 1.0% acetic 
orcein (11). For cytological study, adult  
males and females were smeared on micro- 
scope slides which then were processed for 
fixing and staining by the method described 
for females of Heterodera species (22). 

RESULTS 

Female  gonad structure: T h e  cellular 
structure of the gonad of A .  avenae has 
been studied in detail by Geraert  (6). Be- 
cause it shows certain peculiarities not yet 
reported in this or other nematodes, it will 
be briefly redescribed here from orcein- 
stained material. 

T h e  female reproductive system of A. 
avenae is structurally similar in the bisex- 
ual and the monosexual races. It consists of 

the ovary, which is followed posteriorly by 
a well differentiated gonoduct  leading to 
tile vagina and vulva (Fig. I-A, B). T h e  
apical, germinal zone of the ovary, which 
is only 15-25 t,m long, is formed by a thin 
epithelium containing a distinct cap cell 
and several flat epithelial cells with small 
nuclei (Fig. I-A). Less than 10 oogonial 
cells with large nuclei, which faintly stain 
with orcein, are usually present in this re- 
gion. Posterior to the germinal zone, tile 
ovary extends into a long growth zone 
which is very conspicuous because of two or 
three rows of large epithelial cells with very 
large nuclei that stain heavily with orcein 
(Fig. l-A, 2). Tile chromatin of these "giant 
epithelial nuclei" is much condensed; it 
forms a thick network which is distributed 
unevenly at tile periphery of tile nucleus. 
Th e  number  of cells with giant nuclei varies 
from 10 in young females to 25 or 30 in egg- 
producing females and probably decreases 
in very old females. Also, tile size of giant 
nuclei may vary considerably among fe- 
males, probably depending on the cycle of 
egg production. Along the axis of the 
growth zone of tile ovary, there is a series 
of oocytes with distinctly smaller nuclei and 
differently arranged chromatin (Fig. l-A, 
2). 

Tile posterior part of the ovary is lined 
with about  10 flat, epithelial cells with 
small nuclei. It is very short in young fe- 
males, but stretches to become approxi- 
mately one-half tile length of the ovary in 
egg-laying females with many developing 
oocytes. T h e  ovary is followed posteriorly 
by a sphincter of 12 globular cells (Fig. l-B, 
C, 3). This  sphincter prevents posterior 
passage of the oocytes before they are fully 
grown (Fig. 3). A duct, which is continuous 
with the sphincter, is formed by two rows 
of seven or eight thick, glandular cells. In 
egg-producing females, these cells contain 
much granular material that stains deep red 
with orcein. T h e  duct appears to function 
as a "fertilization chamber." Fully grown 
oocytes pass singly through tile sphincter 
into this chamber. Each oocyte stays there 
until a spermatozoon enters its posterior 
end, which partially protrudes into the ad- 
joining spermatotheca (Fig. I-C) where 
sperm are stored in inseminated females of 
tile bisexual race (Fig. 3). T h e  spermato- 
theca is a cylindrical compar tment  of the 
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FIG. 2-3. l~hotomicrographs of female reproduc-  
live system of Al~hele.chus avenae s ta ined with 
orcein. 2) Anter ior  part of ovary showing  darkly 
s ta ined "giant  epi thel ia l  nuclei"  and  a central  row 
of smal ler  nuclei  of deve lopiug  oocytes. 3) Middle 
part  of  gonad inchn l ing  poster ior  part  of ovary with 
a fully grown oocyte, sphincter ,  fert i l ization cham-  
ber, and  spermato theca  con ta in ing  sperm.  (For 
identi t icat iou of homologous  parts  compare  with Fig. 
1). Scale for l:ig. 3 as in Fig. 2. 
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FIG. 1-(A-C). Female  reproduct ive  system of 
Aphelenchus avenae as seen in orceiu-s ta ined nema-  
todes. A) ()vary with "giant  epi thel ia l  nucle i"  and  
a central  row of nuclei  of oocytes in var ious  stages 
of ma tu ra t i on .  B) I 'osterior par t  of same gonad as 
in A i l lus t ra t ing  s t ruc ture  of the  gonoduct .  C) Fer- 
lilizaticm c h a m h e r  region with an oocyte pene-  
trated by a spermatozoon.  EN, epi thel ia l  nucleus;  
F.Ch, fert i l ization chamber ;  GEN, g ian t  epi thel ia l  
nucleus;  O. oocyte; ON, oocyte nucleus;  Oo, oogon- 
ium;  Sp, sperm;  Sph, sphincter ;  Spt, spermato theca ;  
Ut,  uterus;  Ut.S, u te r ine  sac; Vu, vulva.  
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gonoduct;  it is formed by small flat epithe- 
lial cells and is delimited posteriorly by a 
constriction of two rows of six cells each 
with flat, darkly staining nuclei (Fig. I-B). 
Behind the spermatotheca,  the gonoduct  
differentiates into a second cylindrical com- 
par tment  (uterus) which is lined with fiat, 
epithelial cells with small nuclei and con- 
fined posteriorly by a second constriction of 
two rows of six to eight cells each with heav- 
ily staining nuclei (Fig. I-B). T h e  uterine 
sac formed by the fiat epi thel ium connects 
ventrally with the vagina and extends pos- 
teriorly into a long post-vulval uterine sac 
(Fig. I-B). 

Oogenesis in the bisexual race and the 
nature of the meiotic chromosomes: Oogon- 
ial divisions take place in tile short germinal  
zone of the ovary of young females but, as 
in most tylenchids and other aphelenchids, 
such divisions are not ~avorable for cytolog- 
ical analysis. Metaphase chromosomes of 
oogonia could be observed in only a few 
cytological preparations.  T h e  somatic 
chromoson~e number  could not be deter- 
mined precisely in any case because some of 
the chromosomes were always fused with 
others (Fig. 4). 

Posterior to the germinal  zone, 4 to 15 
young oocytes may be arranged in several 
rows. T h e  chromat in  inside their nuclei 
clmracteristically forms a dense, heavily 
staining network. Further  posteriorly, the 
oocytes become arranged in tandem and ad- 
vance to what could be characterized as the 
zygotene stage. T h e  chronaosomes become 
visible as thin, knotted, double filaments 
extending as loops from the compact  
chromatic network into tile nuclear cavity 
(Fig. I-A, 2, 5). This  a r rangement  of the 
chromat in  represents the "bouque t"  ar- 
rangement  (synizesis) of leptotene or early 
zygotene chromosomes commonly  observed 
in many animals and in some plants (18). 
T h e  compact  chromatic  network apparent ly  
is formed by the chromosome ends which 
are highly heterochromatic  and c lump to- 
gether in an area adjacent to the nuclear 
envelope. Double loops are clearly seen in 
more advanced oocytes at zygotene (Fig. 6). 
As the nucleus grows larger, the compact  
chromatic  network becomes loose and dis- 
appears, while the double chromatic  illa- 
meuts condense and fuse to form single, 
knotted, thick filaments, representing pachy- 

tene chromosomes (Fig. 7). Concurrently,  
pachytene chromosomes split longitudinal ly 
(diplotene?) and tile homologues become 
discrete again (Fig. 8-arrow). I t  is possible, 
however, that  such double filaments may 
still represent pachytene chromosomes that  
failed to pair  along their entire length dur- 
ing zygotene. 

Contract ion and separation of the homo- 
logues (diplotene) proceeds as the oocytes 
migrate  down the growth zone of tile ovary 
and, at the same time, each homologue 
splits, longitudinal ly into its chromatids 
(Fig. 9). At advanced diplotene, tile homo- 
lognes of each bivalent  are associated at one 
point  (chiasma) along their central eucbro- 
matic region. T h e  four heterochromatic  
ends are spread in different directions and 
usually show a cross configuration (Fig. 10, 
11). Eight bivalents can be seen clearly at 
this stage. In some oocytes, one or two 
heteromorphic  bivalents were observed [Fig. 
10 (arrows), 11, 12]. With further  condensa- 
tion, the heterochromatic  ends of each 
chromat id  dissociate so that  each bivalent  
now has eight club-shaped heterochromatic  
ends (Fig. 13). At late diakinesis, the chias- 
mata  become terminalized, and the homo- 
logues are associated end-to-end as they 
form diflerent, characteristic configurations 
(Fig. 14, 16). 

Oocytes advance to metaphase inside the 
fertilization chamber  after they are pene- 
trated 1)y a spermatozoon (Fig. I-C). Ana- 
phase I proceeds while the eggs are in tile 
uterus or after they are laid. Chromosomal  
bridges were frequently observed in telo- 
phase I figures (Fig. 15). T h e  second ma- 
turat ion division and fusion of sperm and 
egg pronuclei  are normal  and take place 
after the eggs are deposited. 

Spermalogenesis in the bisexual race: 
T h e  male gonad is similar to that  of other 
tylenchid nematodes. It  consists of the testis, 
seminal vesicle, vas deferens, and ejacula- 
tory duct leading to the cloaca. T h e  testis 
is similar in structure to the ovary. 
Epithelial  cells with giant nuclei, as were 
observed in the growth zone of the ovary, 
are also present in the testis. Furthermore,  
a r rangement  of spermatocytes and nuclear 
behavior dur ing meiotic proplmse are the 
same as described for oocytes in oogenesis. 

As soon as each spermatocyte passes be- 
hind the area of the "giant  epithelial  
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nucle i ,"  it untlergoes two m a t u r a t i o n  di- 
visions in close succession. Eight  b iva len ts  
were observed in m a n y  spermatocytes at 
diakinesis  or p rometaphase  I. At  diakinesis,  
the homologues  are associated witlt  one  an- 
o ther  at a po in t  a long  their  euchromat i c  
regions. Therefore ,  each b iva len t  has a 
central ,  l igh t ly-s ta in ing  region  wi th  eight  
heavi ly-s ta in ing arms ex t end ing  in  var ious 
direct ions  (Fig. 17). Bivalents  with term- 
inal ized chiasmata  (Fig. 17-arrow) a t t a in  
characterist ic configurat ions ,  ana logous  to 
those observed in  oocytes. At telophase I 
anti  metaphase  I1, the chromosomes consist 
of two discrete chromat ids  each (Fig. 18). 
At anaphase  11, the cltromosomes represent  
single chromat ids  of the o r ig ina l  b iva lents  
and  move broads ide  first toward the poles. 
Eight  chromosomes were observed in  all 
telophase II figures, an  occurrence indicat-  
ing that  only  spermatozoa wi th  eigltt 
chromosomes are p rodnced  (Fig. 19). 

Oogenesis in the monosexua l  race. T h e  
monosexua l  popu la t i ons  from N o r t h  Caro- 
l ina,  Austra l ia ,  and  Ca l i fo rn ia  u n d e r w e n t  
oogenesis in  a m a n n e r  s imi lar  to tha t  de- 
scribetl for the bisexual  p o p u l a t i o n  from 
Austra l ia .  M a t u r a t i o n  of tire oocytes was by 
classical meiosis. Eight  b iva l en t  cltromo- 
somes were observed at p rometaphase  I i n  
the Nor th  Caro l ina  and  Aus t ra l ia  popula-  
t ions (Fig. 20), b u t  n i n e  were present  in  the 
Ca l i fo rn ia  p o p u l a t i o n  (Fig. 21). One  polar  
botly was formed as a resul t  of the first ma- 
t u r a t i on  division.  T l te  second m a t u r a t i o n  
divis ion was abor t ive  and  no  second polar  

body was formed. A p p a r e n t l y  the two 
groups of chromosomes at te lophase I I  were 
inc luded  in  the same egg nucleus ;  thus the 
somatic  chromosome n u m b e r  was re-estab- 
lishetl. Because of l imi ted  s t a inab i l i ty  of the 
eggs at this stage, this process was no t  
clearly followed. Spermatozoa were no t  ob- 
served inside the oocytes or the female 
gonoduct ,  an i n d i c a t i o n  tltat r e p r o d u c t i o n  
was by par thenogenesis .  

Spermatogenesis  in temperature- induced  
males: Spermatogenesis  was n o r m a l  in  males 
of the Ca l i fo rn ia  p o p u l a t i o n  recovered from 
cul tnres  m a i n t a i n e d  at 30 C. T h i s  process 
followed the same pa t t e rn  describetl  for 
males of the bisexual  Aus t ra l ia  popu la t i on .  
N ine  b iva l en t  chromosomes were observed 
in two p rometaphase  figures. T h e  chromo- 
some n u m b e r  could be de te rn t ined  in  m a n y  
telophase I or metaphase  II figures in which 
n i n e  dyads were clearly visible (Fig. 22). 
Similarly,  te lophase II figures inc lu t led  n i n e  
single, rod-shaped chromosomes (Fig. 23, 
24) which even tua l ly  condensed  in to  a loose 
c h r o m a t i n  mass d u r i n g  the fo rmat ion  of the 
sperm nucleus.  In  a few cases, metaphase  II  
figures a n d  spermat ids  wi th  8 or 10 chromo- 
somes were also observed. One  dyad in some 
telophase I figures was obviously  asym- 
metr ic  with two chromat ids  of different  size 
(Fig. 25-arrow). 

D I S C U S S I O N  A N D  C O N C L U S I O N S  

T h e  epi the l ia l  cells of the growth  zone 
of the ovary a nd  the testis of A. avenae in- 
crease cons iderably  in  size d u r i n g  late post- 

J III/I 

FIG. 4-16. l'hotomicrographs ot chromosomes of the anaphimictic race of Aphelenchus avenae during 
oogenesis. 4) Metaphase chrmnosumes in all oogonial division. 5) Nuclei of two oocytes at early zygotene; 
most of the heterochromatin is included in a compact mass, whereas the euchromatin forms single or 
dnuhle loops proiecting into the nuclear cavity (bmlquet arrangement). 6) Advanced zygotene; the com- 
pact heterochromatic mass has ahnost disappeared, and the homologues are paired along their entire 
Icnglhs. 7) l'achytene stage: Ihe homologues are fused to single thick filaments formed by a hmg chain of 
distinct chrnmomeres. 8~ Early diplotene; the pachytene chromosnnles start to split longitudinally, and the 
hmnologues hecmne distinct again (arrow). 9) Mid-diplotene; the hmnologues have separated from each 
other except at the points of chiasmata (arrows), and each has split lm~gitudinally into its chromatids. I0) 
l.ate diplnteue; there is one chiasma visible along the central enchrmnatic region in each bivalent. The 
four heterochrnmatic ends are spread in different directions and usually form a double-cross configura- 
tion. Two hivalents (arrows) in this figure are heteromorphic. 11) Part of Fig. 10 in different focus to het- 
ter show one of the heteromorphic bivalents (arrow). 12) An isolated heteromorphic hivalent at late 
diplotene. Part of the heterochromatic end of one of the homologues is missing. 13) Early diakinesis; 
terminalization of chiasmata proceeds toward the end of the euchromatic regions of each bivalent. The 
heterochrmnatic ends of the homnlogues and of sister chromatids separate completely so that each 
bivalent h~:s eight free heterochromatic ends. 14) End of diakinesis; the chiasmata are termiualized and 
each bivalent attains a characteristic configuration. 15) "relophase I showing bridges. 16) The chromosomes 
of Fig. 14 enlarged and reoriented to facilitate comparison of their morphology. Scale for Fig. 4-15 as in 
Fig. 10. 
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FIG. 17-25. (;ametogenesis in Aphelenchus ave,ae. 17-19) Spermatogenesis in males of the hisexual race 
from Australia. 17) Eight mid-diakinelic chromosomes of a primary spermatocyte. The arrow points to 
a bivalent with terminalized chiasmata and a characteristic contiguration similar to that observed in 
diakinetic chromosomes of oocytes--compare with Fig. 14. 18) Telophase I chromosomes consisting of two 
chromatids each. lq) Telophase It figure with eight simple chromosomes. 20~ Eight prometaphase chromo- 
solnes in a primary oocyte of the North Carolina population of A. a~,enae. 21) Nine prometaphase chromo- 
somes in a primary oocyte of the California population of A. ave~me. 22-25) Spermatogenesis in tempera- 
ture-induced males of the California population of A. avenae. 22) Nine telophase I chromosomes consisting 
of two chromatids each. 23-24 Telophase lI figures with nine simple chromosomes each. 25) Telophase I 
figure with one heteromorphic dyad (arrow). Scale for Fig. 18-25 as in Fig. 17. 

embryogenesis  and  have very large nucle i  
tha t  s tain heavi ly  wi th  orcein.  T o  our  
knowledge,  this has no t  been  repor ted  for 
any  other  nematode .  T h e  s t ruc ture  of the 
ovary of Aphe lenchoides  goodeyi Siddiqi  
and  F r a n k l i n  (17) appears  to be s imilar ,  b n t  
the g ian t  nuclei ,  as i l lus t ra ted  in the ovary 
of this species, were assumed to represent  
"deve lop ing  syngonic  spermatozoa."  T h e  
func t i on  of these cells wi th  g ian t  nucle i  is 

no t  clear, bu t  we suspect that  they serve as 
nurse  cells p r o v i d i n g  n u t r i e n t s  p r imar i l y  
for the d e v e l o p m e n t  o[ the nuc lea r  com- 
p o n e n t  of the gametocytes. T h e  cytoplasmic 
c o m p o n e n t  of the oocytes increases rap id ly  
later  when  the oocytes pass in to  the pos- 
ter ior  par t  of the ovary which is made  u p  of 
normal ,  tlat ep i the l ium.  

T h e  s t ruc ture  o[ the female gonoduc t  of 
A. avenae is ra ther  compl icated,  as Geraer t  
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has indicated (6). T h e  most impor tan t  parts 
of the gonoduct,  designated by Geraert  by 
numbers,  correspond to the present termi- 
nology as follows: part  2 = uterus, part  4 
= spermatotheca,  part  5 = fertilization 
chamber,  part  6 = sphincter, and part  7 = 
posterior region of ovary. T h e  posterior 
region of the ovary is structurally distinct 
from the anter ior  region in that it lacks the 
large epithelial cells with the "giant"  nuclei. 
However, we consider it as part  of the ovary 
and not as an oviduct because it is the area 
of rapid growth of the oocytes. Its epithe- 
l ium apparent ly  provides the necessary nu- 
trients for growth of the oocytes, aml this 
we regard as the function of ovarian epithe- 
l ium and not of epi thel ium of gonoducts. 
An oviduct could be defined as a long, nar- 
row tube through which the oocytes pass 
rapidly after they are fully grown in the 
ovary. This  concept could help to clarify 
tile si tuation in many tylenchid and 
aphelenchid nematodes in which an ovi- 
duct, well defined structurally or function- 
ally, may l)e an exception. Discussion of 
this mat ter  by Geraert  (6) points out the 
inconsistency existing in the literature. Still, 
Geraert 's  statement that "oocytes accumu- 
late yolk and at tain their full size only 
while they are in the oviduct"  is in con- 
trast to our concept about  the function of 
an oviduct. 

T h e  region of the gonoduct  that func- 
tions as a fertilization chamber  is charac- 
teristic of A.  avenae.  T h e  fertilization 
clmmber and the anteriorly located sphinc- 
ter appear  as one unit  in gonads of young 
females wi thout  oocytes, and, probably  for 
this reason, the two have been regarded as 
an oviduct by previous investigators (7, 16). 
However, the two parts are distinctly differ- 
ent functionally in egg-producing females. 
T h e  glandular  cells of the fertilization 
chamber  of egg-producing females are filled 
with granular  material  which stains heavily 
with orcein. We suspect that  some of tiffs 
material  is deposited on the surface of the 
eggs shortly after sperm penetra t ion and the 
ini t iat ion of eggslmll fornmtion. T h e  
sphincter, on tile other band,  functions as 
a regulatory valve that permits fully grown 
oocvtes to pass one by one into the fertiliza- 
tion chamber.  At times, the sphincter itself 
appears  as an elongated narrow tube which 
structurally and functionally could be char- 

acterized as an oviduct. 
Although the chromosomes of several 

species of tylenchid nematodes have been 
studied in detail  (21), the present study of 
A. avenae  provides a much clearer picture 
of the nature  and behavior  of the meiotic 
chromoson~es of these nematodes. T h e  main  
characteristic of the meiotic chromosomes 
of  A .  avenae,  observed also in other  tylen- 
chid nematodes, is that  each homologue 
splits longitudinally into its chromatids  
early in prophase I. T h e  chromatids  lie 
parallel to each other and main ta in  this 
or ientat ion until  they separate completely 
at anaphase II. Because of this behavior,  
the individual chromosomes appear  to be 
bipart i te  (dyads), and the bivalents form 
characteristic te trapart i te  configurations 
(tetrads). At late diplotene, the homologues 
of each bivalent  are associated along their 
central euchromatic  parts where chiasmata 
apparent ly  occur. At diakinesis, the chias- 
mata  become terminalized, and tim homo- 
logues are always associated end-to-end, but  
often with tim adjacent lmterochromatic 
end-portions prot rnding transversely (Fig. 
16, 17-arrow). This  special cross configura- 
tion, observed also in Caenorhabdi t i s  ele- 
gans (15), probably  is due to the large 
heterochromatic  ends of these chromosomes. 
Terminal iza t ion  of chiasmata apparent ly  
extends to the end of the euchromatic  re- 
gions, but does not proceed through tim 
heterochromatic  end-portions which are di- 
rected sideways. Complete  terminalizat ion 
occurs, however, later at metaphase or early 
anaphase. 

T h e  consistent end-to-end ar rangement  
of the homologues at metaphase i favors an 
interpretat ion that  the chromosomes are 
acrocentric or subacrocentric. Th is  arrange- 
ment,  however, does not exclude the possi- 
bility ttmt the chromosomes may be hold- 
kinetic, a view supported by the lack of 
morphological  evidence for the presence of 
a centromere. On the other band, the ori- 
entat ion of tim chromosomes dur ing  recta- 
phase lI  and their "broadside first" move- 
ment  toward the poles at anaphase I I  sug- 
gest a diffuse-kinetochore activity along tile 
entire euchromat ic  region of the chromo- 
somes, which lms been assumed for other 
tylenchid nematodes (20). 

Often one or two bivalents in oocytes of 
the bisexual race were heteromorphic ,  i.e., 
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they consisted of two homologues  of dif- 
ferent size. Differences appeared to involve 
only heterochromatin;  usually part of  the 
heterochromatic  end of one of  the homo-  
logues was missing. Such deletions of hetero- 
chromatic segments were observed only in 
the heteroz~ygous state. They  may be lethal 
in homozygous  condit ion.  

Bridges encountered frequently in ana- 
phase I figures do not  seem to represent 
classical inversions or breakage-fusion situa- 
tions but may be the result of stickiness of  
the large heterochromatic  ends of  most  
chromosomes.  It shonld be pointed out,  
ltowever, that stickiness was not  observed 
during earlier stages, such as diplotene and 
diakinesis, during which there was actually 
a strong repulsion of heterochromatic  ends. 

T h e  amphimict ic  populat ion from Aus- 
tralia had n = 8 chromosomes  and the males 
produced only one kind of sperm. N o  sex 
chromosomes  could be detected, a l though 
an XY sex chromosome mechanism cannot  
be excluded. 

Noth ing  can be stated at present about  
the relationship of the 9 chromosomes  of 
the California populat ion to the 8 chromo- 
somes of  the other populations.  It should be 
noted that the California populat ion  is the 
one  which responds to high temperatures 
and various chemical treatments with the 
production of numerous  males (10). T h e  
other parthenogenetic  populat ions do  not  
produce any males under similar tempera- 
ture treatment and produce only few males 
under different circumstances (I). Further 
studies are needed to elucidate the relation- 
ship between the California and the otlter 
parthenogenetic  populat ions  of  A.  a v e n a e .  
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