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Sexual nuclear division in Neocosmospora*
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A BSTRACT
The process o f  sexual nuclear division in authentic isolates o f  Neocosmospora vasinfectaE. F. Smith, N. africana 

Von Arx and a related species isolated from soybean was studied. N o significant differences were found. Six 
chrom osom es were counted in each isolate. There was no evidence o f  aneuploidy or irregular reconstitution o f  
daughter nuclei. The divisions leading to the formation o f  binucleate, hom okaryotic ascospores were typically 
m eiotic.

R ESU M E
D IV ISIO N  N U C L E A IR E  SE X U E L L E  C H E Z L E  NEOCOSM OSPORA

Le processus de division nucleaire sexuelle dans des isolats authentiques de Neocosm ospora vasinfecta E. F. 
Smith, N . africana Von A rx  et une espece apparentee isolee du soya a ete etudie. Aucune difference significative n ’a 
ete trouvee. Six chromosomes ont ete comptes dans chaque isolat. II n ’y  eut aucune evidence d ’aneuploidie ou de 
reconstitution irreguliere des noyaux filles. Les divisions conduisant a la form ation  du binucleate, d ’ascospores 
hom okariotiques fu ren t typiquement meiotiques.

IN TRO DUCTIO N

A fungus  iso lated  f rom  soybean  stem m ateria l 
showed grea t  s im ilarity  in m orp h o lo g y  and  d im e n ­
sions to  tw o existing species o f  Neocosm ospora, i.e. 
N. vasinfecta  an d  N. africana. In fact,  the local 
culture cou ld  be p laced a lm ost equally  well in either 
species. It was fu r th e r  noticed tha t  there were very 
few m orpho log ica l  d ifferences between the two exist­
ing species. A  s tudy  was, the re fo re ,  u n d er taken  to 
examine the  d iffe rences an d  similarities in the various 
processes a n d  s truc tu res  o f  the local isolate and  
authentic cu l tu res  o f  the  tw o similar species. This 
paper repo r ts  on  the  nuclear  divisions leading to 
ascosporogenesis.

REVIEW

The genus N eocosm ospora  was described in 1899 
(Ferry, 1900). T h e  type, a n d  only species at tha t  time, 
was N. vasinfecta  (A tk .)  S m ith ,  derived f rom  
Fusarium vasinfecta  A tk .  (Seaver, 1909), which had  
been iso lated  f ro m  soil an d  had  caused dam ping  o f f  
of several types o f  cultiva ted  p lants .

N eocosm ospora  rem ained  m onotyp ic  until Von 
Arx (1955) described a new species, N. africana Von 
Arx, w hich h a d  been iso lated  f ro m  soil under  g rass­
land plo ts  nea r  Jo h a n n e sb u rg .  N. africana has  not 
yet been im plica ted  as a p lan t  pa thogen  (U dagaw a,  
1963).

A ccord ing  to  V on  A rx (1955) N. africana d iffe red  
from N. vasinfecta  only  in possessing a sm ooth  
epispore which was fairly regular  in thickness. Von 
Arx p ro p o sed  th a t ,  despite  the d ifferences in external 
spore tex tu re ,  his new species shou ld  be included in 
the genus N eocosm ospora. T he  surface  texture o f  
ascospores f ro m  au then t ic  cu l ture  o f  b o th  species o f  
Neocosmospora  have  been repo r ted  to  show very 
little d iffe rences un d er  scanning microscopic e x a m ­
ination (Van W a rm e lo ,  1976).

D oguet (1956) m ade  a deta iled  exam ina tion  o f  the  
development o f  the  perithecia  o f  b o th  N. vasinfecta
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a n d  N. africana and  found  tha t  it fo llowed the sam e 
sequence in b o th  species. This su p p o r ted  the  s ta te ­
ment by Von A rx  (1955) tha t  N. africana was similar 
to  N. vasinfecta except for spore surface .

The  process o f  meiosis in the  fungi has received 
m uch  a t ten t io n  and  the m echanism s o f  divis ion have 
been  well described in a large variety o f  fungi (Olive, 
1953 & 1965). F u r the r  significant co n tr ib u t io n s  were 
m a d e  by Rogers (1964, 1965, 1967, 1968a, 1968b, 
1968c & 1971), Lu (1966, 1967a & 1967b), A ldrich 
(1967), B arry  (1967), F u r ta d o  (1970), H u g u en in  & 
Boccas (1970) an d  Wells (1970).

Division o f  the d iploid nucleus follow s a pa t te rn  
basically sim ilar to that es tablished for  the h igher 
p lan ts  (Lu , 1966; S w anson , 1968; W o o  & P ar tr idge ,  
1969; Wells, 1970). T here  are , the re fo re ,  the  same 
stages and  processes during p ro p h ase  1 which lead to 
a rec o m b in a t io n  and  segregation o f  ch ro m a t in  a f te r  
com ple t ion  o f  the meiotic division. T here  are, 
however, som e differences between the m eiotic  divi­
sions in fungi an d  higher plants.

T h e  nuclear  m e m b ran e  rem ains intact th ro u g h o u t  
the division ( H u f fm a n ,  1968) o r  becom es d iscon ­
t in u o u s  at the poles only (Aldrich ,  1967). In these 
cases the  spindles are  fully in tranuc lea r .  D egenera­
tion  o f  the m e m b ran e  also occurs, how ever,  during 
the  division, for  exam ple  during  an a p h a s e  (Wells, 
1970), du r ing  m e taphase  (Olive, 1965; L u , 1967b) 
an d  even as early  as pachytene (Uecker,  1967).

T he  fo rm a t io n  o f  a m etaphase  p la te ,  which is in ­
f requent in the  fungi (Olive, 1965; Wells, 1970), was 
repo r ted  by  F u r ta d o  (1970) and  R ao  & M ukerji  
(1970).

C en tr io la r  p laques (also described as cen tr io les  and  
cen trosom es)  occur in some o rganism s (Knox-D avies  
& D ickson , 1960; Lu, 1967a & 1967b; U ecker,  1967; 
Wells, 1970), but are absent in o thers  (Aldrich , 
1967).

T w o  types o f  f ibres are  found  in the  spindle, viz. 
c h ro m o so m a l  fibres which are a t tached  to  the 
c h ro m o so m es ,  an d  spindle fibres w hich are c o n ­
t inuous  between the cen tr io lar  p laques  (Aldrich ,  
1967; L u ,  1967b; Wells, 1970). It is im p o r ta n t  to  no te



416 S EXUA L NUCL EAR DIVISION IN N E O C O S M O SP O R A

th a t  the  spindle fibres m ay  fo rm  in the  absence  o f  the 
cen tr io la r  plaques (A ldrich ,  1967), in which case the 
fibres converge  at the d iscon tinu i ty  o f  the  nuclear  
m e m b ra n e .

A sy n ch ro n o u s  d is junction  o f  ch ro m o so m es  was 
f requen tly  repor ted  (Rogers, 1964, 1965, 1967; Olive, 
1965; Uecker,  1967; H u f fm a n ,  1968; F u r ta d o ,  1969; 
Wells, 1970) and  seems to  be general in the  fungi.

In the  Pyrenom yce tes  the  second meiotic  division 
is co m m o n ly  followed by a th ird  divis ion to give rise 
to  eight hap lo id  nuclei a ro u n d  which the  ascospores  
then  fo rm  (Singleton, 1953; Olive, 1965). F u r th e r  
d iv is ion m a y  take place w ith in  the del im ited  
ascospo res  to  give rise to  m u lt inuclea te  ascospores  
(Van W a rm elo ,  1966). A scospores  m ay , how ever,  be 
del im ited  at the 16-nucleate stage (F u r ta d o ,  1970; 
Rao & M ukerji ,  1970), o r  de l im ita t ion  m ay  o cca­
s ionally  be highly irregular (Rogers, 1967).

As a result o f  the frequency  with which the  regular  
processes o f  ascosporogenesis  have been fo u n d  in the 
P y renom yce tes ,  this pa t te rn  o f  deve lopm ent is 
generally  applied  to all A scom ycetes ,  even to  species 
in w hich  few' details are available. H ow ever ,  ex­
t ra p o la te d  d a ta  can be misleading, as was show n by 
R a je n d re n  (1967), w ho fo u n d  tha t  in Hemileia 
vastatrix  the nuclear cycle did not agree entirely  with 
tha t  expected  from  earlier w ork  on  the  U redina les .

A cco rd ing  to Doguet (1956) the  asco g o n iu m  o f  
N eocosm ospora vasinfecta arises by so m a to g a m y  
a n d  gives rise to  num erous  ascogenous  hyphae .  
M o rea u  & M oreau  (1950), how ever,  s ta ted  tha t  
d ik a ry o t iza t io n  occurs by m eans  o f  a ‘sho r t  an- 
therid ia l Filament’, which associa tes closely with the 
coiled ascogon ium . D oguet (1956) d id no t observe 
k a ry o g a m y  in the penu lt im ate  cell o f  the  crozier.  The  
p resence o f  nuclei with w hat ap p e a red  to be  two 
nucleoli was, however, taken  as a n  ind ication  tha t  
k a ry o g a m y  had  occurred .

A cco rd ing  to Doguet (1956) nuclear  divis ions in 
the  ascus follow the no rm al  p a t te rn  leading to the 
f o rm a t io n  o f  eight binucleate ascospores .  U n f o r ­
tuna te ly  only very few draw ings o f  the  var ious  div i­
sions were published. D oguet also sta ted  tha t  the 
m echan ism  o f  ascosporogenesis in N. africana is 
identical to  tha t  fo u n d  in N. vasinfecta, im plying tha t  
an  asco g o n iu m  is fo rm ed  by so m a to g a m y  an d  tha t  
the  ascospores  are binucleate . N o n e  o f  these stages 
was, how ever,  i llustrated.

M ATERIALS A N D  M ETH O DS  

T hree  cu ltu res  were exam ined  in this investigation:

1. N eocosm ospora vasinfecta E. F. Sm ith ;  CBS 
237.55.

2. N eocosm ospora africana Von A rx; CB S 237.
3. N eocosm ospora  sp. isolated f ro m  soybean  stem, 

P ie te rm ar i tzbu rg ,  Sou th  A frica .  Refe rred  to  in 
th e  following text as ‘isolate P ’.

C u ltu res  were m a in ta ined  on 1,5%  Difco m alt  aga r  
an d  yeast-s ta rch  agar (C ooney  & E m e rso n ,  1964) at 
25°C  u n d e r  in te rm itten t  i l lum ina tion ,  12 h / d ,  by 
n ea r  u ltra  violet light (NUV) f luorescen t tubes  (G E C  
F 1 5 T 8 /B L B ) .  Isolate P was also m a in ta in ed  o n  Difco  
oa tm ea l  agar .

The nuclear  divisions leading to  ascosporogenesis  
were exam ined  in all th ree  isolates s tud ied .  Identical 
techn iques  were used for  sim ilar stages in the  d i f ­
feren t isolates to  ensure abso lu te  com parab il i ty .

Nuclei were sta ined using the  H C L -G iem sa  techn i­

que (Van W a rm elo ,  1971) a n d  exam ined  an d  p h o to ­
g rap h e d  u n d e r  bright field i l lu m in a t io n  with a yellow 
green filter.

RESULTS

Unless o therw ise  s ta ted ,  all the  fo llow ing  observa­
tions apply  equally  to  all th ree  exam ined  specimens.

The  earlier  sexual stage seen was the  m ult inucleate 
ascogon ium  (Figs 1, 2, 40, 83 & 84). T he  ascogonia 
varied in size an d  fo rm  from  the  highly  nucleated, 
simple spherical ascogon ium  (Fig. 1) to  the e lon­
ga ted ,  cylindrical asco g o n iu m  (Figs 83 & 84) and  the 
com plex con v o lu ted  asco g o n iu m  (Figs 2 & 40). The 
nuclei were small,  densely s ta ined  a n d  associa ted  in 
pairs. A t no  s tage w as the  m e chan ism  o f  d ikaryo t i­
za tion  observed . A scogon ia  were found  in very 
young  perithecia  a n d  were identif ied  as ascogon ia  on 
the  basis o f  the usually  m u lt inuc lea te  con d i t io n  with 
com m only ,  assoc ia ted  pairs  o f  nuclei.

T he  only ascogenous  h y phae  seen were found  in 
Neocosm ospora africana (Fig. 41). T hese  were short,  
indistinct and  typically b inuclea te .  A f te r  a very re­
stricted g row th  they  show ed signs o f  crozier fo rm a ­
tion.

Crozier and young ascus form ation
Binucleate pre-croziers were fo und  in N. africana 

(Fig. 42) and  isolate P (Fig. 85). These  were rounded  
an d  did no t yet show  the  cha rac ter is t ic  cu rva tu re  of  
the  crozier.  The  b inuc lea te  c o n d i t io n  was, however, 
an  indication  o f  their  origin.

Typical b inuc lea te  croziers were f o u n d  (Figs 3, 43 
& 86). Their  deve lopm ent in to  young  asci followed 
the  typical p a t te rn  (Figs 4, 44, 45, 46, 47, 87 & 88). 
Occasional large croziers were fo u n d  (Fig. 5), but 
were not o f  unusua l  significance.

The young  ascus enlarged a n d  becam e cylindrical 
af te r  k a ryogam y  (Figs 48, 49 & 89) w hich gave rise to 
the  d iploid nucleus (Figs 6, 50 & 90).

The  nuclei show ed  m a rk e d  var ia t ions  in a p p e a r ­
ance dur ing  k a ryogam y  a n d  the  subsequen t  diplo- 
phase. At the  conclusion  o f  the  co n ju g a te  division in 
the  binucleate crozier  the  nuclei were small and  in ­
tensely and  un ifo rm ly  s ta ined .  D uring  karyogam y 
the  nuclei no  longer s ta ined u n ifo rm ly  an d  showed 
fragm ents  o f  linear bodies  in te rp re ted  as partially 
condensed  ch ro m o so m es .  The  nuclei in the  term inal 
and  basal cells rem a ined  un ch a n g ed .  T he  diploid 
nuclei were less varied in a p p e a ran c e .  A  featureless 
uneven mass o f  c h ro m a t in ,  a p p a re n t ly  su r rounded  
by  a nuclear m e m b ran e ,  was som etim es  observed 
(Fig. 90). O lder d ip lo id  nuclei show ed  diffe ren tia t ion  
(Figs 6 & 50).

Division 1
Nuclear divisions in the  asci a re  n u m b e re d  acco rd ­

ing to the system used by S ing leton  (1953).

During p ro p h a se  o f  the first m eio tic  division the 
nuclei en larged  an d  were usually  cen tra l ly  p laced in 
the  ascus. There  was very lit tle d if fe ren t ia t ion  of 
ch rom osom es  at this  s tage (Figs 7 & 91) an d  the uni­
nucleate basal an d  te rm inal cells o f  the  crozier were 
often  still present a t  the  base o f  the  ascus (Figs 50, 91 
& 92).

At lep to tene the  c h ro m o so m es  were readily  d ist in­
guishable as long th in  s t rands  (Figs 8, 51 & 92). In 
Fig. 92 there is evidence o f  a nuclea r  m em brane  
a ro u n d  the ch ro m o so m e  mass. Nucleoli were d em o n ­
stra ted  in som e lep to tene  nuclei (Fig. 51), but no t  in 
o thers  (Fig. 8).
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At zygotene the ch ro m o so m es  were m uch  m ore  
distinct, an d  th ickenings and  o th e r  details becam e 
visible. The  nuclei also ap p e a red  to be larger than  
during lep to tene ,  possibly due to  a better spread  o f  a 
less cohesive ch ro m o so m al  mass du r ing  squash ing  o f  
the asci.

Zygotene show ed  ch ro m o so m es  which were iden ti­
fied as h om ologues  by the  similarities in the term inal 
ch rom om ere  pa t te rns  (Figs 9, 10, 52, 53 & 93). 
C h rom osom es pairs  were seen in which synapsis was 
apparently  com ple ted  while o the r  c h rom osom es  were 
only partia lly  assoc ia ted  (Figs 52 & 93).

At p achy tene  the  synapsed  hom ologues  were c lose­
ly associa ted  an d  were no  longer d is t inguishable as 
chrom osom e pairs  (Figs 11, 54 & 94). Occasionally  
fully synapsed  pairs  were fo u n d  in which the two 
com ponent c h ro m o so m es  o f  the b ivalent could be 
seen (Fig. 14). Nucleoli were only  occasionally  p re­
sent dur ing  pachy tene  (Fig. 15).

P achy tene  stages in w hich the ch rom osom es  could 
be coun ted  were fo u n d  in N. vasinfecta (Figs 12 & 13) 
and isolate P  (Figs 95 & 96). N o coun tab le  stages 
were fo u n d  in N. africana.

In N. vasinfecta  (Figs 12 & 13) six ch rom osom es  
were co u n ted  a n d  their  lengths es t im ated .  C e n t ro ­
meres cou ld  no t be dist inguished.

The es tim ated  lengths o f  the six ch rom osom es ,  
numbered in descending  o rder  o f  length (Singleton, 
1953), were:

1 =  13,5 nm  2 =  7,5 /tm 3 =  6,0
4 = 5,25 fim  5 =  1,75 nm  6 =  1,5 fim

The lengths o f  ch ro m o so m es  5 and  6 were p r o b ­
ably u n d eres t im a ted  as the c h rom osom es  appeared  to 
have been com pressed  dur ing  squash ing  o f  the p re ­
paration.

Six ch ro m o so m es  were also coun ted  in isolate P 
(Figs 95 & 96). As in TV. vasinfecta, no  cen trom eres 
were d is t inguishable  and  the nucleolus had  d is­
appeared. T he  es t im ated  lengths o f  the  six c h r o m o ­
somes were:

1 =  25 p.m 2 = 1 5  n m 3 =  12 fim
4 = 1 1  nm  5 = 8  /xm 6 = 7  fim

Although the re  was little agreem ent between the 
estimated c h ro m o so m e  lengths o f  N. vasinfecta and  
isolate P ,  the  relative lengths as given below agreed 
closely.

Relative chrom osom e lengths
N. vasinfecta Isolate P Difference

Chrom osom es 1:2 1,80 1,67 0,13
Chrom osom es 2:3 1,25 1,25 0,00
Chrom osom es 3:4 1,14 1,09 0,05
Chrom osom es 4:5 3,00 1,38 1,62
Chrom osom es 5:6 1,17 1,14 0,03

Only in the  case o f  the  ra t io  o f  ch rom osom es  4 an d
5 is there  a m a rk e d  d if fe rence between the two fungi.  
It was po in ted  ou t above ,  how ever,  tha t  the lengths 
of ch ro m o so m es  5 an d  6 in N. vasinfecta  were p r o b ­
ably u n deres t im a ted .

During d ip lo tene  the  b ivalents shor tened  and  
became fuzzy in ou tline  (Fig. 97). C rossover po in ts  
were seen as small loops in the  con trac ted  bivalents 
(Figs 16, 55 & 98). Late  d ip lo tene ch rom osom es  were 
noticeably sh o r te r  th a n  pachy tene  ch rom osom es  
(Fig. 99) an d  were also th inner .

In b o th  N. vasinfecta  an d  N. africana w hat 
appeared to  be a ring ch ro m o so m e  was seen during  
diplotene (Figs 16 & 55). T here  was however, no  evi­
dence o f  a r ing ch ro m o so m e  du r ing  pachytene.

Diakinesis show ed  no  a b n o rm a l  o r  unexpected

fea tures  (Figs 17, 56 & 100). The ch ro m o so m es  were 
sh o r t ,  highly condensed  and  a lm ost spherical .  They  
could  not be coun ted .

M e taphase  I ch rom osom es  were highly condensed ,  
a lm ost spherical an d  very short (Figs 18, 57 & 101). 
They  were not a r ran g e d  in a m e taphase  p la te  across  
the  equa to r ia l  p lane  o f  the  spindle, b u t  ap p e a red  as a 
dense centra l aggregation  o f  ch ro m a t in  in the 
spindle. Spindles were sometim es clearly seen (Fig.
101), but were m ore  frequently  indis tinct,  their 
presence an d  o r ien ta t ion  being ind icated  by d i f f ra c ­
t ion  lines in the  cy top lasm  o f  the ascus (Figs 57 & 58). 
Spindles were o r ien ta ted  along the long axis o f  the 
ascus (Figs 18 & 58), or  at right angles to it (Figs 57 &
102), or obliquely  (Fig. 101).

C h ro m o s o m e  counts  at m e tap h a se  I were u n ­
reliable due to the close associa tion  o f  the  c h r o m o ­
som es. O ccasionally ,  however, fairly reliable counts  
could  be m ade .  In po lar  view (Fig. 102) six c h r o m o ­
somes were dist inguished in isolate P ,  while the  sam e 
n u m b e r  w as seen in N. africana (Fig. 58).

In isolate P the  ch rom osom e coun t at m e tap h a se  I 
agreed with th a t  m ade  at pachytene.  A lthough  no  
c oun tab le  pachy tene  stages were fo u n d  in N. afri­
cana, the c h ro m o so m e  num ber  a t m e tap h a se  I was 
the  sam e as th a t  found  in bo th  N. vasinfecta  an d  iso­
late P .  Im p o r ta n t  also was the observa tion  th a t ,  in TV. 
africana, the re  appeared  to  be fo u r  large c h r o m o ­
somes an d  tw o  smaller ones (Fig. 58), a s i tuation  
similar to  tha t  fo u n d  at pachytene in N. vasinfecta. 
In isolate P (Fig. 102) there were a lso  size d ifferences 
between  the  ch ro m o so m es  but they w ere less m a rk e d .

It was im possib le  to  es tim ate  the  c h ro m o so m e  sizes 
from  m e tap h a se  I figures.

S epara tion  o f  the  ch rom osom es  dur ing  an a p h a s e  I 
appeared  to  be sequential ra the r  th a n  sy n c h ro n o u s  
a n d  a n u m b e r  o f  d iffe rent ch ro m o so m e  a r r a n g e ­
m ents  were seen. In TV. africana a series o f  stages 
i l lustra ting  sequential separa tion  were fo u n d .  A  stage 
was seen o f  the  transi t ion  f rom  m e tap h a se  I to  
an a p h ase  I (Fig. 59) in which the a r ran g e m en t  o f  the 
ch ro m o so m es  was virtually  identical w ith one  at 
m e taphase  I (Fig. 58). The only d iffe rences was tha t  
one  o r  tw o bivalents had  separated  b e fo re  the  o ther  
ch ro m o so m es .  A fu r the r  stage was seen (Fig. 60) in 
which separa tion  o f  the hom ologues  h a d  occurred  
w ith only slight m ovem ent o f  the  ch ro m o so m es  on 
the  spindle. A n even later stage was seen (Fig. 61) in 
which m o vem en t  o f  the ch ro m o so m es  had  begun  
whilst m a in ta in ing  a similar c h ro m o so m a l  a r r a n g e ­
m ent.

Sequentia l ra the r  than  sy nch ronous  separa t ion  o f  
bivalents was also seen in N. vasinfecta  (Fig. 19) and  
isolate P (Fig. 103). P recocious ch ro m o so m es  were 
linked to  the  m edian  u n separa ted  b ivalents by thin 
spindle s trands .

At m id  an a p h ase  I the condensed  ch ro m o so m es  
were sp read  in a b a n d  along the spindle (Fig. 62) and  
ind iv idual ch ro m o so m es  could no t be d ist inguished .  
At la te an a p h a s e  I the ch rom osom es  had  s ta r ted  to 
fo rm  term inal  g roups  (Figs 20 & 104).

T elophase  I nuclei were usually small,  spherical 
an d  ho m o g en eo u s .  At early te lophase  I the re  were 
occas ional lagging ch rom osom es  (Figs 63 & 106). 
H ow ever,  no  case was seen in which any  lagging 
ch ro m o so m e s  failed to be in c o rp o ra ted  in the 
d au g h te r  nuclei. The  reconstitu ted  d a u g h te r  nuclei 
ro u n d e d  o f f  at the conclusion  o f  the  d iv is ion, c o n ­
nected  only by  the  rem ains o f  the spindle (Figs 64 &
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105). D iscarded  nucleoli were occas ionally  seen (Fie. 
107).

At the conclusion o f  te lophase  I the nuclei en tered  
in te rphase  I. Generally  this process w as a s y n c h ro ­
nous a n d  asci were found  in which one nucleus w as in 
in te rphase  I while the sister nucleus was still in te lo ­
phase  I (Fig. 21).

Inter phase  I nuclei were larger than  at te lophase ,  
app rox im ate ly  spherical an d  he terogeneous  (Figs 22, 
65 & 108). Individual ch ro m o so m es  could  not be d is ­
t inguished ,  a l though  nucleolus-like bodies were 
som etim es  seen (Fig. 22).

Division II
P ro p h a se  II nuclei were less d if fuse  th a n  at in te r ­

phase  I an d  sta ined intensely (Figs 23, 66 & 109). The  
c h ro m o so m e s  o f  N. vasinfecta a n d  N. africana  were 
shor t ,  whereas those o f  isolate P were indistinct. In N. 
vasinfecta nucleoli were seen in the nuclei (Fig. 23). 
Nucleoli were not seen in N. africana and  isolate P.

M e tap h a se  II was indistinct.  At early m e taphase  
the deeply-sta in ing ch ro m o so m es  were a r ra n g e d  cen­
tral ly  between the tw o  cen tr io lar  p laques  (Fig. 67). 
T he  ch ro m o so m es  were so closely associa ted  tha t  
co u n ts  were impossible  (Figs 24, 68 & 110). C e n ­
t r io la r  p laques were not always visible a l though  
spindles were som etim es seen (Fig. 110).

A n a p h a se  II followed the sam e general p a t te rn  as 
a n a p h a s e  I. Spindles were either parallel with (Fig. 
69), o r  across (Figs 111 & 112) the  long axis o f  the 
ascus. Sequentia l d is junction  o f  the  ch ro m a t id s  was 
once  aga in  suggested by the linear a r ran g e m en t  o f  
c h ro m o so m es  with in te rconnecting  in te rzonal or 
sp indle fibres.

O ccasionally  ch rom osom es  were clearly delimited 
at a n a p h a s e  II (Fig. 113). Six ch ro m o so m es  were seen 
a t this stage.

T e lophase  II nuclei (Figs 25, 70, 114 & 115) were 
identical with the te lophase  I nuclei. N o  lagging 
c h ro m o so m es  or spindle bridges were seen at this 
stage.

In te rphase  II nuclei (Figs 26, 71 & 116) resem bled  
the in te rphase  I nuclei described. T he  fou r  in te rphase
II nuclei were com m only  a r ran g e d  as tw o  ad jacen t 
pairs a r ran g e d  symm etrically  a ro u n d  the  cen tre  o f  
the  ascus (Figs 26 & 116).

Division III
P ro p h a se  III nuclei resembled the p ro p h a se  II 

nuclei described. Initially long and  d iffuse ,  the  c h r o ­
m o so m es  shor tened  and  becam e intensely s ta ined 
(Figs 27, 72, 117 & 118).

P ro m e ta p h a se  III stages show ed short dense c h ro ­
m osom es  (Figs 28 & 73) and  occas ional cen tr io la r  
p laques  (Fig. 73).

M e tap h a se  III nuclei (Figs 29 & 119) resem bled  the 
m e tap h a se  II nuclei described. T he  a r ran g e m en t  o f  
the  four nuclei followed no regular  pa t te rn .

A n ap h a se  III was seen on ly  in isolate P (Figs 120& 
121) an d  was similar to the previously  described a n a ­
phase  stages. Divisions o f  the  nuclei were not fully 
sy n c h ro n o u s  (Figs 120 & 121) an d  a l ignm ent o f  the 
spind les  was variable.

Lagging ch rom osom es  at late an a p h ase  11 I /ea r ly  
te lophase  III were seen (Fig. 30) bu t these becam e in­
c o rp o ra te d  into  the reconsti tu ted  te lophase  III 
nuclei. Evidence for this was the  absence o f  lagging 
ch ro m o so m es  at late te lophase.  T hese  nuclei (Figs 74

& 122) were sim ilar to the  te lophase  stages described, 
but could  also be larger (Fig. 123).

In terphase  III nuclei (Figs 31, 32, 75 & 124) re­
sembled the  nuclei seen a t in te rphase  I and  II.

The earliest signs o f  spore  d e l im ita t ion  were seen at 
in te rphase  III (Fig. 31). T h ere  were, how ever,  in te r­
phase  III stages with no  signs o f  incipient cy top las ­
mic cleavage (Figs 75 & 124), w hereas in som e asci 
well developed cy top lasm ic  cleavages were seen (Figs 
32 & 76).

Division IV
P ro p h a se  IV nuclei (Figs 33, 77 & 125) were similar 

to  the  p ro p h ase  II an d  III nuclei described .  In all 
isolates asci in p ro p h a se  IV w ithou t any  signs o f  inci­
pient cytop lasm ic  cleavage were fo u n d  (Figs 33, 77 & 
125), whereas o th e r  asci a lso  in p ro p h a se  IV were 
fo und  in w hich well def ined  spo re  initials were clearly 
visible (Figs 78 & 126).

P ro m e ta p h a se  IV (Fig. 127) was found  in isolate P 
only and  w as similar to  p ro m e ta p h a s e  stages o f  the 
preceding divisions. M e tap h a se  IV a n d  an a p h a s e  IV 
stages were not found  in any  o f  the  isolates.

T e lophase  IV nuclei (Figs 34, 35, 79, 128, 129 & 
130) were identical with the  previously  described 
te lophase  stages. In terphase  IV nuclei (Figs 37 & 131) 
also  resembled sim ilar stages in the  preceding  divi­
sions.

N eocosm ospora vasinfecta d if fe red  f rom  the other 
isolates with respect to spore  de l im ita t ion .  W hereas 
the  spores in N. africana a n d  iso late  P were in­
variably  delimited befo re  te lophase  IV (Figs 79 & 
129), occas ional asci were fo u n d  in N. vasinfecta 
which con ta ined  sixteen nuclei not separa ted  by 
cytoplasm ic cleavage planes (Figs 34 & 35). Such asci 
were large an d  co m m o n ly  g lobose .  N o rm a l  cylindric 
asci with cy top lasm ic  cleavage p lanes  at this stage 
were c o m m o n  (Fig. 36). As the  m a tu re  spores o f  N. 
vasinfecta  were always fo und  in asci o f  no rm al  size, 
it is pos tu la ted  th a t  the  large uncleaved  16-nucleate 
asci degenerated  w ithou t del im it ing  spores. How, 
why and  w hen this occu rred  could  not be determ ined.

Following division IV the  eight ascospores  in an 
ascus were b inucleate .  Nuclei in spores o f  increasing 
age, as de te rm ined  from  the  increasing thickness o f  
the spore wall, show ed a progressive  condensa tion  
(Figs 38, 39, 80, 81, 82, 132, 133 & 134). Nuclei in 
m a tu re  spores  were thus co ndensed  an d  intensely 
s ta ined.

Ascus proliferation
Fusion o f  the  te rm inal  cell o f  the  croz ier  with the 

basal cell was com m o n ly  seen in N. africana and 
isolate P, bu t  was less c o m m o n  in N. vasinfecta. A 
single ascogenous  h y p h a  could th e re fo re  give rise to 
fu r the r  asci.

DISCUSSIO N

The m echan ism  o f  d ik a ry o t iza t io n  w as not eluci­
da ted .  As no signs o f  receptive hy p h ae  o r  sper- 
m a tiu m  fo rm a t io n  were seen, the  m ost  likely m ech­
anism  is r a n d o m  so m a to g a m y .  As all th ree  isolates 
a re  hom otha ll ic  this m echan ism  is not unlikely. 
D o g u e t’s (1956) obse rva tion  o f  def ined  ascogonial 
s tructures  in N eocosm ospora vasinfecta  and  N. afri­
cana was thus  no t con f irm ed .

It is well es tablished tha t  the  sexual nuclear  divi­
sion in the ascus is an  o rdered  process  correspond ing  
to  gam etogenesis  in higher  o rgan ism s.  The division 
can the re fo re  correc tly  be called meiotic .



k. T. VAN WARMELO 419

Sequence o f  nuclear divisions in (he ascus
The sequence o f  nuclear divisions leading to  the 

fo rm a tion  o f  m a tu re  ascospores  was norm al in all 
three isolates. This conf irm s the s ta tem ent by Doguet 
(1956) tha t  ascosporogenesis  in N. vasinfecta and  N. 
africana follows the established pa t te rn .

H om ology o f  m eiotic prophase chromosomes
Zygotene ch ro m o so m e  pairs were seen in all iso­

lates in which synapsis was appa ren t ly  com pleted  
while o th e r  ch ro m o so m e  pairs were only partially  
associated. H o m o lo g y  o f  certain  ch rom osom es was 
deduced f rom  the  s imilarities in ch ro m o m ere  pat te rn .  
Synaptic failure could e i ther  indicate slow pairing or 
non-hom ology  o f  c h ro m o so m e  pairs or areas. Only 
in N. vasinfecta was one con f igu ra t ion  seen (Figs 12
& 13) which suggested incom ple te  synapsis. This 
could, how ever,  have been due to  a ch rom osom e 
abnorm ality  not necessarily indicative o f  n o n -h o m o ­
logy.

F u r th e rm o re ,  n o n -h o m o lo g o u s  ch rom osom es  in 
the k a ryo type  w ould  result in pachytene associa tions 
showing incom ple te  bivalent fo rm a tion .  No p o s t ­
pachytene stages showing abnorm a li t ie s  were, h o w ­
ever, observed . All the available evidence there fo re  
indicates th a t ,  a l though  synapsis during  zygotene is 
rather slow, there is com plete  hom ology  o f  all 
chrom osom es pairs .

The c h ro m o so m e  num ber  o f  each o f  the three iso­
lates was de term ined  at several stages dur ing  asco ­
sporogenesis. Six ch ro m o so m es  were coun ted  in all 
cases. This n u m b e r  agrees with the coun ts  m ade  d u r ­
ing m ito tic  divisions (Van W arm elo ,  1977).

The lengths o f  the pachy tene  chrom osom es  were 
estimated in N. vasinfecta and  isolate P. A lthough  
ch rom osom e lengths at pachytene vary considerab ly  
with the  s tru c tu re  o f  the bivalent and  the degree o f  
squashing dur ing  p repa ra t ion  o f  the m ateria l,  it is 
reasonable to  assum e tha t  all ch rom osom es  in a 
single nucleus will be squashed  to  very m uch  the sam e 
extent.  Relative c h ro m o so m e  lengths are there fo re  
probably  m ore  im p o r ta n t  than  abso lu te  lengths.

The  relative lengths o f  the  c h rom osom es  o f  N. vas­
infecta and  isolate P are a lm ost identical, even 
though their  e s t im ated  abso lu te  lengths are m arked ly  
dissimilar. If it is assum ed  tha t  ch rom osom es  5 and  6 
in N. vasinfecta (Fig. 13) becam e dis torted  during  
squashing, the re  is a close similarity between the 
karyotypes o f  these isolates.

A lthough  n o  coun tab le  pachy tene  stages were seen 
in N. africana, it is significant tha t  four  long and  tw o 
short c h ro m o so m e s  were present at m e taphase  I (Fig. 
58). As the c h ro m o so m es  were highly condensed the 
relative lengths could  not be es tim ated .  It is, th e re ­
fore, pos tu la ted  tha t  the  ch ro m o so m e  ratios o f  N. 
africana at least ap p ro x im a te  the  ratios determ ined  
for N. vasinfecta  and  isolate P.

M etaphase/anaphase
Even tho u g h  spindles were not always seen, evi­

dence fo r  the ir  p resence was p rov ided  by the presence 
of cen tr io lar  p laques  and  also d if frac tion  patterns  in 
the cy top lasm  a ro u n d  the ch rom osom es .  W hen 
spindles were seen, their  size and  orien ta t ion  agreed 
with the  observed d if f rac tion  pa t te rns .  Spindles are 
p re su m a b ly  p rese n t  d u r in g  nuc lea r  d iv is ions ,  
a l though they  canno t always be dem ons tra ted .

M e taphase  separa tion  is essentially similar in all 
the isolates. It is suggested tha t  separa tion  o f  
ch rom osom e p a i rs /c h ro m a t id s  is sequential r a the r  
than sy n c h ronous .  These results are in accordance

with the  s ta tem ent by Olive (1965) th a t  a sy nch ronous  
an a p h ase  separa tion  in the ascus ap p e a rs  to  be the 
rule in the  fungi.

A lthough  anaphase  separa tion  was asy n ch ro n o u s ,  
there  was no  evidence o f  irregular ch ro m o so m e  dis­
ju n c t io n .  This was deduced from  the  absence o f  
lagging ch ro m o so m es  at late te lophase o r  in te rphase ,  
indicating  com ple te  reconstruction  o f  the dau g h te r  
nuclei, the cons tancy  o f  ch ro m o so m e  n u m b e rs  and  
the pheno typ ic  constancy  o f  the cultures .  It can , 
the re fore ,  be assum ed  that the regulari ty  o f  k a ry o ­
type and  genom e replication is high.

A scopore delimitation
The occas ional absence o f  cy top lasm ic  cleavage 

p lanes at te lophase  IV and  in te rphase  IV might be 
regarded  as an  im p o r ta n t  fea ture  o f  N eocosm ospora  
vasinfecta, and  an im portan t  d iffe rence  between it 
an d  N. africana an d  isolate P. H ow ever ,  the fact tha t  
the 16-nucleate uncleaved asci were not seen to form  
ascospores  and  appa ren tly  degenera ted ,  reduces the 
em phasis  that should  be placed on this characteris tic  
as ta xonom ic  criter ion .  A lthough  it is a d iffe rence  b e ­
tween N. vasinfecta and  the o ther  isolates, it does not 
seem to be an im por tan t  one.

T here  are, there fo re ,  no significant d iffe rences be­
tween N. vasinfecta E. F. Sm ith , N. africana Von 
A rx an d  ‘isolate P ’ and  the fo rm er  tw o  species c a n ­
not De distinguished on the basis o f  sexual 
ch ro m o so m a l  d a ta .
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UITTREKSEL.

’n Swam soort afkom stig van sojaboonw eefsel het 
duidelike ooreenkom ste getoon m et twee bestaande 
N eo c o sm o sp o ra  soorte, t .w.  N. vas infecta  E. F. 
Smith en N. a f r icana  Von Arx. Die geslagtelike kern- 
delings in outentieke kulture van hierdie twee soorte  
en die plaaslike isolaat is ondersoek om vas te stel o f  
daar verskille tussen die kulture was. Geen betekenis- 
volle verskille is waargeneem nie. Ses chrom osom e is 
in alle gevalle aangetref en hulle relatiewe lengtes was 
blykbaar dieselfde. Daar was geen tekens van aneu- 
ploiedie o f  onreelmatige vorming van dogterkerne 
nie. Delings is dus tipies meioties en lei to t vorming 
van tweekernige hom okariotiese askospore.
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F ig s  1 -2 0 .— Meiosis in Neocosmospora vasinfecta: x  2 000 unless otherwise stated. 1, spherical multinucleate 
ascogonium ; 2, m orphologically complex multinucleate ascogonium ; 3, binucleate crozier; 4, tetranucleate 
crozier; 5, tetranucleate crozier; 6 , crozier after karyogamy; 7, beginning o f prophase I; 8 , leptotene; 9, 
zygotene; 10, zygotene/pachytene; 11, pachytene; 12, pachytene; \3, pachytene with numbered 
chrom osom es, x  4 000; 14, pachytene showing bivalent structure, x  4 000; 15, late pachytene; 16, 
diplotene; 17, diakinesis; 18, metaphase 1; 19, early anaphase I; 20, mid anaphase I.
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F ig s  2 1 -3 2 .— M eiosis in  Neocosmospora vasinfecta: x  2 000. 21, te lo p h a se  I; 22, in te rp h a s e  I; 23, p ro p h a s e  II; 
24, m e ta p h a s e  II; 25, te lo p h a se  II; 26, in te rp h a s e  II; 27, p ro p h a s e  III; 28, p ro m e ta p h a s e  III; 29, m e ta p h a s e  
III; 30, a n a p h a s e / te lo p h a s e  111; 31, in te rp h a s e  III; 32, in te rp h a s e  III in d e lim ite d  a sc o s p o re s .
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F ig s  3 3 - 3 9 .— M eiosis in Neocosmospora vasinfecta: x  2 000 . 33 , proph ase IV; 34, proph ase IV w ith out spore  
d elim itation ; 35 , te lop h ase  IV; 36, te lop h ase IV; 37, interph ase IV; 38, m ature binucleate ascosp ores; 39, 
m ature b in ucleate  ascosp ores.
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F ig s  4 0 -5 9 .— M eiosis  in  Neocosmospora africana: x  2 000. 40, a sc o g o n iu m  w ith  p a ire d  n u c le i; 4 1 , a sc o g e n o u s  
h y p h a ; 42, b in u c le a te  p re -c ro z ie r ; 43, b in u c le a te  c ro z ie r; 44, n u c le a r  d iv is io n  in th e  b in u c le a te  c ro z ie r; 45, 
te tra n u c le a te  c ro z ie r  a f te r  n u c le a r  d iv is io n ; 46 te tra n u c le a te  c ro z ie r ; 47, c ro z ie r  a f te r  s e p tu m  fo rm a t io n ;  48, 
k a ry o g a m y  in th e  y o u n g  ascu s ; 49, d ip lo id  n uc leus  in th e  y o u n g  a scu s; 50, b e g in n in g  o f  p ro p h a s e  I; 51, lep- 
to te n e ; 52, zy g o te n e ; 53, z y g o te n e /p a c h y te n e ; 54, p a ch y ten e ; 55, d ip lo te n e ;  56, d ia k in e s is ; 57, m e ta p h a s e  I 
w ith  tra n sv e rse  sp in d le ; 58, m e ta p h a s e  I w ith  lo n g itu d in a l sp in d le ; 59, m e ta p h a s e /a n a p h a s e  I.
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F ig s  6 0 - 7 4 . — M eiosis in Neocosmospora africana: x  2 000 . 6 0 , early anap hase I; 6 1 , anap hase I; 6 2 , anap hase  
I; 63 , a n a p h a se /te lo p h a se  I; 64 , te lop h ase  I; 65 , in terphase I; 66 , proph ase II; 67 , early m etap hase II; 68 , 
late m etap hase II; 69 , an ap h ase II; 70, te lop h ase  II; 71 , in terphase II; 72 , proph ase III; 73 , p rom etap h ase  
III; 74 , te lo p h a se  III.
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F ig s  7 5 -8 2 .— M eiosis  in Neocosmospora africana: x  2 000. 75, in te rp h a s e  III b e fo re  s p o re  d e lim ita tio n ; 
76, in te rp h a s e  III b e fo re  s p o re  d e lim ita tio n ; 77, ea rly  p ro p h a s e  IV: 78, p ro p h a s e  IV; 79, te lo p h a se  IV; 80, 
in te rp h a s e  in b in u c le a te  a sc o s p o re s ; 81, in te rp h a s e  in b in u c le a te  a sc o sp o re s ; 82, in te rp h a s e  in b in u c le a te
a sc o sp o re s .
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Fic;s 83—105.— Meiosis in Neocosmospora  isolate P: x  2 000 unless otherwise stated. 83, ascogonium  with two  
nuclear pairs; 84, ascogonium  with three nuclear pairs; 85, binucleate pre-crozier; 86 , binucleate crozier; 87, 
tetranucleate crozier after nuclear division; 88 , tetranucleate crozier; 89, karyogamy in the young ascus; 90, 
diploid nucleus in the young ascus; 91, beginning o f  prophase I; 92, leptotene; 93, zygotene; 94, pachytene; 
95, pachytene, x  4 000; 96, pachytene with numbered chrom osom es, x  4 000; 97, pachytene/diplotene; 
98, diplotene; 99, late diplotene; 100, diakinesis; 101, metaphase I; 102, metaphase I in polar view; 103, 
anaphase I; 104, late anaphase I; 105, telophase I.
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F igs 106-125 .— M e io s i s  in Neocosmospora i s o la t e  P: x  2 000. 106, t e l o p h a s e  I w it h  s l o w  c h r o m o s o m e ;  107, 
t e l o p h a s e  I w ith  re s id u a l  n u c le o l u s ;  108, i n t e r p h a s e  I; 109, p r o p h a s e  II; 110, m e t a p h a s e  II; 111, m e t a p h a s e  
II; 112, a n a p h a s e  II; 113, m e t a p h a s e / a n a p h a s e  II; 114, t e l o p h a s e  II; 115, la te  t e l o p h a s e  II; 116, i n t e r p h a s e  
II; 117, ea r ly  p r o p h a s e  III; 118, p r o p h a s e  III; 119, m e t a p h a s e  III; 120, a n a p h a s e  III; 121, a n a p h a s e  III; 122, 
t e l o p h a s e  III; 123, la r ge  t e l o p h a s e  III n u c le i ;  124, in t e r p h a s e  III; 125, p r o p h a s e  IV.
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F igs 1 2 6 -1 3 4 .— M e io s i s  in Neocosmospora i s o la t e  P: x  2 000. 126, p r o p h a s e  IV w ith  s p o r e  d e l i m i t a t io n ;  127, 
p r o m e t a p h a s e  IV; 128, t e l o p h a s e  IV w ith  re s id u a l  m e d i a n  n u c le o l i ;  129, t e l o p h a s e  IV: 130, la te  t e l o p h a s e  
IV; 131, in t e r p h a s e  IV; 132, in t e r p h a s e  in b in u c le a t e  a s c o s p o r e s ;  133, in t e r p h a s e  in b in u c le a t e  a s c o s p o r e s ;  
134, in t e r p h a s e  in b in u c le a t e  a s c o s p o r e s .




