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Summary. Dif f e r en t i a t ed  c h r o m o s o m e  segmen t s  were obse rved  d u r i n g  s tud ies  of pol len  m o t h e r  cells of A. cepa  d u r i n g  
t he  f i r s t  meio t ic  d iv is ion.  T h e i r  s t r u c t u r e  is l ike those  of t h e  nuc leo la r  o rgan iz ing  region (NOR) descr ibed  in A. cepa  
microspores  L I t  is sugges ted  t h a t  these  d i f f e r en t i a t ed  c h r o m o s o m e  segmen t s  co r respond  to  t h e  s e c o n d a r y  cons t r ic -  
t i ons  seen u n d e r  t h e  op t i ca l  microscope.  

The  p r i m a r y  a n d  s e c o n d a r y  cons t r i c t ions  are  wel l -def ined 
regions  of t he  ch romosome ,  c o n s t i t u t i n g  c o n s t a n t  m o r p h o -  
logical  charac te r i s t i c s .  U n d e r  t he  op t ica l  microscope,  
c h r o m o s o m e s  usua l ly  st low a s e c o n d a r y  cons t r i c t ion  
w h i c h  is k n o w n  to  co r re spond  to  t he  nuc leo la r  o rgan iz ing  
reg ion  1. On t he  u l t r a s t r u c t u r a l  level,  t hese  cons t r i c t ions  
are  seen r a t h e r  as a d i f f e r en t i a t i on  of t h e  c h r o m o s o m e  in 
a wel l -def ined segment .  The re  are on ly  a few s tudies  on  
t he  s e c o n d a r y  cons t r i c t ions  of m i to t i c  c h r o m o s o m e s  2,a 
a n d  p rac t i ca l l y  n o n e  on  meio t ic  chromosomes .  
I n  t h e  course  of u l t r a s t r u c t u r a l  r e sea rch  on  Al l ium cepa  
a n t h e r s  f ixed in  g l u t a r a l d e h y d e - o s m i u m ,  e m b e d d e d  in 
epon  a n d  c o n t r a s t e d  w i t h  u r any l - l e ad  as usual ,  ch romo-  
some segmen t s  were obse rved  in pol len  moocher cells 
d u r i n g  f i r s t  meio t ic  divis ion,  t h e i r  s t r u c t u r e  a lways  
showing  t h e  same  pa r t i cu la r i t i e s .  The  morpho log ica l  
ana lys i s  of t h i s  s t r u c t u r e  a n d  i ts  possible  f u n c t i o n a l  signif-  
icance  are t h e  ob jec t  of t i l ts  s tudy .  
Results and discussion. I n  a d d i t i o n  to  p r i m a r y  cons t r ic -  
t i ons  (kinetochores) ,  o t h e r  t ypes  of d i f f e r en t i a t ed  seg- 
m e n t s  are  qu i t e  f r e q u e n t l y  fo rmed  in m e t a p h a s e  ch ro mo -  

somes  (figures 1 a n d  2). I n  t h e  cav i t ies  or cups  fo rmed  b y  
t h e  c h r o m a t i n ,  we f ind a more  or less spher ical ,  he t e ro -  
geneous  s t ruc tu re ,  0.8 to  1 a m  in d iamete r ,  m a d e  u p  of 
a reas  of h ighe r  e lec t ronic  d e n s i t y  enclosed  in a n  a rea  of 
lower  dens i ty .  T h e  dense  zones are more  or  less rounded ,  
t h e i r  d i a m e t e r s  r a n g i n g  f rom 600 to  800 ~ .  W h e n  g rea t ly  
magni f ied ,  t h e y  are  seen to  be  m a d e  up  of t i g h t l y  p a c k e d  
f i l amen t s  of a b o u t  100 A w i t h  t h e  s ame  cha rac t e r i s t i c s  as 
t h e  a d j a c e n t  c h r o m a t i n  (figure 4). T h e  less dense  areas  
show a far  less c o n c e n t r a t e d  f i l amen t s  of a b o u t  90-100 
or poss ib ly  less. A close r e l a t i onsh ip  is occas ional ly  seen 
b e t w e e n  t h e  dense  zones a n d  t h e  n e i g h b o u r i n g  c h r o m a t i n  
(figure 3). This  he t e rogeneous  s t r u c t u r e  m a y  be  equa l ly  
well  f ound  on  oppos i te  sides of t h e  b i v a l e n t  d u r i n g  t h e  
f i rs t  m e t a p h a s e  (figure 3). I t  is a l r eady  k n o w n  t h a t  A. 
cepa  h a s  on ly  a pa i r  of nuc leo la r  ch ro mo s o mes  for each  
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Fig. 1 and 2. 2 serial sections of a 
metaphase chromosome during the 
first meiotic division. K Kineto- 
chore; S heterogeneous structure 
located in a chromosome differ- 
entiation. X 12,000. 
Fig. 3. Metaphase I. The hetero- 
geneous structure is located on 
opposite sides of a chromosome 
constriction. • 9000. 
Fig. 4. The heterogeneous region 
shows dense zones embedded in a 
less dense area. The dense areas 
are seen to be connected to the 
chromatin (arrow). • 24,000. 
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diploid se t  4-~. Since in the  numerous  d i f fe rent  sect ions 
examined ,  never  has  more  t h a n  one pa i r  of these  s t ruc-  
tu res  for diploid ch romosome  c o m p l e m e n t  been  observed,  
i t  is t e m p t i n g  to specula te  t h a t  th is  s t ruc tu re  could cor- 
respond  to  the  nucleolar  organiz ing region (NOR), which  
is visual ized as a secondary  cons t r ic t ion  a t  the  opt ical  
level. Moreover,  t he  s imi lar i ty  be tween  the  charac ter i s t ics  
of th is  s t ruc tu re  found  dur ing  meiot ic  division and  those  

of t he  N O R  descr ibed in A. cepa microspores% suggest  
t h a t  we are looking a t  the  same region t h ro u g h  the  dif- 
fe rent  s tages of meiosis. 
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Summary. Three  d i f fe ren t  m a t i n g  sys tems  based on the  p roduc t ion  of virgin females  in F~ and the  e l iminat ion  of unde-  
sired males  in F 2 are p roposed  for an efficient  isolat ion of X- l inked  male  steri le m u t a t i o n s  in Drosophi la  melanogas te r .  

Male steri le m u t a t i o n s  in Drosophi la  me lanogas te r  p rov ide  
a useful tool  to s t u d y  the  cont ro l  of spe rm d e v e l o p m e n t  
a t  the  gene and ch romosomal  level 3-5. A t  least  for t he  X 
chromosome,  t he  large m a j o r i t y  of m u t a t i o n s  are known  
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Fig. 1. Mating scheme 1 for isolation of X-linked male sterile mu- 
tations in Drosophila melanogaster. The Killer-prune system and 
Muller-5 balancers were combined in such a way that in F 1 all males 
died, and in F 2 those not bearing a mutagenized (EMS treated) X 
chromosome were eliminated. The test for fertility could be carried 
out simply by transferring all male-producing F 2 cultures into fresh 
vials and watching for larval growth survival. In ease a mutation 
was found, +EMs/FM6 females were crossed to FM6 males for main- 
taining the mutant stock. M-5-1, Muller-5 balaneer (In(1)scSlLscS~+ S, 
sc SlscSw~B) carrying a lethal. It was produced as follows: prune (pn) 
females were crossed to mutagenized M-5 males. F 1 females were set 
up in single cultures with pn males; FM6, First Multiple 6 (In(1)FM6, 
y31aseSdm B); K-pn, Killer-prune. 

to in ter fere  wi th  spermatogenes i s  : in 180 f rom 192 m u t a n t  
s tocks tes ted ,  no ma t u r e  mot i le  spe rm was foundG. Some 
addi t iona l  use of X- l inked  male  steri le m u t a t i o n s  can be 
inferred f rom the  f indings abou t  t he  remain ing  12 m u t a n t  
s tocks:  t h e y  showed abnormal i t ies  in ma t i n g  behavior% 
spe rm t rans fe r  5, acrosome reac t ion  5 or only  a low n u m b e r  
of weakly  moti le  spe rm was p roduced  6. 
We are in te res ted  in m u t a t i o n s  affect ing the  male  ac- 
cessory gland (paragonial) prote ins .  T h e y  should enable  
us to  clarify t he  func t iona l  significance of these  prote ins .  
We assume t h a t  some of t h e m  are steri le and  migh t  belong 
to  tile group of m u t a t i o n s  which  in ter fere  w i th  spe rm 
t ransfer .  F r o m  the  above da ta ,  only  a ve ry  low f requency  
of such m u t a t i o n s  could be expec ted .  An economic  screen- 
ing sys t em should faci l i ta te  our  project .  
Our s y s t em is based  on Muller 's  s t a n d a r d  p rocedure  for 
de t ec t ing  X- l inked  recessive le thals  and steri le factors  7, s 
We found t h a t  i t  was desirable  to  e l iminate  or s impl i fy  
the  fo l lowing  t ime-consuming  s teps :  first,  t he  collection 
of virgin females  in F z, and  second,  the  t e s t  for fer t i l i ty  
wi th  F 2 males bear ing a mu tagen ized  X chromosome.  
Figure  1 p resen t s  the  ma t i n g  scheme which  has  been re- 
alized by  us. The Ki l le r -prune  s y s t em was  ut i l ized to  
p roduce  virgin females  in F 1 : all flies which  bear  a Killer-  
p rune  (K-pn) allele and are homozygous  or hemizygous  
respec t ive ly  for p rune  (pn) die as larvae  9, z0. To s impl i fy  
the  t e s t  for fert i l i ty,  we in t roduced  a le thal  fac tor  in to  
t he  Muller-5 (M-5) balancer .  As a consequence,  only  
those  males  which  car ry  a mutagen ized  X chromosome  
emerge in the  Fa. Thus,  the  t e s t  for fer t i l i ty  can easily 
be u n d e r t a k e n  by  t rans fe r r ing  the  offspr ing into fresh 
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