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m e n t s  (figures 1 and  2). A T S P  is def ined as the  in te rva l  
be tween  the  earl iest  t ime  of sh i f t  down  (from 22 ~ to  
17 ~ a t  which the  m u t a n t  p h e n o t y p e  is observed,  and  
the  la tes t  t ime of shif t  up (from 17 ~ to 22 ~ a t  which 
the  m u t a n t  p h e n o t y p e  occurs. Figure  1 shows t h a t  the  
roller p h e n o t y p e  T S P  is ent i re ly  s i tua ted  in the  f i rs t  larval  
s tage  (L1). I t  begins a few hours  af ter  ha t ch ing  and  is 
ex tend ing  f rom 18 to 25 h of d e v e l o p m e n t  a t  22 ~ af ter  
fert i l ized egg deposi t ion.  Figure 2 shows t h a t  the  per iod 
for the  d u m p y  p h e n o t y p e  is more  ex tended .  I t  includes:  
la ter  L~ stage, all the  L 2 stage, and the  beginning  of the  L a 
s tage (from 18 to 42 h of d e v e l o p m e n t  a t  22 ~ af ter  
fert i l ized egg deposi t ion) .  
M u t a n t  expression at 22 ~ f48ts length  g rowth  curves  a t  
17 ~ and  22 ~ (figure 3) show t h a t  dumpiness  express ion 
s t a r t s  a t  the  beginning  of the  L a stage,  near  the  end of the  
d u m p y  p h e n o t y p e  TSP.  Roller p h e n o t y p e  is never  seen 
in the  larvae (from L 1 th rough  L4) and is only  expressed 
in the  adu l t  stage. 
Mode  o/ inheritance. Genetic s tudies  prove  t h a t  f48ts 
carr ies a single au tosomal  recessive muta t ion .  Homo-  
zygous 48/48 he rm aphrod i t e s  reared a t  22 ~ are mated ,  
a t  th is  same t empera tu re ,  wi th  wi ld- type  males ( + / + ) .  
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Fig. 3. Length growth curves of f48ts. Evolution of the f48ts length 
during development is determined at 17~ (0---0)  and 22~ 
(�9 - 0). Eggs during early embryogenesis are deposited on fresh 
medium. At various times, worms are killed with a moderate heat 
and their lengths measured. 

He te rozygot ic  h e rmap h ro d i t e s  (+ /48) ,  easily recognized 
by  the i r  wi ld - type  pheno type ,  are picked, and  roller or 
d u m p y  r ecombinan t s  are selected f rom thei r  self-ferti l izing 
progeny.  We did no t  f ind a n y  r e c o m b i n a n t  among  a to ta l  
of 8.093 progeny.  This  means  t h a t  if 2 closely l inked 
mu ta t i ons  were involved,  t h e y  should be d i s tan  t by  less 
t h a n  0.02 C.M. Thus  it is jus t i f ied  to assume t h a t  1 gene is 
involved.  As ye t  no da t a  on local izat ion and  allelism are 
available.  The fact  t h a t  a single ple iotropic  m u t a t i o n  can 
lead to b o t h  roller and d u m p y  p h e n o t y p e s  was a l ready  
observed  in C. elegans Bristol ,  by  Brenner  ~ wi th  non-  
t empera tu re - sens i t ive  m u t a n t s  (alleles of dpy-2  gene, on 
l inkage group II).  
The A and B tes t s  def ined by  Hi r sh  et  al. 8 p rove  non-  
ma te rna l  inher i tance  of the  2 t empera tu re - sens i t i ve  phe-  
notypes .  These 2 tes ts  show t h a t  the  m u t a n t  allele of the  
gene s tudied  m u s t  be expressed in the  zygote  in order  t h a t  
the  m u t a n t  p h e n o t y p e  be realized. This is no t  supris ing 
since the  T S P s  are b o t h  late, and indica tes  t h a t  the  roller 
and d u m p y  p h e n o t y p e s  of f48ts are no t  due to an oocyte  
componen t .  
Conclusions. The fact  t h a t  the  roller p h e n o t y p e  is only 
seen in the  adul t  was a l ready  no ted  wi th  n o n - t e m p e r a t u r e -  
sensi t ive roller m u t a n t s  7 which  include the  only  t emp e ra -  
ture-sens i t ive  roller previous ly  isolated 9. These obser-  
va t ions  show t h a t  if the  adu l t  cuticle is modif ied,  and 
recent  s tudies  of Higgins and Hirsh  9 agree wi th  this  con- 
ception,  it  would only  a l ter  the  adul t  cuticle. The fact  
t h a t  we find for the  f48ts roller pheno type ,  a t e m p e r a t u r e -  
sensi t ive per iod earlier t han  the  fo rmat ion  of the  adul t  
cuticle is no t  incompat ib le  wi th  th is  hypothes is ,  since the  
t ime at  which  the  res t r ic t ive  t e m p e r a t u r e  affects  the  gene 
p roduc t  can precede  the  m o m e n t  of the  pheno typ i c  ex- 
press ion of the  muta t ion .  Thus  it would  be in te res t ing  to 
compare  the  biochemical  compos i t ion  of the  larval  cuticles 
and the adul t  cuticle in th is  roller m u t a n t .  
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Summary .  We describe the  p roduc t ion  of circles in chromomer ic  loops dur ing  the  pachy tene  s tage of the  spe rmatocy tes .  
These circles are found a t t a ched  to ch romat in  or a l ready free in the  nucleoplasm. Each circle measures  an average of 
3700 ~_ in circunference.  We suggest  t h a t  such circles migh t  indicate  the  presence of t a n d e m  repet i t ions .  

Thomas  et  al. 8 d e m o n s t r a t e d  t h a t  r epea ted  sequences  
of the  DNA in the  eukaryotes  can produce  roll ing circles 
by  dena tu ra t i on  and anneall ing.  According to the  rolling 
hel ix model% a single copy  of a repea ted  sequence m a y  
form a circle. This  circle migra tes  along the  DNA helix, 
ma in ta in ing  the  base-pair ing.  Dur ing  the  migra t ion,  
repairs  could be made  enzymat i ca l ly  and excision of 
these  circles could be the  1st s tep  of repl icat ion.  Again, 
the  f indings of Hourcade  et  al. 5 d e m o n s t r a t e d  t h a t  the  
rolling circles could account  for the  ampl i f ica t ion  in the  
nucleoplasm. In  th is  art icle we describe the  origin of 
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circles in ch roma t in  loops dur ing  male  meiosis. We assume 
t h a t  the  circles are p roduced  by  di rect  repl icat ion of 
repea t ing  sequences.  
Material and methods. The p repa ra t ions  were ob ta ined  
f rom spe rma tocy t e s  of the  frog Odontophrynus americanus 
4 n = 44 (Ceratophrydidae) .  
Electron microscopy. The seminiferous  tubules  were 
dissected in 0.7~o NaC1 solut ion and squashed  on a slide. 
The cell suspens ion  ob ta ined  was spread  over  dist i l led 
wa te r  (pH 7.0, 5 rain) in a plast ic  t r a y  wi th  Tef lon bars  
and  collected on Pa r lod ium (1.5%) covered grids. The 
specimen was pos i t ive ly  s ta ined  in 95~o e thanol ic  u rany l  
ace ta te  (1%, 1 rain) and  t h e n  washed  in 95% ethanol .  
Fol lowing th is  procedure ,  some specimens  were shadowed  
wi th  Pa l ad ium (10 ~ angle). The f requency  of spe rma to -  
cytes  along the  tubules  is variable.  A 0.5 cm f r ag men t  
has  a b o u t  1-3 p a c h y t e n e s  in each  grid. The grids are 
previously selected under the phase microscope for 
identification of the stage. 
AgAs-NORs technique. This method was used for 
spermatocytes obtained by the conventional squash 
preparations and treated according to Goodpasture et al. 6. 
Results and discussion. During  the  p a c h y t e n e  s tage of 
the  spermatogenes is ,  we observed the  occurrence of 
circles a t t a c h e d  to some c h r o m a t i n  loops. These circles 
are t a n d e m l y  d i s t r ibu ted  along the  fibre (figure 1). They  
were also observed  free in the  nucleoplasm (figure 2) or 
packed.  E a c h  circular  e l ement  measures  an average of 
3700 ~k in length.  The ex t r eme  values  are 2900 A and  
4000 A in a to ta l  of 10 rings. The ch romat in  fibre as 
well as the  circular  f i l ament  are s l ight ly  granular  hav ing  
each par t ic le  60-80 A (figures 1 and  2). Some circles 
show a dense po in t  in the  c i rcumference  and  a tail-l ike 
prolongat ion .  This  is a inner  f i lament ,  its size reaching 
half  of each circle (figures 2-4). 
In  our s tudy  we uti l ized 3 p a c h y t e n e  nuclei wi th  13, 24 
and  50 r ings respect ively .  Packed  rings were no t  counted .  
The p r e s u m p t i v e  ch roma t in  na tu re  of the  r ings is based 

on morphologica l  observat ions .  According to Olins and  
Olins 7, t he  DNA of each par t ic le  w i th  an average d i ame te r  
of 70 ~ would  have  a l eng th  of a b o u t  400 ~_ and a pack ing  
ra t io  (DNA length :  par t ic le  d iameter)  of abou t  6:1.  
By  th is  approach ,  each  circle with ~ 3700 A, of l eng th  
( ~  53 particles) would  have  a DNA length  of ~ 21,200/k 
or ~ 2.1 ~z. This  is close to  the  2-3 ~m length  measu red  
for the  Xenopus r D N A  cistronS. 
By using the  AgAs-NORs  technique ,  we looked for 
act ive N O R s  in the  spermatogenes i s  of the  same species. 
In  the  4 n somat ic  cells, there  are 4 homologue  chromo-  
somes ( l l t h  group) wi th  secondary  const r ic t ions  ~ which  
p resen t  N - b a n d  by  the  t echn ique  using Giemsa 1~ or 
AgAs n to s ta in  the  NORs.  The analysis  of the  spe rma to -  

Fig. 2. Free circles in the nucleoplasm of a spermatoeyte in pachytene. 
2 circles show tail-like prolongation. (Bar = 0.5 ~II1.) Alcoholic uranyl 
acetate, Pa shadowing. 

Figures 3 and 4. Chromatin attached circles showing each a dense 
point in the circumference. (Bar = 0.5 ~m.) Alcoholic uranyl acetate, 
Pa shadowing. 

Fig. 1. Circles at chromatin loops of a amphibian spermatocyte. 
(Bar = 0.5 ~tm.) Alcoholic uranyl acetate. 

Fig. 5. Bouquet configuration of a 4 n spermatoeyte showing AgAs 
bands (arrow) at the smallest chromosomes (l l th group). (Bar = 
10 ~zm.) 
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cytes  ev idenced the  occurrence of 2 silver b a n d s  in the  
p a c h y t e n e  bouque t  configurat ion.  These b a n d s  cor respond  
to t he  pai r ing  of the  4 homologues  as 1 quad r iva l en t  or 
2 b iva len ts  (figure 5). 
Our observa t ions  on the  chromosomM origin of 'c ircular '  
D N A  fi t  well wi th  t he  repe t i t ion  models  p roposed  by  
Thomas  4,1~. I t  implies the  fo rmat ion  of circles in t a n d e m  
and in i n t e r m i t t e n t  repe t i t ion  12. The d i s t r ibu t ion  of the  
circles we describe suppor t s  the  occurrence of t a n d e m  
repet i t ion.  Ev idence  of r ing fo rmat ion  in i n t e r m i t t e n t  
repe t i t ion  was previous ly  r epor ted  1~. We still  ignore the  
DNA base  compos i t ion  of these  circles, as well as its 
possible i nvo lvemen t  in R N A  synthesis .  The hypo thes i s  
t h a t  the  r ings migh t  be copies of r D N A  is a t t r ac t ive  bu t  
obviously  deserves  fu r the r  proof.  Therefore  the  ques t ion  

w h e t h e r  the  m e c h a n i s m  of gene ampl i f ica t ion  found  in 
oocytes  has  i ts  c o u n t e r p a r t  in s p e rma t o cy t e s  is still  
speculat ive.  
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Summary. Scanning electron micrographs  reveal  ex tens ive  fil ter surfaces in the  ex te rna l  food ca tch ing  ne t  of p lank ton ic  
appendicular ia .  This fi l ter consists  of crossing ar rays  of f i laments  abou t  0.04 ~zm th ick  and pores  abou t  0.24 • 0.07 btm 
wide. The open area f rac t ion is above 50%. The fil ter p robab ly  enables  the  appendicu la r ia  to feed eff icient ly on par t ic les  
m u c h  smal ler  t h a n  bacter ia .  

Appendicu la r ia  (Chordata,  Tunicata)  are t i ny  p lankton ic  
animals  of a b u n d a n t  occurrence  and  world-wide dis t r ibu-  
tion. They  feed in a mos t  unusual  way  by  secre t ing an 
ex te rna l  gela t inous house conta in ing  an e labora te  feeding 
fil ter (figure 1). U n d u l a t o r y  m o v e m e n t s  of the  tail  forces 
wa te r  t h rough  the  house,  and any  part icle  p resen t  in the  
water  will be t r apped  by  the  fil ter and sucked in to  the  
m o u t h  of the  animal  2. 
In  th is  way  the  appendicu la r ia  is one of the  few zooplank-  
ton  organisms t h a t  feed in a very  efficient  way  on phy-  
t op lank ton  and  o ther  nanop lank ton .  As th is  is a very  
i m p o r t a n t  s tep  in the  food chain from pr imar i ly  p roduced  

organic mate r ia l  to nectonic  fishes etc. in the  sea, t he  
appendicu la r ia  has  been s tudied  wi th  increasing in te res t  
dur ing  recent  years.  
The gela t inous house and  feeding fi l ter  is secre ted  by  
cells cover ing the  t r u n k  of appendicu la r ia  a. A previous ly  
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Fig. 1. Schematic diagram of O. 
dioica in its house. Lateral view. 
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