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I t  is clear t ha t  the  results described in this  paper  do 
not  pe rmi t  conclusions regarding the size of the  shearing 
forces act ing dur ing homogenizat ion,  or the  number  of 
a t tached  cross bridges necessary to p reven t  the  complete  
dis integrat ion of myofibr i ls  int  o single fi laments.  However ,  
mechanical  exper iments  wi th  5 m M  M g - A M P P N P  13 
suggest t ha t  a reduct ion  of the  dynamic  stiffness to about  

80% is enough to allow the  format ion  of the  single fila- 
ments  demons t ra ted  in Figure  114 

Zusammen/assung. Myofibrillen, die in einer Erschlaf-  
fungsl6sung mi t  Mg-ATP oder Mg-/5, T- imino-ATP homo- 
genisiert  werden, zerfallen in einzelne Myofi lamente.  I m  
Gegensatz dazu scheinen Myofibri l len bei einer Verwen- 
dung yon Mg-Pyrophospha t  (Mg-PP) als Weichmacher  
allenfalls zu Biindeln yon Myof i lamenten  zerschlagen zu 
werden, wobei  die F i l amente  noch du tch  Querbri icken 
ve rbunden  bleiben. Hieraus wird auf eine unvollst / indige 
Dissoziat ion des Aktomyos in -Komplexes  (bzw. die Bil- 
dung eines Gleichgewichtes zwischen losgel6sten und 
angehef te ten  Querbriicken) in Gegenwar t  yon Mg-PP 
geschlossen. 
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Fig. 3. Frog sartorius muscle. Preparation of myofilaments. Myo- 
fibrils have been homogenized in relaxing solution containing 5 mM 
Mg-PP. The myofibriI (M) crossing the micrograph seems to disin- 
tegrate into bundles of myofilaments. 
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Chromosomes of Molgula manhattensis de Kay (Ascidiacea)1 

Since the  family  Molgulidae, suborder Stol idobran-  
chiata,  is one of the  least known at  a karyological  level 
in the whole class Ascidiacea, the  only cytogenet ic  
studies being those regarding the  chromosome number  
of Molgula manhattensis ~, 3, the  present  s tudy  is in tended 
to give a p re l iminary  descript ion of bo th  mi to t ic  and 
meiot ic  chromosomes of Molgula manhattensis in order to 
reduce the  gap in our knowlegde of the  chromosomes of 
ascidians. 

Material and methods. The present  s tudy  deals wi th  the  
chromosomes in male gonads, unfert i l ized and cleaving 
eggs of Molgula manhattensis f rom the  Lagoon of Venice. 
Fixat ion,  squash prepara t ions  and observat ions  were 
made  according to the  methods  described elsewhere ~, ~. 

Meiotic chromosomes. At  metaphase- I  oocyte  b ivalents  
(Figure 1) appear  as 2 deeply stained, more or less 
closely connected roundish bodies;  he te ro typic  elements  
are no t  present  and only 1 b iva len t  can be recognized by  
its greater  size. Al though these b ivalents  show the  
t endency  to join r andomly  together,  a count  of 15 
metaphase- I  plates has confirmed the  haploid number  of 
16. 

At  early pachi tene  (Figure 2) each spe rmatocy te  
b ivalents  consists of a rod-shape homogeneously  s tained 
body  in which some segments  appear  to be th icker  and 
more condensed than  others ;  a l though he te ro typ ic  
chromosomes are not  present,  the  small  chromosomes are 
often sl ightly more condensed than  the  long ones. The 
homologous are not  dist inguishable f rom each other  and 
nei ther  kinetochore  nor te rmina l  zones are differentiated.  
One chromosome can be dist inguished f rom the  others 
by  its d is t inct ly  greater  length. 

At  late pachi tene (Figure 3) spermatocy te  b iva lents  
are th ick  rod-shaped and homogeneously  stained bodies in 
which nei ther  the  homologues nor di f ferent ia ted zones 

are dist inguishable.  Measurement  of pachi tene  chromo- 
somes f rom 4 plates indicates  t h a t  the  re la t ive  chromo- 
some lengths va ry  f rom one plate  to another .  Al though the  
presence of some r andom connect ions be tween chromo- 
somes, the  haploid number  16 was consis tent ly  de termined  
on pachi tene  chromosomes.  

At  diakinesis, the  bivalents  (Figure 4) are ve ry  short  and 
deeply stained. The analysis of 30 diakinet ic  plates 
indicates t h a t  there  are only 2 types  of b ivalents :  rod 
shape and cross shape. The rod-shaped bivalents  often 
show thicker  roundish ends and f rom thei r  morphology 
i t  is not  possible to de termine  whether  t hey  bear  chiasma- 
ta. The cross-shaped bivalents  probably  possess unter-  
minal ized ch iasmata  bu t  i t  migh t  be, a t  least in some 
cases, t ha t  the  cross-shape out l ine be due to the  preco- 
cious separat ion of daughter  kinetochores.  The diakinet ic  
bivalents  are r andomly  dispersed th roughou t  the nucleus 
and a r andom association often occurs be tween  these. 
The  haploid number  16 was de te rmined  in most  of the  
30 plates examined.  

Mitotic chromosomes. Although the  number  of obser- 
vat ions  was ra ther  l imited,  i t  was established tha t  a 
precocious separat ion of daughter  kinetochores  occurs 
from prometaphase  t i l l  me taphase  in c leaving eggs of 
M. manhatXensis (Figure 5). At  p rometaphase  the  chromo- 
somes appear  as homogeneous ly  stained rods in which no 
dif ferent ia ted zones are present.  The posi t ion of kine- 

1 This research was supported by CNR grant No. 72.01030]04 
115.0542 from the Institute of Marine Biology, CNR, Venice. 

2 H. E. CRA~PTON, Am. Naturalist. 32, 126 (1898). 
3 D. COLOMBERA, Marine Biol., in press. 
4 D. COLOMBERA, Caryologia 23, 113 (1970). 
5 D. COLOgBERA and M. SALA, Caryotogia 25, 409 (1972). 



15.4. 1974 Specialia 353 

tochores,  as i n d i v i d u a t e d  b y  t he  d i s t anc ing  of d a u g h t e r  
ch romat ids ,  var ies  f rom a d i s ta l  to  a med ia l  locat ion.  The  
soma t i c  para l le l  pa i r ing  of homologous  ch romosomes  was 
recognizable  on ly  in some plates .  The  c h r o m o s o m e  coun t s  
con f i rm  the  expec ted  d ip lo id  n u m b e r  of 32. 
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Fig. 1. Oocyte bivalents at metaphase-I. 
Fig. 2. Spermatocyte bivalents at early pachitene. 
Fig. 3. Spermatoeyte bivalents at late paehitene. 
Fig. 4. Spermatocyte bivalents at diakinesis. 
Fig. 5. Mitotic chromosomes at prometaphase in eieaving eggs. 

Discussion and conclusion. T h e  hap lo id  n u m b e r  16 and  
the  diploid  n u m b e r  32 h a v e  been  conf i rmed  w i t h o u t  
d o u b t  for t h e  p o p u l a t i o n  of M. manhattensis f rom t h e  la- 
goon of Venice  ~. A l t h o u g h  i t  has  n o t  been  poss ible  to  
ex ami n e  popu la t i ons  of M. manhattensis f rom the  
W o o d s  Hole  area,  I suspec t  t h a t  t h e  h ap l o i d  n m n b e r  of 
18 g iven  b y  CRA2CIPTON g for an i ma l s  f rom t h a t  zone is 
p r o b a b l y  e r roneous  due to t h e  r a t h e r  q u es t i o n ab l e  
t e c h n i q u e  employed  b y  t h e  au thor .  

W i t h  respect  to  c h r o m o s o m e  behav iour ,  precocious  
s epa ra t i on  of d a u g h t e r  k ine tochores  ~ an d  d i s t a n t  somat i c  
pa i r ing  of homol0gous~ has  once aga in  been  no t ed  for 
c leav ing  eggs. 

Consider ing  ch romosome  morphology ,  M. manhattensis 
possess b o t h  te locentr ic ,  acrocentr ic ,  s u b m e t a c e n t r i c  a n d  
m e t a c e n t r i c  ch romosomes  an d  r o u n d i s h  deep ly  s t a ined  
oocyte  b iva len t s ,  as Botryllus schlosseri s, t h e  on ly  
pecu l i a r i t y  be ing  the  presence  of 1 couple  of c h r o m o s o m e s  
clear ly d i f fe renc ia ted  f rom t h e  o the r s  b y  v i r t u e  of i ts  
g r ea the r  l e n g t h  a n d  t h e  aspec t  of s p e r m a t o c y t e  b i v a l e n t s  
a t  la te  diakinesis .  

Because  t h e  ka ryo logy  of M. manhattensis shows more  
pecul ia r i t i es  t h a n  t h a t  of Botryllus schlosseri, I feel 
inc l ined  to s u p p o r t  t h e  view, a t  p r e sen t  based  on com- 
pa r i son  b e t w een  gross m o r p h o l o g y  9,1~ t h a t  Molgul idae  
are less p r i m i t i v e  t h a n  Styel idae.  

Riassunto. Nel l ' uovo  in s egmen taz ione  di 2VIolgula 
manhattensis i c romosomi  p r e s e n t a n o  u n a  precoce sepa- 
raz ione  dei c ine tocor i  f ra te l l i  ed u n  a p p a i a m e n t o  a 
d i s t a n z a  dei c romosomi  omologhi .  M. manhattensis si 
d i s t ingue  dagl i  a l t r i  S t o l i d o b r a n c h i a t i  per  la morfologia  
dei b i v a l e n t i  s p e r m a t o c i t a r i  e per  la p resenza  di  u n a  
coppia  di omologhi  n e t t a m e n t e  p ih  g r a n d e  degli  a l t r i  
c romosomi .  
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Male C h r o m o s o m e s  in t w o  P o p u l a t i o n s  of Branchiostoma lanceolatum 

T he  c h r o m o s o m e s  of on ly  3 m e m b e r s  of t he  cepha lo-  
c h o r d a t e  genus  Branchiostoma are known,  t he  pa r t i cu l a r s  
so far  r epo r t ed  be ing :  t he  hap lo id  c h r o m o s o m e  n u m b e r s  
10 a n d  12 for  B. lanceolatuml-~; t h e  hap lo id  n u m b e r  16, 
conf i rmed  b y  t he  d ip lo id  n u m b e r  32, for B. belcheri 5,6 
a n d  t h e  hap lo id  n u m b e r  19 t o g e t h e r  w i t h  t he  diploid  
n u m b e r  38 for B. floridae ~. Sex-chromosomes  were 
i n d i v i d u a t e d  b y  t h e i r  e n d - t o - e n d  assoc ia t ion  a n d  b y  
t h e i r  size in  B. belcheri ~, in  w h i c h  all ch romosomes  are  
cons idered  to  be  t e locen t r i c  or sub te locen t r i c ,  owing  
to  t h e i r  r o d - s h a p e d  appea rance .  On t h e  con t r a ry ,  n e i t h e r  
X no r  Y c h r o m o s o m e s  were found  in  B. flo~idae and,  
a l t h o u g h  t he  m a j o r i t y  of t he  ch romosomes  were descr ibed  
as h a v i n g  t e r m i n a l  or s u b t e r m i n a l  cen t romeres ,  a few 
m e t a c e n t r i c  or s u b m e t a c e n t r i c  ch romosomes  were n o t e d  ~. 

Material and techniques. 10 ma le  i nd iv idua l s  of Bran- 
chiostoma lanceolatum f rom the  D e v o n  coas t  a n d  5 ma le  

i n d i v i d u a l s  f rom t h e  Gulf  of Naples  were e x a m i n e d  
S q u a s h  p r e p a r a t i o n s  of t h e  t e s t ed  were execu ted  u s ing  t he  
t e c h n i q u e  of COLO•BERA a n d  SALAS. Obse rva t ions ,  
d r aw i n g  an d  p h o t o s  were m a d e  e m p l o y i n g  a Zeiss phase  
c o n t r a s t  microscope.  T h e  m e a s u r i n g  of ch ro mo s o mes  were 
p e r f o r m e d  as e lsewhere  descr ibed  8. 

Branchiostoma lanceolatum from the coast o/ Devon. A t  
p a c h i t e n e  (Figure  1) all  t h e  ch ro mo s o mes  are  nea r ly  
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