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m e a s u r i n g  t he  ch romosomes  in p r o m e t a p h a s e s  and  m e t a -  
phases ,  t he  va r i ab l e  d i s t ance  occupied b y  the  nucleolus  
a n d  t he  s econda ry  cons t r i c t ion  was n o t  inc luded  in the  
m e a s u r e m e n t s .  The  resu l t s  of these  m e a s u r e m e n t s  are 
s u m m a r i z e d  in t he  tab le .  I n  all  cells ana lyzed ,  t he  r ange  
of re la t ive  va lues  for t he  loca t ion  of t he  seconda ry  con- 
s t r i c t ion  in c h r o m o s o m e  n u m b e r  10 of m e t a p h a s e s  cor- 
r e s p o n d  to  t he  r ange  of re la t ive  va lues  for t h e  s i te  of t h e  

Position of nucleolus and secondary constriction 

Range 
(relative values) 

Nucleolus from prometaphase chromosome 
No. 10 or No. 11 
Medullary plate cells (stage 14) 
Secondary constriction from metaphasc 
chromosome No. 10 
Animal hemisphere cells (stage 8) 
Medullary plate cells (stage 14) 
Tail tip cells (stage 25) 

0.59 0;65 

0.60-0.62 
0.60-0.63 
0.60-0.66 

Each range of relative values was derived from measurements made 
on 20 chromosomes from 10 pairs of homologous chromosomes. 

nucleolus  in c h r o m o s o m e  n u m b e r s  10 or 11 of p r o m e t a -  
phases .  A n  ana lys i s  of va r i ance  t e s t  of these  re la t ive  
va lues  ind ica t ed  t h a t  t h e  nucleolus  in p r o m e t a p h a s e s  and  
t h e  s econda ry  cons t r i c t ion  in m e t a p h a s e s  are c o n t a i n e d  
w i t h i n  the  same region of the  c h r o m o s o m e  (p > 0.5). 
Thus ,  t h e  n u m b e r - 1 0 - c h r o m o s o m e  in m e t a p h a s e  cells of 
R a n a  p ip iens  has  been  ident i f ied  as the  nucleolar  ch romo-  
some, a n d  t h e  nuc leo la r  organiz ing  region is loca ted  on  the  
longer  a r m  of the  smal l  s u b - m e t a c e n t r i c  c h r o m o s o m e  in 
t h e  region of t h e  s econda ry  cons t r ic t ion .  
Discussion. A n  in t e r e s t i ng  f ind ing  f rom these  s tud ies  was 
t h e  h igh  f r equency  of p r o m e t a p h a s e s  w i t h  large pe r s i s t en t  
nucleol i  in  t h e  mi to t i c  cells of t h e  m e d u l l a r y  p la tes .  
A m a j o r  c o n s t i t u e n t  of t h e  nucleolus  is r i bosomal  RNA,  
a n d  r ibosomal  c is t rons  are  loca ted  wi th in  or a d j a c e n t  to  
t h e  c h r o m a t i n  of t h e  nuc leo la r  o rganizer  ls-18. The  fre- 
q u e n t  pers i s tence  of large nucleol i  in p r o m e t a p h a s e s  of 
m e d u l l a r y  p la te  cells m a y  be  a ref lec t ion  of i n t ense  syn-  
thes is  of r i bosomal  RNA.  P r e l i m i n a r y  s tudies  on  o the r  
cell t ypes  of R a n a  ind ica te  t h a t  the  f r equency  of p rometa~  
phases  in l a rva l  gut ,  b r a i n  and  k i d n e y  is qu i te  low; 
fu r t h e rmo re ,  w h e n  p r o m e t a p h a s e s  are present ,  nucleol i  
are ra re ly  obse rvab le  a n d  on ly  as 2 smal l  bodies  (Newman ,  
unpub l i shed) .  F u r t h e r  s tud ies  are needed  to d e t e r m i n e  
conclus ive ly  w h e t h e r  t h e  f r e q u e n t  pers i s tence  a n d  large 
size of nucleol i  in  p r o m e t a p h a s e s  of m e d u l l a r y  p la t e  cells 
is in  fac t  a ref lec t ion of d i f fe ren t ia l  t r a n s c r i p t i o n  occur r ing  
in vivo.  
The  pers i s tence  of these  nucleol i  ap p ea r s  to  be  a n o r m a l  
e v e n t  d u r i n g  embryogenes i s  of th i s  species, since s ibl ings 
de r ived  f rom the  same b a t c h  of i n s e m i n a t e d  eggs, wh ich  
were n o t  sacrif iced for cy to logica l  s tudies,  e x h i b i t e d  
n o r m a l  l a rva l  d e v e l o p m e n t .  T h e  nucleol i  obse rved  in 
p r o m e t a p h a s e s  of m e d u l l a r y  p la t e  cells are e x t r e m e l y  
large (range f rom 3 ~m to  6 vm) a n d  should  be a m e n a b l e  
to  dissect ion,  m a n i p u l a t i o n  an d  f u r t h e r  analyses .  Also, 
s tud ies  s imi lar  to  these  r e p o r t e d  here  could be  e x t e n d e d  
to  o t h e r  o rgan i sms  in w h i c h  t h e  nuc leo la r  ch romosomes  
a n d  nuc leo la r  o rganizer  regions h a v e  n o t  ye t  been  
ident i f ied.  

Fig. 4. Nucleolar chromosomes (No. 10): The chronmsome on the 
left is derived from a metaphase and that on the right is derived 
from a prometaphase. Linear measurements were.determined as 
indicated in lines A and B. The relatives sites of the secondary con- 
striction (SC) and the nucleolus (N) were determined in 10 cases of 
each type by the formula B/(A+B}. Data are presented in the table. 

16 H. Wallace and M. L. Bernstiel, Biochem. biophys. Acta 114, 
296 (1966). 

17 F.M. Ritossa and S. Spiegelman, Proc. Nat. Acad. Sci. USA 
53, 737 (1965). 

18 Y. Ohnuki, D. E. Rounds, R. S. Olson and M. W. Berns, Exp. 
Cell Res. 71, 132 (1972). 

Orientat ion of G i e m s a  C-bands  in interphase  cells  of A l l ium cepa L. 

S. C. R o y  a n d  S. Ghosh  

Chromosome Research Centre, Department o/ Botany, University o/Calcutta, Calcutta 700019 (India), 16 June 7976 

Summary. O r i e n t a t i o n  of Giemsa  C-bands  in Al l ium cepa  was s tud ied  in b o t h  mi to t i c  a n d  i n t e r p h a s e  cells. I t  h a s  been  
s h o w n  t h a t  t e lophase  o r i e n t a t i o n  of t he  c h r o m o s o m e  is m a i n t a i n e d  t h r o u g h o u t  t h e  i n t e r p h a s e  a n d  ear ly  p rophase .  
I t  h a s  been  a s sumed  t h a t  th i s  n o n - r a n d o m  o r i e n t a t i o n  is due  to  ancho rage  of t h e  t e lomeres  w i t h  t h e  nuc lea r  m e m b r a n e .  
C o n t r a r y  to  ear l ier  obse rva t ions ,  2 b y  2 pa i r ing  of t h e  t e lomeres  could n o t  be  t r aced  in th i s  species. 

I t  is a c o m m o n  belief  t h a t  i n t e r p h a s e  c h r o m o s o m e s  are 
r a n d o m l y  a r r a n g e d  and  m a y  occupy  a n y  pos i t ion  w i t h i n  
t h e  nuc leus  1, a l t h o u g h  as ea r ly  as in  1902 S u t t o n  2 sug- 
ges ted  t h a t  i n t e r p h a s e  c h r o m o s o m e s  m a i n t a i n  t h e i r  ar-  
r a n g e m e n t  a t  t e lophase  u n t i l  t h e  n e x t  p rophase .  Such  
def in i te  a n d  n o n r a n d o m  a r r a n g e m e n t  of i n t e r p h a s e  

ch ro mo s o mes  h a v e  b e e n  r epo r t ed  b y  severa l  workers  in  
d i f fe ren t  p l a n t  a n d  a n i m a l  species. I n  Al l ium cepa,  i t  has  
been  shown  t h a t  i n t e r p h a s e  ch romosomes  h a v e  non -  
r a n d o m  o r i e n t a t i o n  3-~. A. cepa  is a n  exce l len t  m a t e r i a l  to  
s t u d y  t h e  i n t e r p h a s e  o r i e n t a t i o n  of chromosomes ,  a s  t h e y  
show Giemsa  C-bands  on ly  a t  t h e  te lomer ic  regions.  I n  
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th is  communica t ion ,  the  o r ien ta t ion  of te lomeric  C-bands 
in All ium cepa, indicat ing n o n - r a n d o m  a r r a n g e m e n t  of 
ch romosomes  in in te rphase  cells, will be presented .  
Material and methods. Chromosome and  in te rphase  cell 
p repa ra t ions  were made  f rom roo t t ip  mer i s t ems  of Allium 
cepa.  The p repara t ions  were t r ea t ed  wi th  sa tu ra t ed  solu- 
t ion  of ba r ium hydrox ide  for 5 min and were al lowed to  
r ena tu ra t e  in 2X SSC at  66~ for 2 h. The p repara t ions  
were s ta ined in 5% Giemsa (Merck) solut ion;  washed,  air 
dr ied and moun ted  in eupara l  The m e t h o d  is a sl ight 
modi f ica t ion  of Vosa and  MarchiT. 
Results and discussion. Metaphase  chromosomes  show 
deep s ta ined C-bands a t  te lomeric  regions of all the  chro- 
mosomes  (figure 1). As there  are 16 chromosomes  in a cell, 
32 b a n d s  can be seen in a me taphase  plate.  At  te lophase  
these  recta-  to submetacen t r i c  ch romosomes  have  their  

te lomeres  or iented  towards  the  newly  fo rmed  cell wall 
(figure 2). Figure  3 p resen t s  an in te rphase  cell showing the  
te lophase  or ien ta t ion  of the  C-bands.  Such or ien ta t ion  of 
t he  te lomeres  is also ev iden t  in t he  b inuc lea te  cell (figure 
4) induced t h ro u g h  caffeine t r e a t m e n t  (10 mM) and  f ixed 
af ter  20 h a t  t he  G 2 phase  s This  or ien ta t ion  is also main-  
ta ined,  even  in the  early p rophase  cells (figure 5). The 
observa t ions  on the  Giemsa C-bands  indicate  clear ly t h a t  
the  te lophase  a r r angemen t  of the  chromosomes  is main-  
t a ined  t h r o u g h o u t  the  in terphase .  The h igh ly  re i te ra ted  
DNA in the  te lomeres  m a y  ac t  as anchor  regions to t he  
nuclear  m e m b r a n e  6, 9 a t t r ibu t ing  the  defini te  o r ien ta t ion  
of the  in t e rphase  chromosomes.  
Giemsa C-bands  in in te rphase  cells have  been  s tud ied  in 
rye too TM 1~. In  rye t h e y  have  observed end to  end chro-  
mosome a t t a c h m e n t  in in te rphase  cells. In  All ium cepa 
too, 2 by  2 chromosome associat ion has been r epo r t ed  by  
Fussel  6 b y  au to rad iography .  The p re sen t  observa t ions ,  
however ,  do no t  reveal  any  regular  end- to -end  a t t a c h m e n t  
of the  C-bands.  In  in te rphase  cells 24-26 b a n d s  ( instead 
of usual  32) can be seen (figures 3 and  5). The lower n u m -  
ber  m a y  be due ei ther  to l imi ta t ion  of the  procedure  or to  
ectopic pai r ing  be tween  some of the  C-band regions as 
DNA of s imilar  base composi t ions  and sequence  m i g h t  
media te  he t e roch roma t i c  a t t r ac t ion  ~, la. I n  no case, how- 
ever, could 2 by  2 pair ing be noticed.  

Fig. 1. A metaphase cell of Allium cepa showing 16 chromosomes 
with C-bands at the telomeric regions. Fig. 2-5. Orientation of 
C-bands iu a tclophase cell, or interphase cell, a binucleate G 2 
cell and an early prophase cell respectively. 
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Summary .  Different  biological effects of Ag + (10 .4 M) were found depend ing  on its presence  in the  ou te r  or the  inner  
solut ion ba th ing  the  frog skin. A marked  increase in the  electrical conduc tance  and an in ter ference  wi th  the  ac t ion  of 
oxy toc in  and amiloride were found only when  Ag + was added  to the  ou te r  solution. 1Results suggest  t h a t  Ag + affects  
several  t r a n s p o r t  processes, in par t icu lar  the  pe rmeab i l i ty  of the  Na  e n t r y  pa thways .  

Sens i t iv i ty  of amph ib i an  epi thel ia  to  t he  presence of mi-  
nu te  quant i t i es  of heavy  meta l  ions has  been repor ted  3-7. 
In  part icular ,  Ag+ induces s ignif icant  changes  in the  
pe rmeab i l i ty  of frog skin when  p resen t  in the  outer  
ba th ing  solut ion e. We  repor t  here  some effects of Ag+ 
t h a t  have  h i the r to  no t  been descr ibed,  and  observa t ions  
on  its in te rac t ion  wi th  the  biological effects  of oxytocin ,  
amiloride and  ouabain.  
Materials and methods. The abdomina l  skin of frogs R a n a  
r id ibunda  was m oun ted  on Uss ing- type  conic chambers  
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