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P A L A  is t h a t  i t  inhib i t s  an enzyme coded for a t  the  locus 
under  s t u d y  and  should no t  select for overproducers  of 
enzymes  ca ta lyz ing  later  s teps  in the  p a t h w a y  which  
6-AU m i g h t  do. 6-AU could be used as a secondary  se- 
lect ion agent  in re tes t ing  and ma in ta in ing  stocks of P A L A  
res i s tan t  flies. However ,  the  mos t  i m p o r t a n t  advan t age  
of P A L A  s tems  f rom the  fact  t h a t  i t  is a t rans i t ion  s ta te  

analogue of ATCase. Muta t ions  leading to  modif ica t ion  
of ATCase so t h a t  it  does no t  in te rac t  wi th  P A L A  will 
p ro b ab l y  also e l iminate  ATCase act iv i ty .  Increased  
ATCase levels thus  are a likely means  for ob ta in ing  
res is tance  to  PALA.  In  conclusion,  these  p re l iminary  re- 
sui ts  indicate  t h a t  P A L A  could be an excel lent  selection 
agen t  for overproducers .  
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Summary. K a r y o t y p e  analyses  of p rome taphase s  f rom medul la ry  plate  cells der ived  f rom mid-neurulae  of R a n a  
pipiens have  led to  the  ident i f ica t ion of the  nucleolar  ch romosome and nucleolar  organizing region, which is located 
on the  longer a rm of a smal l  sub-metacen t r i c  ch romosome  (No. 10). 

Nucleolar  ch romosomes  have  been ident i f ied in several  
sys tems.  Di rec t  ident i f ica t ion  has been made  in p a c h y t e n e  
chromosomes ,  e.g. 4 and  occasionally in late p rophases  
and  early p r o m e t a p h a s e s  of somat ic  cells when  the  
nueleoli pers i s ted  5. Bo th  approaches  to ident i fy ing  the  
nucleolar  ch romosome  of an o rgan i sm are ex t r eme ly  t ime  
consuming  and diff icult  due to  the  lack of spread ing  of 
the  chromosomes  at  these  stages and  also due to  the  
r a r i ty  of pe r s i s t en t  nucleoli in mi to t ic  chromosomes .  
A t t e m p t s  to induce the  pers is tence  of nucleoli in mi to t ic  
ch romosomes  have  been  reported~,7;  however ,  these  
approaches  have  no t  yie lded wide spread appl ica t ion  in 
d i f ferent  sys tems.  I t  is also possible to iden t i fy  nucleolar  
ch romosomes  in mi to t ic  ch romosomes  th rough  an indi rec t  
approach .  For  example ,  in t he  Xenopus  m u t a n t ,  he te ro-  
zygous for the  nucleolus,  one can correlate  the  absence  of 
a p r o m i n e n t  secondary  cons t r ic t ion  in one homologue  of 
a pai r  of m e t a p h a s e  chromosomes  wi th  the  absence of one 

nucleolus in in te rphase  nucleiS, 9. We repor t  here the  
di rect  ident i f ica t ion of t he  nucleolar  ch romosome and the  
nueleolar  organizing region in embryos  of V e r m o n t  R a n a  
pipiens,  revealed microscopical ly  in p ro me t ap h as e s  of 
medul la ry  p la te  cells con ta in ing  a large n u m b e r  of per-  
s i s ten t  nucleoli. 
Materials and methods. Adul t  R a n a  pipiens  used in these 
s tudies  were purchased  f rom J. M. Hazen  Co., Alburg,  
Vermont ,  and are der ived  f rom 5 d i f ferent  sh ipmen t s  ob- 
t a ined  over  a per iod of 4 years.  Ovula t ion  was induced  by  
i n t r aab d o mi n a l  in ject ion of p i t u i t a ry  glands and art if icial  
insemina t ion  was pe r fo rmed  wi th  spe rm suspensions de- 
r ived f rom mace ra t ed  testes ,  based on original procedures  
of Rugh10. W h e n  the  embryos  a t t a ined  the  stage of mid-  
neuru la  (stage 1411), the  medul la ry  p la te  along wi th  the  
under ly ing  mesode rm and  a rchen te ron  roof was excised 
in S te inberg ' s  salt  solut ion 12. Next ,  the  medul la ry  p la te  
was  e i ther  mechanica l ly  separa ted  f rom the  under ly ing  
t issues in S te inberg ' s  solution,  or  t ransfer red  to  0.5~o 
t r y p s i n  dissolved in modif ied  S te inberg ' s  solut ion 13 for 
2-3 min,  dur ing which  t ime  the  medul la ry  p la te  was 
sepa ra ted  f rom the  o the r  tissues. The medul la ry  p la te  
was  t h e n  r insed in S te inberg ' s  solut ion for 2-3 min,  and  
immed ia t e ly  f ixed and  s ta ined  in acetic orcein. Sub- 
sequent ly ,  the  t issue was squashed  and processed for 
p e r m a n e n t  prepara t ions .  

Fig. 1. Prometaphase from a medullary plate cell derived from a 
diploid embryo at the mid-neurula stage. 1 pair of small homolo- 
gous chromosomes contains 2 nueleoli. 
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Fig. 2. Karyotype of prometa- 
phase chromosomes shown in 
figure 1. The pair of chromosomes 
in the tenth position contains 
nucleoli. 

Results. Microscopic examina t ion  of medul la ry  plate  cells 
revealed numerous  p rometaphases ,  con ta in ing  in each 
diploid c o m p l e m e n t  1 or 2 chromosomes  bear ing a large 
nucleolus (figure 1). Occasionally,  even early me taphases  
(polar) d isplayed pers is t ing nucleoli;  however ,  at  this  
stage, the  nucleoli were quite  small. The f requen t  appear -  
ance of p r o m e t a p h a s e s  wi th  nucleoli was cons is ten t ly  ob- 
served in all 80 embryos  examined  and these individuals  
resul ted f rom 10 pa ren ta l  crosses. 9 p rometaphases ,  ob- 
ta ined  f rom 5 embryos  resul t ing from 3 di f ferent  pa ren ta l  
crosses, were sub jec ted  to k a r y o t y p e  analysis.  The 
chromosomes  were ar ranged in order  of decreasing length  
de te rmined  by  means  of a l inear map  measure.  In 7 of 9 
karyo types ,  the pair  of nucleolar ch romosomes  appeared  
in the  number-10-pos i t ion  (figure 2), and in 2 karyotypes ,  
the  nucleoli were associated wi th  a pair  of homologues  in 
the  nu lnbe r - l l - pos i t i on .  On the  basis of ch romosome 
length,  the  nucleolar  chromosomes  from p r o m e t a p h a s e  
stage correspond to me taphase  chromosomes  number s  10 
and 12 {nomenclature according to cen t romere  position14), 
which are also similar in length.  Figure 3 depicts  a recta-  
phase  plate  ob ta ined  from a bone mar row cell of an adul t  

female in which the  chromosomes  have  been  a r ranged  
according to cen t romere  posi t ion (figure 3a) and also 
according to decreas ing length  (figure 3 b). 
I t  is now general ly  accepted  t h a t  the  location of a pro-  
minen t  secondary  const r ic t ion visible in me taphase  chro-  
mosomes  corresponds  to the  site of the  nucleolus 5,9,15 
In  order  to de te rmine  conclusively w h e t h e r  the  p r o m i n e n t  
secondary  cons t r ic t ion  presen t  in the  longer a rm of the  
small  submetacen t r i c  ch romosome cor responds  to the  site 
of the  nucleolus, a series of m e a s u r e m e n t s  were made  
wi th  a l inear map  measure,  using the  const r ic t ion,  ins tead  
of the  cent romere ,  as a reference po in t  to separa te  the  
chromosome into long and shor t  port ions.  By  dividing 
the  length  of the  longer por t ion  by  the  leng th  of t h e  ent i re  
chromosome,  we ob ta ined  a pe rcen tage  value which  
represents  the  relat ive site of the  cons t r ic t ion  in the  chro-  
mosome.  The posi t ion of the  nucleolus in p ro me t ap h ase s  
was de t e rmined  in an identical  man n e r  (figure 4). In  

14 M.A. l)i Berardino, l)ev. Biol. 5, 101 (1962). 
15 13. McClintock, Z. Zellforsch. mikrosk. Anat. 21, 294 (1934). 

Fig. 3. a Karyotype of metaphase plate derived from a bone marrow cell of an adult female ill which chromosomes have been arranged ac- 
cording to centromere position, b Metaphase chromosomes shown in figure 3a, but arranged according to decreasing length. Arrows indicate 
No. 10 (------~) and No. 12 ( 1-) chromosomes from karyotype based on centromere classification; these chromosomes occupy positions 
10 and 11 when arranged according to decreasing length. 
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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. 
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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  


