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M o r p h o l o g y  of the Mitotic C h r o m o s o m e s  of E m b r y o s  and of Adults  of Italian Alpine N e w t  Triturus 
alpestris apuanus (Bonaparte )  1 

Tr i turus  alpeslris apuanus  ( B o n a p a r t e ,  1839) is  a s u b -  
s p e c i e s  of  T. alpestris t h a t  l i ves  in  t h e  A p u a n  A l p s ,  t h e  
T u s c a n - E m i l i a n  A p e n n i n e s  a n d  t h e  L i g u r i a n  A p e n n i n e s .  
I t s  d i p l o i d  n u m b e r  (2n  = 24) is i d e n t i c a l  w i t h  t h a t  of  T.  
a. alpestris, w h i c h ,  s i n c e  t h e  l a s t  c e n t u r y ,  h a s  b e e n  t h e  s u b -  
j e c t  of  a l o n g  se r i es  of  k a r y o l o g i c a l  w o r k s  s-~. T h e  i n d i v i -  
d u a l  e l e m e n t s  of  t h e  k a r y o t y p e  m a y  be  c l a s s i f i ed  as  m e t a -  
c e n t r i c  a n d  s u b m e t a c e n t r i c  7 a n d ,  o n  t h e  b g s i s  of  t h e i r  
l e n g t h s  a n d  t h e  c e n t r o m e r e  i n d i c e s  (Tab le ) ,  m a y  be  a r r a n g -  
ed  in  3 g r o u p s  : i n  t h e  f i r s t  g r o u p  a r e  i n c l u d e d  t h e  l o n g e s t  
c h r o m o s o m e s  in  t h e  s e t  (I-IV) c o m p r i s i n g  3 p a i r s  of  m e t a -  
c e n t r i c  (I-III) a n d  1 p a i r  of  s u b m e t a c e n t r i c  (IV) c h r o m o -  
s o m e s ;  t h e  s e c o n d  g r o u p  c o n t a i n s  t h e  4 p a i r s  of  m e d i u m -  
l e n g t h  c h r o m o s o m e s  ( V - V I I I ) ,  of  w h i c h  V I  a n d  V I I  a r e  m e -  
t a c e n t r i c  w h i l e  V a n d  V I I I  a r e  s u b m e t a c e n t r i c ;  t o  t h e  
t h i r d  g r o u p  b e l o n g  t h e  s h o r t e s t  c h r o m o s o m e s  (IX-XlI), 
w h i c h  i n c l u d e  1 p a i r  of  m e t a c e n t r i c  (XlI) a n d  3 p a i r s  of  
s u b m e t a c e n t r i c  ( IX ,  X a n d  X I )  c h r o m o s o m e s .  T h i s  a r -  
r a n g e m e n t  is  f o u n d  t o  be  i d e n t i c a l  for  e m b r y o n i c  ce l ls  a n d  
for  s o m a t i c  ce l ls  o f  t h e  a d u l t  ( F i g u r e s  1 a) a n d  b) ; 2 a) a n d  
b).  O n  t h e  o t h e r  h a n d ,  w h a t  c o n s i d e r a b l y  d i f f e r e n t i a t e s  
t h e  k a r y o t y p e  of  t h e  m i t o t i c  c h r o m o s o m e s  of  a d u l t  spe -  
c i m e n s  f r o m  t h a t  of  e m b r y o s  is  t h e  n u m b e r  o f  t h e  s e c o n -  
d a r y  c o n s t r i c t i o n s .  I n  fac t ,  in  t h e  a d u l t s ,  t h e r e  is  a l w a y s  a 
h e t e r o c h r o m a t i c  t r a c t  s i t u a t e d  in  t h e  m e d i a n  r e g i o n  of  t h e  
l o n g  a r m  of  c h r o m o s o m e  V I I I  ; less  f r e q u e n t l y  t h e r e  is a l so  
a s e c o n d  h e t e r o c h r o m a t i c  t r a c t  in  t h e  s u b t e r m i n a l  r e g i o n  

of t h e  l o n g  a r m  of  c h r o m o s o m e  X .  T h e s e  s e c o n d a r y  c o n s -  
t r i c t i o n s  h a v e  t h e  m e a n i n g  o f  t h e  n u c l e o l u s - o r g a n i z i n g  re-  
g i o n s  a n d  t h e i r  n u m b e r  is  in  a g r e e m e n t  w i t h  t h e  n u m b e r  o f  
n u c l e o l i  in  i n t e r p h a s e  s o m a t i c  ce i ls  ( F i g u r e  3). I n  t h e  e m -  
b r y o  cel ls ,  o n  t h e  o t h e r  h a n d ,  t h e  h e t e r o c h r o m a t i c  a r e a s  
o b s e r v e d  c o n s t a n t l y  a r e  m o r e  n u m e r o u s  : i n  a d d i t i o n  to  t h e  
t w o  a l so  to  be  o b s e r v e d  on  c h r o m o s o m e s  V I I I  a n d  X of  
t h e  a d u l t ,  t h e r e  a r e  o t h e r s  p r e s e n t  o n  v a r i o u s  e l e m e n t s  of  
t h e  s e t :  n a m e l y ,  2 l e f t  s u b t e r m i n a l  s e c o n d a r y  c o n s t r i c -  
t i o n s  a n d  1 o n  t h e  m i d - r e g i o n  of  t h e  r i g h t  a r m  of  c h r o m o -  
s o m e  I ;  3 t r a c t s ,  2 of  w h i c h  a r e  v e r y  c lose  to  e a c h  o t h e r ,  
o n  t h e  r i g h t  a r m  of  c h r o m o s o m e  I I  ; 1 s u b t e r m i n a l  h e t e r o -  
c h r o m a t i c  t r a c t  o n  c h r o m o s o m e s  I V  a n d  V I  a n d ,  f i na l l y ,  
2 t r a c t s ,  v e r y  c lose  to  e a c h  o t h e r ,  o n  t h e  l o n g  a r m  of c h r o -  
m o s o m e  I X .  O t h e r  s e c o n d a r y  c o n s t r i c t i o n s  p e c u l i a r  to  t h e  
c h r o m o s o m e s  of  e m b r y o  cel ls  a r e  t h e  2 p r o x i m a l  t r a c t s  
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Fig. 1. The 24 mitotic chromosomes of the diploid complement of T. a. epuanus from an embryonic cell squashed in aceto-orcein, a) 
Camera lucida drawings; b) microphotograph • 1,000. 

Mean values of absolute lengths and centromere indices of the 12 mitotic chromosomes of the complement 

I II III IV V VI VII VIII IX X XI XII 

al 54 49 50 44 39 45 38 29 34 27 26 20 
Embryos 

ci 0.476 0.443 0.489 0.326 0.289 0.468 0.453 0.333 0.358 0.312 0.270 0.385 

al 29 29 27 24 22 24 22 17 20 16 15 11 
Adults 

ei 0.466 0.412 0.444 0.340 0.324 0.468 0.419 0.324 0.395 0.382 0.311 0.383 

al = absolute lengths; ci = eentromere indices. , - 
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f) I( a r r s'j 
Fig. 2. The 24 mitotic chromosomes from a hepatocyte of an adult specimen, a) Camera lucida drawings; b) microphotograph at phase 
contrast. The arrows indicate the secondary constrictions of chromosomes VIII. • 1,300. 

Fig. 3. Phase-contrast microphotograph of an interphasie somatic 
cell showing 3 nucleoli; the biggest one derives from the fusion of 2 
nucleoli. • 1,300. 
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Fig. 4. Idiogram of the 12 mitotic chromosomes of the haploid set,. 
based upon the karyotype of embryonic cells. The serial alignment of 
the chromosomes does not strictly follow the criterion of the decreas- 
ing length order to permit an easier comparison with the lampbrush 
karyotype to be made in another paper. 

s i t u a t e d  on  eve ry  e l e m e n t  of the  se t  on bo th  s ides  of t h e  
c e n t r o m e r e  a n d  a t  equa l  d i s t ances  f r o m  it:  on ly  ch romo-  
some  I X  h a s  no t  c lea r ly  revea led  t h e s e  h e t e r o c h r o m a t i c  
areas,  a t  l eas t  in  t h e  p r e p a r a t i o n s  s t u d i e d  (Figure  4). 

The  m o r p h o l o g y  desc r ibed  here  recal ls  t h a t  g ive n  for 
c h r o m o s o m e s  of b l a s tu l a e  of T. a. alpestris s: in t h i s  case,  
however ,  t he  b l a s t u l a e  h a d  been p r e v ious ly  s u b j e c t e d  to 
p ro longed  t h e r m a l  shock  (0 ~ for 24 h), which,  as is  well 
known,  h a s  apprec iab le  effect  u p o n  t h e  specific s ta inab i l i -  
t y  of c e r t a i n  c h r o m o s o m e  s e g m e n t s  s-is.  The  b l a s tu l a e  
t h a t  f o r m  the  ob jec t  of t h e  p r e s e n t  s t u d y ,  on t h e  con t r a ry ,  
h a v e  u n d e r g o n e  no shoc k  f rom cold b u t  on ly  a sho r t  t r e a t -  
m e n t  in dis t i l led H f O  before be ing  f ixed  in Ca rnoy  a nd  
s t a i ne d  a n d  s q u a s h e d  in aceto-orcein .  T h e  s e c o n d a r y  cons-  
t r i c t ions  obse rved  on b l a s t u l a e  c h r o m o s o m e s  r e p r e s e n t  im-  
p o r t a n t  m a r k e r s  for t h e  ce r t a in  iden t i f i ca t ion  of t h e  indi-  
v i d u a l  e l e m e n t s  of t h e  se t  a nd  t he i r  precise a r r a n g e m e n t  
in t h e  k a r y o t y p e ,  t h u s  a l lowing  a p ro f i t ab le  c o m p a r i s o n  
to be m a d e  be tw e e n  t h e  e u c h r o m a t i c  a nd  h e t e r o c h r o m a t i c  
a reas  of t h e  mi to t i c  c h r o m o s o m e s  a n d  t he  l a te ra l  differen-  
t i a t i ons  of t he  c o r r e spond ing  l a m p b r u s h  c h r o m o s o m e s .  

Riassunto. E' s t a t a  d e s c r i t t a  la d ive r s a  morfo logia  dei 
c r o m o s o m i  mi to t i c i  di  Triturus alpestris apuanus, s t u d i a t i  
in  b l a s t o m e r i  e in cel lule s o m a t i c h e  di  ind iv idu i  adul t i .  
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