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Autosome composition of the Malayan house shrew, Suneus murinus 

2n Autosomes ~ NA b No. of 
karyotypic 

in, in sm sa a classes 

40 0 6 2 6 24 52 1 

39 1 6 2 6 22 52 2 
38 2 6 2 6 20 52 3 

37 3 6 2 6 18 52 2 
36 4 6 2 6 16 52 1 

~mt, ' translocation' metacentric; m, metaeentrici sin, submetacentric; 
sa, subacrocentric (=  subtelocentric) ; a, aerocentric, b NA, total num- 
ber of autosome arms. It  is assumed tha t  only 2 types of 'transloca- 
tion' metacentrie are involved. 

Fig. 4. Chromosomes at metaphase in a bone marrow cell from Suncus 
murinus female trapped at Ipoh with 2n = 38. This shrew was he- 
terozygous for both the 'transloeation' elements (arrowed). 

Fig. 3. Chromosomes at metaphase in a bone marrow cell from Suncus 
murinus male trapped at Kuala Lumpur with 2n = 37. This shrew 
was holnozygous for the longest ' transloeation' metacentrie (arrowed) 
but  heterozygous for the other element (broken2arrow). 

murinus is m o r e  e x t e n s i v e  t h a n  t h e  p r e s e n t  f i n d i n g  c o u l d  
o n l y  be  a n s w e r e d  w h e n  m o r e  s p e c i m e n s  h a v e  b e e n  e x a -  
m i n e d .  I t  is, h o w e v e r ,  c e r t a i n  t h a t  2n : 40 f o r m s  o n e  e n d  
of  t h e  s p e c t r u m ;  t h e  p r e s e n t  l ower  l i m i t  is 2n = 36. 

B a s e d  o n  t h e  e x i s t i n g  d a t a  a n d  a s s u m i n g  t h a t  o n l y  2 
l d n d s  of  ' t r a n s l o c a t i o n '  m e t a c e n t r i c  a r e  i n v o l v e d ,  t h e r e  
s h o u l d  e x i s t  9 k a r y o t y p i c  c l a s s e s  viz .  1 e a c h  for  36 a n d  40 
c h r o m o s o m e  t y p e s ,  2 e a c h  for  37 a n d  39 c h r o m o s o m e  
t y p e s ,  a n d  3 for  38 c h r o m o s o m e  t y p e  (Tab le ) .  T h e s e  

k a r y o t y p i c  c l a s se s  c a n  be  p o s i t i v e l y  i d e n t i f i e d  as  t h e  
l a r g e s t  m e t a c e n t r i c  e l e m e n t  is l o n g e r  t h a n  t h e  X - c h r o m o -  
s o m e  w h i l e  t h e  o t h e r  l a r g e  m e t a c e n t r i c  e l e m e n t  is s h o r t e r .  
T h e 2 n  : 36 a n d  37 k a r y o t y p i c  c l a s s e s  a n d  2 of t h e  3 2n : 
38 k a r y o t y p i c  c l a s s  a r e  d e s c r i b e d  i n  t h i s  r e p o r t .  T h e  t h i r d  
2n  - -  38 k a r y o t y p i c  c l a s s  is r e p r e s e n t e d  in  F i g u r e  1 of 
ref .  s w h i l e  t h e  t w o  2n  = 39 k a r y o t y p i c  c l a s se s  a r e  r ep r e s -  
e n t e d  in  F i g u r e s  2 a n d  4 of  ref .  8 a n d  t h e  2n  = 40 k a r y o t y p i c  
c l a s s  r e p r e s e n t e d  b y  F i g u r e  3 of  ref .  s. H e n c e  a l l  t h e  9 
k a r y o t y p i c  c l a s s e s  b a s e d  o n  t h e  2 ' t r a n s l o c a t i o n '  e l e m e n t s  
h a v e  b e e n  f o u n d  in  t h e  M a l a y a n  Suncus murinus. F u r t h e r  
s t u d i e s  - m e i o t i c ,  p o p u l a t i o n ,  e tc .  - a r e  b e i n g  c o n d u c t e d  to  
s e e k  a n  a n s w e r  to  s o m e  of  t h e  q u e s t i o n s  p o s e d  b y  t h e  
e x t e n s i v e  k a r y o t y p i c  v a r i a t i o n  in  t h i s  a n i m a l  15. 

ZusammenJassung. Z w e i  n e u e  C h r o m o s o m e n  (2n : 36 
u n d  37;  f r i i he r  38, 39 u n d  40) w u r d e n  in  de r  m a l a y i s c h e n  
S p i t z m a u s  Suncus murinus g e f u n d e n  u n d  als  n u m e r i s c h e  
V a r i a t i o n e n  d e r  R o b e r t s o n s c h e n  T r a n s l o k a t i o n  zuge -  
s c h r i e b e n .  E s  w i r d  a n g e n o m m e n ,  d a s s  es s i ch  u m  zwei  
A r t e n  y o n  <~Translokation~> h a n d e l t ,  d ie  m e t a z e n t r i s c h  
m i t w i r k t e n  u n d  w o r a u s  d ie  P r o d u k t i o n  9 k a r y o t y p i s c h e r  
K l a s s e n  r e s u l t i e r t .  
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Structural Correspondence Between Nucleolus-  and Sphere-Organiz ing  Regions of the Lampbrush 
Chromosomes  and Secondary Constrictions of the Mitotic Chromosomes  1 

I n  t w o  p r e v i o u s  w o r k s ,  a d e f i n i t i v e  d e s c r i p t i o n  h a s  m a p s  a r r a n g e d  in  d e c r e a s i n g  o r d e r  o n  t h e  b a s i s  of  t h e  r e -  
b e e n  g i v e n  o f  t h e  k a r y o t y p e  of  t h e  l a m p b r u s h  c h r o m o -  la, t i v e  l e n g t h s  4, s h o w i n g  t h e  c e n t r o m e r e s  ( ve r t i c a l  a r rows ) ,  
s o m e s  ~ a n d  t h a t  of  t h e  m i t o t i c  c h r o m o s o m e s  ~ of  t h e  I t a l i a n  t h e  r e g i o n s  in  w h i c h  t h e r e  is  g r e a t e r  p r e f e r e n c e  for  t h e  for -  
a l p i n e  n e w t  Triturus alpestris apuanus ( B o n a p a r t e ,  1839). m a r i o n  of  c h a  i s m a t a  ( h o r i z o n t a l  b r a c k e t s ) ,  t h e  n u c l e o l u s -  
T h e  f o r m e r  is  d i a g r a m m a t i c a l l y  r e p r e s e n t e d  in  t h e  f o r m  of  o r g a n i z i n g  r e g i o n s  ( w h i t e  circles)  a n d  t h e  s p h e r e - o r g a n i z -  
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ing regions (black circles). The maps  also show the  main 
loops and the  o ther  l andmarks  described in another  work  4 
(Figure 1). 

The mi to t ic  ka ryo type  is given here d iag rammat ica l ly  
in the form of an id iogram of the  haploid set, in which the  
ind iv idual  e lements  have  been arranged in a series t ha t  
respects thei r  correspondence wi th  the re la t ive  lamp- 
brush chromosomes,  and in which are also indicated all the  
he te rochromat ic  regions (Figure 2). 

Compara t ive  examina t ion  be tween  l ampbrush  chro- 
mosomes  and mi to t i c  chromosomes reveals,  first  and fore- 
most,  t h a t  the  nucleolus-organizing regions present  on 
l ampbrush  chromosomes V I I I  and X correspond to the  
he te rochromat ic  t rac ts  of mi to t ic  chromosomes V I I I  and 
X, present  in the  med ian  and subterminaI  posi t ions re- 
spect ive ly :  for this  reason, these t racts  have  been indi- 
ca ted  on the  id iogram by the  let ters  (no). Moreover,  i t  is 
also found t h a t  the  sphere-organizing regions present  on 
l ampbrush  chromosomes I, I I ,  IV  and I X  correspond to 
he te rochromat ic  t rac ts  of the  respect ive mi to t ic  chromo- 
somes I, I I ,  IV  and IX,  which, for this reason, have  been 
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Fig. 1. Maps of the 12 l ampbrush  cl i romosomes of T. alpestris apuanus. 

indicated on the id iogram by the  let ters  (s). I t  appears  
more difficult ,  a t  the  present  moment ,  to t race  a corres- 
pondence be tween par t icu lar  l andmarks  of the  l ampbrush  
chromosomes and the  he te rochromat ic  t racts ,  subterminal  
of e lements  I and VI  and proximaI  of all the  elements.  
However ,  for these last, i t  m a y  be poin ted  out  t ha t  at  the  
two sides of the  cent romere  the  l ampbrush  chromosomes  
present  the  densest  a l ignment  of l andmark  loops. 

The relat ionship be tween  secondary constr ict ions and 
the  nucleolus-organizing regions is a ve ry  in teres t ing con- 
I i rmat ion  of wha t  had  a l ready been envisaged from the  
ve ry  first  observat ions  on the  chromosomal  origin of the  
nucleoti in vegetable  and animal  mater ia l  5, 6 and had also 

1 Wi th  f inancial  suppor t  by  C.N.R., Rome. 
2 I. NARDI, M. RAGGHIANTI and G. MANCINO, Exper ien t ia ,  in press.  
3 M. RAGGHIANTI, ]~. NARDI and G. MANCINO, Exper ien t ia ,  in  press. 
4 G. MANCINO and G. BARSACCItI, CaryoIogia 78,637 (1965}. 
a B. McCLINTOCK, Z. Zellforseh. 27,294 (1934). 
s Wi H. DEARING, J.  Morph. 56, 157 (1934). 
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been  ver i f ied  in o t h e r  species of urodele  A m p h i b i a n s  ~, s. 
The  s t r u c t u r a l  r e l a t ionsh ip  be t w een  seconda ry  const r ic-  
t ions  a n d  sphere -o rgan iz ing  regions, a l r eady  d e m o n s t r a t e d  
in T. viridescens 7 a n d  d iscarded  in t he  axolotlg,  assumes  
a p a r t i c u l a r  i m p o r t a n c e  on  accoun t  of ce r t a in  imp l i ca t i ons  
of a genet ic  a n d  f u n c t i o n a l  o rder :  in fact ,  t h e  spheres  are  
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Fig. 2. Idiogram of the 12 mitotic chromosomes of the haploid set. 
Further explanation in the text. 

0 rgani tes  p r e sen t  exclus ively  in t he  ge rmina l  vesicle of t he  
oocytes,  where  t h e y  fo rm a t  specific c h r o m o s o m a l  sites, 
l a te r  be ing  re leased in to  t he  nuc l ea r  sap. Thus ,  tile nuc leus  
of t he  oocytes  of A m p h i b i a n s  con ta ins  h u n d r e d s  of mul -  
t ip le  nncleol i  a n d  a smal le r  n u m b e r  of free spheres.  Un l ike  
t he  nucleoli ,  however ,  t he  spheres  do no t  i nco rpo ra t e  H a_ 
ur id ine ,  a t  leas t  in  m e d i u m  a n d  large-s ized oocytes,  a n d  
reveal  h i g h  p ro t e in  m e t a b o l i s m  1~ The  inse r t ed  spheres  
are a m o n g  t h e  las t  l a n d m a r k s  of t he  l a m p b r u s h  chromoso-  
mes to  dissa p p e a r  in oocytes  in  t he  p r e - o v u l a t o r y  per iod  n 
and  m a y  be  rep laced  b y  loops w h e n  m a t u r a t i o n  is i nduced  
b y  gonado t rop i c  h o r m o n e s  or b y  in v i t ro  i n c u b a t i o n  of 
oocytes  w i t h  p roges te rone  z~. An  i m p o r t a n t  i nd i ca t i on  re- 
ga rd ing  t he  s t r u c t u r a l  and  func t iona l  di f ference be tween  
the  h e t e r o c h r o m a t i n  connec ted  w i t h  t he  f o r m a t i o n  of t he  
nucleol i  a n d  t h a t  connec ted  w i t h  t he  f o r m a t i o n  of the  sphe-  
res also appea r s  c lear ly  f rom t h e  resu l t s  of R N A / D N A  
molecu la r  h y b r i d i z a t i o n  on  cyto logica l  p r e p a r a t i o n s  of 
l a m p b r u s h  ch romosomes :  t he  s egmen t  of the  sphere  is 
seen to  be  in t ense ly  label led,  t o g e t h e r  w i t h  the  cent ro-  
mere  D N A  and  t h a t  of t he  te lomeres ,  w h e n  use is m a d e  of 
r ad ioac t i ve  R N A  t r a n s c r i b e d  b y  D N A  depr ived  of t he  
f rac t ions  c o n t a i n i n g  c is t rons  cod ing  for r R N A  ; so t h a t  also 
a t  t he  level  of t he  sphere -o rgan iz ing  regions  a r epe t i t i ve  
D N A  would  be  p re sen t  la. I t  r e m a i n s  to  d e t e r m i n e  t he  pre-  
cise s ignif icance of these  o rgan i tes  in t he  oocytes,  also on 
accoun t  of t h e  fac t  t h a t  in  ce r t a in  urodeles  - e.g. in  
Tr i turus  marmoratus  - n e i t h e r  inse r t ed  spheres  nor  sphe-  
res f lee  in  t he  nuc lea r  sap h a v e  been  n o t e d  14. 

Riassunto.  Le regioni  nucleolo-e  s fe ra-organizza t r ic i  dei 
<dampbrush chromosomes~ di Tr i turus  alpestris apuanus  
cor r i spondono  a cos t r iz ioni  secondar ie  p re sen t i  sui ris-  
p e t t i v i  c romosomi  mitot ic i .  Ques to  da to  r ip ropone  Fin-  
teresse pe r  lo s tudio  de l l 'o r ig ine  e del  s ignif icato  delle sfere 
negli  ovoci t i  in  accresc imento .  
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Completion of the Morphology of the Lampbrush Chromosomes  of the Italian Alpine Newt  Triturus 
alpestris apuanus Bonaparte z 

The  l a m p b r u s h  ch ro m os om es  of t he  I t a l i an  a lp ine  n e w t  
Tri turus  alpestris apuanus  (Bonapar te ,  1839) h a v e  a l r eady  
been  t he  sub jec t  of a p rev ious  karyologica l  s t u d y  w h i c h  
conc luded  w i t h  t he  p r e s e n t a t i o n  of t he  f i rs t  c h r o m o s o m e  
m a p s  of t he  species 2. To t h a t  work  is now  added  th i s  new 
c o n t r i b u t i o n ;  wh ich  comple tes  t he  m o r p h o l o g y  of t h e  indi-  
v idua l  e l emen t s  w i t h  t h e  iden t i f i ca t ion  of al l  t h e  funda -  
m e n t a l  l a n d m a r k s  - such  as t he  cen t romeres ,  t he  nucleo-  
lus -organ iz ing  regions  a n d  t he  sphere -o rgan iz ing  regions  
- t h a t  were p a r t l y  or comple t e ly  l ack ing  in t he  p rev ious  
desc r ip t i on  (Figure  1). 

The  cen t romere s  ( ind ica ted  w i t h  arrows)  have  been  
iden t i f i ed  on  each  e l emen t :  t h e y  a p p e a r  as en larged c h r o -  
momeres ,  genera l ly  devoid  of loops, s i t u a t e d  be tween  t he  
2 regions  where  t he re  is a preference  for c h i a s m a t a  to  form.  
The  nuc leo lus ,o rgan iz ing  regions  (no) h a v e  been  ident i -  
fied on  t h e  mid- reg ion  of ch romosomes  V I I I  and  on  t he  
left  s u b t e r m i n a  ! pos i t ion  of ch romosomes  X.  They  can  be  

I With financial support by C.N.R., Rome. 
2 G. MANCINO and G. BARSACCHI, Caryologia 18, 637 (1965). 


