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layer .  T h e  pe rox idase - l abe l l ed  G A R  was  app l i ed  for  
60-90  m i n  t o  t h e  sec t ions  p r e t r e a t e d  w i t h  t h e  a b o v e  
an t ibod ie s .  Af t e r  t h r e e  20 m i n  washes  w i t h  P B S ,  t h e  
sec t ions  were  r eac t ed  w i t h  d i a m i n o b e n z i d i n e  ( D A B  D for  
20-30  min .  T h e  r eac t i on  a n d  t h e  l a s t  w a s h  w i t h  P B S  
occu r red  a t  r o o m  t e m p e r a t u r e .  The  sec t ions  were  t h e n  
r in sed  a n d  w a s h e d  in  3 changes  of d i s t i l l ed  w a t e r  for  
3 -5  m i n  each  a n d  m o u n t e d  in  E l v a n o l  s. Con t ro l s  con-  
s i s t ed  of sec t ions  t r e a t e d  w i t h  n o n - i m m u n e  r a b b i t  
y -g lobul ins  as  a n  i n t e r m e d i a t e  layer .  

Results and conclusions. T h e  c h r o m a t o g r a p h i c  p a t t e r n  
s h o w n  in  F igu re  1 h a s  b e e n  r e p r o d u c e d  4 t imes .  T h e  
p rocedu re  resu l t s  in  a s a t i s f a c t o r y  s e p a r a t i o n  of con-  
j u g a t e d  g lobul ins  f r o m  t h e  r e s t  of t h e  r e a c t i o n  m i x t u r e .  
Th i s  was  d e m o n s t r a t e d  b y  t h e  fo l lowing t e s t s :  1. Aga r  
i m m u n o d i f f u s i o n  r evea l ed  cross  r e a c t i o n  w i t h  r a b b i t  

(a) 

(b) 
Fig. 3. Embryonic lens of R. p/piens (stage IX/X) treated with 
R. p/piens anti- 7 crystallin e and stained with FITC-GAR (a), or 
peroxidase-GAR (b). Labelling in both cases was restricted to the 
lens fiber area. In (a) the label is bright, the background dark; 
in (b) the label is dark, the background bright. The black area in 
(b) is the pigmented layer of the optic cup. 

y -g lobul ins  for  f r a c t i o n s  31-52  of F i g u r e  1; 2. XVhen t h e  
s a m e  f r ac t i ons  w e r e  app l i ed  to  sec t ions  of Rana pipiens 
e m b r y o n i c  lenses,  p r e t r e a t e d  w i t h  specif ic  a n t i b o d i e s  
a g a i n s t  7 -crys ta l l ins ,  specific s t a i n i n g  in  t h e  lens  f iber  
a rea  was  f o u n d  o n l y  for  f r ac t ions  31-43,  b e i n g  m o s t  
p r o n o u n c e d  for  f r ac t ions  35-41.  The re fo re  f r ac t i ons  S1-41 
were  poo led  a n d  a b s o r b e d  S t i m e s  w i t h  m o u s e  t i s sue  
p o w d e r  (20 mg,  each  t ime) .  A f t e r  c e n t r i f u g a t i o n  a t  
12,100g for  1 h t h e  r e s u l t i n g  25 m l  of s u p e r n a t a n t  were  
d i a lyzed  a g a i n s t  4 ch an g es  of  50 v o l u m e s  of  d i s t i l l ed  w a t e r  
for  8 h a n d  t h e n  lyophi l ized .  T h e  ye l low p o w d e r  o b t a i n e d  
c a n  be  k e p t  i nde f in i t e ly  u n d e r  v a c u u m  in  t h e  cold. F o r  
use, i t  is d i sso lved  in  P B S  (6-8 mg/ml ) .  Th i s  so lu t ion  
shows s t r o n g  cross r e a c t i o n  w i t h  r a b b i t  n o n - i m m u n e  7 S 
7-g lobul ins  (0.5 mg /ml )  in  OUCHTERLONY t e s t s ' .  

Sec t ions  t h r o u g h  lenses  of R. pipiens or N. viridescens 
r eg en e ra t e s  s t a i n e d  w i t h  pe rox idase - l abe l l ed  a n t i b o d i e s  
show t h a t  7 -c rys t a l l i n s  a re  p r e s e n t  in  t h e  f i be r  cells, 
b u t  a b s e n t  in  t h e  lens  ep i the l i a l  cells. T h i s  f i n d i n g  con-  
f i rms  p rev ious ly  p u b l i s h e d  resu l t s  ~,1°. Thus ,  pe rox idase  
as a l abe l  for  a n t i b o d i e s  gives  t h e  s a m e  resu l t s  as  does  
a n  F I T C  labe l  (F igures  2 a n d  3 )n .  

Zusammen/assung. A n t i k 6 r p e r ,  d ie  e n t w e d e r  m i t  F luo -  
r e s c e i n i s o t h i o c y a n a t  ode r  m i t  P e r o x i d a s e  m a r k i e r t  waren ,  
w u r d e n  au f  ih re  Spez i f i t~ t  i m  E r k e n n e n  y o n  L i n s en -  
A n t i g e n e n  u n t e r s u c h t .  Be ide  M a r k i e r e r  e r g e b e n  g le iche  
R e s u l t a t e :  die 7 -Kr i s t a l l i ne  k 6 n n e n  in d e n  L insenfase r -  
zel len loka l i s ie r t  werden ,  n i c h t  a b e r  in  d e n  L insen -  
ep i the lze l len .  
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? 3, 3'-diaminobenzidine (Sigma Chemical Company) : 50 mg of DAB 
in 100 ml of 0.05M Tris-HC1 buffer, pH 7.6, 0.001% HIOl were 
used as reagent for pcroxidase. 
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M i t o t i c  K a r y o t y p e  a n d  N u c l e o l i  o f  t h e  M a r b l e d  N e w t  T r i t u r u s  m a r m o r a t u s  ( L a t r e i l l e )  1 

Triturus marmoratus (Latrei l le ,  1800) is a n  E u r o p e a n  
n e w t  species conf ined  t o  t h e  I b e r i a n  P e n i n s u l a  a n d  sou th -  
w e s t e r n  F rance .  I t  c a n  b e  g rouped  w i t h  T. cristatus as a 
superspec ies  or  Ar tenkre i sZ :  in  f a c t  t h e y  a re  2 r e l a t e d  
species s t h a t  g ive  r i se  t o  t h e  n a t u r a l  h y b r i d  T. blasii de 
l ' I s l e  (1862) in  t h e  reg ion  in  F r a n c e  in  w h i c h  t h e i r  r a n g e s  
over lap .  Such  a r ea  is r a t h e r  s m a l l  c o m p a r e d  w i t h  t h e  
r a n g e s  of b o t h  species :  T. marmoratus a n d  T. cristatus 
c a n  the re fo re  be  r e g a r d e d  as a l l opa t r i c  in  t h e  sense  of 
MAYR 4, a p a r t  f r om t h e  zone of ove r l ap  a n d  h y b r i d i z a t i o n .  

T h e  p h e n o t y p i c a l  a n d  a n a t o m i c a l  c h a r a c t e r s  of T. mar- 
moratus, T. cristatus a n d  T. blasii h a v e  b e e n  wide ly  d e a l t  

1 With financial support by Consiglio Nazionale delle Ricerche, 
Rome. 

2 L. A. LANTZ, Proc. zool. Soc., London 117, 247 (1947). 
s F. ANGEL, Faune de France. Reptiles et Amphibiens (Lechevalier, 

Paris 1946). 
4 E. MAYR, Animal Species and Evolution (The Belknap Press of 

Harvard University Press, Cambridge, Mass. 1963). 
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w i t h  in t h e  l i t e ra tu re  6. Also the  spermatogenes is  in t he  
2 paren ta l  species and the i r  hybr ids  have  been ana lyzed  6-8; 
the  morpho logy  of t he  mi to t i c  chromosomes  has  been 
described only in T. cristatus 9-u.  

The  present  s tudy  is therefore  a fur ther  con t r ibu t ion  
to  t he  knowledge of  t he  karyo logy  of  T. marmoratus ,  to  
be  subsequen t ly  comple ted  wi th  a deta i led  descr ipt ion 
of t h e  maps  of l ampbrush  chromosomes.  This  will  p e r m i t  
grea ter  precision in establ ishing the  degree and na tu re  
of the  karyological  d i f ferent ia t ion wi th in  the  super- 
species T. cristatus in t he  course of speciat ion.  

Karyo type  o/ mitotic chromosomes. The  e lements  com- 
posing the  k a r y o t y p e  of T.  marmoratus  can be  d iv ided  

into  3 groups.  The  first  consists  of the  4 longest  chro-  
mosomes,  which  according  to the  posi t ion of centromeres ,  
are respectively12: I subte locent r ic ;  I I ,  I I I  and IV 
metacent r ic .  The  second group comprises  the  4 middle-  
length  chromosomes ,  of which V, V I I  and V I I I  are 
metacentr ic ,  while  ch romosome  VI  is submetacent r ic .  
Last ly ,  the  th i rd  g roup  consis ts  of the  4 shor tes t  chro- 
mosomes,  2 me tacen t r i c  ( IX  and XI)  and two sub- 
me tacen t r i c  (X and X I I )  (Figure 1). The  m e a n  values  of 
the  cent romere  indexes are in bo th  embryos  and adu l t  
spec imens  shown in the  Table .  

The  recogni t ion of t he  homologues ,  based p r imar i ly  
on the  cen t romere  indexes,  has  been  fac i l i ta ted  by  the  

el 

A ! . 0t'N 

a 
10 v.m 

Fig. I. The 24 mitotic chromosomes of the diploid complement of 
T. marmoratus from an embryonic cell. The serial alignment of the 
chromosomes does not strictly follow the criterion of the decreasing 
length order to permit an easier comparison with the karyotype of 
T. cristatus, which will be discussed in a next paper, a) Camera 
lucida drawings; b) microphotograph. Squashed in aeeto-orcein. 
x 660. 
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Fig. 2. The mitotic chromosomes from the regenerating tailtip of 
an adult specimen. Camera lucida drawings. Further explanation 
in text. 
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Fig. 4. Large polymorphous spermatogonium nucleus showing 
multiple nucleoli. Phase contrast, x 680. 

p resence  of s e c o n d a r y  cons t r i c t ions .  I n  t h e  e m b r y o s ,  in  
fact ,  c h r o m o s o m e s  II ,  V I I I  a n d  X h a v e  c o n s i s t e n t l y  a 
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  a n d  c h r o m o s o m e  V 
d i s p l a y s  2 of  t h e m  close to  e a c h  o t h e r  in s u b t e r m i n a l  
region.  A n o t h e r  h e t e r o c h r o m a t i c  t r a c t  is f r e q u e n t l y  
e n c o u n t e r e d  in  t h e  m i d - r e g i o n  of t h e  longer  a r m  of 
c h r o m o s o m e  X I I ,  o f t e n  r e s t r i c t ed  to  a s ing le  h o m o l o g u e .  
I n  one  ins t ance ,  a s u b t e r m i n a l  c o n s t r i c t i o n  h a s  b e e n  
f o u n d  also on  1 h o m o l o g u e  of c h r o m o s o m e  I X  (Figure  1). 
I n  m i t o t i c  m e t a p h a s e s  f r o m  a d u l t  t i s sue s  on ly  t h e  sub-  
t e r m i n a l  c ons t r i c t i on  of c h r o m o s o m e  X is c o n s t a n t ,  
whi le  t h e  o the r s  p r e v i o u s l y  no t i ced  in  t h e  e m b r y o s  c a n  
no  longer  be  seen.  D i f f e r en t  cons t r i c t i ons ,  e.g. one  a b o u t  
m i d w a y  a long  t h e  s h o r t  a r m  of c h r o m o s o m e  I a n d  
a n o t h e r  n e x t  to  t h e  c e n t r o m e r e  of c h r o m o s o m e  X I  s e e m  
to  be  pecu l i a r  to  t h e  adu l t ,  a l t h o u g h  t h e y  are  f o u n d  
on ly  occas iona l ly  (F igure  2). T h i s  p a r t i c u l a r  m o r p h o -  
logical  c h a n g e  in  t h e  k a r y o t y p e  m a y  be  in  r e l a t i on  t o  
t h e  p rocess  of e m b r y o n i c  d i f f e r e n t i a t i o n  as  p r e v i o u s l y  
o b s e r v e d  in t h e  axo lo t l  1~ a n d  in  Pleurode les  14. 

Fig. 3. Lampbrush chromosome X, isolated from the germinal 
vesicle of an oocyte (diameter: 1.33 mm), showing a nucleolus (N) 
inserted at the level of the nucleolus organizer on both homologues. 
Phase contrast, x 345. 

s L. VALL~E, Recherches sur Triturus blasii de l'Isle, hybride naturel 
de Triturus cristatus Laur. × Triturus marmoratus Latr. (Impri- 
merle M. Declume, Lons-le-Saunier 1959). 

e E. BATAILLON and TCHOU So, C. r. Acad. Sci., Paris 191, 690 
(1930). 
M. J. D. WHITe, J. exp. Zool. 102, 179 (1946). 

s L. A. LANTZ and H. G. CALLAN, J. Genet. 52, 165 (1954). 
M. GALGANO, Archo ital. Anat. Embriol. J2, 171 (1933). 

10 T. WICK~OM, Hereditas 31, 241 (1945). 
11 H. G. CALLAN and L. LLOYD, Phil. Trans. R. Soc. B 2d3, 135 

(1960). 
13 The terminology used here is that suggested by A. LEVAN, 

K. FREDGA and A. A. SANDBERG, Hereditas 52, 201 (1964). 
13 j .  SIONORET, Ann. Embryol. Morph. I, 307 (1968). 
14 M. LABROUSSE, Ann. Embryo1. Morph. Suppl. 1, 199 (1969). 

Mean values of centromere indexes of the twelve mitotic chromosomes 

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

Embryos 0.235 0.472 0.392 0.436 0.454 0.288 0.453 0.439 0.462 0.364 0.447 0.315 

Adults 0.263 0.468 0.401 0.428 0.486 0.302 0.480 0.448 0.446 0.369 0.428 0.311 
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Nucleoli in somatic cells. The results obtained by means 
of specific stains (methyl-green and pyronin method, 
followed by RNase tests) indicate tha t  1 or sometimes 
2 nucteoli are present in each interphase nucleus of adult  
tissues. Hence, T. marmoratus karyotype is characterized 
by a single pair of nucleolus organizers. From the outset 
of the present s tudy it  appeared tha t  chromosome X 
was the element endowed with the nucleolus-organizing 
region, since it  is the only one displaying consistently 
the secondary constriction from the early stages of 
embryonic development.  

This assumption turned out to be true when, upon 
inspection of the lampbrush chromosomes (unpubl.), 
only chromosome X was found to carry a nucleolus 
inserted in subterminal region of the long arm (Figure 3). 

Nucleoli in spermatogonia. This investigation has been 
carried out on both first and second spermatogonia xs 
mainly of T. marmoratus as well as of other newt species. 
First spermatogonia are generally enclosed by a 
few follicle cells and recognizable by their  large poly- 
morphous nucleus with poorly stainable diffuse chromatin. 
They may be identified with the cells already known as 
' large polymorphous spermatogonia'  in Batrachoseps le 
and 'cellules-mkres primitives" in several Triturus spe- 
cies 17. Their most remarkable character is the presence 
of endonuclear bodies of varying sizes, ranging from 2 to 
20 per cell in number. Such bodies are clearly identifiable 
under phase-contrast microscope (Figure 4) ; they display 
an outer Feulgen-positive ring, are stained by Unna- 
Pappenheim methyl-green and pyronin, and are disrupted 
by RNase. Owing to these characteristics they may be 

considered as nucleoli. On the contrary, second sperma- 
togonia display only 1 or, occasionally, 2 nucleoli per cell. 

The presence of multiple nucleoli recalls the phen- 
omenon of gent  amplification of the cistrons for ribosomal 
RNA which, already known in oocytes I, has been recently 
suggested also in amphibian oogonia as. This may be the 
case of the first spermatogonia as well: however, at 
present, their  degree of ploidy has yet  to be ascertained. 
If gene amplification is proved to occur in primit ive 
spermatogonia beside oogonia, it will be of great interest 
to examine more closely the cytological process of the 
germ-line cell differentiation. 

Riassunto. I cromosomi mitotici  di Triturus marmo- 
ratus sono staff ordinati in cariotipo. Gli organizzatori 
nucleolari sono due per cellula, ma negli spermatogoni 
pr imit ivi  sono presenti numerosi nucleoli liberi. 

IRMA NARDI and G. MANCINO 

Istituto di Zoologia e Anatomia comparata 
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a~ Same terminology as in: Sa. IRIKI, Sci. Rep. Tokyo Bunrika 
Daig., B I, 81 (1932). 

lS G, EISEN, J. Morph. 17, 1 (1900). 
1~ F. A. JANSSENS, Cellule /9, 7 (1901). 
18 j .  G. GALL and M. L. PARDUE, Proe. natn Acad. Sci., USA 63, 

378 (1969). 

l~tude compar~e de la multiplication des cellules germinales ~ la fin de la premiere semaine de la 
vie embryonnaire chez trois esp~ces de Gallinac6s (GaUus domesticus, Meleagris gallopavo, Coturnix 
coturnix j a p o n i c a )  

Chez le Poulet (Gallus domesticus) et  le Dindon (Me- 
leagris gallopavo), les populations de cellules germinales 
subissent un accroissement de type exponentiel entre le 
moment  qui suit leur installation dans les 6bauches gona- 
diques et l'Cpoque de la multiplication rapide qui v a l e s  
transformer en gonies. Toutefois, chez ces deux esp~ces, 
les populations de d6part et les taux  d'accroissement ne 
sont pas identiques: le Poulet  poss~de une population 
de gonocytes primaires plus dense au dCpart mais dont 
la prolifCration est moins active que chez le Dindon 1. 
L'Ctude de la progression du nombre des gonocytes a 6t6 
rCatisCe chez une troisi~me esp~ce (Coturnix coturnix 
japonica) et pour la m~me pCriode de la vie embryon- 
naire (entre 4 et 7 jours &incubation) afin d 'en comparer 
les rCsultats aux prCcCdents. 

Techniques. Des embryons de Caille ont  ~t6 sacrifiCs 
toutes les 24 h entre 4 et 7 jours d'incubation. 2 specimens 
sont fixCs simultanCment pour chacun des 4 stades 
6tudiCs. Le premier est fix6 au Gendre g 4°C pour ~tre 
ultCrieurement trait6 par la technique du PAS 2 qui s'est 
avCrCe efficace chez la Caille comme chez les deux autres 
esp~ces; le second est fix6 au Bouin en vue de la colora- 
t ion des coupes ~ l'hCmatoxyline-6osine. Les embryons 
oa t  6t6 inclus dans la paraffine et on a dCbit~ en coupes 
transversales de 7,5 ~tm d'Cpaisseur une rCgion du corps 
incluant largement les 6bauches gonadiques. Les gono- 
cytes primaires oat  6t6 identifiCs grace ~ leurs enclaves 
glycogCniques chez les sujets traitCs par la technique du 
PAS., et d'apr~s des crit~res morphologiques classiques 

sur les autres pr6parations. Les cellules germinales ont 
6t6 d6nombr6es coupe par coupe, pour chacun des stades 
6tudi6s, mais on s'est efiorc~ de ne pas compter plusieurs 
fois une m~me cellule. 

Rdsultats. Les r6sultats des d6nombrements de gono- 
cytes effectu6s chez la Caille sont les suivants: 366 et 
412 gonocytes au 4e jour d ' incubation, 795 et 816 au 5% 
1457 et 1623 (2 individus ~) au 6e jour, 2884 (~) et 
3199 (c~) au 7 e. Ils montrent  que les nombres to taux  de 
gonocytes augmentent  assez r6guli~rement avec le stade 
de d6veloppement, bien que l 'on puisse noter un 6cart 
plus ou moins grand entre les valeurs trouv6es ~ chaque 
stade, ce qui est aussi te cas chez les deux autres esp~ces 1. 
La diff6renciation morphologique du sexe qui se mani- 
feste dans les 6bauches gonadiques g la fin de la p6riode 
6tudi6e (un peu plus pr6cocement chez la Caille et le 
Poulet que chez le Dindon) n 'entratne pas aussit6t une 
disparit6 d'effectif global des cellules germinales entre le 
male et la femelle, la r6partition bilat6rale des gonocytes 
pouvant  ~tre n6anmoins tr~s asym6trique (indice G]D 
des gonocytes var iant  de 1,20 ~ 6,9 chez les sujets exa- 
min6s). En portant  les valeurs obtenues pour les popula- 
tions de gonocytes sur un axe logarithmique, l'6chelle 

x G. REYSAUO, C. r. hebd. SCanc. Acad. Sci. 268, 2275 (1969). 
'~ D. B. MEYER, Stain Technol. 35, 83 (1960). 


