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Karyological  re lat ionships  between  the Cryptobranchid sa lamanders  1 
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Summary. The  3 l iv ing  C r y p t o b r a n c h i d s  (Andrias japonicus, A. davidianus an d  Cryptobranchus alleganiensis) show 
2n = 60 a n d  nuc lea r  D N A  a m o u n t s  of r e spec t ive ly  92.9, 100.1 an d  112.5 pg. Karyologica l ly ,  t h e  2 genera  differ  in t he  
m o r p h o l o g y  of 2 c h r o m o s o m e  pairs .  The  h y p o t h e s e s  are a d v a n c e d  t h a t  e i the r  the  Cryptobranchus k a r y o t y p e  is de r ived  
f rom t h a t  of Andrias t h r o u g h  an  u n e q u a l  t r ans loca t ion ,  or t h e  k a r y o t y p e s  of b o t h  genera  are  der ived  f rom t h a t  of a 
c o m m o n  (perhaps  hynobi id )  ances to r  w i t h  a t  leas t  62 chromosomes .  

The  a m p h i b i a  C a u d a t a  be long ing  to  t he  f ami ly  Cryp to-  
b r a n c h i d a e  m a k e  up  a g roup  of semi la rva l  g i an t  forms,  
poss ib ly  of h y n o b i i d  descent .  Phy logene t i ca l ly ,  t h e y  are 
of g r ea t  in te res t ,  s ince t o g e t h e r  w i th  H y n o b i i d a e  t h e y  
r e p r e s e n t  the  m o s t  genera l ized e x t a n t  Caudata2-4 ,  
g rouped  in to  the  suborde r  C r y p t o b r a n e h o i d e a .  Despi te  
t he  p a u c i t y  of p re sen t  knowledge  of fossil r ema ins  of these  
urodeles,  t he  C r y p t o b r a n c h o i d e a  are be l ieved to be ve ry  
anc ien t .  As concerns  t he  C r y p t o b r a n c h i d s ,  the  less r ecen t  
r e m a i n s  da t e  b a c k  to  t he  Lower  Eocene,  b u t  the  m a j o r i t y  
of t h e m  are  miocenic  5-8. U n d o u b t e d l y ,  t he  m o s t  f amous  
is Andrias scheuchzeri f rom Cen t ra l  Europe ,  descr ibed  as 
Homo diluvii testis in 1732, a n d  ident i f ied  as a g i an t  
urode le  b y  Cuvier  in 1824. Some workers  sponsor  t he  v iew 
t h a t  m a n y  of these  fossils m a y  be long  to e x t a n t  species 
(A. ]aponicus); t h i s  would  be ev idence  of a b r ady te l i c  
evo lu t i on  of C r y p t o b r a n c h i d s  (a p h e n o m e n o n  also sha red  
b y  o t h e r  Cauda ta ) .  
A t  a n y  ra te ,  be tween  the  2 l iv ing  genera  (Andrias or Me- 
galobatrachus, Asiat ic  a t  p r e s e n t ;  a n d  Cryptobranchus, 
f rom N o r t h  America)  ; Andrias m i g h t  r ep re sen t  the  mos t  

an c i en t  form, since t h e  fossil C r y p t o b r a n c h i d s  f rom Asia  
an d  A mer i ca  seem to bea r  g r ea t e r  a f f in i ty  w i t h  Andrias 
t h a n  w i t h  CryptobranchusS-8. 
In  t h e  p re sen t  work, t h e  c h r o m o s o m e  m o r p h o l o g y  and  
o the r  karyologica l  cha rac te r i s t i c s  of t h e  3 c r y p t o b r a n c h i d  
species of p r e s en t  d a y  (A. davidianus, A. ]aponicus a n d  
C. alleganiensis) are descr ibed,  an d  the  possible  i m p a c t  of 
our  f ind ings  on  the  knowledge  of the  phy l e t i c  re la t ion-  
ships  of these  Cauda tes  is considered.  
Materials and techniques. Live  spec imens  f rom t h e  3 
a b o v e - m e n t i o n e d  species, suppl ied  b y  special ized dealers,  
were used. Tile squash  t e c h n i q u e  was app l ied  to spleen, 
gonad  a n d  in te s t ine  f r a g m e n t s  a f t e r  colchicine an d  hypo-  
tonic  p r e t r e a t m e n t s .  I n  o rder  to  d raw a more  de ta i led  
compar i son  be tween  t h e  k a r y o t y p e s  of t h e  3 species, t he  
fol lowing pa rame te r s ,  l i s ted  in t h e  tab le ,  were e s t ima ted  
on 3 comple te  p la tes  for each  species:  
- The  cen t romer i c  index  (IC), i.e. t he  ra t io  ( • 100) of t he  
sho r t  a rms  to t h e  t o t a l  l e n g t h  of each  homologue  pa i r ;  
- p e r c e n t  l e n g t h  (L%),  i.e. t h e  l eng th  of each  pa i r  of t he  
c o m p l e m e n t  as pe rcen t  of t h e  l eng th  of t h e  la rges t  chro-  
mosomes  of t h e  ka ryo type .  
This  second p a r a m e t e r  was  held  more  su i t ab le  t h a n  t he  
abso lu te  l e n g t h  of each  pair ,  which  var ies  accord ing  to t he  
c h r o m o s o m e  degree of sp i ra l iza t ion .  Anyhow,  t h e  q u a n -  
t i t a t i v e  r e l a t ionsh ips  b e t w e e n  the  genomes  of the  3 
species u n d e r  s t u d y  are  in fe r red  b y  c o m p a r i n g  the  D N A  
n u c l e a r  c o n t e n t s  (in pg  pe r  nucleus ,  pg/N) of t h e  3 c ryp to -  
b r a n c h i d  species w i th  one ano the r .  
The  D N A  nuc lea r  a m o u n t  was  e v a l u a t e d  h i s t o p h o t o -  
me t r i ca l ly  b y  m e a n s  of a Lei tz  M P V  micropho to f luor i -  
m e t e r  a t  546 n m  wave leng th ,  on  Feu lgen - s t a ined  b lood 
smears .  The  h i g h  D N A  c o n t e n t  of these  paedogene t i c  uro-  
deles is k n o w n  to  be  m a d e  u p  of la rgely  s imi la r  nuc leo t id ic  
sequences,  r epea t ed  mil l ions  of t imes  9,1% I n  order  to  f ind 
ou t  t h e  c h r o m o s o m a l  local izat ior t  of t h e  more  h igh ly  re- 
pe t i t i ve  sequences  (C-bands) a n d  of r ibosomal  c is t rons  
(NO-bands) ,  we used t h e  c h r o m o s o m e  b a n d i n g  t echn iques  
descr ibed  b y  severa l  workers  11, s l igh t ly  modif ied.  The  las t  
i nves t iga t ions  are essent ia l ly  d i rec ted  to  A. japonicus, 
owing to  t h e  low n u m b e r  df spec imens  of t h e  o the r  species 
ava i l ab le  to  us. 

Fig. 1. The karyotype of Andrias davidianus. The bar is 10 ~xm long. 
Fig. 2. The karyotype of A. ]aponicus. 
Fig. 3. The karyotype of Cryptobranchus alleganiensis. 
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Chromosome 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 . . .  30 

A ndrias 
davidianus 

A ndrias 
iaponicus 

IC 49A 47.4 41.7 
L %  100 84.4 66.5 

IC 
L% 

45.8 35.4 33.0 
19.5 19.0 13.0 

46.7 49.9 48.9 47.8 40.6 33.3 
100 89.5 69.2 18.3 17.6 15.8 

Cryptobranchus I 
alleganiensis IC 47.3 49.4 48.9 44.3 47.1 29.2 

L% 100 91.4 80.4 63.7 20.1 22.8 

. . . . . .  43.7 - . . .  
43.6 38.7 27.3 25.3 16.5 12.9 11.1 10.2 9.3 8.4 6.0 4.8 . . .  1.5 

. . . . . . . . . .  48.7 . . .  - 
41.5 37.8 30.2 27.6 17.2 13.9 10.9 10.3 9.5 8.3 4.7 3.8 . . .  1.6 

46.9 - - . . .  - 
33.5 31.9 28.2 16.1 15.8 14.9 12.6 12.0 11.5 5.1 4.2 3.9 . . .  2.6 

Results and discussion. The 3 species under  inspect ion 
have  2 n = 60 (figures 1-3). This  differs f rom former ly  re- 
po r t ed  findings,  name ly  64 chromosomes  in A. ]aponieus 13 
and 62 ch romosomes  in C. alleganiensis ~. 
The  k a r y o t y p e s  of A. davidianus and  A. japonicus are 
a lmos t  equal,  in t h a t  t h e y  consis t  of 3 pairs  of large 2- 
a rmed  chromosomes  (metacentr ic ,  MC), 3 middle-s ized 
MC pairs,  10 one-a rmed  (acrocentric,  AC) pairs  and,  lastly,  
14 pairs  of mic rochromosomes  all AC b u t  one MC (the 
17th pair) (figures 1 and 2). In  these  2 species, the  nu-  
cleolus organizers  (NO) are localized n e x t  to the  cent ro-  
mere  on the  shor tes t  a rms of the  3rd chromosome pair  
consis t ing of large MCs (figure 5). 
C. alleganiensis ka ryo type  consists  of 4 pairs  of large MCs, 
2 pairs  of middle-s ized MCs, 9 AC pairs  and las t ly  of 15 
pai rs  of microchromosomes ,  all AC, b u t  t he  16th pair ,  
made  up of MC (figure 3). In  th is  species, too, the  nucleo- 
lus organizers  lie on the  3rd pair, in a p rocen t romer ic  
posit ion,  cor responding  to t h a t  of Andrias NOs (figure 6). 

Fig. 4. C-bands in A. japonicus. All the centromeres are deeply stain- 
ed, except in 4 middle-sized metacentries (arrows) and some micro- 
chromosomes. Fig. 5. Proeentromerie NO-bands on the 3rd pair of 
A. japonicus. Fig. 6. Nucleolar heterochromatin on 1 of the chromo- 
somes of the 3rd pair of C. alleganiensis. Fig. 7. Tile presumed 
karyological relations between Andrias, Cryptobranchus and a hypo- 
thetical common ancestor (h.a.), according to the hypotheses men- 
tioned in the text. 

The nuclear  D N A  con ten t  is 92.9 pg /N in A. ]aponicus; 
100.1 pg/N in A. davidianus," 112.5 pg /N in C. alleganien- 
sis. In  A. ]aponicus, the  most  h ighly  repet i t ive  sequences 
appear  localized a t  the  cent romer ic  level in all the  chro- 
mosomes,  excep t  2 pairs  of medium-s ized  MCs, i.e. the  
4 th  and 6th pairs,  and except  4 pairs  of microchromo-  
somes (figure 4). 
Inspec t ion  of figures 1-3 and the  d a t a  repor ted  in the  
table  reveals  t h a t  the  ma jo r i ty  of Andrias and  Crypto- 
branchus chromosomes  are comparab le  in size and  shape, 
th is  being t rue  in par t icu lar  of the  NO-conta in ing  pair  
(i.e. the  3rd one in bo th  genera) and  of ano the r  pair  of 
readi ly  ident i f iable  'markers ' ,  namely ,  the  MC micro- 
ch romosomes  (17th pair  in Andrias, 16th in Cerypto- 
branchus). The karyological  differences be tween  the  2 
genera  seem to  concern essential ly 2 pairs  of homologues  
for each of them,  namely ,  1 pair  of large ACs (10th pair) 
and  1 of middle-s ized MCs (possibly the  5th pair) would 
be charac ter i s t ic  of dndrias, whereas  a pair  of large MCs 
(4th pair) and  1 mic rochromosome pair  would be typical  
of Cryptobranchus. In  each of these pairs, the  chromo-  
somes consist  of 3 a rms of d i f ferent  lengths,  i.e. a long arm 
(A), a middle  one (B) and a r a the r  shor t  a rm (C). Theo- 
retically,  consider ing for s impl ic i ty  sake a haploid  karyo-  
type ,  the  2 typ ica l  ch romosomes  of 1 of the  2 genera  migh t  
t u rn  into the  typ ica l  ones of the  o the r  by  means  of a 
s imple unequa l  t rans loca t ion  (B on A, when  shif t ing f rom 
Andrias to Cryptobranchus; B on C for the  reverse shift) 
(see scheme in figure 7). 
In paedogene t ic  Caudates,  possessing huge amo u n t s  of 
D N A  compared  to the  o ther  Urodeles  and  to amph ib i ans  
of o the r  orders,  the  q u a n t i t a t i v e  d i f ferent ia t ion  of the  
genome was p laus ib ly  achieved t h r o u g h  progressive in- 
creases in nuclear  DNA 10. Hence,  Cryptobranchus pos- 
sessing a grea te r  DNA a m o u n t  t h a n  A ndrias migh t  be the  
more  d i f fe ren t ia ted  karyological ly among  the  e x t a n t  ones 
of the  family.  For  the  foregoing reasons,  of the  2 above-  
men t ioned  h y p o t h e s e s  on the  der iva t ion  of t he  ka ryo type  
of the  2 c ryp tobranch ids ,  the  first  one (i.e. the  descent  of 
the  Cryptobranchus set  f rom t h a t  of Andrias) seems to be 
the  more  probable .  As s t a t ed  earlier, th is  would also be 
suppor t ed  by  paleontological  findings.  
However ,  ye t  ano the r  hypothes i s  can be formula ted  on 
the  origin of t he  ka ryo type  of these  Urodeles,  hav ing  the 
same degree of ' pa r s imony '  (i.e. in karyological  terms,  
l ikewise requir ing  a single chromosome muta t ion)  as the  
origin jus t  pos tu la ted .  According  to th is  3rd hypothes is ,  
there  would have  been a common  ances tor  of the  2 ex t an t  
Cryp tobranch ids ,  which possessed a similar ch romosome 
complement ,  excep t  for the  presence  of 3 AC pairs  of dif- 
fe rent  length  ins tead  of the  2 typ ica l  pairs  d isplayed by  

12 S. Iriki, Sci. Rep. Tokyo Bunrika Daig. B/, 91 (1932). 
13 S. Makino, J. Morph. 58, 573 (1935). 
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each of genera  l iving t o d a y  (2 n = 62). F rom these  3 AC 
pairs (A, B, C) m i g h t  have  arisen - t h rough  a simple cen- 
t romer ic  (Rober tsonian)  f u s i o n -  the  chromosomes  typica l  
of Andrias (B + C, A) or those  of Cryptobranchus (A + B, 
C) (figure 7). 
Dur ing  the  evolut ion  of Caudates,  the  ka ryo type  seems to 
have  d i f fe ren t ia ted  by  a progressive reduc t ion  in the  
n u m b e r  of the  chromosomes ,  no t ab ly  ACs and micro-  
chromosomes ,  due pe rhaps  to  centr ic  fusions or o ther  
mu ta t i ona l  even ts  1~ F r o m  this  s t andpo in t ,  the  Crypto-  
b ranch ids  do no t  appear  the  mos t  pr imi t ive  forms of the  
order,  karyologically,  since wi th in  Hynobi ids  some species 
have  more  t h a n  60 chromosomes  ~~ Among  these,  Rano- 
don sibiricus (2 n = 66) is l ikely to be the  species karyolo-  
gically closest  to t he  2 living Cryptobranchids14.  I t  is of 
in te res t  to note  t h a t  Ranodon, owing to various charac-  

ter is t ics  of its deve lopment ,  is regarded  as the  mos t  pr imi-  
t ive  genus wi th in  the  Hynob i id s  ~5. In  view of the  fac t  
t h a t  the  Cryp tobranch ids  p robab ly  represen t  a paedo-  
genetic der iva t ion  f rom anc ien t  Hynobi ids  2-4, a h y p o t h e -  
t ical  ances t ra l  form c o m m o n  to Andrias and Crypto- 
branchus m a y  have  been  equ ipped  wi th  a ch romosome  set  
of more  t h a n  60 elements ,  t h o u g h  near ly  akin enough to  
the  set  of the  2 e x t a n t  genera,  so as to be able to tu rn  in to  
i t  wi th  a m i n i m u m  n u m b e r  of ch romosome  muta t ions .  
(These urodeles are in fact  l ikely to be bradyte l ic  also f rom 
a karyological  po in t  of view.) 

14 A. Morescalchi, G. Odierna and E. Olmo, in press (1977). 
15 I . I .  Schmalhausen, The origin of terrestrial Vertebrates. Aca- 

demic Press, New York and London 1968. 

Interchange  t r i s o m i c s  in pearl mil let  
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Summary. In  the  p rogeny  of in te rchange  he te rozygotes  of Pennisetum typhoides, 2 in te rchange  t r i somic  p lan ts  were 
obta ined.  These were selfed over  2 genera t ions  and  the  cy to logy  of the  parents ,  Sl and s~ p lan t s  was s tudied.  The types  
of mul t ip le  associat ions in the  sl and s~ generat ions  differed f rom those  of the  parent .  A s ignif icant  decrease in m e a n  
ch iasma f requency  was no ted  in s 1 and s 2. 

The t e rm in te rchange  t r i somic  applies to a s i tua t ion  where  
an ex t r a  ch romosome  occurs in an in te rchange  back-  
ground.  If the  ex t r a  ch romosome  consists  of 2 a rms of 2 
nonhomologous  chromosomes ,  it  is known as a t e r t i a ry  
tr isomic.  B o t h  in te rchange  and t e r t i a ry  t r isomics can be 
ob ta ined  in the  p rogeny  of a t rans loca t ion  he terozygote .  
These 2 types  of t r i somics  can be d is t inguished f rom one 
ano the r  by  the i r  charac ter i s t ic  ch romosome  associations.  
In  the  t e r t i a ry  t r isomics,  when  the  ex t ra  chromosome is 
p resen t  as a univalent ,  the  o the r  ch romosomes  will be 
in pairs  and the  cri t ical  conf igura t ion  is the  dumbbe l l -  
shaped  associat ion of 5 chromosomes ,  viz. 2 r ing b iva len ts  
a t t a c h e d  to  a single middle  chromosome,  whereas  in an 
in te rchange  t r i somic  besides associat ions of 5 chromo-  
somes,  a un iva len t  and  a r ing of 4 are expec ted  to occur. 
In t e r change  t r i somics  were previous ly  repor ted  in a 
n u m b e r  of p lants ,  e.g. maize s, P i sum ~, bar ley 4. In  these  
cases, t h e y  were ob ta ined  in the  p rogeny  of t rans loca t ion  
he terozygotes .  

Results and conclusions. In  Pennisetum typhoides S. & H. 
(Gramineae) in the  p rogeny  of in te rchange  he terozygotes ,  
2 p lan ts  wi th  the  ch romosome  n u mb er  2n = 15 ins tead of 
the  normal  2n = 14 were obta ined.  A s tudy  of PMC 
meiosis in these  p lan ts  was carr ied ou t  and a dumbbel l -  
shaped  associat ion of 5 chromosomes  was never  observed.  
Fur the r ,  when  the  ex t ra  ch romosome  was p resen t  as a 
univalent ,  a r ing of 4 chromosomes  was f r equen t ly  
observed indica t ing  t rans loca t ion  background  of th is  
aneuploidy.  
In  an in te rchange  t r i somic  of th is  type ,  there  are 2 
comple te ly  homologous  ch romosomes  and 2 in te rchange  
chromosomes .  The 5th chromosome is a normal  one and 
is homologous  to one of the  chromosomes  involved in the  
t rans locat ion .  Unde r  these  condit ions,  a to ta l  of 9 t ypes  
of p a c h y t e n e  conf igura t ions  can be formed which resul t  
in 9 groups of conf igura t ions  a t  diakinesis  and meta -  
phase  I. These are possible  only under  2 condi t ions :  
a) ch romosome pair ing is in i t ia ted  exclusively a t  the  
chromosome ends;  b) the  3 ends  have  equal  p robab i l i ty  
of being involved in pairing.  W h e n  there  are no in ters t i t ia l  
ch iasmata ,  these 9 types  will consis t  of 6 as chains  of 
5 chromosomes ,  1 as chain  of 3 chromosomes  plus r ing 
b ivalent ,  and 2 each as a r ing of 4 ch romosomes  and a 
un iva len t  ~. The da t a  re la t ing to the  t y p e s  of associat ions 
observed a t  diakinesis  are p resen ted  in the  table.  A m o n g  
the  PMC's  examined,  54~o showed associat ions of 5 

Types of associations of chromosomes in the interchange trisomics 
at diakinesis, a PMC showing 1 chain of 4 chromosomes, 5 bivalents 
and a univalent, b PMC showing frying pan type (1 trivalent attached 
to a ring bivalent) association of 5 chromosomes and 5 bivalents. 
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