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Sirenids: a Family of Polyploid Urodeles? 

The  Sirenids  (Amphib ia ,  Cauda ta )  are a smal l  g roup  of 
p e r m a n e n t l y  l a rva l  Urode les  whose  phy le t i c  r e l a t ionsh ips  
are  st i l l  deba t ed1 ;  t h e  f ami ly  inc ludes  t he  m o n o t y p i c  
Pseudobra,whus (P. striatus) a n d  Siren, w i t h  2 species 

(intermedia an d  lacertina). Only  l i t t l e  karyo log ica l  
i n f o r m a t i o n  is ava i l ab le  on  Sirenids,  a n d  i t  concerns  on ly  
Siren ~. 

We have made new observations on the chromosomes 
of these problematic Urodeles using the current squash 
techniques; moreover, we have calculated by histophoto- 
metrical methods the amount of the nuclear DNA content 
of the 3 species (for technical details, cf. 3). 

The dwarf siren (S. intermedia) has 46 chromosomes in 
the somatic set; the karyotype includes all bi-armed, 
rec ta-  (m) or s u b m e t a - c e n t r i c  (sin) ch ro mo s o mes  wh ich  
m a y  be  a r r a n g e d  in 23 pa i r s  of homologues  (2n  = 46, 
n = 23; N F -  or n u m b e r  of ch ron losome  a r m s -  ~ 92) 
(Figure I), Even if many chromosomes might be grouped 
in quartets, this karyotype is the most 'diploid' of the 
3 species of Sirenids (cf. below in the text) ; we have not 
found meiotic chromosomes in this species. 

The  g rea t  s i ren (S. lacertina) h as  52 ch ro mo s o mes  in t he  
somat i c  t i ssues ;  m a n y  e l emen t s  are m, sm or st (subtelo-  
centr ic)  an d  4 ch romosomes  are  t e locen t r i c  (t) (NF = 100). 
These  ch romosomes  m a y  be  g rouped  in 26 pa i rs  (2n  ~ 52, 
n --  26) or also in 13 q u a r t e t s  of morpho log ica l ly  v e r y  
s imi la r  e lements ,  wh ich  suggests  a poss ible  t e t r a p l o i d  
cond i t i on  in t h i s  species (4n  = 52, n = 13) (Figure  2). I n  
the male meiotic line, only 26 bivalen~s (and no quadri- 
valents) can be found (Figure 4): thus, in the case of 
tetraploidy, it might have been achieved by allopoly- 
ploidy 4. 

The mud siren (P. str~atus) has 64 chromosomes in the 
somatic set and 32 bivalents in the spermatocytes 
(Figures 3 and 5) ; this species has more st and t elements 
than S. lacertina (NF = about 120). Most chromosomes 
of P. striatus could be grouped in quartets, but this is not 
possible for some of them (i.e., the 2 largest chromosomes 
of the set, which are m, do not have equal partners). 

The nuclear DNA amount of S. intermedia corresponds 
to about 108 picograms per nucleus (pg/N), that of 
S. lacertina to  114 pg/N,  a n d  t h a t  of P, s tr iatus  to  91 
p g / N :  hence ,  t h e  species w i t h  t h e  h i g h es t  c h r o m o s o m e  
n u m b e r  (P.  striatus) h as  less nuc lea r  D N A  t h a n  b o t h  
species of Siren,  while  S. lacertina, t h e  m o s t  ' t e t r ap l o id '  
of t h e  th ree ,  has  t h e  h ighes t  D N A  a m o u n t .  I n  t h e i r  h i g h  
D N A  c o n t e n t  t h e  Sirenids  are s imi la r  to  o t h e r  paedo-  
genet ic  famil ies  of Caudata (Proteids ,  C r y p t o b r a n c h i d s  
an d  A m p h i u m i d s )  z, 3 

Since t h e  species of Si renids  w i t h  t h e  h ighe r  ch romo-  
some n u m b e r s  h a v e  more  t an d  st elements ,  m a n y  
in terspeci f ic  karyologica l  dif ferences  m i g h t  d e p e n d  on  
R o b e r t s o n i a n  m e c h a n i s m s  of cen t r i c  fus ion/f iss ion of ten  
compl i ca t ed  b y  f u r t h e r  pe r icen t r i c  invers ions .  

The  k a r y o t y p e  of Si renids  seems pecu l ia r  in  t he  
Caudata: t h e  a d v a n c e d  families of th i s  o rde r  (Ambys to -  
ma t ids ,  P l e thodon t id s ,  Amphiumids and Sa lamandr ids )  
h a v e  lower c h r o m o s o m e  n u m b e r s  (2n  b e t w e e n  28 a n d  22), 
t h e  i n t e r m e d i a t e  P ro t e ids  h a v e  2 n  = 38, while  t h e  
p r i m i t i v e  fanli l ies (Hynobi ids ,  C ry p t o b ran ch i d s )  h a v e  
c h r o m o s o m e  n u m b e r s  (2 n f rom 64 to  40) w h i c h  some t imes  
are s imi la r  to  those  of t h e  Sirenids,  b u t  in  t h i s  case show 
m a n y  mi c ro ch ro mo s o mes  (very small ,  do t - l ike  e lements )  
wh ich  are a b s e n t  in  t h e  k a r y o t y p e  of t h e  l a t t e r  fami ly .  

Fig. 1. The karyotype of Siren intermedia. 
Fig. 2. The karyotype of Siren lacertina. 
Fig. 3. The karyotype of Pseudobranchus striatus. 
Fig. 4. Spermatocyte bivalents of S. lacertina. 
Fig. 5. Spermatoeyte bivalents of P. s#riatus. 
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The  Sirenids  seem to  show (in var ious  degrees) t races  
of a t e t r a p l o i d  cond i t i on  in t he i r  c h r o m o s o m e  se t :  
indeed,  t he  pecul ia r  kaxyo type  found  in t he  f ami ly  
becomes  c o m p a r a b l e  to  t h a t  of o the r  famil ies  of Caudata 
only  on  t he  hypo thes i s  of i ts  d e r i v a t i o n  f rom a numer i -  
cal ly lower c h r o m o s o m e  set  b y  po lyp lo idy  (and f u r t h e r  
c h r o m o s o m e  changes ,  t yp i ca l  of each species and  t e n d i n g  
to 'd ip loidize '  t h e  newly  ar isen  t e t r ap lo id  ka ryo type) .  
Such  m e c h a n i s m s  could h a v e  been  of i m p o r t a n c e  for 
ach iev ing  gene dup l i ca t ion  du r ing  t he  evo lu t ion  of Ver-  
t e b r a t e  genomesS;  however ,  Si renids  m i g h t  r ep re sen t  the  
f i rs t  example  of a whole  a m p h i b i a n  fami ly  karyologica l ly  
d i f f e ren t i a t ed  b y  po lyp lo idy  2, 6 

Riassunto. I t r e  S i renid i  v i v e n t i  h a n n o  46, 52 e 64 
c romosonl i ;  il corredo di S. laeertina s e m b r a  t e t r ap lo ide  

(4n  = 52). Viene  f a t t a  l ' ipoteM che anche  i corredi  delle 
a l t re  due  specie de r iv ino  per  (al lo-)poliploidia d a  corredi  
a m i n o r  n u m e r o  cromosomico,  come si r i t r o v a n o  nelle 
famigl ie  {,superiori~> del l 'Ordine .  
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Hemoglobin J/3 Baltimore in a Fourth French Canadian Family 

F o u r t e e n  famil ies  w i t h  h e m o g l o b i n  J fi B a l t i m o r e  h a v e  
been  descr ibed,  7 of w h o m  are  caucas i ans  oi B r i t i s h  or 
D u t c h  ex t rac t ion ,  3 are caucas ians  of F r e n c h - C a n a d i a n  
stock,  3 are negroes  and  1 is of mixed  (caucasian-negro)  
p a r e n t a g e  1, 2. W e  r epo r t  t h e  d i scovery  of t h e  h e m o g l o b i n  
t y p e  in a f o u r t h  F r e n c h  C a n a d i a n  family,  t h e r e b y  add ing  
ev idence  to  the  concep t  t h a t  t he  gene for th i s  ra re  v a r i a n t  
occurs  on ly  in ce r t a in  p o p u l a t i o n  groups.  

Materials and methods. T he  h e m o g l o b i n  t y p e  of a 
hea l thy ,  16-year-old wh i t e  boy  came  to  our  a t t e n t i o n  
d u r i n g  hemog lob in  e lec t rophores is  while  his  bas ic  h e a l t h  
s t a t u s  was be ing  e v a l u a t e d  in a h e a l t h  m a i n t e n a n c e  pro-  
g r a m  for low- income families.  

The  p r o b a n d  was adolescent ,  of a s then ic  build,  w i t h  no 
ske le ta l  abnormal i t i e s .  He  was 165 cm ta l l  and  weighed 
67 kg. Hea r t ,  lungs  a n d  a b d o m i n a l  f ind ings  were n o r m a l ;  
t h e  spleen a n d  o the r  l y m p h  g lands  were n o t  pa lpable .  
Phys ica l  and  m e n t a l  d e v e l o p m e n t s  were normal .  P rev ious  
i l lnesses were u n r e m a r k a b l e  ; he  and  o the r  m e m b e r s  of t he  
f ami ly  h a d  been  t r e a t e d  a t  t he  cen te r  for f r equen t  b o u t s  
of s t rep tococca l  pha ryng i t i s .  

Hemato log ic  va lues  were normal .  W h i t e  cell and  
d i f fe ren t ia l  coun t s  were w i t h i n  n o r m a l  l imi t s ;  p l a t e l e t s  
and  red  cells were of n o r m a l  morpho logy .  The  u r ina lys i s  
was normal .  E lec t rophores i s  of b lood was a r ou t i ne  pro-  
cedure  in t he  e v a l u a t i o n  of h e a l t h  s t a t u s  of p a r t i c i p a n t s  in  
t he  h e a l t h  m a i n t e n a n c e  p rog ram.  

He was a f r a t e r n a l  twin,  t he  3rd of 6 ch i ld ren  (Figure 
1). The  p a t e r n a l  l ine  was F r e n c h  Canad ian ,  whose  an teced-  
en t s  h a d  emig ra t ed  f rom t h e  Mont rea l  a rea  to  n o r t h e r n  

Maine  a n d  e v e n t u a l l y  to  New Y o r k  Sta te .  No r e l a t ionsh ip  
was k n o w n  w i t h  t he  3 o t h e r  F r e n c h  C a n a d i a n  famil ies  
ca r ry ing  H b  J/3 Ba l t imore ,  al l  of w h o m  h a d  also m o v e d  to 
n o r t h e r n  New E n g l a n d  f rom the  P r o v i n c e  of Quebec.  

A f a s t - m o v i n g  b a n d  of h e m o g l o b i n  was found  in t he  
p r o b a n d ' s  h e m o l y s a t e  d u r i n g  e lec t rophores i s  on T i t a n  I I I  
cellulose ace t a t e  p la t e s  in  a Z ip-Zone  e lec t rophores i s  
chamber ,  w i t h  Supre  He ine  Buffer  of p H  8.4 a t  a c o n s t a n t  
vo l tage  of 400 V for 15 ra in  a t  r oom t e m p e r a t u r e  (Helena  
Labora to r ies ,  B e a u m o n t ,  Texas) .  The  v a r i a n t ' s  m o b i l i t y  
was  s imi la r  to  t h a t  of o the r  H b  J fi B a l t i m o r e  v a r i a n t s  
ident i f ied  in th i s  l abo ra to ry .  D e n s i t o m e t r y  ind ica t ed  t h a t  
t he  v a r i a n t  compr i sed  a p p r o x i m a t e l y  ha l f  (52%) of t he  
en t i re  h e m o l y s a t e  vo lume,  a p r o p o r t i o n  s imi la r  to  t h a t  in  
hemolysa t e s  f rom p a t i e n t s  w i t h  h e m o g l o b i n  J B a l t i m o r e  2. 

H e m o l y s a t e s  f rom t h e  f a t h e r  a n d  2 b r o t h e r s  also 
c o n t a i n e d  t he  f a s t - m o v i n g  b a n d  in t h e  same p r o p o r t i o n  
(Figure I). 

S t r u c t u r a l  s tud ies  were car r ied  ou t  w i t h  15 ml  of t he  
p r o b a n d ' s  t o l u e n e - e x t r a c t e d  h e m o l y s a t e  3, as descr ibed  
p rev ious ly  1. The  v a r i a n t  h e m o g l o b i n  was s epa ra t ed  a n d  
e lu ted  f rom the  o the r  hemog lob ins  b y  ve r t i ca l  po lyacry l -  
a m i d e  gel e lec t rophores i s  4, 5, a n d  the eIuate  c o n c e n t r a t e d  
to a p p r o x i m a t e l y  10 g pe r  100 ml  b y  v a c u u m  d ia lys i s<  
R e c o m b i n a n t  p r o d u c t s  o b t a i n e d  b y  h y b r i d i z a t i o n  were 
obse rved  on  cellulose ace t a t e  7, 8. 

The  m u t a t i o n  si te  was also local ized b y  a m e t h o d  in 
wh ich  t he  h e m o g l o b i n  cha ins  in  t he  d ia lyzed  e lua te  were 
c leaved w i t h  sod ium p - h y d r o x y  m e r c u r y  benzoa t e  
(HMB) 9 and  s epa ra t ed  in h o r i z o n t a l  s t a r c h  gel e lectro-  
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Fig. 1. Pedigree of proband with Hb J ~ Baltimore. 
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