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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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phores is  w i t h  a gel buf fer  of tris-borate-acid E D T A ,  
0.036 M,  p H  8.1 and  a b r idge  buffer  of bora te ,  0.35 M,  
p H  9.0, in a field of 250 V a t  0 -5~  for  24 h. 

The  pep t i de  compos i t i on  was c o m p a r e d  w i t h  those  of 
h e m o g l o b i n  A a n d  h e m o g l o b i n  J B a l t i m o r e  b y  electro-  
phores i s  and  chromatography1~ of t r y p s i n  digests la ,  a0 
of t h e  v a r i a n t ' s  d ia lyzed  eluate .  

Results. The  m u t a t i o n  s i te  was localized to  t h e / 5  cha in  
b y  t he  h y b r i d i z a t i o n  expe r imen t ,  in wh ich  b a n d s  w i t h  
mobi l i t i es  of h y b r i d s  w i t h  ~52A-chains were a b s e n t  f rom 
t h e  e l ec t rophore tog ram,  as in  c a n i n e - v a r i a n t  h y b r i d s  of 
h e m o g l o b i n  fl J B a l t i m o r e  descr ibed p rev ious lyL  The  
cha in  e lec t rophores is  d a t a  conf i rmed  t he  i n t e r p r e t a t i o n  
as t he  m o b i l i t y  of t he  v a r i a n t  h e m o g l o b i n ' s  ~-chains  was 
s imi la r  to  those  of H b  A, whi le  i ts  E-chains m o v e d  fas te r  
t h a n  those  of H b  A (Figure  2). 

The  pep t ide  m a p  was t h a t  of H b  J fl B a l t i m o r e  1~, 14, in  
t h a t / 3  a T p I I  was  miss ing  a n d  flA T p I I I  was  d i m i n i s h e d ;  
t he  i d e n t i t y  of the  pep t ides  i nvo lved  was clarif ied b y  
d i f fe ren t ia l  s t a in ing  for t r y p t o p h a n e  and  arginine ,  
respect ively ,  in t he  a p p r o p r i a t e  pos i t ions  in pep t ide  m a p s  
of h e m o g l o b i n  A. I n  add i t ion ,  t he  m a p  revea led  2 pep t ides  
w i t h  mobi l i t ies  and  s t a in ing  p roper t i e s  s imi la r  to  t h e  
a b e r r a n t  pep t ides  of H b  J fl B a l t i m o r e  - a n e u t r a l  one, 
r e s emb l ing /5  J T p I I  in pos i t ion  and  t r y p t o p h a n e  con ten t ,  
a n d  a n  a n o d a l l y - m i g r a t i n g  pept ide ,  r e semb! ing  t he  com- 
b i n a t i o n  pept ide ,  y TplI-III, in  pos i t ion  and  t r y p t o -  
p h a n e / a r g i n i n e  con ten t .  

Molar  ra t ios  of glycine a n d  a spa r t i c  acid in  t h e  com- 
b i n a t i o n  pept ide ,  B J T p I I - I I I ,  were s imi la r  to  those  in t he  
e q u i v a l e n t  pep t ide  of h e m o g l o b i n  J fl Ba l t imore ,  e aft l~Asp, 
descr ibed  b y  BA~LIONI an d  WEATI~ERALL 14. 

Discussion. I n  t h e  absence  of screening  d a t a  or popu la -  
t i on  s tudies ,  r epor t s  of i n d i v i d u a l  cases or famil ies  w i t h  
i n h e r i t e d  t r a i t s  are  used to i l l u s t r a t e  t h e  d i s t r i b u t i o n  of 
ra re  m u t a n t  genes. Thus ,  our  d i scovery  of h e m o g l o b i n  J 
B a l t i m o r e  in a f o u r t h  u n r e l a t e d  F r e n c h - C a n a d i a n  family ,  
t h e  11 th  caucas i an  family ,  in  a t o t a l  oI 15 k n o w n  to  ca r ry  
t h e  t ra i t ,  suggests  a l imi t ed  d i s t r i b u t i o n  to  ce r t a in  popula -  
t ion  groups.  F u r t h e r m o r e ,  all t h e  caucas i an  famil ies  l ive  in  
or emig ra t ed  f rom W e s t e r n  E u r o p e ' s  coas ta l  regions-  
e i the r  t h e  Br i t i s h  Isles or Hol land ,  inc lud ing  a D a n i s h  
family,  in wh ich  t h e  v a r i a n t  is of D u t c h  or igin s . The  
v a r i a n t  h a s  been  r epo r t ed  in on ly  4 o t h e r  families,  3 of 
which  are of Af r i can  negro  stock,  a n d  1, of mixed  negro-  
caucas i an  p a r e n t a g e  ( the v a r i a n t  of wh ich  was t r aced  to  
t h e  caucas i an  line). Indeed ,  if t h e  F r e n c h  C a n a d i a n  is 
cons idered  M e d i t e r r a n e a n  (K. WII~TERI~ALDER, pe r sona l  
communica t ion ) ,  r a t h e r  t h a n  coas ta l  W e s t  E u r o p e a n ,  t h e n  
J B a l t i m o r e  may,  in t h i s  group,  br idge  t h e  gene d i s t r ibu -  
t ion  gap  b e t w een  Af r i can  a n d  W e s t  E u r o p e a n  popu la t i ons  ! 

The  lack of r epor t s  of o the r  h e m o g l o b i n o p a t h i e s  in  
F r e n c h  Canad i ans  suggests  t h a t  J fl B a l t i m o r e  is t he  
s t r u c t u r a l  v a r i a n t  mos t  l ikely to  be found  in th i s  popu la -  
t ion  group,  as hemog lob ins  S and  C so c lear ly  are in  
negroes.  Conversely,  t h e  few repor t s  of J B a l t i m o r e  in 
o t h e r  popu la t ions ,  even  those  a t  h i g h  r i sk  for hemo-  
g lob inopa th i e s  and,  therefore ,  l ike ly  to  be  screened 
e lec t rophore t ica l ly ,  also i nd ica t e  i t s  r a r i t y  an d  l imi ted  
d i s t r i bu t ion .  

Rdsumd. On a d6couver t  l ' h6moglob ine  J B a l t i m o r e  dans  
une  nouvel le  famil le  c a n a d i e n n e  f rangaise  , ce qui  po r t e  
q u a t r e  le n o m b r e  de famil les  de ce t te  e thnie ,  sans  l ien de 
paren t6 ,  off ce t te  h6moglob ine  v a r i a n t e  est  connue.  Cet te  
d6couver t e  conf i rme  le concep t  d ' u n e  d i s t r i b u t i o n  r4s- 
t r e in t e  au p o i n t  de vue  e thnologique ,  de ce t t e  m u t a t i o n .  
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Fig. 2. Etectrophoretogram of m- and fi-chains of variant hemoglobin 
and Hb A. Arrow indicates origin; + indicates anode. Reading from 
top to bottom: line 1, uneleaved variant hemoglobin; lines 2 and 5: 
a- and fl-ehains, respectively, of HMB-cleaved Hb A; lines 3 and 4: 
a- and fi-ehains, respectively, of HMB-cleaved variant hemoglobin; 
line 6, uncleaved Hb A. 
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