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t he se  cells su rv ive  for  a t  l eas t  23 d a y s  ( f rom t h e  t w e l f t h  
d a y  of i n c u b a t i o n  to  t h e  f o u r t e e n t h  d a y  of p o s t e m b r y o n i c  
life). T h e  p r e s e n t  r e p o r t  does  n o t  offer  ev idence  for  t h e  
a c t i v i t y  of t h e  r ec ip i en t ' s  o w n  l y m p h o i d  cells in  t h e  
e l a b o r a t i o n  of an t i -O  agglu t in ins .  

I t  is qu i t e  possible  t h a t  t h e  t h y m u s  cells are  p o t e n t i a l l y  
c apab l e  of p r o d u c i n g  an t ibod ies ,  a n d  t he  resu l t s  p r e s e n t e d  
here  s u p p o r t  t he  idea t h a t  t h i s  o r g a n  in te r fe res  d i r ec t ly  
w i t h  i m m u n e  reac t ions .  Ea r l i e r  s tud ies  f r o m  t h i s  l abo ra -  
t o r y  d e m o n s t r a t e d  t h a t  t h e  ch i cken  t h y m u s  p a r t i c i p a t e s  
in  t he  d e v e l o p m e n t  of e x p e r i m e n t a l  al lergic t h y r o i d i t i s  
a n d  p a r a t h y r o i d i t i s  1i, c o n t a i n s  p l a s m a  cells a n d  g e r m i n a l  
cen t r e s  x2, i nduced  a s t a t e  of i m m u n o l o g i c a l  t o l e r ance  to  
sk in  h o m o g r a f t  ~,13, a n d  shows  specif ical ly  f luoresc ing  
a n t i b o d y - p r o d u c i n g  cells fol lowing h y p e r i m m u n i z a t i o n  
w i t h  a so luble  a n t i g e n  s. W'e a lso desc r ibed  t h e  ab i l i t y  of  
t h e  t h y m u s  t o  i n d u c e  a g r a f t - v e r s u s - h o s t  r e a c t i o n  w h e n  
i m p l a n t e d  on  t h e  e c t o d e r m a l  l aye r  of  t h e  chor ioa l l an to ic  
m e m b r a n e  of 12-day-old  e m b r y o s  g,13, a f i nd ing  w h i c h  was  
r ecen t l y  c o n f i r m e d  b y  G o o d  a n d  his  assoc ia tes  I4. These  
facts ,  in  c o n j u n c t i o n  w i t h  t he  p r e s e n t  f indings ,  m a y  
p rov ide  a solid bas i s  for  t h e  bel ief  t h a t  t h e  t h y m u s  cells 
are  d i r ec t l y  i n v o l v e d  in t h e  r ea l i za t ion  of i m m u n e  
responses .  I t  seems r e a s o n a b l e  to  a s sume  t h a t  t h e  t h y m u s  
p l ays  a t  l eas t  a n  aux i l i a ry  a n t i b o d y - s y n t h e s i z i n g  role 
wh ich  m a y  b e c o m e  more  p r o n o u n c e d  u n d e r  c e r t a i n  
e x p e r i m e n t a l  c i r c u m s t a n c e s  15. 

Zusammen[assung. Bei  T h y m u s -  u n d  M i l z i m p l a n t a t i o n  
au f  die c h o r i o a l a n t o i d e  M e m b r a n  v o n  K / i c k e n e m b r y o n e n ,  
die m i t  h u m a n e n  O - E r y t h r o z y t e n  i m m u n i s i e r t  wurden ,  
wi rd  O-H~imagglu t in in  erzeugt .  Die B u r s a  i s t  n i c h t  in  
de r  Lage,  a d o p t i v e  A n t i k 6 r p e r  zu b i lden .  
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The Adaptive Significance of Blood Potassium and Hemoglobin Types in Sheep 

EVANS 1 classified sheep  i n to  2 t ypes  on  t h e  bas is  of t he  
c o n c e n t r a t i o n  of p o t a s s i u m  in whole  b lood  ; t h e  t y p e  w h i c h  
h a d  a c o n c e n t r a t i o n  of p o t a s s i u m  of a p p r o x i m a t e l y  35m- 
equ iv] l  b lood  was d e s i g n a t e d  H K  a n d  t h e  o t h e r  t y p e  w h i c h  
h a d  a r e l a t ive ly  low c o n c e n t r a t i o n  of p o t a s s i u m  (approxi -  
m a t e l y  13m-equiv/1 b lood)  was  d e s i g n a t e d  LK.  Sheep  
h a v e  also been  classif ied in to  3 types ,  n a m e l y  A, B a n d  AB,  
b a s e d  on  t h e  e l ec t rophore t i c  mobi l i t i e s  of t h e i r  h e m o -  
g lob ins  ~,3. B o t h  t he se  c h a r a c t e r s  a re  i n h e r i t e d  as s imple  
m e n d e l i a n  alleles 3,4. An  assoc ia t ion  b e t w e e n  h e m o g l o b i n  A 
( H b  A) a n d  H K  t y p e  h a s  b e e n  sugges t ed  6. I n  s o u t h e r n  
B r i t a i n  t h e  H b  B gene  is more  c o m m o n  in  l owland  b r e e d s  
whe rea s  t h e  H b  A gene  p r e d o m i n a t e s  in  m o u n t a i n  a n d  
hi l l  breeds .  H e m o g l o b i n  A h a s  b e e n  f o u n d  to  be  more  
c o m m o n  in n o r t h e r n  E u r o p e  a n d  n o r t h e r n  B r i t a i n  a n d  
r e l a t i ve ly  u n c o m m o n  in N o r t h  Africa,  t h e  Middle  E a s t  
a n d  in I n d i a  e. 

T h e r e  a re  a few r epo r t s  dea l ing  w i t h  p o t a s s i u m  types  
a n d  t h e i r  a ssoc ia t ion  w i t h  some phys io log ica l  c h a r a c t e r s  
in  I n d i a n  sheep  v-n .  GHOSH, EYAL a n d  EVANS 1~ h a v e  
s t ud i ed  b o t h  h e m o g l o b i n  t y p e s  a n d  p o t a s s i u m  t y p e s  in  
some  ind igenous  b reeds  of R a j a s t h a n .  T h e  r e p o r t  b y  t he se  
workers  a p p e a r s  to  be  t h e  on ly  one  in t h e  l i t e r a t u r e  dea l ing  
w i t h  b o t h  these  phys io logica l  c h a r a c t e r s  - w h i c h  a re  
t h o u g h t  to  h a v e  a n  a d a p t i v e  s igni f icance  s - in  I n d i a n  
sheep.  T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  to  d e t e r m i n e  
(1) t h e  gene  f requenc ies  for  h e m o g l o b i n  a n d  p o t a s s i u m  
t y p e s  in  2 b reeds  of I n d i a n  sheep  (B ikane r i  a n d  Mandia )  
a n d  in c rossb red  sheep  (CorriedMe × Bikaner i )  a n d  (2) to  
d i scover  w h e t h e r  t h e r e  was  a n y  assoc ia t ion  b e t w e e n  
h e m o g l o b i n  t y p e s  a n d  e i t h e r  of t h e  p o t a s s i u m  types .  

A d u l t  B i k a n e r i  (52), M a n d i a  (30) a n d  Crossbred  (34) 
ewes were  used  ( n u m b e r s  i nd i ca t e  size of r e spec t ive  flocks). 
T h e y  were m a i n t a i n e d  a t  M a t h u r a  wh ich  is s i t u a t e d  close 

to  t he  a r id  s t a t e  of R a j a s t h a n  in Ind ia .  P o t a s s i u m  con-  
c e n t r a t i o n  in t h e  b lood  was d e t e r m i n e d  us ing  a B e c k m a n  
s p e c t r o p h o t o m e t e r ,  a n d  h e m o g l o b i n  t y p e  b y  p a p e r  elec- 
t r ophore s i s  in  a Car l  Zeiss J e n a  a p p a r a t u s .  

I t  is e v i d e n t  f rom t h e  T a b l e  t h a t  a l t h o u g h  t he  3 b reeds  
u n d e r  i n v e s t i g a t i o n  d i f fered  in  t h e  gene f requenc ies  for  
h e m o g l o b i n  a n d  p o t a s s i u m  types ,  the  H b  B a n d  H K  genes  
p r e d o m i n a t e d  in al l  t h e  3 breeds .  T h e  M a n d i a  b r e e d  h a d  
t h e  h ighes t  gene  f r e q u e n c y  for  H b  B a n d  H K .  Regress ion  
ana lys i s  u s ing  a n  I B M  1620 c o m p u t e r  showed  no  signifi-  
c a n t  co r r e l a t i on  b e t w e e n  gene  f requenc ies  for  H b  B a n d  
H K  (da t a  used  were  f r o m  t h e  p r e s e n t  w o r k  a n d  t h a t  of 
GHOSH e t  al.:*). However ,  i t  is seen  f rom t h e  T a b l e  t h a t  
in  al l  3 flocks,  t h e  f requenc ies  for t h e  H b  B a n d  H I (  genes  
were b o t h  q u i t e  h igh .  These  f ind ings  a re  c o n t r a r y  to  t h o s e  
of EVANS e t  al. s who  found  t h a t  t h e r e  was  a co r re l a t ion  
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Per cent distribution and gene frequencies of blood potassium and hemoglobin types in the 3 sheep breeds 

(A) Per cent distribution (B) Gene frequencies 

Breed Potassium types Hemoglobin types Breed 

HK LK A B AB 

Potassimn types Hemoglobin types 

HK LK A B 

Bikaneri 57.70 42.30 5.77 69.23 25.00 Bikaneri 
Mandia 66.66 33.33 0.00 93.33 6.66 Mandia 
Crossbred 58.82 41.18 2.94 79.41 17.65 Crossbred 

0.76 0.24 0.19 0.81 
0.82 0.18 0.03 0.97 
0.77 0.23 0.12 0.88 

b e t w e e n  t h e  gene f requencies  for  H b  A and  H K  in 33 dif- 
fe ren t  Br i t i sh  breeds  of sheep, and  also t h a t  H b  A and  H K  
appea red  to  be more  c o m m o n  in breeds  indigenous  to  
m o u n t a i n  areas  in Bri ta in .  The  dif ference in these  f indings  
m a y  be due  to  a d i f fe rent  mode  of a d a p t a t i o n  to  d i f fe rent  
e n v i r o n m e n t a l  condi t ions .  EVANS 13 and  TANEJA 1° sug- 
ges ted  t h a t  L K  sheep  are  b e t t e r  a d a p t e d  to  arid zone 
condi t ions  because  of the i r  lower w a t e r  consumpt ion .  
However ,  the  ve ry  fac t  t h a t  resul ts  ob ta ined  by  GHOSH 
et  al. TM and  TANEJA and  GHOSH ~ as well as t he  f indings  of 
t he  p r e s e n t  s t u d y  ind ica te  a m a r k e d  p r eponde rance  of 
H K  t y p e  an imals  in the  re la t ive ly  dr ier  p a r t s  of India ,  
would  clearly p o i n t  to  the  c o m p a r a t i v e  su i tab i l i ty  of such  
an imals  for these  t rac ts .  Because  sheep of H b  B and  t I K  
t y p e s  are m u c h  more  c o m m o n  in Ind ia  and  the  Middle  
E a s t  t h a n  sheep of H b  A (and AB) and  L K  types ,  i t  is 
sugges ted  t h a t  t he  H b  B and  H K  geno types  confer  an 
a d a p t i v e  a d v a n t a g e  in these  areas  and  the  an imals  which  
have  these  geno types  th r ive  best .  The  resul ts  of TANEJA 
e t  al. s s u p p o r t  th is  hypo thes i s  14. 

Rdsumd. On a effectu6 la num6ra t ion  globulaire e t  d6ter-  
rain6 la concen t r a t i on  du po ta s s ium dans  le sang de 2 races  
de m o u t o n s  de l ' I n d e  et  dans  celui des c ro i sements  de 
Corriedale e t  de Bikaneri .  La  p r6pond6rance  des t y p e s  
H b  B et  H K  indique  que  ce son t  ces ind iv idus  qui  s ' adap -  
t e n t  le mieux  aux  zones ar ides  de l ' Inde .  
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Cytologica l  Evidence  S u g g e s t i v e  o f  C r o s s i n g  O v e r  Within the M a m m a l i a n  X C h r o m o s o m e  

I n  1966, GALTON 1 p r oposed  t h a t  t he  m a m m a l i a n  sex 
c h r o m o s o m e s  or ig ina ted  f rom an  unba l anced  t r ans loca t ion  
b e t w e e n  the  m e m b e r s  of a homologous  pa i r  of  au tosomes  
a n d  t h u s  p r o d u c e d  2 c h r o m o s o m e s  of  unequa l  size t h a t  
are  now k n o w n  as X and  Y. I f  t h e  h y p o t h e s i s  is correct ,  
t h e  X c h r o m o s o m e  should  con ta in  a large dupl ica t ion .  

The  m o r p h o l o g y  of t h e  X c h r o m o s o m e  in tes t i cu la r  
p r e p a r a t i o n s  f rom 4 male  squirre l  m o n k e y s  (Saimiri boli- 
viensis), 6 male  rhesus  m o n k e y s  (Macaca mulatta), 1 male  
d w a r f  galago (Galago demidovii), and  1 male  ta rs ie r  (Tar- 
sius syrichta) sugges ts  t h a t  c h i a s m a t a  occur  wi th in  t he  
m a m m a l i a n  X c h r o m o s o m e  (Figure).  

Tes t icu lar  p r e p a r a t i o n s  were  m a d e  in t he  usual  man-  
ner  * b u t  w i t h  ove r squash ing  of t he  mater ia l ,  which  pro-  
duced  fa in t ly  s ta ined  p repara t ions ,  t ha t ,  in m a n y  cases, 
revea l  t he  s t ruc tu re  of t he  sex c h r o m o s o m e s  in t he  sex 
vesicle. A t  least  500 cel ls /animal  were  examined  and  a 
m e a n  of 50 cel ls /animal  pho tog raphed .  The  X chromo-  
some is a lways  ident i f iab le  dur ing  p rophase  I : it  is he te ro-  
ch roma t i c ;  i t  appea r s  close to  Y, which  is also he tero-  
ch roma t i c ;  and  i t  is t he  only  ch romosome  in which  chias- 
m a t a  are visible a t  pachy t ene ,  when  the  au tosomes  still  
show a rod-l ike shape.  The  charac te r i s t i c  conf igura t ion  
of t h e  X c h r o m o s o m e  can be clearly seen in a lmos t  100% 
of t he  cells in Saimiri and  in a b o u t  20% of the  cells in 
t he  o the r  species;  the  r emain ing  cells show the  typical ,  

da rk ly  s ta ined  sex  vesicle in which the  s t ruc tu r e  of the  
sex c h r o m o s o m e s  is no t  visible.  

The  size a n d  m o r p h o l o g y  of t h e  X c h r o m o s o m e  sug- 
ges t  t h a t  it  is b e n t  a t  a me d i a n  po in t :  t he  2 s t r a n d s  of 
t he  c h r o m o s o m e  are o f t en  visible.  In  S. boliviensis and  
M. mulatta, t he  only  species  s tud ied  a b o u t  wh ich  ade-  
q u a t e  i n fo rma t ion  on the  mi to t i c  c h r o m o s o m e s  is avail-  
able, t h e  X c h r o m o s o m e  is t he  size of t he  longer  au to-  
somes.  Never the less ,  du r ing  p a c h y t e n e  X is only  a b o u t  
hal f  t he  size of t h e  longer  au tosomal  b iva t en t s ;  a t  diplo-  
tene,  i t  is still  b e n t  a t  a me d i a n  p o i n t  in m o s t  cells. 

The  morpho logy  of t he  X c h r o m o s o m e  sugges ts  t h a t  
crossing over  t akes  place wi th in  it. I n  a b o u t  50% of  t h e  
cells in which  the  conf igura t ion  of X is visible, ac tua l  
exchanges  can be seen (Figures  a and  b). There  is now 
evidence  3 t h a t  w h e n  an au tosome  t r ans loca te s  in to  i ts  
homologous,  the  resu l t ing  ch romosome  can still  undergo  
crossing over  dur ing  meiosis.  I n  some spec imens  of t he  
r o d e n t  Sigmodon minimus 3, 2 acrocent r ic  ch romosomes  
have  undergone  cent r ic  fus ion;  meiot ic  s tudies  p rove  
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