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L a c k  of L i n k a g e  B e t w e e n  the  Lp a n d  Ld S e r u m  
S y s t e m s  

T h e  i n h e r i t e d  s e r u m  s y s t e m  L p  w a s  d e m o n s t r a t e d  b y  
m e a n s  of  r a b b i t  i m m u n e  s e r a h  A b s o r b e d  s e r a  f r o m  
i m m u n i z e d  r a b b i t s  d e m o n s t r a t e d  a n  a n t i g e n i c  f l - l ipopro-  
t e i n  f a c to r ,  t h e  L p ( a )  f a c t o r ,  p r e s e n t  in  s o m e  b u t  n o t  a l l  
h u m a n  se ra .  T h e  p r e s e n c e  of  t h e  f a c t o r  w a s  g o v e r n e d  b y  
a s i m p l e ,  a u t o s o m a l ,  d o m i n a n t  m o d e  of  i n h e r i t a n c e  ~,2. 
T h e  L p  s y s t e m  w a s  f o u n d  to  be  c o m p l e t e l y  i n d e p e n d e n t  
of  t h e  A g  s y s t e m ,  w h i c h  a lso  r e f e r s  to  t h e  f i - l i pop ro t e in  
of  h u m a n  s e r u m  a. N o  l i n k a g e  o r  a s s o c i a t i o n  w a s  d e m o n -  
s t r a b l e  b e t w e e n  t h e  L p  s y s t e m  a n d  t h e  s y s t e m s  A B O ,  
M N S ,  R h ,  Le ,  L u ,  P ,  F y ,  K ,  Jk ,  H p ,  Gc,  G m ,  I n v  a n d  
A g  4-6. 

I n  1963,  d u r i n g  a s t u d y  of  s e r a  f r o m  p a t i e n t s  w h o  h a d  
r e c e i v e d  s e v e r a l  b l o o d  t r a n s f u s i o n s ,  a s e r u m  w a s  f o u n d  
w h i c h  f o r m e d  a p r e c i p i t a t e  w i t h  s o m e ,  b u t  n o t  all ,  h u m a n  
s e r a  i n  a g a r  ge l  d o u b l e  d i f f u s i o n  e x p e r i m e n t s  7,s. I n  s u b -  
s e q u e n t  e x p e r i m e n t s ,  t h e  s e r u m  a n t i g e n  d e m o n s t r a t e d  
b y  t h e  p a t i e n t ' s  s e r u m  w a s  s h o w n  to  b e l o n g  to  t h e  low 
d e n s i t y  f l - l i pop ro t e in s  9. I n v e s t i g a t i o n  of  s e r u m  s a m p l e s  
f r o m  m e m b e r s  of  81 f a m i l i e s  w i t h  a t o t a l  o f  363 c h i l d r e n  

T h e  d a t a  p r e s e n t e d ,  w h i c h  a r e  s h o w n  g r a p h i c a l l y  in  
t h e  F i g u r e ,  a r e  s u f f i c i e n t  to  e x c l u d e  d e f i n i t e l y  c lose  
l i n k a g e ,  a n d  e v e n  l oose r  l i n k a g e  is u n l i k e l y .  T h e  m o s t  
l i ke ly  r e c o m b i n a t i o n  f r a c t i o n  is 0.5, or  f ree  r e c o m b i n a t i o n .  
I t  is c o n c l u d e d  t h a t  t h e  L p  a n d  L d  loci a re  n o t  l i n k e d  12. 
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The Lp and Ld serum systems: the relative probabilities of various 
recombination fractions. 

The Lp and Ld serum systems: lod scores 

Family Scoring Recombination fraction 0 
No. 

0.00 0.05 0.10 0.20 0.30 0.40 0.50 

1 z 1 (1 : 3) e I (2 : 2) - o o  - 0.491 - 0.253 - 0.077 - 0.019 - 0.003 0 
2 Z~ (0 : 1 : 2 : 0) d 2 (1 : 2) 0.240 0.184 0.153 0.095 0.045 0.012 0 
3 Z~ (3 : 0 : 1 : 1) e 2 (4:1) 0.188 0.162 0.136 0.085 0.041 0.011 0 
4 Ze(1:0:1:1)  d 2(1:2) --0.085 --0.069 --0.054 --0.030 --0:014 --0.003 0 
5 Z~ (4:2:0) % (5:1) -- 0.120 -- 0.103 -- 0.081 -- 0.045 -- 0.018 -- 0.005 0 
6 Z3 (2:1:1) %(3:1) --oo --0.568 --0.315 --0.113 --0.037 --0.007 0 
7 Z 1 (3:4) e I (3:4) --oo -- 2.167 -- 1.334 -- 0.585 -- 0.228 -- 0.053 0 
8 Z~ (2:2:1:0) e 2 (3:2) 0.068 0.058 0.048 0.028 0.014 0.004 0 
9 Z 2(1:1:1:1)  d3(2:2) oo --0.795 --0.503 --0.227 --0.091 --0.022 0 

Sum of lod scores --oo -- 3.789 -- 2.203 -- 0.869 -- 0.307 -- 0.066 0 
Antilog = relative probabilities of 0 0.006 0.135 0.493 0.859 1.0 

r e v e a l e d  t h a t  t h e  a n t i g e n  w a s  i n h e r i t e d  as  a d o m i n a n t ,  
a u t o s o m a l  t r a i t  ~ N o  o b v i o u s  r e l a t i o n  b e t w e e n  t h i s  a n t i -  
g e n  a n d  t h e  L p  or  A g  s y s t e m s  w a s  f o u n d ,  a n d  i t  w a s  
t e n t a t i v e l y  c o n c l u d e d  t h a t  t h e  d e m o n s t r a t e d  a n t i g e n  
w a s  p a r t  of  a n e w  s e r u m  s y s t e m  9. T h i s  s y s t e m  w a s  ca l l ed  
t h e  L d  s y s t e m ,  w h e r e  L d  s t a n d s  for  ' l o w - d e n s i t y '  l ipo-  
p r o t e i n .  A c c o r d i n g  t o  t h i s  n o t a t i o n ,  p e o p l e  w h o  p o s s e s s  
t h e  L d  a n t i g e n  in  t h e i r  s e r u m  a r e  of  p h e n o t y p e  L d ( a  +) 
a n d  p o s s e s s  t h e  a u t o s o m a l  g e n e  L d  a in  s i ng l e  o r  d o u b l e  
dose .  

B o t h  t h e  L p  a n d  L d  f a c t o r s  h a v e  p h e n o t y p e  f r e q u e n c i e s  
t h a t  m a k e  t h e m  v e r y  u s e f u l  g e n e t i c  m a r k e r s  ( a b o u t  3 5 %  
L p ( a  +) a n d  a b o u t  4 2 %  L d ( a  +) in  t h e  N o r w e g i a n  p o p u l a -  
t ion) .  S ince  b o t h  a n t i g e n s  a re  f o u n d  in  t h e  f l - l i pop ro t e in s  
o f  h u m a n  s e r u m ,  i t  w a s  t h o u g h t  d e s i r a b l e  to  i n v e s t i g a t e  
w h e t h e r  t h e  g e n e  loci c o n t r o l l i n g  t h e  2 s y s t e m s  w e r e  
l i nked .  T h u s ,  81 f a m i l i e s  w h i c h  h a d  b e e n  t e s t e d  for  t h e  
L d ( a )  f a c to r ,  we re  s c o r e d  for  t h e  L p (a )  f a c t o r  1~ Of  t h i s  
n u m b e r ,  9 f a m i l i e s  p r o v i d e d  l i n k a g e  i n f o r m a t i o n  for  t h e  
L p  a n d  L d  s y s t e m s .  F o r  e a c h  f a m i l y ,  l i n k a g e  s co re s  a t  
s e v e r a l  d i f f e r e n t  v a l u e s  o f  t h e  r e c o m b i n a t i o n  f r a c t i o n  
we re  e s t i m a t e d ,  e m p l o y i n g  t h e  ' l o d '  s c o r e s  o f  MORTON 11, 
w i t h  p r o p e r  c o r r e c t i o n s .  T h e  sco re  f r o m  e a c h  f a m i l y  w a s  
t h e n  a d d e d  u p ,  g i v i n g  t h e  ' l o d '  s co r e s  of  t h e  t o t a l  m a t e -  
r ia l ,  a t  d i f f e r e n t  v a l u e s  of  t h e  r e c o m b i n a t i o n  f r a c t i o n .  
T h e s e  d a t a  a r e  s h o w n  in  t h e  T a b l e .  

Zusammen/assung. M e h r e r e  g e n e t i s c h  d e t e r m i n i e r t e  
A n t i g e n s p e z i f i t ~ t t e n  a m  m e n s c h l i c h e n  S e r u m  f l -Lipo-  
p r o t e i n ,  d a r u n t e r  L p -  u n d  L d - A n t i g e n ,  s i n d  b e s c h r i e b e n ;  
9 F a m i l i e n ,  in  d e n e n  be ide  A n t i g e n e  s e g r e g i e r e n ,  s i n d  
u n t e r s u c h t  w o r d e n .  E s  w i rd  geze ig t ,  d a s s  be ide  A n t i g e n e  
u n a b h ~ n g i g  v o n e i n a n d e r  s e g r e g i e r e n ,  so,  d a s s  die  L p -  
u n d  L d - L o c i  n i c h t  e n g  g e k o p p e l t  s e in  k 6 n n e n  u n d  d e m o n -  
s t r i e r t ,  d a s s  Loc i ,  d ie  A n t i g e n s p e z i f i t ~ i t e n  a m  s e l b e n  
S e r u m p r o t e i n  b e s t i m m e n ,  n i c h t  u n b e d i n g t  g e k o p p e l t  s e in  
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