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S u m m a r y .  E v i d e n c e  i s  p r e s e n t e d  t h a t  a d o m i n a n t  a l l e l e ,  S, i s  e x p r e s s e d  a s  a r e c e p t o r  f o r  K88 on  t h e  b r u s h -  
b o r d e r  s u r f a c e  of  t h e  p i g  i n t e s t i n a l  c e l l .  The  h o m o z y g o u s  r e c e s s i v e  ( s s )  l a c k s  t h i s  r e c e p t o r .  The  r e c e p t o r  
e n a b l e s  K88 - p o s i t i v e  c o l i f o r m s  to a d h e r e  to  the  gut  of  t h e  p i g l e t  w h i c h  t h e y  m u s t  do i f  t h e y  a r e  to  c a u s e  n e o -  
n a t a l  d i a r r h o e a .  The  h o m e z y g o u s  r e c e s s i v e  i s  t h u s  a d i s e a s e  r e s i s t a n t  a n i m a l .  

A p o s s i b l e  r e a s o n  f o r  t h e  p e r s i s t e n c e  o f  t h e  d o m i n a n t  ( s u s c e p t i b l e )  g e n e  i s  g i v e n .  

Key  w o r d s :  D i s e a s e  - S u s c e p t i b i l i t y  - P o l y m o r p h i s m  - R e s i s t a n c e -  E. coli 

K88 i s  a p r o t e i n  o n  t h e  s u r f a c e  of  s o m e  c o l i f o r m s  

w h i c h  e n a b l e s  t h e  b a c t e r i u m  to  c o m b i n e  w i th  a r e c e p -  

t o r  on  t h e  s u r f a c e  of  t h e  i n t e s t i n a l  e p i t h e l i u m  of  t h e  

p i g .  Th i s  a d h e s i o n  o f  b a c t e r i a  to  t h e  c e l l s  l i n i n g  t h e  

gut  i s  a n e c e s s a r y  t h o u g h  no t  a s u f f i c i e n t  c o n d i t i o n  f o r  

p a t h o g e n i c i t y .  K88 i s  t h e r e f o r e  a v i r u l e n c e  f a c t o r  f o r  

E. e v l i  i n  t h e  n e o n a t a l  p i g  ( A r b u c k l e  1970 ;  S o j k a  1 9 7 1 ;  

J o n e s  a n d  R u t t e r  1972 ;  S m i t h  a n d  L inggood  1 9 7 2 ) .  

The  r e c e p t o r  f o r  t h e  K88 a n t i g e n  i s  no t  p r e s e n t  in  

a l l  p i g s .  We h a v e  d e v i s e d  a s i m p l e  t e s t  in  w h i c h  t h e  

b r u s h  b o r d e r s  a r e  i s o l a t e d  f r o m  t h e  m u c o s a l  c e l l s  of  

t h e  s m a l l  i n t e s t i n e  a n d  a r e  s u s p e n d e d  w i th  K 8 8 - p o s i -  

t i v e  b a c t e r i a .  A d h e s i o n  of  b a c t e r i a  to  t h e s e  b r u s h  b o r -  

d e r s  o c c u r s  in  p r e p a r a t i o n s  f r o m  t h o s e  a n i m a l s  w h i c h  

h a v e  t h e  r e c e p t o r  ( p o s i t i v e  p i g s )  ; no  a d h e r e n c e  i s  

s e e n  in  p r e p a r a t i o n s  f r o m  a n i m a l s  l a c k i n g  t h e  r e c e p -  

t o r  ( n e g a t i v e  p i g s )  ( S e l l w o o d ,  G i b b o n s ,  J o n e s  a n d  

R u t t e r  1 9 7 5 ) .  It  i s  a n e c e s s a r y  c o n s e q u e n c e  of  t h e  

f i r s t  p a r a g r a p h  t h a t  t h e  n e g a t i v e  p i g s  s h o u l d  b e  r e s i s -  

t a n t  to  i n f e c t i o n  by  K 8 8 - p o s i t i v e  E. e v l i  a n d  t h i s  h a s  

b e e n  s h o w n  e x p e r i m e n t a l l y  to  b e  s o  ( R u t t e r ,  B u r r o w s ,  

S e l l w o o d  a n d  G i b b o n s  1 9 7 5 ) .  

To s t u d y  t h e  g e n e t i c s  of  t h i s  p h e n o m e n o n  i t  i s  n e c e s -  

s a r y  to d e c i d e  h o w  to  a p p r o a c h  t h e  p r o b l e m ,  t h e  d i f f i -  

c u l t y  b e i n g  t h a t  t h e  p h e n o t y p e  c a n n o t  b e  o b s e r v e d  u n t i l  

t h e  a n i m a l  i s  d e a d .  The  n o r m a l  way  in  w h i c h  g e n e t i c  

d a t a  a r e  p r e s e n t e d  c a n  o n l y ,  in  t h i s  c a s e ,  b e  d o n e  r e -  

t r o s p e c t i v e l y .  We  f ee l  i t  m o r e  u s e f u l  to  p r e s e n t  t h e  

e x p e r i m e n t s  w i t h  t h e  r e a s o n i n g  t h a t  we a c t u a l l y  e m -  

p l o y e d ,  r a t h e r  t h a n  f o r c e  t h e  d a t a  i n t o  a d i f f e r e n t  m o u l d ,  

e v e n  t h o u g h  s u c h  d i s t o r t i o n  w o u l d  r e s u l t  i n  a m o r e  

c o n v e n t i o n a l  a p p r o a c h .  We a r e  a b l e  to  t a k e  a d v a n t a g e  

of  t h e  f ac t  t h a t  t h e  p i g  i s  a p o l y t o c o u s  a n i m a l  a n d  i t  i s  

p o s s i b l e  to  d i v i d e  l i t t e r s  in to  t h r e e  t y p e s :  1 .  n o n - s e g -  

r e g a t i n g  s u s c e p t i b l e  ( a l l  l i t t e r  s u s c e p t i b l e )  2 .  n o n - s e g -  

r e g a t i n g  r e s i s t a n t  ( a l l  l i t t e r  r e s i s t a n t )  a n d  3 .  s e g r e -  

g a t i n g  ( l i t t e r  c o n t a i n s  p i g l e t s  of  b o t h  p h e n o t y p e s ) .  

W h i l e  s o m e  of  o u r  i n f o r m a t i o n  i s  d e r i v e d  f r o m  t h e  

p h e n o t y p e s  of  r a n d o m l y  s e l e c t e d  a n i m a l s  a s  t h e y  a r e  

s e n t  f o r  s l a u g h t e r ,  t h e  m o s t  u s e f u l  d a t a  i s  o b t a i n e d  

f r o m  e x p e r i m e n t s  in  w h i c h  we s l a u g h t e r  a n d  p h e n o t y p e  

a n  e n t i r e  l i t t e r .  

The  p i c t u r e  w h i c h  e m e r g e s  i s  t h a t  o f  a v e r y  s i m p l e  

g e n e t i c  s y s t e m  wi th  v e r y  few d i s c o r d a n t  o b s e r v a t i o n s  

to  d a t e .  We a l s o  t r y  to  d e a l  w i t h  t h e  p r o b l e m  of  t h e  

c o n t i n u i n g  e x i s t e n c e  of  a g e n e  c o n f e r r i n g  s u s c e p t i b i l i -  

ty  to  a d i s e a s e .  In h u m a n  p o p u l a t i o n  g e n e t i c s  t h i s  i s  a 

l o n g - s t a n d i n g  p r o b l e m  to w h i c h  good  a n s w e r s  e x i s t  i n  

a few c a s e s  o n l y  ( M o t u l s k y  1 9 6 2 ) .  

A p r e l i m i n a r y  s u r v e y  h a s  a l s o  b e e n  m a d e  of  t h e  a s -  

s o c i a t i o n  of  t h i s  c h a r a c t e r i s t i c  w i th  o t h e r  g e n e t i c  f a c -  

t o r s  in  t h e  p i g  to  a s s e s s  l i n k a g e  a n d  t h e  r e s u l t s  to  d a t e  

a r e  r e p o r t e d .  

M a t e r i a l s  a n d  M e t h o d s  

The  C o m p t o n  p i g  h e r d  c o n s i s t s  of  a b o u t  150 b r e e d i n g  
s o w s ,  ' L a r g e  W h i t e '  • ' L a n d r a c e '  c r o s s e s .  The  f o u n -  
d a t i o n  w a s  h y s t e r o t o m y  d e r i v e d  in  1966 a n d  h a s  b e e n  



66 T h e o r .  A p p l .  G e n e t .  51 ( 1 9 7 7 )  

c l o s e d  u n t i l  r e c e n t l y ;  i t  i s  m a i n t a i n e d  a s  a m i n i m a l  
d i s e a s e  h e r d .  S o m e  e x o t i c  g e n e s  h a v e  b e e n  l a t e l y  i n -  
t r o d u c e d  by  AI .  A n i m a l s  h a v e  b e e n  p h e n o t y p e d  u s i n g  
a t e c h n i q u e  p r e v i o u s l y  d e s c r i b e d  ( S e l l w o o d  e t  a l .  1975 ) .  

T r a n s f e r r i n  t y p i n g  w a s  clone by  t h e  e l e c t r o p h o r e t i c  
t e c h n i q u e  of  K r i s t j a n s s o n  ( 1 9 6 3 ) .  L y m p h o c y t e  a n t i g e n s  
w e r e  d e t e c t e d  u s i n g  s p e c i f i c  a n t i s e r a  a s  d e s c r i b e d  by  
W h i t e  e t  a l .  ( 1 9 7 3 ) .  A q u e o u s  e x t r a c t s  of  m e c o n i u m  
( R a p o p o r t  a n d  B u c h a n a n ,  1950)  w e r e  t i t r a t e d  in  s e r i a l  
t w o f o l d  d i l u t i o n s  f o r  i n h i b i t i o n  of  a g g l u t i n a t i o n  of  h u m a n  
A a n d  0 r e d  c e l l s  by  h u m a n  a n t i - A  a n d  ee l  a n t i - / / s e r a ,  
( J o n s s o n  1 9 4 4 ) .  

R e s u l t s  a n d  D i s c u s s i o n  

I t  w a s  e s t a b l i s h e d  a t  a n  e a r l y  s t a g e  t h a t  t h i s  p h e n o t y p -  

ic  d i f f e r e n c e  w a s  i n d e p e n d e n t  of  t h e  a g e  of  t h e  p ig  a n d  

w a s  fu l l y  e s t a b l i s h e d  a t  b i r t h .  It  w a s ,  by  o u r  t e s t ,  a n  

a l l - o r - n o n e  c h a r a c t e r i s t i c .  A g e n e t i c  e x p l a n a t i o n  w a s  

c l e a r l y  l i k e l y  a n d  we o b s e r v e d  t h a t  we c o u l d  p i c k  ou t  

t h r e e  b o a r s  a l l  of  w h o s e  p r o g e n y  w e r e  s u s c e p t i b l e .  

We t e s t e d  58 p i g l e t s  s i r e d  by  t h e s e  t h r e e  a n i m a l s  in  

17 d i f f e r e n t  m a t i n g s ;  c l e a r l y  t h i s  s u g g e s t e d  t h a t  t h e  

s u s c e p t i b l e  p h e n o t y p e  w a s  t h e  e x p r e s s i o n  of  a d o m i -  

n a n t  g e n e .  Al l  t h r e e  p o s s i b l e  k i n d s  of  l i t t e r  c o u l d  b e  

o b s e r v e d  a m o n g  t h e  p r o g e n y  of  o t h e r  b o a r s ,  i n c l u d -  

ing  n o n - s e g r e g a t i n g  r e s i s t a n t  l i t t e r s  ; bu t  b o a r s  w h i c h  

s i r e d  t h i s  t y p e  of  l i t t e r  d id  no t  do s o  c o n s i s t e n t l y ,  i . e .  

w i th  o t h e r  s o w s  s e g r e g a t i n g  o r  n o n - s e g r e g a t i n g  s u s -  

c e p t i b l e  l i t t e r s  w e r e  o b s e r v e d .  An  o u t l i n e  of  t h e  p o s i -  

t i o n  e a r l y  in  t h e  i n v e s t i g a t i o n  a f t e r  t h e  f i r s t  20 l i t t e r s  

h a d  b e e n  e x a m i n e d  i s  g i v e n  in  T a b l e  1 .  On t h i s  b a s i s  

we m a d e  t h e  s i m p l e s t  a s s u m p t i o n ,  i . e .  t h a t  t h e  u n -  

d e r l y i n g  g e n e t i c  s y s t e m  w a s  a s i n g l e  M e n d e l i a n  l o c u s  

wi th  two a l l e l e s ,  S ( p o s i t i v e ,  s u s c e p t i b l e )  a n d  8 ( n e -  

g a t i v e ,  r e s i s t a n t ) ,  S b e i n g  d o m i n a n t  o v e r  8. Al l  m a t -  

i n g s  w h i c h  g a v e  a n o n - s e g r e g a t i n g  r e s i s t a n t  l i t t e r  of  

m o r e  t h a n  s i x  p i g l e t s  w e r e  c o n s i d e r e d  to b e  d e r i v e d  

f r o m  h o m o z y g o u s  r e c e s s i v e  p a r e n t s .  T h e r e  i s  of  

c o u r s e  a l w a y s  a p o s s i b i l i t y  t h a t  a l l  o f f s p r i n g  h a d  r e -  

c e i v e d  t h e  s a m e  ( r e s i s t a n t )  c h r o m o s o m e  f r o m  a h e t -  

e r o z y g o u s  p a r e n t ;  t h e  l a r g e r  t h e  l i t t e r  t h e  l e s s  l i k e l y  

t h i s  b e c o m e s .  The  c h a n c e  of  e r r o r  i s  1 in  2 n w h e r e  

n i s  t h e  n u m b e r  of  a n i m a l s  in  t h e  l i t t e r ,  c o n s e q u e n t l y  

we a c c e p t  t h e  s t a t i s t i c a l  p r o b a b i l i t y  of  t h e  i n c o r r e c t  

a s s i g n m e n t  of  g e n o t y p e  o n c e  in  128 t i m e s .  The  h o m o -  

z y g o u s  r e c e s s i v e  a n i m a l s  t h u s  p r o v i s i o n a l l y  i d e n t i -  

f i e d  w e r e  m a t e d  to u n k n o w n  a n i m a l s  a n d  t h e  r e s u l t i n g  

l i t t e r  w a s  p h e n o t y p e d .  The  u n k n o w n  p a r e n t  m a y  now 

b e  a s s i g n e d  a p r o v i s i o n a l  g e n o t y p e  ( a n d  p h e n o t y p e )  : 

T a b l e  1 .  S u s c e p t i b l e  a n d  r e s i s t a n t  p h e n o t y p e s  i n  i n d i -  
v i d u a l  l i t t e r s  of  p i g l e t s  s i r e d  by  d i f f e r e n t  b o a r s  

No .  of  w h o l e  P h e n o t y p e  
B o a r  l i t t e r s  e x a m i n e d  S u s c e p t i b l e  R e s i s t a n t  

1 S 0 0 0 
NS 2 22 0 

2 S 0 0 0 
NS 1 12 0 

3 S 5 23 24 
NS 6 0 51 

4 S 2 13 7 
NS 0 0 0 

5 S 1 5 7 
NS 3 0 26 

S = S e g r e g a t i n g  l i t t e r s  
NS = N o n - s e g r e g a t i n g  l i t t e r s  

T a b l e  2 .  P h e n o t y p i n g  of  w h o l e  l i t t e r s  of  w h i c h  t h e  
p h e n o t y p e  o f  a t  l e a s t  one  p a r e n t  i s  k n o w n  

No .  of  P h e n o t y p e  
Type  Of M a t i n g  M a t i n g s  L i t t e r s  + - 

S* 0 0 0 
- X- 9 NS* 9 0 84 

S 8 36 32 + X -  10 
NS 2 23 0 

NS 5 50 0 
- x ? 2 6  S 16 71 71 

NS 5 0 44 

NS 4 46 0 
+ X ?  5 S 1 6 2 

S* = S e g r e g a t i n g  l i t t e r  
NS* = N o n - s e g r e g a t i n g  l i t t e r  
+ = S u s c e p t i b l e  p h e n o t y p e  
- = R e s i s t a n t  p h e n o t y p e  

i f  t h e  l i t t e r  s e g r e g a t e s ,  i t  i s  a h e t e r o z y g o t e ;  i f i t d o e s  

no t  s e g r e g a t e  a n d  a l l  p i g l e t s  a r e  s u s c e p t i b l e ,  i t  i s  a 

h o m o z y g o u s  d o m i n a n t ;  o r  i t  i s  a h o m o z y g o u s  r e c e s -  

s i v e ,  i f  a l l  p i g l e t s  a r e  r e s i s t a n t .  

The  b r e e d i n g  s t o c k  w e r e  no t  n o r m a l l y  s l a u g h t e r e d  

u n l e s s  t h e y  h a d  c e a s e d  to b e  u s e f u l  f o r  b r e e d i n g ,  bu t  

to  d a t e  26 of  o u r  g e n o t y p e d  a n i m a l s  h a v e  b e e n  s l a u g h -  

t e r e d  a n d  t h e  a s s i g n e d  p h e n o t y p e  was  in  e v e r y  c a s e  

c o r r e c t .  In  a d d i t i o n  a n i m a l s  w h i c h  w e r e  t h e  o f f s p r i n g  

of  two h o m o z y g o u s  r e c e s s i v e  p a r e n t s  c o u l d  b e  a s s i g n -  

e d  t h e  88 g e n o t y p e  a n d  t h e r e f o r e  t h e  r e s i s t a n t  p h e n o -  

t y p e .  F r o m  T a b l e  2 i t  m a y  b e  s e e n  t h a t  in  a l l  c a s e s  

w h e r e  t h e  p h e n o t y p e s  a r e  k n o w n  to  b e  r e s i s t a n t  t h e  

l i t t e r s  a r e  a l l  r e s i s t a n t ;  a d d i t i o n a l l y  we h a v e  a n i m a l s  

a r i s i n g  f r o m  t h e  s a m e  t y p e  of  m a t i n g  w h e r e  t h e  h o m o -  

z y g o u s  r e c e s s i v e  g e n o t y p e  of  t h e  p a r e n t s  c a n  o n l y  b e  
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i n f e r r e d .  F i f t y - t h r e e  of  t h e s e  a n i m a l s  ( a  r a n d o m  s e -  

l e c t i o n )  h a v e  b e e n  e x a m i n e d  w h e n  s l a u g h t e r e d  a t  p o r k  

w e i g h t  a n d  a l l  bu t  t h r e e  w e r e  found  to  b e  r e s i s t a n t .  

We b e l i e v e  t h a t  t h e s e  t h r e e  a n i m a l s  ( two  of  w h i c h  

w e r e  in  o n e  b a t c h )  h a v e  b e e n  m i s l a b e l l e d  e i t h e r  o n  

f a r m  o r  in  t h e  l a b o r a t o r y .  

F u r t h e r  t e s t s  f o r  t h i s  s i m p l e  g e n e t i c  s y s t e m  a r e  

a v a i l a b l e ,  we c a n  c o m p a r e  t h e  o b s e r v e d  a n d  e x p e c t e d  

r a t i o s  in  t h e  p h e n o t y p e s  of  o f f s p r i n g  f r o m  k n o w n  m a t -  

i n g s .  T h e s e  a r e  g i v e n  in  T a b l e  2 .  In t h e  24 m a t i n g s  

of  p h e n o t y p i c a l l y  r e s i s t a n t  ( s s )  a n i m a l s  w h e r e  t h e  

o t h e r  p a r e n t  m a y  b e  a s s i g n e d  g e n o t y p e  Ss b e c a u s e  

t h e  l i t t e r  s e g r e g a t e s ,  we h a v e  210 p i g l e t s  in  t h e  r a t i o  

i 0 7 : 1 0 3 .  F i n a l l y  two p u t a t i v e  h e t e r o z y g o t e s  w e r e  

m a t e d  a n d  p r o d u c e d  a l i t t e r  of  l i  s u r v i v i n g  p i g l e t s .  

The  l i t t e r  w a s  r e a r e d  a n d  m a t e d  to h o m o z y g o u s  r e -  

c e s s i v e s .  The  r e s u l t a n t  l i t t e r s  w e r e  s l a u g h t e r e d  s o  

t h a t  t h e  o r i g i n a l  Ss • Ss l i t t e r  c o u l d  b e  g e n o t y p e d .  

We f o u n d  5 S S ,  5 Ss  a n d  1 s s .  O ne  e a c h  o f  t h e  t h r e e  

d i f f e r e n t  g e n o t y p e s  w a s  s l a u g h t e r e d  to  c o n f i r m  t h e  

p h e n o t y p e ,  a n d  c o n f i r m a t i o n  w a s  o b t a i n e d .  

O u r  p r i m a r y  o b j e c t i v e  h a s  b e e n  to i d e n t i f y  g e n o -  

t y p e s ,  f o r  w h i c h  p u r p o s e  we n e e d  t h e  h o m o z y g o u s  r e -  

c e s s i v e s ,  c o n s e q u e n t l y  i t  h a s  b e e n  e s s e n t i a l  to  b r e e d  

up  n u m b e r s  of  t h e s e  a n i m a l s .  W e  h a v e  no t  b e e n  a b l e  

to  c a r r y  out  a t r a d i t i o n a l  e x p e r i m e n t  in  w h i c h  h e t e r o -  

z y g o t e s  d e r i v e d  f r o m  two h o m o z y g o t e s  a r e  b a c k -  

c r o s s e d  o r  i n t e r b r e d  in  o r d e r  to  o b s e r v e  t h e  s e g r e g a -  

t i o n  of  p h e n o t y p e s  in  t h e  F 2 g e n e r a t i o n .  The  v a l i d i t y  

of  t h e  g e n e t i c  s y s t e m  p r o p o s e d  m u s t  r e s t  on  t h e  t y p e  

o f  e v i d e n c e  a d d u c e d  in  t h i s  p a p e r .  

No c o r r e l a t i o n  c o u l d  b e  found  b e t w e e n  t h e  // o r  A 

h u m a n  b l o o d  g r o u p  r e c e p t o r  in  t h e  m u c i n  of  t h e  p i g -  

l e t  ( C h a d w i c k  e t  a l .  1949)  a n d  e i t h e r  d i s e a s e  s u s c e p -  

t i b i l i t y  ( i n  two e x p e r i m e n t a l l y  i n f e c t e d  l i t t e r s )  o r  t h e  

s u s c e p t i b l e  p h e n o t y p e  (3 l i t t e r s ,  34 a n i m a l s ) .  N o n e  

of  t h e  l y m p h o c y t e  SL-A a n t i g e n s  e x a m i n e d  w a s  a s s o -  

c i a t e d  w i t h  t h e  g e n e s  s o r  S, n o r  in  a Ss • Ss m a t i n g  

g i v i n g  15 o f f s p r i n g  d i d  a n y  of  t h e  a n t i g e n  s y s t e m s  s e g -  

r e g a t e  w i th  e i t h e r  g e n e .  A g a i n  g e n e s  a t  t h e  t r a n s f e r -  

r i n  l o c u s  a r e  r a n d o m l y  a s s o c i a t e d  w i t h  t h e  two  g e n e s  

S a n d  s in  83 p i g l e t s  in  8 l i t t e r s  i n v e s t i g a t e d ,  bu t  i t  

w a s  of  i n t e r e s t  t h a t  in  o n e  m a t i n g  Ss T f  A Tfi B • 

s s  2 f  B 2 f  B g e n e  2 f  A a n d  S s e g r e g a t e d  t o g e t h e r  ( s e e  

T a b l e  3 ) .  The  o d d s  a g a i n s t  t h i s  o c c u r r i n g  f o r t u i t o u s -  

ly a r e  1 : 1 0 2 4  a n d  we c o n c l u d e  t h a t  t h e r e  i s  l i n k a g e  

b e t w e e n  t h e  T f  a n d  S l o c i .  In  a n o t h e r  m a t i n g ,  i n -  

A 
T a b l e  3 .  S e g r e g a t i o n  of  T f  a n d  S in  two u n r e l a t e d  
m a t i n g s  Ss TfATf~X ss  Tf ~ Tf ~ y i e l d i n g  14 a n d  9 p i g -  
l e t s  r e s p e c t i v e l y  

T r a n s f e r r i n  S u s c e p t i b l e  ( + ) / R e s i s t a n t  ( - )  
p h e n o t y p e  p h e n o t y p e  

+ 
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c l u d e d  in  T a b l e  3,  t h e r e  i s  a p p a r e n t l y  a c r o s s o v e r ;  

t h e  l i n k a g e  t h e r e f o r e  i s  no t  c l o s e .  In  n o n e  of  t h e  o t h e r  

m a t i n g s  e x a m i n e d  wou ld  i t  h a v e  b e e n  p o s s i b l e  to  d e -  

t e c t  l i n k a g e  o r  c r o s s i n g  o v e r  w i th  c e r t a i n t y .  

I n h e r i t e d  r e s i s t a n c e  to d i s e a s e  in  a n i m a l s  i s  w e l l -  

k n o w n ,  s e e  f o r  e x a m p l e  A l l i s o n  ( 1 9 5 4 ) ,  K o s t r o m o t i -  

n o v  e t  a l .  ( 1 9 7 2 )  ; P a y n e  ( 1 9 7 3 )  ; M c D e v i t t  a n d  B o d -  

m e r  ( 1 9 7 4 )  a n d  P r z y t u l s k i  a n d  P o r z e c z k o w s k a  ( 1 9 7 6 ) .  

In  m o s t  i n s t a n c e s  t h e  u n d e r l y i n g  b a s i s  i s  e i t h e r  no t  

k n o w n  o r  i s  c o n c e r n e d  w i th  t h e  i n h e r i t a n c e  of  t h e  i m -  

m u n e - r e s p o n s e  ( I r )  g e n e s  ( H i l d e m a n n  1973 ;  S v e j -  

g a a r d  e t  a l .  1 9 7 5 ) .  H o w e v e r ,  a n  i n s t a n c e  h a s  r e c e n t -  

ly  c o m e  to l i g h t  in  w h i c h  r e s i s t a n c e  to  a p a t h o g e n  

(Plasmodium vivax) i s  d e t e r m i n e d  by  t h e  a b s e n c e  of  a 

c e l l - s u r f a c e  r e c e p t o r  in  t h e  h o m o z y g o u s  r e c e s s i v e  

( M i l l e r  e t  a l .  1 9 7 5 ) ,  a s y s t e m  c l o s e l y  a n a l o g o u s  to  

t h a t  r e p o r t e d  h e r e .  In p a s s i n g  we m a y  p o i n t  ou t  t h a t  

t h e  p r e s e n c e  o r  a b s e n c e  of  s p e c i f i c  p a t h o g e n  r e c e p -  

t o r s  on  t h e  c e l l  s u r f a c e  p r o b a b l y  u n d e r l i e s  i n t e r - s p e -  

c i e s  h o s t - p a t h o g e n  s p e c i f i c i t y  a s  we l l  a s  t h e  i n t r a -  

s p e c i e s  d i f f e r e n c e  n o t e d  h e r e .  

In h e r d s  f r o m  w h i c h  we h a v e  e x a m i n e d  s a m p l e s ,  

b o t h  g e n e s  h a v e  b e e n  p r e s e n t  w i th  S p r e d o m i n a t i n g .  

In  a n  e n v i r o n m e n t  c o n t a i n i n g  v i r u l e n t  K 8 8 - p o s i t i v e  

E. c o l i  t h e  g e n e  S i s  c l e a r l y  a t  a d i s a d v a n t a g e  w i t h  

r e s p e c t  to  s a n d  i t  i s  n e c e s s a r y  to  s e e k  a r e a s o n  f o r  

t h e  p e r s i s t e n c e  of  S. T h e r e  a r e  m a n y  e x p l a n a t i o n s  

b a s e d  on  a c o m p e n s a t o r y  s e l e c t i o n  a g a i n s t  t h e  h o m o -  

z y g o u s  r e c e s s i v e  no t  a l l  of  w h i c h  c a n  b e  r u l e d  o u t .  

T h e r e  i s  h o w e v e r  no  d i s c e r n i b l e  e v i d e n c e  f o r  s u c h  a 

c o m p e n s a t o r y  s e l e c t i o n .  We w e r e  u n a b l e  to f i nd  a n y  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  r e s i s t a n t  

a n d  s u s c e p t i b l e  a n i m a l s  in  a s a m p l e  of  112 p o r k  

w e i g h t  a n i m a l s  w i th  r e s p e c t  to  t h e  e c o n o m i c a l l y  i m -  

p o r t a n t  p a r a m e t e r s  g r o w t h  r a t e ,  food  c o n v e r s i o n  e f -  

f i c i e n c y ,  o r  c a r c a s e  q u a l i t y ;  a n d  t h e r e  i s  no r e a s o n  

to  s u s p e c t  a r t i f i c i a l  s e l e c t i o n  by  t h e  b r e e d e r .  The  e x -  

p l a n a t i o n  we wou ld  t e n t a t i v e l y  a d v a n c e  i s  b a s e d  on  a 

c o n s i d e r a t i o n  of  t h e  a l t e r n a t i v e  way in  w h i c h  p i g l e t s  
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a r e ,  u n d e r  n a t u r a l  c o n d i t i o n s ,  p r o t e c t e d  f r o m  n e o n a -  

ta l  c o l i b a c i l l i o s i s ,  n a m e l y  by an t ibody  in the  c o l o s -  

t r u m .  
As shown by R u t t e r  and  J o n e s  (1973) h igh  c o n c e n -  

t r a t i o n s  of i m m u n e  an t i -K88  g lobul in  the  the  c o l o s -  

t r u m  of the  dam c o n f e r  on the  l i t t e r  s u b s t a n t i a l  

(~ 85 ~) p r o t e c t i o n  a g a i n s t  a r t i f i c i a l  i n fec t ion  with 

v i r u l e n t  K 8 8 - p o s i t i v e  o r g a n i s m s .  In the  c o u r s e  of an  

e p i d e m i c ,  as  the  d a m s  b e c o m e  i m m u n e ,  the  s e -  

l e c t i v e  a d v a n t a g e  of the  s8 genotype  will b e c o m e  

much  r e d u c e d ;  i t s  s i g n i f i c a n t  a d v a n t a g e  will be r e -  

s t r i c t e d  to the  in i t i a l  s t a g e s  a f t e r  the  i n t r o d u c t i o n  of 

v i r u l e n t  K 8 8 - p o s i t i v e  E.eoZ~. into an  i m m u n o l o g i c a l l y  

na ive  h e r d .  Living p a t h o g e n s  in the  gut c an  s t i m u l a t e  

an t ibody  in c o l o s t r u m  and  mi lk  without  t h e r e  be ing  

any e v i d e n c e  of s y s t e m i c  i n v a s i o n  by the  pa thogen  

(Bohl  and  Saif  1975; K o h l e r  1974; Goldblum et  a l .  

1975) and  t h e r e  i s  s o m e  r e c e n t  e v i d e n c e  tha t  s t i m u -  

l a t i on  of s y s t e m i c  i m m u n e  IgG may  be  u n d e s i r a b l e  

( B r a n d t z a e g  and Tolo 1977) .  B o u r n e  (1977)  h a s  s u g -  

g e s t e d  tha t  gut a s s o c i a t e d  l ympho id  t i s s u e  may  m i g -  

r a t e ,  a s  p r e c u r s o r  c e l l s ,  to the  m a m m a r y  g l and .  The 

key f a c t o r  h o w e v e r ,  l i e s  in the  r e s p o n s i v e n e s s  of the  

two pheno types  to i m m u n o l o g i c a l  s t i m u l a t i o n  by b a c -  

t e r i a  in  the  s m a l l  i n t e s t i n e .  T h e r e  i s  m u c h  i n t e r e s t  in 

the  i m m u n o l o g i c a l  r e s p o n s e  of the  gut to i n t e s t i n a l  

c o n t e n t s  - not  only to b a c t e r i a l  f l o r a  but  a l so  to a n t i -  

gens  in the  food ( W a t s o n  1969; F e r g u s o n  1972) .  Gen-  

e r a l l y  t h i s  r e s p o n s e  is  poo r  u n l e s s  the  an t i g en  i s  in -  

g e s t e d  as  a l ive  n o n - i n d i g e n o u s  b a c t e r i u m  - heavy  

and  p e r s i s t e n t  d o s a g e  i s  r e q u i r e d  to e l i c i t  any r e a s o n -  

ab le  an t ibody  r e s p o n s e  to k i l l ed  o r g a n i s m s  ( M a r w i c k  

et a l .  1968; K i n n e - S a f f r a n  et  a l .  1968) .  Live  E. eoZi  

give  a good r e s p o n s e ,  as  m e a s u r e d  by p r o t e c t i o n  con-  

f e r r e d  ( K o h l e r  1974) and  exo t ic  o r g a n i s m s  give  a b e t -  

t e r  r e s p o n s e  t han  to au toch thonous  b a c t e r i a  (Dubos  et  

a l .  1965; B e r g  and  Savage  1972) .  We may  r e a s o n a b l y  

p o s t u l a t e  t ha t ,  to the  h o m o z y g o u s  r e c e s s i v e  sow,  the  

K 8 8 - p o s i t i v e  b a c t e r i u m  is  not to be  d i f f e r e n t i a t e d  

f r o m  o t h e r  c o m m e n s a l  c o l i f o r m s ,  w h e r e a s  to  s u s -  

c e p t i b l e  sows  it i s  a po ten t i a l  if  not an  ac tua l  p a t h o -  

gen .  As such  it i s  m u c h  m o r e  l ike ly  to s t i m u l a t e  a n t i -  

b o d i e s  in  the  s u s c e p t i b l e  a n i m a l .  Some p r e l i m i n a r y  

e x p e r i m e n t a l  e v i d e n c e  i s  a v a i l a b l e  to s u p p o r t  t h i s  

h y p o t h e s i s .  Of 12 sows  fed a c u l t u r e  of K 8 8 - p o s i -  

t i ve  n o n - p a t h o g e n i c  o r g a n i s m s  p r e - p a r t u m ,  both  ho-  

m o z y g o u s  d o m i n a n t s  and  t h r e e  out of four  h e t e r o z y -  

go tes  p r o d u c e d  p r e c i p i t i n s  in  t h e i r  c o l o s t r u m .  One 

of s ix  h o m o z y g o u s  r e c e s s i v e s  did a l s o .  A full  r e -  

p o r t  of t h i s  e x p e r i m e n t  will  be  g iven  e l s e w h e r e .  

Once a good d e g r e e  of n a t u r a l  i m m u n i t y  h a s  b e e n  

e s t a b l i s h e d  in a h e r d ,  the  o f f s p r i n g  of both  h o m o z y -  

gous d o m i n a n t s  and  h e t e r o z y g o t e s  will  be qu i te  wel l  

p r o t e c t e d  a g a i n s t  the  d i s e a s e .  The o f f s p r i n g  of h o m o -  

zygous  r e c e s s i v e s  will  be  p r o t e c t e d  only if  they  a r e  

t h e m s e l v e s  h o m o z y g o u s  r e c e s s i v e s .  The h e t e r o z y -  

gous o f f s p r i n g  of  h o m o z y g o u s  r e c e s s i v e s  t h e r e f o r e ,  

a r e  now at  a c o n s i d e r a b l e  d i s a d v a n t a g e  c o m p a r e d  

with the  r e s t  of the  young pig  popu la t ion ;  they  a r e  

g e n e t i c a l l y  s u s c e p t i b l e  and  m i n i m a l l y  p r o t e c t e d  by 

a n t i b o d i e s  in  the  c o l o s t r u m  or  m i l k .  Thus we have  

s e l e c t i o n  a g a i n s t  a p a r t i c u l a r  c l a s s  of h e t e r o z y g o t e s ,  

a c i r c u m s t a n c e  which will  in  g e n e r a l  t end  to e l i m i n a t e  

the  l e s s  c o m m o n  g e n e .  

It m igh t  be  i m a g i n e d  tha t  s e l e c t i o n  for  the  g e n e s  

in the  h o m o z y g o t e  would be  b a l a n c e d  by an  equal  s e -  

l e c t i o n  a g a i n s t  the  s a m e  gene  in a f r a c t i o n  of the  h e t -  

e r o z y g o t e s .  This b a l a n c e  is  u n s t a b l e  h o w e v e r .  This 

may  not be  obv ious  but  a b r i e f  m a t h e m a t i c a l  a n a l y s i s  

(g iven  as  an  append ix)  m a k e s  i t  c l e a r .  It i s  the  in -  

v e r s e  c a s e  w h e r e  the  h e t e r o z y g o t e  i s  f a v o u r e d  o v e r  

both  h o m o z y g o t e s  which  g ives  r i s e  to a s t a b l e  b a l a n c -  

ed p o l y m o r p h i s m ,  e . g .  s i c k l e  ce l l  a n a e m i a  ( A l l i s o n  

1954) .  

The s e q u e n c e  of e v e n t s  would a p p e a r  to be  a s  fo l -  

lows : a c h a n c e  even t  c a u s e s  a r i s e  in the  n u m b e r  of 

K 8 8 - p o s i t i v e  c o l i f o r m s  in the  e n v i r o n m e n t  of a h e r d .  

Su s cep t i b l e  a n i m a l s  b e c o m e  in fec t ed  and t h e r e  is  high 

s e l e c t i o n  in f avour  of the  r e s i s t a n t  gene .  The s u s c e p t -  

ib le  b r e e d i n g  sows  now c o m m e n c e  to supply  i m m u n e  

bod ie s  in t h e i r  c o l o s t r u m  but  th i s  h a p p e n s  to a much  

l e s s e r  ex t en t ,  if  a t  a l l ,  in the  r e s i s t a n t  s o w s .  The 

s e l e c t i v e  a d v a n t a g e  of the  r e c e s s i v e  h o m o z y g o t e  i s  r e -  

duced  and  s i m u l t a n e o u s l y ,  f r o m  the  s e c o n d  s o u r c e ,  

s e l e c t i v e  p r e s s u r e  i s  b ro u g h t  to b e a r  a g a i n s t  s o m e  

of the  h e t e r o z y g o t e s .  The gene  f r e q u e n c y  of s now 

d r o p s ,  but  d i s e a s e  i n c i d e n c e  d i m i n i s h e s ,  pa thogen ic  

E. eoZi t end  to d i s a p p e a r  and  s e l e c t i v e  p r e s s u r e s  on 

the  gene  f r e q u e n c y  in both  d i r e c t i o n s  r e l a x .  The f r e -  

quency  of e will  now f luc tua te  at  a low leve l  unt i l  

h e r d  i m m u n i t y  is  l o s t  and  a n o t h e r  d i s e a s e  e p i s o d e  

p r e s e n t s  i t s e l f .  

The i n s t a b i l i t y  of the  s i t u a t i o n  m e a n s  tha t  in  the  

p r e s e n c e  of the  pa thogen  s e l e c t i o n  a g a i n s t  s in  a 

h ighly  i m m u n e  h e r d  m a y ,  indeed  t h e o r e t i c a l l y  shou ld ,  

r e d u c e  i t s  f r e q u e n c y  to z e r o  ( F e l s e n s t e i n  1976) .  On 
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the o ther  hand, should the f requency  of s r i s e  above 

the equ i l ib r ium f igure  in the absence  of subs tan t ia l  

i n c r e a s e  in the s e l ec t i on  agains t  the h e t e r o z y g o t e ,  or  

in p a r t i c u l a r  should it r i s e  above the c r i t i c a l  f igure  

of 0 . 5 ,  the f requency  of s should then i n c r e a s e  r a -  

pidly to 1. The pig populat ion of this  count ry  does not 

cons i s t  of a s e r i e s  of i so la t ed  b reed ing  popula t ions ,  

but n e v e r t h e l e s s  one would expec t  to find he rds  with 

a nil o r  low s f r equency  and h e r d s  en t i r e ly  hom ozy-  

gous for  s with few i n t e r m e d i a t e  h e r d s .  In the Comp-  

ton he rd  the g e n e  f requency  of s was in i t ia l ly  0 .6  

and is  tending to r i s e ,  but a c e r t a i n  amount  of a r t i f i -  

c ia l  s e l e c t i o n  is  taking p l a c e .  In t h r e e  o ther  he rds  

examined  the f requency  was low.  The effect  of an i m -  

munisa t ion  p r o g r a m m e  would be to d imin i sh  s e l e c -  

t ion p r e s s u r e  both in favour  of and agains t  the r e s i s -  

tant gene .  At p r e s e n t  no quant i ta t ive  p red i c t i on  can 

be made  as to which it would affect  m o s t ,  but it should 

be noted that it is pos s ib l e  that it could i n c r e a s e  the 

chance  of the e l imina t ion  of the potent ia l ly  va luable  

r e c e s s i v e  gene .  

Appendix 

If x = gene f requency  of s 

K• = s e l e c t i o n  coef f ic ien t  for  genotype ss (> 1) 
Ke = s e l e c t i o n  coef f ic ien t  for  genotype Ss born  to 

m o t h e r s  of genotype ss (< 1) 

Genotype f r e q u e n c i e s  are 

2 
8 8 = X  

Ss out of ss ~ = x2(1 - x) 

al l  o ther  Ss = ( 2 x -  x2) (1  - x) 

s s  = ( 1  - x )  2 . 

Hypothet ica l  genotype f r e q u e n c i e s  in F1 sub jec ted  
s imu l t aneous ly  to s e l e c t i o n  p r e s s u r e s  K• and K~ 

ss Ss SS 
2, 

r 2 
KlX2 K2x ( l - x ) §  ( 2 x - x 2 ) ( 1 - x )  ( l - x )  2" 

Frequency of genes therefore is 

2KlX2+K2x2 ( l - x ) +  (2x-x  2) ( l - x )  

2 [KlX2+K2x2 ( l - x ) +  (2x-x  2 ) ( l - x ) +  ( l - x )  2 ] 

so that  for  the change in x p roduced  by s e l e c t i o n ,  /~x, 
we have 

x 2 ( 1 - x )  [2K1+K2-3+2 ( l - K 2 ) x ]  
Ax = 

2[KlX2+K2x2(1-x)+ (2x-x  2) ( l - x ) +  ( l - x )  2] " 

Since the bot tom l ine  will  a lways  be p o s i t i v e ,  i t  fo l -  
lows that t h e r e  will  be an equ i l i b r ium when x = (2K~+ 
K2 - 3 ) / 2 ( K 2 -  1 ) .  But it fol lows ea s i l y  that ,  if  x i s  
g r e a t e r  than the equ i l i b r ium va lue ,  kx will  be pos i -  
t ive  if K2 < 1 (which is  a s s u m e d  in this  model )  and 
the equ i l ib r ium will  be uns tab le .  
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