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Fig. 1. Tentative partial map of the B system of cattle  blood groups, accor
ding to GROSCLAUDE et a l . (1982). The lin e a r order o f 17 genetic de
terminants, or groups of genetic determinants, i s  given in the median 
line . In  brackets : the order of the enclosed determinants could not 
be established. Groups of factors not enclosed in brackets (YY',  
E '3G", E '3G"F18, Oj K ')  correspond to subtype or subtype lik e  associa

tions .
The other genetic determinants shown are located according to the 
arrows :<— > defines the region in which a pa rticu la r determinant 
occurs (e.g. the determinant for B" occurs between those fo r G' and 
fo r E 'j )  ; —  (or — ->), indicates that th is  genetic determinant is

located to the le ft  (or to the righ t) of another determinant (e.g. 
the determinant fo r Gj i s  to the le ft  of that fo r B). *  BG2K is

very lik e ly  close to GjT. The operational distance between the deter

minants for Q and I ‘ was estimated to be 0,7 centimorgan (GROSCLAUDE 
et a l. ,  1979).

I
1-------(P'2,F20).

Fig. 2. Diagrammatic representation of the transm ission of the B system fac
tors of the Normande bull "B a il"  to 342 o ffsp ring  showing the occur
rence of 5 cases of recombination. The genotype of the bull in th is

system is  BS1A 1 /Bfil°  P 1A B * . » : an o ffsp ring  whose dam did 
not possess factors O ',  P ',  and B" in her genotype ; these matings 
are a l l conclusive and the1bull transmitted e ither G^A"I" or

G jO 'P 'jA "B " I“ ; 0 : an offspring whose dam possessed part, or a l l ,

of the above 3 factors ; part of these matings are not conclusive ;
1 : an offspring having received the recombinant phenogroup G jP 'jA "BnI " ;

2 : an offspring having received the recombinant phenogroup GjO'A“I " .

In  a l l five  cases of recombination the matings were conclusive. Note 
that 3 offspring tested consecutively have received a recombinant phe
nogroup, an event with a very low probab ility.
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As c o u l d  be i n t u i t i v e l y  e x p e c t e d ,  t h e  v a l u e s  o f  PR^ and 

w i l l  depend  on t h e  r e l a t i v e  v a l u e s  o f  f  and r .  For e x a m p l e ,  PR^  has

lo w  v a l u e s  ( *  0 , 0 5 )  when t h e  p h en ogrou p  <j> i s  f r e q u e n t  ( f  = 1 0 ~ 1 )  and when

- 4
r  ^ 10 , t h e  l a t t e r  r a n g e  o f  v a l u e s  c o r r e s p o n d i n g  t o  v e r y  s h o r t  i n t e r v a l s  i n
t h e  map, o r  t o  g e n e t i c  e v e n t s  more c o m p le x ,  t h u s  much r a r e r  th a n  s i n g l e  c r o s 
s i n g - o v e r  ( s e e  b e l o w ) .  C o n v e r s e l y  P ^  h a s  lo w  v a l u e s  ( $  0 , 0 2 )  when $ i s  r a r e

_3
( $ 1 0  ) and when t h e  v a l u e  o f  r  c o r r e s p o n d s  t o  t h e  o c c u r r e n c e  o f  s i n g l e  c r o s 

s i n g - o v e r  w i t h i n  a l o n g e r  i n t e r v a l ( 1 0 ' 3 < r  < 7 . 1 0 ' 3 ) .

PR/<t>

H o w e v er ,  t h e  m ain  d i f f i c u l t y  d o e s  n o t  l i e  i n  t h e  e s t i m a t i o n  o f  
and Pyj b u t  i n  t h e  p r o b le m  o f  w h ic h  d e c i s i o n  s h o u l d  be ta k e n  a b o u t  t h e

d u b io u s  p a r e n t a g e ,  kn ow ing  PR  ̂ and . T h i s  i s  an i n t e r e s t i n g  p r o b le m  o f

c h o i c e  b e tw e e n  two r i s k s  : e x c l u d e  a r i g h t  p a r e n t a g e  (" a r i s k " )  o r  a c c e p t  a 
wrong p a r e n t a g e  (" e r i s k " ) .  I t  w ould r e q u i r e  a d e t a i l e d  d i s c u s s i o n  a s  i n  t h e  
a n a l y s i s  by SALM0N-B0NNER0T ( 1 9 7 7 )  o f  p a t e r n i t y  p r o b le m s  i n  man.

As f a r  a s  c a t t l e  p a r e n t a g e  c o n t r o l  i s  c o n c e r n e d ,  a p o l i c y  may be r a 
t h e r  s i m p l y  d e f i n e d  f o r  p r a c t i c a l  u s e .  T h i s  p o l i c y  i s  b a s e d ,  a s  w i d e l y  a c c e p t e d ,  
on t h e  n e c e s s i t y  o f  m i n i m i z i n g  t h e  a r i s k ,  i f  n o t  o f  a n n u l i n g  t h i s  r i s k .

In  t h e s e  c o n d i t i o n s  t h e  g u i d e l i n e s  r e g a r d i n g  d u b i o u s  p a r e n t a g e s  c o u l d  
be a s  f o l l o w s  :

-  I f  t h e  p h en o g ro u p  i n  q u e s t i o n  a p p a r e n t l y  d e r i v e s  from s i n g l e  c r o s s i n g -  
o v e r  and i f  t h i s  p a r t i c u l a r  phen ogrou p  i s  a b s e n t  o r  v e r y  r a r e  i n  t h e  b r e e d ,  t h e  
p a r e n t a g e  c a n  be a c c e p t e d ,  w i t h  a r e a s o n a b l y  low  s r i s k .

-  I f  t h e  p h e n o g r o u p  i n  q u e s t i o n  c o u l d  o n l y  d e r i v e  from a g e n e t i c  e v e n t  
more c o m p le x  th a n  s i n g l e  c r o s s i n g - o v e r  and i f  t h i s  p a r t i c u l a r  p h en ogrou p  i s  
f r e q u e n t  i n  t h e  b r e e d ,  t h e  p a r e n t a g e  s h o u l d  be r e j e c t e d ,  w i t h  a r e a s o n a b l y  lo w  
a r i s k .

-  In  a n y  o t h e r  s i t u a t i o n ,  a t t e m p t s  s h o u ld  be made t o  g e t  more i n 
f o r m a t i o n  on t h e  c a s e  : 1 )  by  t r y i n g  t o  i d e n t i f y  w i t h  c e r t a i n t y  a l l  p o s s i b l e  
s i r e s ,  2 )  by m aking  u s e  o f  a d d i t i o n a l  p o ly m o r p h ic  s y s t e m s ,  i n  o r d e r ,  i f  t h e  
p a r e n t a g e  w e re  w r o n g ,  t o  d e t e c t  t h e  i n c o m p a t i b i l i t y  a t  a s y s t e m  o t h e r  th a n  
t h e  B s y s t e m .

I f  no d e c i s i v e  c o n c l u s i o n  can  be drawn from  t h e s e  a d d i t i o n a l  i n 
v e s t i g a t i o n s ,  t h e  p a r e n t a g e  s h o u l d  be a c c e p t e d .  In t h i s  c a s e ,  t h e  g r e a t e r  t h e  
number o f  p o ly m o r p h ic  s y s t e m s  c o n s i d e r e d ,  t h e  lo w e r  w i l l  be t h e  e r i s k .
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N o te  t h e  i m p o r t a n c e ,  f o r  t h i s  p r o c e d u r e ,  o f  t h e  i n f o r m a t i o n  a l 
r e a d y  a v a i l a b l e  on t h e  g e n e t i c  map o f  t h e  s y s t e m ,  and on t h e  r a t e  o f  r e c o m b i 
n a t i o n .

F i n a l l y ,  i t  s h o u l d  be u n d e r l i n e d  t h a t  t h e  p r o b le m  o f  d e c i s i o n  
a b o u t  d u b io u s  p a r e n t a g e s  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  lo w  p r o b a b i l i t y ,  o r  
e v e n  v e r y  lo w  p r o b a b i l i t y ,  d o e s  n o t  mean c e r t a i n t y  o f  non o c c u r r e n c e .  In s u p p o r t  
o f  t h i s ,  we have  a l r e a d y  d e m o n s t r a t e d  t h a t  g e n e t i c  e v e n t s  o t h e r  th a n  s i n g l e  
c r o s s i n g - o v e r  a c t u a l l y  o c c u r  w i t h i n  t h e  B s y s t e m  ( s e e  " c a s e  V i o l o n ” i n  
GROSCLAUDE e t  a l . ,  1 9 7 9 ) .  In a d d i t i o n ,  F i g u r e  2 s u m m a r iz e s  o b s e r v a t i o n s  made 
on t h e  p r o g e n y  o f  a Normande b u l l  " B a i l"  : i t  c a n  be s e e n  t h a t  3 r e c o m b in a n t  
p h e n o g r o u p s w e r e  s u c c e s s i v e l y  o b s e r v e d  i n  h i s  p r o g e n y ,  a l t h o u g h  s u ch  an e v e n t  
had a p r o b a b i l i t y  o f  o n l y  a b o u t  1 0 _6 ! .  In c o n n e c t i o n  w i t h  t h i s ,  o n e  s h o u l d  be 
p r e p a r e d  f o r  a c a s e  o f  s i m u l t a n e o u s  r e c o m b i n a t i o n  w i t h i n  b o t h  t h e  B and C 
s y s t e m s .

In c o n c l u s i o n ,  a l t h o u g h  t h e y  do n o t ,  g e n e r a l l y  s p e a k i n g ,  c a l l  in  
q u e s t i o n  t h e  u s e  o f  p h en o g ro u p s  r a t h e r  th a n  f a c t o r s  i n  p a r e n t a g e  c o n t r o l ,  i t  
i s  c l e a r  t h a t  r e c o m b i n a t i o n  and t h e  p o s s i b l e  o c c u r r e n c e  o f  o t h e r  " a c c i d e n t s "  
w i t h i n  c o m p lex  b l o o d  group s y s t e m s  s h o u ld  be c o n s i d e r e d  s e r i o u s l y  and t h a t  t h e s e  
phenomena a r e  i n d e e d  a s o u r c e  o f  i n c r e a s e d  d i f f i c u l t i e s .  O n ly  a p r e c i s e  know
l e d g e  o f  t h e  g e n e t i c  map o f  t h e  s y s t e m s ,  i n c l u d i n g  t h e  e s t i m a t i o n  o f  t h e  d i s 
t a n c e s  b e tw e en  t h e  g e n e t i c  d e t e r m i n a n t s  o f  t h e  v a r i o u s  f a c t o r s ,  t o g e t h e r  w i t h  a 
c l e a r  v i s i o n  o f  t h e  d i f f e r e n t  a s p e c t s  o f  t h e  p r o b le m ,  wi-11 h e l p  a v o i d i n g  c o n t e s 
t a b l e  c o n c l u s i o n s .
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SUMMARY

The o c c u r r e n c e  o f  g e n e t i c  r e c o m b i n a t i o n  w i t h i n  t h e  two m o st  com
p l e x  b l o o d  gro u p  s y s t e m s  o f  c a t t l e ,  t h e  B and C s y s t e m s ,  c o m p l i c a t e s  p a r e n t a 
ge c o n t r o l .  The pr o b le m  i s  d i s c u s s e d  t a k i n g  t h e  B s y s t e m  a s  an e x a m p le .  The 
a n a l y s i s  i s  b a s e d  on r e s u l t s  a l r e a d y  o b t a i n e d  on t h e  g e n e t i c  map o f  t h i s  s y s 
tem ( F i g .  1 ,  a c c o r d i n g  t o  GROSCLAUDE e t  a l . ,  1 9 8 2 )  w h ic h  i s  c o n t r o l l e d  by a 
chromosomal se g m e n t  whose l e n g t h , d p j , ,  was e s t i m a t e d  t o  be 0 , 7  c e n t im o r g a n

(GROSCLAUDE e t  a l . ,  1 9 7 9 ) .  The p r o b a b i l i t i e s  o f  o b s e r v i n g ,  due t o  a s i n g l e  
c r o s s i n g - o v e r ,  a ph en o g ro u p  d i f f e r e n t  from b o th  p a r e n t a l  p h e n o g r o u p s  v a r i e s ,  
d e p e n d in g  on t h e  g e n o t y p e ,  from  0 (hom ozygous  g e n o t y p e s ,  o r  g e n o t y p e s  w i t h

_3
o n l y  o n e  h e t e r o z y g o u s  f a c t o r )  t o  d q j , ,  t h u s  7 . 1 0  . The o r d e r  o f  m a g n i tu d e  o f

t h e  p r o b a b i l i t y  o f  o b s e r v i n g  t h e  o c c u r r e n c e  o f  a r e c o m b i n a t i o n  i n  a p a r e n t a g e
_3

was e s t i m a t e d  t o  5 . 1 0  , a v a l u e  w h ich  i s  o n l y  p r e l i m i n a r y .
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In p a r e n t a g e  v e r i f i c a t i o n ,  t h e  e x i s t e n c e  o f  g e n e t i c  r e c o m b i n a t i o n  
s h o u l d  be t a k e n  i n t o  c o n s i d e r a t i o n  w hen, i n  a co m p lex  s y s t e m ,  t h e  ph en o g ro u p  
s u p p o s e d  t o  be t r a n s m i t t e d  t o  t h e  o f f s p r i n g  by one  o f  t h e  presum ed  p a r e n t s  i s  
d i f f e r e n t  from  b o th  p h e n o g r o u p s  o f  t h i s  p a r e n t ,  b u t  o n l y  i n c l u d e s  f a c t o r s  p r e 
s e n t  i n  t h e s e  p h e n o g r o u p s ,  and when t h e  p a r e n t a g e  i s  c o m p a t i b l e  i n  o t h e r  r e s 
p e c t s .  The a p o s t e r i o r i  p r o b a b i l i t i e s  f o r  t h i s  p a r e n t a g e  t o  be r i g h t  (P R/ ) 
o r  wrong (Pw^ )  c a n  be e s t i m a t e d  f o l l o w i n g  t h e  B a y e s ia n  m e th o d .  T h e i r

v a l u e s  d e p e n d  m a i n l y  on t h e  r e l a t i v e  v a l u e s  o f  r  and f ,  r  b e i n g  t h e  p r o b a b i 
l i t y  o f  r e c o m b i n a t i o n  p r o d u c i n g  t h e  p a r t i c u l a r  p h e n o g r o u p ,  g i v e n  t h e  g e n o t y p e  
o f  t h e  presum ed  p a r e n t ,  and f  b e i n g  t h e  f r e q u e n c y  o f  t h e  same p h en o g ro u p  in  
t h e  p o p u l a t i o n .  Knowing t h e  v a l u e s  o f  PR^ and P ^  ,  t h e  d e c i s i o n  t o  be t a 

ken d e p e n d s  on t h e  c h o i c e  b e tw e e n  two r i s k s ,  t h a t  o f  e x c l u d i n g  a r i g h t  p a r e n 
t a g e  (a  r i s k )  and t h a t  o f  a c c e p t i n g  a wrong p a r e n t a g e  ( b r i s k ) .  G u i d e l i n e s  
a r e  p r o p o s e d  f o r  t h e  u s u a l  s i t u a t i o n  w h ere  t h e  a r i s k  h a s  t o  be m i n i m iz e d .

A f t e r  r e c a l l i n g  t h a t  g e n e t i c  e v e n t s  more c o m p le x  th a n  s i n g l e  c r o s 
s i n g - o v e r  h a v e  b e e n  shown t o  o c c u r  i n  t h e  B s y s t e m  (GROSCLAUDE e t  a l . ,  1 9 7 9 ) ,  
and a f t e r  d e p i c t i n g  an a c t u a l l y  o b s e r v e d ,  a l t h o u g h  u n e x p e c t e d  c a s e ,  w h ere  3 
c o n s e c u t i v e  r e c o m b i n a n t s  w e re  fo u n d  i n  t h e  progeny o f a  b u l l  ( F i g .  2 ) ,  i t  i s  
u n d e r l i n e d  t h a t ,  s o o n e r  o r  l a t e r ,  o t h e r  e v e n t s  w i t h  a v e r y  lo w  p r o b a b i l i t y  may 
be e x p e c t e d  t o  o c c u r ,  w h ic h  c o m p l i c a t e s  t h e  p rob lem  c o n s i d e r e d  h e r e  e v e n  m ore .

RESUME

L ' i n c i d e n c e  d ' u n e  r e c o m b i n a i s o n  g e n e t i q u e  au s e i n  d e s  d e u x  s y s -  
t e m e s  de g r o u p e s  s a n g u i n s  b o v i n s  c o m p l e x e s ,  l e s  s y s t § m e s  B e t  C, ren d  p l u s  
d e l i c a t e  1 ‘ e x p e r t i s e  d e s  f i l i a t i o n s .  Le p ro b lem e  e s t  d i s c u t e ,  a t i t r e  d ' e x e m -  
p l e ,  dans l e  c a s  du s y s t § m e  B. L ' a n a l y s e  s e  b a s e  s u r  l e s  r f i s u l t a t s  d 6 j 5  a c q u i s  
s u r  l a  c a r t e  g e n e t i q u e  d e  c e  s y s t e m e  ( F i g .  1 ,  d ' a p r e s  GROSCLAUDE e t  a l . , 1 9 8 2 )  
q u i  e s t  c o n t r d l e  p a r  un s e g m e n t  chrom osom ique  d o n t  l a  l o n g u e u r ,  d q p ,  a e t e

e s t im f i e  a 0 , 7  c e n t im o r g a n  (GROSCLAUDE e t  a l . ,  1 9 7 9 ) .  La p r o b a b i l i t e  d ' a p p a r i -  
t i o n ,  s o u s  l ' e f f e t  d ' u n e  r e c o m b i n a i s o n  s i m p l e ,  d 'u n  p h S n o g ro u p e  d i f f e r e n t  d e s  
d e u x  p h e n o g r o u p e s  p a r e n t a u x ,  v a r i e ,  s e l o n  l e  g e n o t y p e ,  de  0 ( g e n o t y p e s  homo
z y g o t e s ,  a i n s i  que  g e n o t y p e s  h e t S r o z y g o t e s  pour un s e u l  f a c t e u r  a n t i g e n i a u e )

_3
a dn T i , d o n e  7 . 1 0  . L ' o r d r e  de g r a n d e u r  de  l a  p r o b a b i l i t e  d ' o b s e r v e r  l a  s u r -

- 3
v e n u e  d ' u n e  r e c o m b i n a i s o n  d a n s  une f i l i a t i o n  a § t £  e s t i m e  a 5 . 1 0  , c e  qui
n ' e s t  t o u t e f o i s  q u ' u n e  p r e m ie r e  a p p r o x i m a t i o n .

En m a t u r e  d ' e x p e r t i s e  de  f i l i a t i o n s ,  l e  p r o b le m e  l i e  a 1 ' e x i s 
t e n c e  de l a  r e c o m b i n a i s o n  s e  p o s e ,  qu a n d ,  dans un s y s t e m e  c o m p l e x e ,  l e  p h § n o -  
g r o u p e  c o n s i d e r e  comme t r a n s m i s  au p r o d u i t  par  l ‘un d e s  p a r e n t s  p r e su m e s  e s t  
d i f f e r e n t  d e s  d e u x  p h e n o g r o u p e s  de c e  p a r e n t ,  m a is  ne c o m p o r te  que  d e s  f a c t e u r s  
c o n s t i t u a n t  c e s  d e r n i e r s ,  a l o r s  q u e ,  par  a i l l e u r s ,  l a  f i l i a t i o n  e s t  c o m p a t i b l e .  
Les p r o b a b i l i t e s  a p o s t e r i o r i  que c e t t e  f i l i a t i o n  s o i t  v r a i e  ( Pr/,),) ou f a u s s e

(PH/ ) p e u v e n t  § t r e  e s t i m e e s  p a r  l a  m eth ode  B a y e s i e n n e .  Leur  v a l e u r  depend

beau cou p  d e s  v a l e u r s  r e l a t i v e s  de  r  e t  f ,  r  e t a n t  l a  p r o b a b i l i t e  d ' a p p a r i t i o n
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du p h e n o g r o u p e  p a r  r e c o m b i n a i s o n  c o n n a i s s a n t  l e  g § n o t y p e  du p a r e n t  p r e s u m e ,  
e t  f  l a  f r e q u e n c e  de  c e  meme p h e n o g r o u p e  d a n s  l a  p o p u l a t i o n .  C o n n a i s s a n t  l e s
v a l e u r s  d e  Pn / i  e t  P , , ,^ ,  l a  d e c i s i o n  a p r e n d r e  d e p e n d  du c h o i x  f a i t  e n t r e  

“ / 9 W/9
d e u x  r i s q u e s ,  c e l u i  d ' e x c l u r e  un e  f i l i a t i o n  v r a i e  ( r i s q u e  a ) ,  e t  c e l u i  d ' a c -  
c e p t e r  une f i l i a t i o n  f a u s s e  ( r i s q u e  e ) .  Une l i g n e  de  c o n d u i t e  e s t  e n o n c e e  p o u r  
l e  c a s  h a b i t u e !  ou T o n  c h e r c h e  a m i n i m i s e r  l e  r i s q u e  a.

En r a p p e l a n t  l a  m i s e  en  e v i d e n c e ,  au  s e i n  du s y s t e m e  B , d ' e v e n e -  
m e n ts  g e n e t i q u e s  p l u s  c o m p l e x e s  q u e  l a  r e c o m b i n a i s o n  s i m p l e  (GROSCLAUDE e t  a l . ,  
1 9 7 9 ) ,  a i n s i  qu e  1 ' o b s e r v a t i o n  d ' u n  c a s ,  a p r i o r i  f o r t  i m p r o b a b l e ,  oG 3 r e c o m -  
b i n a i s o n s  o n t  § t e  t r o u v e e s  c o n s 6 c u t i v e m e n t  c h e z  d e s  p r o d u i t s  d 'u n  t a u r e a u  
( F i g .  2 ) ,  i l  e s t  s o u l i g n §  q u ' a  l a  l o n g u e ,  meme d e s  e v S n e m e n t s  d e  f a i b l e  p r o 
b a b i l i t y  en  v i e n n e n t  a s e  p r o d u i r e ,  c e  q u i  c o m p l i q u e  e n c o r e  l e  p r o b le m e  c o n s i 
d e r s  i c i .
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