
4. Crossing-over has taken place in only one of the parents in each case of 
abnorm al transm ission.

2. No crossing-over occurs within (sub)loci.

TABLE 6

E xpected  and  o bserv ed  re la tiv e  f r e q u e n c ie s  o f  r e c o m b in a t io n

Column 1 2 3 4

C,E  ............................. .......  0.262 0.208 0.207 0.132
C U'.V ........................ .......  0.109 0.127 0.124 0.220
C .................................. .......  0.076 0.052 0.046 0.015
r  r w r  .................... .......  0.074 0.141 0.171 0.294
R, X2 ............................ .......  0.072 0.094 0.091 0.015
C , ................................. .......  0.067 0.047 0.040 0.059
R,W  ............................ .......  0.058 0.071 0.077 0.103
X, ................................ .......  0.046 0.050 0.053 0.015
R ................................ .......  0.041 0.041 0.034 0.015
C,EW .......................... .......  0.032 0.026 0.024 0.029
C R ............................ .......  0.023 0.026 0.019 —
v ................................ .......  0.020 0.017 0.014 —
R IV ............................ .......  0.015 0.016 0.014 —
E ................................. .......  0.015 0.011 0.011 —
EX2 ............................. 0.015 0.013 0.013 —

U  ................................. .......  0.012 0.019 0.020 —
U’.V............................... .......  0.010 0.011 0.011 0.029
R WX2 ........................ .......  0.008 0.012 0.012 —
X ■ / /  ............................ ........  0.005 0.009 0.011 —
C U V U  ................... .......  0.002 0.003 0.004 0.029
c, / / ............................
Rest ............................

.......  0.002

.......  0.036
0.003 0.003 0.015

0.030

Total ............ .......  1.000 0.997 0.999 1.000

Column 1. Relative frequencies of GC’s.
2. Calculated relative frequencies of produced recombinations per GC.
3. Calculated frequencies of detectable recombinations per GC.
4. Frequency of observed recombinations per GC.
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V; h i  t e l e g h o r n  b i r d s M edium h e a v y  b i r d s

mos t o b s e r v e d c r o s s i n g - mos t o b s e r v e d c r o s s i n g -

f r e q u e n t numb e r o v e r f r e g u e n t n u m b e r o v e r

g e n o t y p e s p a r e n t s g e n o t y p e s p a r e n t s

i— A1 E3 / 64 2 x ( a , b ) r A 2 E1 / 19

A h 5 / 82 l x  ( c ) a 2 e 2 / 200 4 x ( d , h , i , j )

A2 E2 / 208 a 2 e 3 / 165

a 2 e 3 / 26 2 x ( a , b ) a2ea / 67

A4E 3 / 135 a3̂ 2/ 67

a 4 e 2 / 47 A3 E 3 / 45

aV / 104 a 3 e 5 / 95 S x ( e , f , g , i , j )

- a 4e 6 / 216 a 4 e 2 / 56

a 5 e 1 / 26 2 x ( g , h )

a 5 e 2 / 55 l x ( K x )

- a 5 e 6 / 54 3 x ( d , e , f )

-  A l o c u s E l o c u s

l i n e a r __
o r d e r

aV e 3 e 5

O b s e r v e d  n u m b e r  o f  m o s t  f r e q u e n t  A-E g e n o t y p e s  i n  W h i t e  L e g h o r n  a n d

m e d iu m  h e a v y  h y b r i d s  a n d  t h e  c r o s s o v e r s  o b s e r v e d  i n  t h e  p a r e n t s  A -E  g e n o t y p e s

x d e t e c t e d  i n  a  p u r e  s t r a i n

F ig. 2
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The relative possibilities for crossing-over within the complex locus and the 
proportion of observable recom binants have been calculated on the basis of the 
frequencies of the genotypes in the m aterial. (For more detailed inform ation see 
S chreuder and Bouw, 1974.)

D iscussion

As stated in the introduction the basic problem in relation w ith the large 
variety of alleles and the irregular transm ission is connected w ith the structure 
of the loci controlling the blood group complexes.

For the B  and C systems of cattle the irregular transm issions could be explai
ned on the basis of crossing-over between the closely linked genes of (sub)Zocz 
controlling antigenic properties in one of the parental genotypes.

The assum ption of S tormont (1964) that irregular transm ission can be conside
red as m utational and recombinational-like events cannot be excluded completely, 
however. When serological activity of a blood group is lost and no gain of other 
activity is observed a m utan t might be possible.

The reported  cases of irregular transm ission however, are fitting very well 
in the theory of recom bination during meiotic division.

The available cases of recom bination are not yet sufficient to draw  reliable 
conclusions for a m ore detailed estim ation of map distances.

The results of table 6 dem onstrate tha t the expected detectabilities have values 
interm ediate between the observed cases of recombination and the relative fre
quencies of the gene clusters.

The picture of the frequencies of the antigenic properties in the C locus, 
presented in figures I and II  is interesting in this respect indicating tha t the fre
quencies of the properties and the corresponding (sub )loci are increasing to the 
centre of the complex locus. This supports the idea that (sub)Zoci are not equal.

SUMMARY

Of the 57 cases of abnorm al B locus transm issions 19 cases were found to be 
necessary to conclude upon the linear order of blood group factors of the cattle B 
system as presented in table 1. On the basis of these 19 cases a linear model has 
been constructed. An identical approach has been made for the C locus and 
a linear model has been draw n (Fig. I). The expected and observed relative 
frequencies of recom bination in the C system are presented in table 6.

For the chicken A -E  locus less inform ation is available unfortunately as can 
be concluded from  Fig. II.

RESUME

Des 57 cas de transm issions anormales du locus B  on en trouva 19 ou Ton dut 
deduire que l’ordre des facteurs des groups sanguins est lineaire, chez le systeme 
bovin B, selon le tableau 1. D’apres ces 19 cas, on a construit un modele lineal. 
On est arrive a une conclusion identique avec de locus C, ayant ete etabli un
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modele lineal (Fig. I). On presente sur le tableau 3 les frequences relatives atten- 
dues et observees dans la recombinaison du systeme C.

Quant a la volaille, nous disposons d ’une inform ation plus reduite sur les 
loci A -E  comme, malheureusement, on peut voir sur la fig. II.

RESUMEN

De los 57 casos de transmisiones anorm ales del locus B se encontraron 19 en 
las que fue preciso deducir que el orden de los factores de los grupos sangui'neos 
es linear, en el sistema vacuno B, de acuerdo con la tabla 1. Sobre estos 19 casos 
se ha construido un modelo lineal. Identica conclusion se ha obtenido con el 
locus C, habiendo sido establecido un modelo lineal (Fig. I). Las frecuencias re- 
lativas esperadas y observadas en la recombinacion del sistem a C se presentan 
en la tabla 6..

En cuanto a las aves, se dispone de menos inform acion sobre los loci A - E, 
como por desgracia puede encontrarse en la figura II.

R E F E R E N C E S

Bouw, J.; Nasrat, G. E., and Buys, C. (1964): The inheritance of blood groups in the blood 
group system B in cattle, Genetica, 35, 47-58.

Bouw, J., and Fiorentini, A. (1970): Structure of loci controlling complex blood group 
systems in cattle. Proc. XIth E. S. A. B. R. Conf., Warszawa 1968, 109-115.

Bouw, J., and Buys, C. (1972): Recombinations on the blood group locus C in cattle. Anim. 
Blood Grps. Biochem. Genet., 3, Suppl. 2, 73-74.

Bouw, J., and Oosterlee, C. C. (1972): Specifities of reagents for bloodtyping of animals. 
Proc. X llth  E. S. A. B. R. Conf., Budapest 1970, 69-75.

Bouw, J.; Buys, C., and Schreuder, Ieke (1974): Further studies on the genetic control 
of blood groups of the C system in cattle. Anim. Blood Grps. Biochem. Genet. In press.

Briles, W. E. (1958): A new blood group system E, closely linked with the A system in 
chickens. Poult. Sci., 37, 1189.

Briles W. E.; McGibbon, W. H., and I rw in , M. R. (1950): On multiples alleles affecting 
cellular antigens in the chicken. Genetics, 35, 633-652.

Ferguson, L. C. (1941): Heritable antigens in the erythrocytes of cattle. J. Immunol., 40, 
213-242.

Gilmqur, D. G. (1959): Segregation of genes determining red cell antigens at high levels 
of inbreeding in chickens. Genetics, 44, 14-33.

Grosclaude, F.; Mercier, J. C., and R ibadeau Dumas, B. (1973): Genetic aspects of cattle 
casein research. Neth. Milk Dairy J., 27, 328-340.

Oldenbroek, J. K., and Bouw, J. (1974): Further studies on the relation between the F 
and N ’ blood group systems in cattle. Anim. Blood Grps. Biochem. Genet.. In press.

Oosterlee, C. C., and Bouw, J. (1972): Structure of loci for blood groups in animals. Proc. 
X llth  E. S. A. B. R. Conf. Budapest 1970, 77-82.

Race, R. R., and Sanger, R. (1962): Blood groups in man, 4th ed., XII 456. PP. Blackwell 
Scientific Publications, Oxford.

Rasmusen, B A. (1963): Irregularities in transmission of E alleles in pigs. Immunogenetics 
Letter, 3 (2), 31-32.

Schreuder, Ieke, and Bouw, J. (1974): A model for estimation of recombination frequencies 
within complex loci. Anim. Blood Grps. Biochem. Genet. Trl "mss.

Stormont, C. (1955): Linked genes, pseudo alleles and blood groups. Amer. Nat., 89, 105-116.
Stormont, C. (1964): Mammalian immunogenetics. Genetics today. Proc. Int. Congres. Gene

tics, vol. 3, 715-722.
Stormont, C.; Owen, R. D., and I rw in , M. R. (1951): The B and C system of bovine blood 

groups. Genetics, 36, 134-161.

252




