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Tentative partial map of the B system of cattle blood groups, accor-
ding to GROSCLAUDE et al. (1982). The linear order of 17 genetic de-
terminants, or groups of genetic determinants, is 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, OjK') correspond to subtype or subtype like associa-

tions .

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

located to the left (or to the right) of another determinant (e.g.
the determinant for Gj is to the left of that for B). * BG2K is

very likely close to GjT. The operational distance between the deter-

minants for Q and | * was estimated to be 0,7 centimorgan (GROSCLAUDE
et al., 1979).

Diagrammatic representation of the transmission of the B system fac-
tors of the Normande bull "Bail" to 342 offspring showing the occur-
rence of 5 cases of recombination. The genotype of the bull in this

system is BS1A 1 /Bfil° P 1A B * . » : an offspring whose dam did

not possess factors O', P', and B" in her genotype ; these matings

are all conclusive and thelbull transmitted either G"A"I" or
GjO'P'jJA"B"I* ; o0 : an offspring whose dam possessed part, or all,

of the above 3 factors ; part of these matings are not conclusive ;

1 : an offspring having received the recombinant phenogroup GjP'jA"Bnl";
2 : an offspring having received the recombinant phenogroup GjO'A“l".

In all 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 probability.
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As could be intuitively expected, the values of PR and

will depend on the relative values of f and r. For example, PR™ has
low values ( * 0,05) when the phenogroup ¢ is frequent (f = 10~1) and when

-4 . . .
r ~ 10 , the latter range of values corresponding to very short intervals in
the map, or to genetic events more complex, thus much rarer than single cros-
sing-over (see below). Conversely P ~ has low values ($ 0,02) when $ is rare

3
($10 ) and when the value of r corresponds to the occurrence of single cros-

sing-over within a longer interval (10'3 <r < 7.10'3).

However, the main difficulty does not lie in the estimation of
and Pyj but in the problem of which decision should be taken about the

PR<
dubious parentage, knowing PR and . This is an interesting problem of
choice between two risks : exclude a right parentage (" a risk™) or accept a

wrong parentage (" e risk™). It would require a detailed discussion as in the
analysis by SALMON-BONNEROT (1977) of paternity problems in man.

As far as cattle parentage control is concerned, a policy may be ra-
ther simply defined for practical use. This policy is based, as widely accepted,
on the necessity of minimizing the a risk, if not of annuling this risk.

In these conditions the guidelines regarding dubious parentages could
be as follows

- If the phenogroup in question apparently derives from single crossing-
over and if this particular phenogroup is absent or very rare in the breed, the
parentage can be accepted, with a reasonably low s risk.

- If the phenogroup in question could only derive from a genetic event
more complex than single crossing-over and if this particular phenogroup is
frequent in the breed, the parentage should be rejected, with a reasonably low
a risk.

- In any other situation, attempts should be made to get more in-
formation on the case : 1) by trying to identify with certainty all possible
sires, 2) by making use of additional polymorphic systems, in order, if the
parentage were wrong, to detect the incompatibility at a system other than
the B system.

If no decisive conclusion can be drawn from these additional in-
vestigations, the parentage should be accepted. In this case, the greater the
number of polymorphic systems considered, the lower will be the e risk.
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Note the importance, for this procedure, of the information al-
ready available on the genetic map of the system, and on the rate of recombi-
nation.

Finally, it should be underlined that the problem of decision
about dubious parentages is complicated by the fact that low probability, or
even very low probability, does not mean certainty of non occurrence. In support
of this, we have already demonstrated that genetic events other than single
crossing-over actually occur within the B system (see 'case Violon” in

GROSCLAUDE et al., 1979). In addition, Figure 2 summarizes observations made
on the progeny of a Normande bull "Bail™ : it can be seen that 3 recombinant
phenogroupswere successively observed in his progeny, although such an event
had aprobability of only about 10_6 !. In connection with this, one should be

prepared for a case of simultaneous recombination within both the B and C
systems.

In conclusion, although they do not, generally speaking, call in
question the use of phenogroups rather than factors in parentage control, it
is clear that recombination and the possible occurrence of other ™accidents"
within complex blood group systems should be considered seriously and that these
phenomena are indeed a source of increased difficulties. Only a precise know-
ledge of the genetic map of the systems, including the estimation of the dis-
tances between the genetic determinants of the various factors, together with a
clear vision of the different aspects of the problem, wi-11 help avoiding contes-
table conclusions.

ACKNOWLEDGEMENTS.

The author thanks Drs B. BONAITI and R.L. SPOONER for useful
suggestions.

SUMMARY

The occurrence of genetic recombination within the two most com-
plex blood group systems of cattle, the B and C systems, complicates parenta-
ge control. The problem is discussed taking the B system as an example. The
analysis is based on results already obtained on the genetic map of this sys-
tem (Fig. 1, according to GROSCLAUDE et al., 1982) which is controlled by a
chromosomal segment whose length,dpj,, was estimated to be 0,7 centimorgan

(GROSCLAUDE et al., 1979). The probabilities of observing, due to a single

crossing-over, a phenogroup different from both parental phenogroups varies,

depending on the genotype, from 0 (homozygous genotypes, or genotypes with
3

only one heterozygous factor) to dqj,, thus 7.10 . The order of magnitude of
the probability of observing the occurrence of a recombination in a parentage
3

was estimated to 5.10 , a value which is only preliminary.
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In parentage verification, the existence of genetic recombination
should be taken into consideration when, in a complex system, the phenogroup
supposed to be transmitted to the offspring by one of the presumed parents is
different from both phenogroups of this parent, but only includes factors pre-
sent in these phenogroups, and when the parentage is compatible in other res-
pects. The a posteriori probabilities for this parentage to be right (PR/ )
or wrong (Pw™) can be estimated following the Bayesian method. Their

values depend mainly on the relative values of r and f, r being the probabi-
lity of recombination producing the particular phenogroup, given the genotype
of the presumed parent, and f being the frequency of the same phenogroup in

the population. Knowing the values of PR® and P~ | the decision to be ta-

ken depends on the choice between two risks, that of excluding a right paren-
tage (a risk) and that of accepting a wrong parentage (b risk). Guidelines
are proposed for the usual situation where the a risk has to be minimized.

After recalling that genetic events more complex than single cros-
sing-over have been shown to occur in the B system (GROSCLAUDE et al., 1979),
and after depicting an actually observed, although unexpected case, where 3
consecutive recombinants were found in the progeny ofa bull (Fig. 2), it is
underlined that, sooner or later, other events with a very low probability may
be expected to occur, which complicates the problem considered here even more.

RESUME

L'incidence d'une recombinaison genetique au sein des deux sys-
temes de groupes sanguins bovins complexes, les syst§mes B et C, rend plus
delicate l‘expertise des filiations. Le probleme est discute, a titre d'exem-
ple, dans le cas du syst&me B. L'analyse se base sur les rfisultats d6j5 acquis
sur la carte genetique de ce systeme (Fig. 1, d'apres GROSCLAUDE et al.,1982)
qui est contrdle par un segment chromosomique dont la longueur, dqp, a ete

estimfie a 0,7 centimorgan (GROSCLAUDE et al., 1979). La probabilite d'appari-
tion, sous l'effet d'une recombinaison simple, d'un phSnogroupe different des
deux phenogroupes parentaux, varie, selon le genotype, de 0 (genotypes homo-
zygotes, ainsi que genotypes hetSrozygotes pour un seul facteur antigeniaue)

a dnTi, done 7.10 . L'ordre de grandeur de la probabilite d'observer la sur-
-3

venue d'une recombinaison dans une filiation a 8tf£ estime a 5.10 , ce qui

n'est toutefois qu'une premiere approximation.

En mature d'expertise de filiations, le probleme lie a 1'exis-
tence de la recombinaison se pose, quand, dans un systeme complexe, le ph8no-
groupe considere comme transmis au produit par | ‘un des parents presumes est
different des deux phenogroupes de ce parent, mais ne comporte que des facteurs
constituant ces derniers, alors que, par ailleurs, la filiation est compatible.
Les probabilites a posteriori que cette filiation soit vraie (Pr/,),) ou fausse

(PH/ ) peuvent §tre estimees par la methode Bayesienne. Leur valeur depend

beaucoup des valeurs relatives de r et f, r etant la probabilite d'apparition
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du phenogroupe par recombinaison connaissant le g8notype du parent presume,

et f la frequence de ce meme phenogroupe dans la population. Connaissant les

valeurs de Pn/i et P,,~, la decision a prendre depend du choix fait entre
“/9 W.

deux risques, celui d'exclure une filiation vraie (risque a), et celui d'ac-
cepter une filiation fausse (risque e). Une ligne de conduite est enoncee pour
le cas habitue! ou Ton cherche a minimiser le risque a.

En rappelant la mise en evidence, au sein du systeme B, d'evene-
ments genetiques plus complexes que la recombinaison simple (GROSCLAUDE et al.,
1979), ainsi que 1l'observation d'un cas, a priori fort improbable, oG 3 recom-
binaisons ont §te trouvees cons6cutivement chez des produits d'un taureau
(Fig. 2), il est soulign§ qu'a la longue, meme des evSnements de faible pro-
bability en viennent a se produire, ce qui complique encore le probleme consi-
ders ici.
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