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At the beginning of this century, after the rediscovery of Mendel's 
classic paper, there was a tendency among the geneticists to explain the va
riation of quantitative traits by the segregation of one or at most two ge
nes. After this mendelian zeal, the polygenic interpretation of the conti
nuous variation was put forward and found very satisfactory.

Today, the possibility is recognized that an appreciable amount of 
the variability of a quantitative trait can be due to the segregation at one 
or a few loci called major loci. In Human and Laboratory Animal Genetics, 
the problem of the discrimination between major genes and polygenic variation 
has received much attention (Stewart 1969, Elston and Stewart 1971, Mode and 
Gasser 1972, Morton and Mac Lean 1974, Mac Lean et al. 1975, Elston et al. 
1978, Elston 1979).

The quantitative genetics still lags considerably behind that of 
mendelian characters (Smith 1975). Therefore, the disclosure of major genes 
is essential to the progress of our understanding of quantitative genetic va
riation .

The same kind of inquiry is carried out regarding pathological traits: 
are affected individuals, the extreme of a continuous distribution or are they 
carriers of a major gene ? (Fraser 1980, 1981).

Concerning the quantitative traits, Morton (1967) avoids the term 
"polygene" which, in defiance of molecular biology, implies the existence of 
a special class of genes without any important (megaphenic) effects. Any gene 
could have a megaphenic (major) effect (e > a) on a quantitative trait, a mi- 
crophenic (minor) effect (e < a) on another quantitative trait and at the same 
time, be involved in the determination of a qualitative trait.
Detection methods of major genes.

1. Statistical implications of the segregation of_a major gene.

When a major gene segregates in a population, skewness and bi- or tri
modality are expected (Fig. 1 & 2). In a mixed model, the normally distribu
ted variability about the means, p1( p2, jj3 corresponding to the three geno
types is due to additive polygenic variation as well as to random environmen
tal effects and measurement errors. Bimodality will exist in the case of one 
pair with dominance but also with one pair of additive genes if one allele 
has a small frequency. The distribution of the quantitative trait, in the po
pulation considered, will depart significantly from normal as revealed by se
veral tests :

*Faculte de Medecine Veterinaire (U. Lg.), Rue des Veterinaires, 45 
B-1070 Bruxelles (Belgium).

4 3 9



1) test of skewness (gj); 2) test of kurtosis (g2); 3) probit analysis, i.e. 
plotting of the cumulative distribution on a probability scale (Harding 1949);
4) test of Kolmogoroff-Smirnov (Sokal and Rohlf 1969).

The same trait, studied in an other population without the major gene, 
will be normally distributed, have a different mean and a smaller variance 
(Spielmari et al. 1978). When the segregation of a major gene is suspected, a 
goodness of fit test is applied by which the actual data are compared to ex
pectations drawn either from a single normal distribution or from a mixture 
of normal distributions, the specifications of which (means, variances, pro
portions) are obtained by the maximum likelihood method (Hasselblad 1966, Mur
phy and Bolling 1967, Day 1969, Hosmer 1971, Mac Lean et al. 1976).

This approach has been applied in a major gene analysis of quantitati
ve variation in blood clotting factor X levels where a mixture of two normal 
distributions with common variance gave the most consistent and best overall 
fit of the data (Siervogel et al, 1979). This is illustrated in fig. 3 which 
compares the factor X data with the best fitting normal distribution and the 
best fitting mixture of two normal distributions.

It is useful to distinguish a bimodal distribution from a skewed dis
tribution. It has been suggested to apply a power transformation - that has 
the property of normalizing a wide variety of unimodal distributions without 
changing the number of modes - when testing for the presence of more than one 
distribution (Mac Lean et al. 1976).

Morton et al. (1978) have used "admixture analysis" which is defined 
as the examination of the distribution to distinguish skewness from commingling 
of two or more distributions followed by segregation analysis to resolve major 
loci for lipoprotein concentrations.

In Animal Genetics, experimental crosses can be carried out in order 
to analyze genetically the difference between two breeds, two strains : Fj,
F 2 , back-crosses.

In F2 and in back-crosses, the variances are larger than for the pa
rental strains and the distributions are platykurtic (g2 < 0).

The recovery in a sample of limited size of individuals at both paren
tal extremes is indicative of the segregation of one or a few major genes.

Segregation can be tested in two ways as explained by Stewart (1969) 
and applied to a specific example by Virgo and Miller (1977) :
1°) the distributions in B.C. and F 2 populations are tested against the theo

retical ones expected by a polygenic system i.e. a normal distribution.
2°) the observed distributions are tested against the theoretical ones obtai

ned in a "one gene model" : the observed parental and Fj distributions 
are used to generate the expected B.C. and F 2 distributions, (e.g. : the 
expected back-cross distribution is given by the composite distribution 
made up of 50 % of the parental distribution and 50 % of the "Fx" distri
bution) .

As shown by Merat (1967), in the case of a mixture in equal propor
tions of two normal populations with common variance, the resulting distribu
tion becomes bimodal if the difference between the two populations means is at 
least equal to 2 a otherwise the distribution is only "platykurtic" (g2 < 0).
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In the case of symmetric distribution, platykurtosis is evidence of bimodali
ty. Furthermore, if the two component distributions are well separated, it is 
an acceptable procedure to convert the data into a dichotomous point by using 
a cut-off point near the antimode and then apply segregation analysis. Of 
course, there is an increasing probability of misclassification if the overlap 
between the two distributions becomes more important and the greater the envi
ronmental contribution the greater the overlap between genotypes.
Sex-linked_Major_Gene.

A sex-linked major effect can be superimposed upon a background of po
lygenic variation and measurement error. To detect such a situation, one has 
to consider both sexes separately. In fact, in the case of a recessive gene 
(a, frequency q) the frequencies of the two genotypes are p and q in the male 
sex and (p2 +2pq) and q 2 in the female sex. The corresponding distributions 
will be as in fig. 4 from Bock and Kolakowski (1973) on human spatial visuali
zing ability with different means and variances for males and females. On the 
other hand, if the correlations between relatives are independent of the sex 
of the family member in the case of autosomal inheritance, this is not true 
in sex-linked inheritance where the correlation between father-son is expec
ted to be zero while the correlations between father-daughter and mother-son 
are expected to be greater than the correlation between mother-daughter. These 
correlations had the values expected for the sex-linked pattern for the immuno
globulin M (Grundbacher 1972) and spatial visualizing ability (Bock and Kola
kowski 1973).
Relation between sibshig_mean_and within-sibship_variance.

The theory of polygenic inheritance assumes that the variance within 
sibships due to the segregation of individual loci is homogeneous across sib
ships. On the other hand, when a major locus is responsible for genetic va
riation, it is expected that parents, at the extremes of the phenotypic ran
ge, are more likely homozygous than parents with intermediate phenotypes. 
Therefore, the genetic variance within-sibships from extreme parents is ex
pected to be smaller than the genetic variance within-sibships from interme
diate parents (segregating sibships) (Fain 1978, Mayo et al. 1980).

The detection of differences in variance can be done by regression 
analysis (3th order curvilinear regression of the log of the "within-sibship 
variance" on the "within-sibship mean") or by applying the Barlett test of 
heterogeneity of variance. The relation between-sibship mean and within-sib
ship variance is illustrated in table 1 for a random mating population and an 
autosomal locus considering half-sib and full-sib families. The same kind of 
relations can be obtained for sex-linked inheritance, the two sexes being 
considered separately. The success of such a detection depends largely on the 
relative importance of the major gene effect and of the residual variance 
(a2 ).
2. Population genetic implications of the segregation of a major gene.

Rate of fixation of the major locus.
The rapid fixation of an extreme phenotype is also a good indication 

that a major gene is involved.
The variation in gene frequency (Aq) due to selection is a function 

of 1) the regression of this frequency - q - on the phenotype - P - (b _);
2) the phenotypic superiority (AP) of the selected individuals : q
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TABLE 1. - Sibship mean and "within sibship" variance for an autosomal gene.

P A T E R N A L  H A L F - S I B S

Genotype Sibship mean Within-sibship variance Numerical example
of the 
father (Ul = 2 ,

pj = 10

Mean

p2 = 6 ,
, p = q = j) 
Variance

AA mi = PUl + 4U2 PPi2+ qP22- ®i2+ o2 4 4 + a2

Aa m2 =
1 - 1 1  •5PP1 + y n  + -5<ui3

■5PW1 2 ♦ 7 P2 2 + ■jAMs2 

- m2 2 + a2 6 8 + a2

aa n»s = PU2 + qps PP22+ qps2- nij2+ a2 8 4 + a2

F U L L - S I B S

Genotype Sibship mean Within-sibship variance Numerical example
of the 
parents Mean Variance

AA x AA mi = pi 0 ♦ o2 2 0 + <j2

AA x Aa D>2 = -jPi ♦ -JP2 |wi2+ 7 W22- di22+ o 2 4 4 ♦ d*
AA x aa m 3 = p2 0 + o2 6 +0

Aa x Aa
l' 1  1  ■5U1 ♦ -%V2 * -yus

■ Jvil2+ \vi 2+ -5ns2
- B%2 ♦ (J2 6 8 + a2

Aa x aa Dl5 = vfP2 + -jus ^V22+ -JUS2- rn52+ O2 8 4 + a2

aa x aa n>s = Ps 0 + a2 1 0 0 + o2

Pi, P2 > M3 are the means corresponding to the three genotypes; the gene fre
quencies are p and q; a2 for polygenic and environmental variance about the 
means.

TABLE 2. - Compar^on_between_double-mscled_and_conventional_bulls 
(1 year old) sons_of 10 A.Ii _sires£_the_two_tyges_are_re- 
presented_in_each progeny-group_U977-78_5eries2_W anset 

e t  a l .  1978).

D.M. COOT. A/g*

U (a) U (a)

Dressing out % 64.94 (1.49) 
(n = 57)

60.51 (1.98) 
(n = 71)

2.49

Single rib  cut (7th)
% Lean 69.67 (2.59) 

(n = 57)
58.05 (2.97) 

(n = 71)
4.14

% Fat 13.66 (1.92) 
(n = 57)

22.61 (3.15) 
(n = 71)

3.35

Creatinine (plasma 
concentration) 

(y/100 ml)
2092 (177) 

(n = 39)
1648 (186) 

(n = 66)
2.43

Price in  B.F. per 
Ko l iv e  weight 104.6 (7.9) 

(n = 57)
67.1 (3 .3 ) 

(n = 71)
6.44

a* = square root o f  the weighted average o f  the two variances.
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TABLE 3. - Comparison between halothane positive pigs from different breeds.

Dutch Dutch
Yorkshire (Hal+) Landrace (Hal )

Length of carcass (cm) 80.9 (1.5) 83.1 (1.7)
Ham % 26.4 (1.1) 27.6 (0.9)
Loin X 19.4 (0.8) 20.1 (0.9)
Meat quality* 7.3 (0.7) 5.5 (1.0)
* Score : 1 (bad) to 8 (excellent) Eikelenboom et al. (1978)

German German
Landrace (Hal+) Landrace B (Hal'*’)

Length of carcass 99.7 (2.37) 96.6 (2.5)
Meat area (cm2) 43.8 (3.47) 47.6 (4.03)
Ham X 31.8 (1.15) 32.8 (1.14)
Commercial grades :
E 30.5 X 63.7 X
I 58.3 X 34.7 X
II 10.7 X 1 . 6 X
III 0.5 X —

Schmitten et al. (1981)
o Belgian o Belgian
Landrace (Hal ) * Pietrain (Hal*)

Daily gain (g) 717 (79) 551 (73)
Ham X 24.56 (1.03) 26.24 (1.15)
Loin X 24.23 (1.10) 25.74 (1.18)
Shoulder (X) 14.13 (0.64) 15.66 (0.72)
Total lean (X) 65.05 (1.84) 69.90 (2.06)
Meat/Fat ratio 8.57 (1.55) 13.69 (3.62

(Lampo 1981) (Hanset et al. 1982)
Commercial grades Belgian Belgian

Landrace Pietrain
g (Hal + & -) o  (Hal + & -)

EE 60.6 X
E 26.7 X
AA 21.7 X 12.7 X
IA 60.8 X
IB 17.7 X

100.0 X 100.0 X
Kintaba et al. (1981)
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where ct is the average effect of the gene substitu
tion, Aq is equal to :

Aq = - p  . pq . i
'P

(Robertson 1955 - Falconer I960, p. 206).
The variation in gene frequency depends not only on the selection in

tensity but also on the ratio a/CTp which expresses the magnitude of the gene
effect relative to the total variation. The greater this relative effect, the 
greater the variation in frequency toward fixation (except in the case of ad
vantage to the heterozygous).

Therefore, it is expected that in a highly selected breed, fixation 
or near-fixation of the major genes is achieved and their existence could only 
be detected after a cross with another breed followed by a back-cross. If such 
a demonstration would be without interest for the breed concerned, neverthe
less, the benefit would be substantial, since : 1) this knowledge could be 
useful for the improvement of other breeds; 2) it would stimulate physiologi
cal and genetic (linkage) research on this gene.
Hitch-hiking effect.

Parallel to the fixation of the major gene, linked genes, even selec
tively neutral, will be carried along if they are in linkage disequilibrium 
with the major gene.

The magnitude of the linkage disequilibrium, the closeness of the 
linkage, the intensity of selection are the factors influencing the impor
tance of this "hitch-hiking effect" (Thompson 1977, Hanset et Leroy 1978).
The rapid evolution of the frequency of a marker gene, not explained by gene
tic drift, would be an indication of linkage with a major gene.
Genetic_parameters.

For a given trait, a higher heritability is expected in a population 
where a major gene is segregating than in a population where this gene is 
absent. Smith and Webb (1981) have studied the influence of the segregation 
of a major gene on the genetic parameters, heritability and genetic correla
tions. The increase in heritability is a function of the magnitude of the 
major gene effect and of its frequency in the population. Besides, if this 
gene influences two characters, a genetic correlation will exist between 
these two characters in the segregating population while the same correlation 
could be equal to zero in a non-segregating population.
3. Association and linkage.

The detection of close linkage or pleiotropy (association) with a 
"marker" gene provides convincing evidence of the segregation of a single 
identifiable locus affecting a continuously variable character (Stewart 
1969).

To detect major loci, it is useful to look at the marker systems or 
at any mendelian trait and examine their effects on economic traits.
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Such an evaluation requires a large number of animals especially 
when the economic traits concerned have low heritability (e.g. mortality or 
reproduction data).

As the number of polymorphic marker systems known is small compared 
to the total number of loci, a search for association of a trait with a mar
ker has little chance of being successful, unless there are prior reasons 
for suspecting an etiological relationship. In fact, for most, if not for 
all, marker loci so far detected (cellular antigens and biochemical markers) 
it has been found that their contribution to the total additive genetic va
riance in a trait is rather small (Neiman-Sorensen and Robertson 1961,
Smith 1967).

A search for linkage will likely be more fruitful. Elston and Lange 
(1975) have shown that, for the human genome, in the case of one trait locus 
and 30 randomly placed marker loci, a randomly chosen locus has a one-half 
probability of being linked with less than 40 % recombination to at least 
one of the markers. Methods have been developed to detect linkage between a 
marker locus and a quantitative trait. (Stewart 1969, Hill 1975, Smith 1975, 
Lange et al. 1976). Linkage detection could become a powerful method of ma
jor locus analysis.

Examples of major genes : I. - Cattle.

The double-muscled condition in cattle is a good example of the par
ticipation of a major gene to the variation of muscle development. A genetic 
experiment with backcrossing of Fj females to a double-muscled sire gave re
sults compatible with the segregation of a major gene (Fig. 5) (Hanset 1980a).

Selection on conformation within the Belgian Blue-White breed has 
been favourable to the fixation of this major gene. This gene behaves as 
partially recessive (Fig. 6) (Menissier 1980a, Hanset 1981).

The different stages of the transformation of this breed are illus
trated in Fig. 7, which shows at first an improvement of muscling within the 
conventional type; but some of these "improved" animals are heterozygous for 
the gene which is partially recessive. Then, more and more homozygous animals 
with the typical "culard" conformation are b o m .  Progressively, the breeders 
gave up their former breeding goal for a dual-purpose type and adopted their 
present breeding goal : an extremely muscled animal. But, within this type, 
genetic variation is still present and selection for more muscling still 
possible (Hanset 1980a).

The segregation of twq phenotypes - the conventional and the double
muscled - goes on in commercial herds and so the magnitude of the effect of 
this gene can be measured (Table 2). The differences between the two types 
amount to several standard deviations.

From Fig. 6 illustrating the mode of inheritance, it appears that this 
gene can be exploited in single dose (in first crossing), in double dose (the 
"culard" phenotype in pure breeding), for a part in single dose and a part in 
double dose in the case of back-crossing (Hanset 1980b, Menissier 1980b). As 
indicated above, within the double-muscled strain, a genetic variation is 
still present which allows a selection towards a more extreme type or even 
towards a less extreme type which could be justified if it would make possible
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the correction for the undesirable side effects (calving difficulties, viabi
lity, ...).

We are still far from knowing all about the inheritance of double- 
muscling. The discrimination between "culard" animals and well-muscled ani
mals may be difficult as is also difficult the discrimination between pure 
conventional and the heterozygous where the gene has a variable expression.
The discovery of an immediate product of the gene or of an immediate manifes
tation of the gene (either histological or physiological or pharmacological,
...) would be particularly welcome and useful wether it is intended to select 
for a heavy-muscled animal without the help of the major gene considered as 
undesirable or wether it is intended to study the interaction between this 
gene and other genes involved in muscle development.

In any case, it can be expected that progress wi],l be made regarding 
the physiology of this gene and that linkage relations will be discovered; by 
this, a way will be opened towards a better knowledge of the genetic variation 
of muscle development and of the bovine genome.

The white heifer disease in the British Shorthorn and the Belgian 
Blue-White breed offers another good example of major gene effect in cattle 
breeding, but now for an all-or-none trait. The "White Shorthorn" gene which 
exhibits intermediate inheritance (NN, white, Nn, blue or roan, nn, black or 
red) behaves also as a major gene concerning the incidence of the white heifer 
disease, a condition characterized by developmental anomalies of the genital 
tract of the female. A mixed model, major gene (colour gene) + polygenes + 
environmental effects (h2 = 0,20) with threshold fits over this situation 
(fig. 8) (Hanset 1965). Selection pressure against this congenital defect can 
be put : 1) on the major gene (N — *■ n); 2) on the polygenes in order to keep 
the degree of predisposition of the new generation away from the threshold 
(Hanset 1969).

Examples of major genes : II. - Pigs.

The Pietrain pig with its particular conformation reminding the 
"culard" phenotype in cattle was a logical candidate for a single gene analy
sis.

In an experiment involving Large White and Pietrain, Ollivier and 
Lauvergne have tested the hypothesis of a major gene (Ollivier and Lauvergpe 
1967, Ollivier 1968). From the study of the distribution of carcass traits and 
of a combination of these (discriminant function) in Fj, F 2 and back-crosses, 
the authors weren't able to demonstrate surely the segregation of a single 
gene; at most their results suggest that few genes are involved.

The identification of a major gene in relation with muscle develop
ment in pig came through research on stress susceptibility. In 1969, Sybesma 
and Eikelenboom showed that stress-susceptible Pietrain pigs when subjected 
to halothane anesthesia developed a complex of symptoms called the Malignant 
Hyperthermia Syndrome.

As postulated in 1974 by Christian (Mabry et al. 1981), this suscepti
bility to halothane was shown by several authors to be inherited as a single 
recessive gene (Hals ) with high penetrance (review by Simon 1980).
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The effects of this gene on performance have been reviewed by Webb 
(1981) : higher lean content, shorter carcass, higher proportion of PSE meat, 
higher post-weaning mortality (P.S.S.), slower growth.

While the heterozygous is not susceptible to halothane and does not 
show the detrimental effects of the gene, it seems to be intermediate for 
carcass characteristics (Jensen 1981, Webb 1981).

The importance of the contribution of the Hal locus on the additive 
genetic variance : 1) of meat quality (60 %); 2) backfat thickness (20 %); 3) 
proportion of ham (20 %) makes of this gene a major gene (Brascamp et al.
1980). Indeed, it behaves as a gene with major effect since selection for 
meatiness and conformation has led to its fixation or quasi-fixation.

There are strong differences between breeds regarding halothane sus
ceptibility. If this criterion is used, breeds are ranked as expected from 
their known meatiness and stress susceptibility starting from the bottom 
with Large White types and North American breeds through Landrace strains 
with intermediate frequencies to the top with the most affected breeds, the 
Belgian Landrace with 90.8 % (Lampo 1981) and the Belgian Piethain with 
91.5 % (Hanset et al. 1982).

Linkage relations have been found between the Hal locus on the one 
hand and other linked genetic markers, the gene order being : Phi - Hal - 
S - H - Pgd for PHI (phospho-hexose-isomerase), Halothane sensitivity, inhi
bition of expression of A and 0, H red blood cell antigens and PGD (6-phos- 
phogluconate dehydrogenase) (Rasmusen 1981). The single gene hypothesis for 
the halothane sensitivity was corroborated by this discovery of a genetic 
linkage with marker genes. Moreover the Hal - PHI loci were shown to be in 
linkage disequilibrium (Ansay and Ollivier 1978, Guerin et al. 1978). These 
facts had at least three consequences : 1) the mapping of a pig chromosome 
could be undertaken; 2) the marker genes could be used to predict phenotypes 
and genotypes with a good accuracy; 3) an "hitch-hiking effect" was expected.

The frequency of allele B at the PHI locus is very high in the two 
Belgian breeds, 0.96 and 0.97 in Belgian Landrace and Pietrain respectively 
while the frequency of allele A at the 6PGD locus is 0.83 in Pietrain and 
0.42 in Belgium Landrace (Widar et al. 1975). Among Pietrain pigs station- 
tested during 1981, the frequency of allele B at the PHI locus is 95.67 % 
and the frequency of allele A at the PGD locus 88.86 (Hanset et al. 1982) 
while in a French Strain of Pietrain pigs with only 49.6 % halothane positives, 
the frequency of allele B (PHI) is 82.6 and the frequency of allele A (PGD), 
88.7 %. (Ansay and Ollivier 1978).

From one economic environment to another, the balance between the be
neficial and harmful effects of the gene may be different. Therefore, in 
some cases, attempts will be made to eliminate it but in other cases, its 
fixation will be accepted if it is economic to accomodate the deleterious 
effects. We encountered already the same kind of alternative with the dou
ble-muscled condition in cattle. Moreover in some instances, it could be in
teresting to exploit the gene in the heterozygous state, by using distinct 
lines, in order to benefit from its effect on the carcass composition while 
avoiding stress susceptibility and deteriorated meat quality.

Smith and Webb (1981), Smith (1981) have thoroughly explored the 
breeding strategies with the halothane gene.
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On the other hand, it seems that the effects of the Hal3 gene vary 
from breed to breed, i.e. from the one genetic background to the other. Never
theless, while comparing halothane negative and halothane positive pigs, we 
have to bear in mind that the genetic structure of the negative group (the 
proportions of SS and Ss individuals) depends on the frequency of the gene 
in the population considered. Moreover, if the penetrance of Hals is not com
plete, there,:will be some homozygous ss among the halothane negatives.

The differences between positives and negatives are small at both ex
tremes of the range i.e. in the Yorkshire breed where the frequency of halo
thane positives is at lowest (Eikelenboom et al. 1978) and in the Belgian 
breeds where the frequency of halothane positives is at highest (Lampo 1981, 
Hanset et al. 1982).

Although the Hal3 gene is a major gene, its effect on carcass compo
sition is not as spectacular as that of the gene for double-muscling in cattle; 
moreover double-muscled cattle are not sensitive to halothane.

Could a halothane positive animal of the Yorkshire breed or of the 
Danish or Norwegian Landrace be mistaken for a Pietrain ? Important differen
ces remain between halothane positive pigs from different breeds (Table 3).
An halothane positive pig of the German Landrace cannot in average compete as 
far as the carcass composition is concerned with an halothane positive pig of 
the German Landrace B breed and an halothane positive pig of the Belgian Land- 
race breed is still quiet distinct from an halothane positive pig of the Pie- 
train breed.

The conclusion is that there is room besides the halothane gene for 
the intervention of other genes and possibly of an other major gene, accentua
ting the effect of the Hal3 gene since, compared to the Belgian Landrace, the 
Pietrain has a still lower growth, a shorter and broader body, more meat and 
the conformation of a true "culard".

In pigs, a major gene in relation to resistance to neonatal diarrhoea 
due to E . c o l i  K 88  has been identified. Homozygous recessives (ss) with no 
intestinal receptors for the K88 antigen are resistant while homozygous do
minants (SS) and heterozygotes (Ss) possess the receptors and are suscepti
ble (Sellwood 1979). The presence or absence of these receptors is revealed 
by an "in v i t r o  technique" which demonstrates the adhesive ability of the 
K88 positive E .  c o l i  strains on isolated brush borders from the small intes
tine (Sellwood et al. 1975).

The highest incidence of diarrhoea is found in the susceptible proge
ny of resistant dams while the incidence is low in resistant or susceptible 
progeny of susceptible dams (Sellwood 1979). During an outbreak of the di
sease, susceptible dams become immunized and transfer colostral antibodies 
to their piglets which are thus protected wether they are genetically re
sistant or susceptible while resistant dams don’t develop antibodies and 
their susceptible progeny are not protected. Therefore, from a genetical 
point of view, the situation is similar to that encountered with the Rhesus 
factor in man since the heterozygous (Ss) born to homozygous recessive mother 
is selected against. This would explain why the gene for susceptibility remains 
so widespread. Indeed, in an infected environment, an equilibrium would exist 
at q = 1/2 because Aq = pq2 (q - 1/2) / (1 - pq2 ) but this equilibrium is un
stable with as consequence the fixation of the most frequent gene either s 
or S (allele s will be eliminated (Aq < 0 if its frequency is below 1/2 but 
will be fixed (Aq > 0) if its frequency is above 1/2).
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Fig. 1. — Density function of best fitting mixture of two 
normal distributions and two component distributions. 
Variable : blood clotting « factor ten »> levels (from Sier- 
vogel et al. 1979).

Fig. 2. — Expected distributions of each of three genotypes 
and combined distribution. Variable : activity of galacto- 
kinase (from Spielman et al. 1978).

Fig. 3. — Cumulative plot of « factor ten »> levels. Dashed 
line : cumulative plot of best fitting normal distribution. 
Solid line : cumulative plot of best fitting mixture of two 
normal distributions (from Siervogel et al. 1979).

Fig. 4. — Expected distribution for each of two genotypes 
and combined distribution. Sex-linked inheritance : A. 
Boys ; B. Girls. Variable : spatial visualization ability 
(from Bock and Kolakowski 1973).

Perspectives.

We are no longer entitled to consider that quantitative genetic va
riation of a given trait is necessarily due to a relatively large number of 
genes each with minute effect and essentially unidentifiable. It would be a 
mistake to neglect the possibility that continuous variation might, in a par
ticular case, be due to one or two identifiable genes for when this is true, 
it becomes possible to look for linkage relations and to investigate their 
physiological and biochemical effects. The same statement is sometimes expres 
sed regarding developmental anomalies, so according to Chai (1981) "the thres 
hold concept has practically frozen the research in congenital malformations 
ever since the concept was adopted".
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B ic. Fem .

mm x mm

Fig. 5. — Distribution of the weight of m. « Biceps 
femoris » from calves of constant weight (83 kg). A. 
« double-muscled » x « double-muscled » (mm x 
mm) □  = « double-muscled ». B. Backcross : Fi x 
« double-muscled » (m + x mm) □  = normal.

Fig. 6. - Inheritance of double-muscling. The 
major gene (m) behaves as a partial recessive, the 
heterozygous (m +) being nearer the homozygous 
normal.

Fig. 7. - The stages of the transformation of the 
Belgian White and Blue breed from a dual- 
purpose type to the « double-muscled » type.

Fig. 8. - A mixed model with threshold explaining the 
inheritance of white heifer disease.
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The discovery of the Hal locus is a good example of the unsuspected 
benefit coming from the identification of a single gene. This event has given 
a new dimension to genetics applied to animal production and given rise to 
new ways of thinking. In this particular case, selection has become more ra
tional, more specific, more efficient.

Are major genes inevitably associated with undesirable effects ? 
Perhaps is the magnitude of their physiological action (e.g. on muscle deve
lopment) such that an unbalance is introduced within the organism and its 
fully integrated components and this already during ontogeny. In any case, 
many things will be learnt from these major genes.

From now on, the identification of genes with major effects on quan
titative traits related to production, reproduction and disease resistance 
will be an objective. The identification of new ones will depend on progress 
in physiology, biochemistry, immunology, pharmacology, etc... and will be 
either a random process or by design•

Besides the systematic examination of the effects on economic traits 
of any new marker gene, one strategy could consist of a statistical analysis 
to detect major effects on quantitative traits or on specific components of 
particular physiological systems, in other words, detect simple genotypes 
which can then be more fully investigated for their physiological, biochemi
cal and other characteristics and for their linkage relations with an ever 
increasing number of marker systems.

Besides muscle hypertrophy in cattle and pig, large differences bet
ween breeds, strains or families regarding milk yield, fat %, size, twinning, 
ease of calving, susceptibility to metabolic, infectious, parasitic diseases, 
susceptibility to certain drugs, ... seem to be good candidates for such an 
analysis.

Today, Genetics is essentially directed towards the gene, the fine 
structure of chromosomal segments, the anatomy of the genome. We feel that 
this era is also opened in Genetics of Farm Animals. This knowledge is a 
prerequisite to a more and more rational manipulation of the genetic make-up 
of our domestic animals.

SUMMARY

Having recognized the possibility that an appreciable part of the va
riability of a quantitative trait can be due to segregation at one or a few lo
ci, methods to detect such major genes are studied considering in turn : 1) the 
statistical implications of the segregation of a major gene : a) distribution 
of the trait at the population level and in designed crosses (F2 and back- 
crosses) for autosomal and sex-linked genes, correlations between relatives; 
b) relation between sibship mean and within-sibship variance. 2) population 
genetic implications of the segregation of a major gene : a) rate of fixation 
at the major locus; b) hitch-hicking effect; c) genetic parameters. 3) asso
ciation and linkage. Examples of major genes are reviewed. 1. - in cattle : 
double-muscling and white heifer disease; 2. - in pigs : the Hal locus (with 
its linkage relations) and the gene for resistance to neonatal diarrhoea. The 
perspectives regarding the disclosure of other major genes in relation to eco
nomic traits are discussed.
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RESUME

Ayant reconnu la possibility qu'une part appreciable de la variation 
d'un caractere quantitatif pouvait etre due a la segregation d'un ou quelques 
genes, on etudie les methodes susceptibles d'aider a la detection de tels ge
nes majeurs envisageant dans l'ordre : 1) les implications statistiques de la 
segregation d'un gene majeur : a) distribution du caractere au niveau de la 
population et dans des croisements planifies (F2 et croisements de retour) 
pour genes autosomes ou lies au sexe ainsi que les correlations entre apparen- 
tes; b) relation entre la moyenne des fratries et la variance "intra-fratrie". 
2) les implications de la segregation d'un gene majeur en termes de Genetique 
des Populations : a) rythme de la fixation au locus majeur; b) effet d'accompa- 
giement; c) parametres genetiques. 3) association et linkage. A titre d'exem- 
ples, on envisage : 1. - chez les bovins : le caractere "culard" et la "mala- 
die des genisses blanches". 2. - chez le pore : le locus Hal de sensibilite a 
l'halothane et le gene de resistance a la diarrhee neonatale. Les perspectives 
concernant la mise a jour d'autres genes majeurs en relation avec des caracte- 
res economiques sont envisagees.
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