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SUMMARY
Chickens have been selected for 8 generations for high (H) and low (L) 

primary humoral immune response to SRBC. Realized heritabilities, estimated by 
regression and Individual Animal Model (IAM) were consistent: .15 and .16 in H 
line, .22 and .26 in L line, respectively. Important changes in MHC haplotype 
distribution have been found, with a predominance of a B121 in the H line and 
of a B114 in the L line. Least squares analysis of the Antibody (Ab) titer in 
the 8th generation showed a moderate contribution of the MHC genotype on the 
Ab titer (3.5 to 7.52 of variability explained). But a great effect of the family 
genetic component was found including likely other immune response genes and 
background genes. An extended IAM will be used later to estimate more accurately 
MHC effect by taking selection and relationships between animals into account.

INTRODUCTION
Resistance to disease in livestock animals may genetically be improved by 

selection. One way consists of selecting animals for their antibody (Ab) 
production to a multideterminant antigen, like sheep red blood cells (SRBC), for 
a broad immune response. We present here 8 generations of divergent selection 
of chickens for their response to SRBC.

Firstly, heritability of Ab production to SRBC was estimated from realized 
response and we improved the analysis by using an individual animal model, that 
corrects for selection and relationships between animals.

Secondly, markers for immune response and disease resistance might be 
studied in these selected lines; MHC genes are good candidates, known already 
for their crucial role in immune traits in many species, including poultry. 
Thus, chickens of the selected lines have been typed for MHC genotypes whose 
effects on Ab titer have been quantified.

MATERIALS AND METHODS
Divergent selection: Since 1980, chiekens have been bidirectionally selected 
from an ISA Warren base population (generation S0, n-608) for 8 generations, 
for their total Ab titer, 5 days post prime immunization (P5T0) with 1ml 252 
SRBC at an age of 37 days (Van der Zijpp et al., 1988). Besides the high (H) 
line of high responders and the low (L) line of low responders, a random bred 
Control (C) line was kept.
MHC typing: 418 hens and 107 cocks of the H, C and L lines of S, have been typed 
for their MHC haplotypes encoding antigens at the erythrocyte surface by direct 
haemagglutination; alloantisera were obtained by erythrocyte alloimmunization 
using segregating families within lines. MHC genotype was defined as the 
combination of two MHC haplotypes,.
Statistical analysis: * the realized heritability (h.!) has been estimated on 
the first 7 generations as the regression of generation means as deviation from 
means of the C line on cumulative realized selection differential, within each 
line and sex.
The hrz has also been estimated within line with an individual animal model (IAM) 
using a derivative free REstricted Maximum Likelihood (REML) approach (Meyer, 
1989), taking into the analyses all generations, including the random base 
population and all relationships.
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(Model 1)P5T0,j„ - |i + sex, + generation, + U,,„ + e„n

where P5T0,,n : Ab titer of the nth animal
p. : population mean
sex, : fixed effect of the ith sex
generation,! fixed effect of the jth generation 
U,,„ : random additive genetic effect in the nth animal
e,j„ : random residual error

* the Least squares analysis of variance in Ab response (P5T0) of S, animals 
typed for MHC was performed using the SAS-GLM (1985) on the following model:

p5T0,k,.„ - p, + sex, + MHC„ + sire,,, + dam,,. + e,k,„ (Model 2)
where MHCk : fixed effect of the kth MHC genotype of the nth animal 

sirekl: random effect of the 1th sire within the kth MHC 
dan̂ ,. : random effect of the mth dam mated to the 1th sire

RESULTS

Selection results: H and L lines 
differed significantly (P<.01) from 
the S3 onwards and selection has not 
yet reached a plateau (Fig 1). Table 
1 presents the average titers in S8.
Table 1. Mean titers(std dev) in 8th
generation__________________________

Line
H C L

cocks 8.7(2.1) 5.9(2.0) 2.6(1.5)
hens 8.8(2.1) 5.7(2.1) 3.4(1.5)
Realized heritability: The compared est 
1) were consistent: .15 vs. .16 in the

Fig 1. Selection response for SRBC
—  L O W  —  C O N T . HIGH

ites of hr2 by regression and IAM (Model 
line and .22 vs. .26 in the L line.

Distribution of MHC haplotypes and genotypes: Four major MHC haplotypes have 
been found in S8: B114, B119, B121 and B124 (with no definite references yet). 
The frequency of MHC haplotypes differed significantly between lines with a 
dramatic increase of B114 in the L line and of the B121 in the H line (Fig 2). 
But if the B121 was most present in the H line in homozygous animals (471 of 
121-121), the B114 was most found in L line in heterozygous animals (34.51 of 
114-124) and homozygous ones (33Z of 1L4-114) (Table 2). Logically, the C line 
is still quite homogenous for all types with, nevertheless, a relatively greater 
presence of the B124 (42.5Z).
Fig 2. Distribution (Zwithin line) in 
8th generation of MHC haplotypes

E Z 3  HIGH H H  CONTROL E S  LOW 
rv= 164 n= 163 n= 198

Table 2. Distribution (Zwithin 
line) in 8th generation of MHC 
genotypes

MHC Line
H c L

114 - 114 0 5 33
114 - 119 2 13 8.5
114 - 121 7 3 0
114 - 124 2 5 34.5
119 - 119 4 9 1.5
119 - 121 27.5 8 0
119 - 124 2.5 12 8
121 - 121 47 6 0
121 - 124 8 10 0.5
124 - 124 0 29 14
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Variance analysis of the P5T0 and estimation of MHC genotype effect: In all 
lines, model 2 explained a high percentage of the variation of the P5T0 (Table
3); the L line showed a much greater variability than the H and C lines. In none 
of the lines, the MHC genotype had a significant effect on P5T0. Nevertheless,
3.5 to 7.51 of its variation was explained. On the contrary, the sire (within 
MHC) effect was highly significant in H and C lines and also the dam effect in 
H line. The sex effect is also significant in H and L lines, but, actually 
reflects the higher selection pressure on the males than on the females in H line 
(LSMeans of P5T0 of 12.0 vs. 8.78) and in the L line (LSMeans of P5T0 of 1.06 
vs. 2.31). Consequently, the LSMeans of P5T0 per MHC genotypes have been only 
estimated in the hens population and are presented in table 4: In H line there 
was no significant difference among genotypes; in C line, 121-121, 114-124, 119- 
124 and 114-119 had higher P5T0 compared to 114-114; in the L line, 114-114 and 
114-119 had lower P5T0 compared to 119-124 and 124-124.

Table 3. Variance analysis of the P5T0 in MHC typed chickens of S,

Source of variation
Line R “

%

C.V.b

% model

(level of significance0) 

M HC sire dam sex

R 2* M H C

%
H (n  = 164) 71.9 17.0 .0001 5263 .0003 .0248 .0001 3 5

C  (n =  163) 81.5 3 0 3 .0087 .4977 .0067 .1255 3535 7 5

L  ( n =  198) 59.8 6 0 3 .0017 .1975 .1057 5120 .0004 7.0

a : coefficient of determination b : coefficient of variation c ; probability > F 

Table 4. MHC genotype effect on the P5T0: Least Squares Meansfstd err) (S, hens)

Line

M H C H c L
114 - 114 4.33 (0.77)* 1.99 (0.23)*
114 - 119 5.87 (0.46)b 1.96 (0.42)*
114 - 121 8.55 (0.52)
114 - 124 6.25 (0.8 l)b 2.21 (0.22)"b
119 - 119 9.25 (0.70) 5.33 (0.57)*b 2.00 (1.01)*b
119 - 121 8.91 (0.31) 6.04 (0.60)b
119 - 124 5.41 (0.47)*b 2.98 (0.44)b
121 - 121 8.81 (0.27) 6.50 (0.76)b
121 - 124 9.86 (0.58) 5.22 (0.49)*b
124 - 124 5.54 (0.32)*b 2.79 (0.32)b
a,b : different superscripts within line differ significantly (p < .10)
all LSM within M H C  genotype differ between lines (p < .01)

DISCUSSION

Realized heritability 
effectiveness of selection

values of the first 7 
and are in agreement with

generations support the 
other similar selection

experiments (Martin et al., 1990).
Very significant changes in MHC distribution have occurred along the 

selection for high and low Ab response, favoring the B121 haplotype in the first 
case and the B114 in the second. Even if animals have not been typed in each 
generation, the homogenous distribution of all four haplotypes in the C line, 
theoretically similar to the base population, support that hypothesis. But MHC 
appears, by using Model 2, to account only for 3.5 to 7.5Z of the variation of 
the Ab response whereas the family genetic component is very important. How can 
we relate these two facts? What is the role of MHC in the genetic control of 
immune response? How dependent are these results on the model used?
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Changes in MHC types under selection may have occurred because of the 
significant role of MHC genes in the immune response, or linkage of MHC genes 
to immune response genes, or genetic drift due to long intensive selection. The 
three phenomena have likely happened combined. Indeed, previous experiments 
reported a significant role of MHC in immune response to a synthetic polypeptide 
antigen (Cheng and Lamont, 1988) and to SRBC (Kim et al., 1987). Likewise, 
similar divergent selection experiments on Ab response to SRBC in mice (Colombani 
et al., 1979), but also in chickens (Martin et al., 1990) showed effects on MHC 
type frequencies. Comparing MHC distributions in each line with LSMeans of P5T0 
for these genotypes, we can say that the relative lower P5TO of 114-114 genotype 
in C and L line compared to the higher P5T0 of 121-121 in C line is in agreement 
with a selection of B114 types in L line and B121 types in H line. For the other 
types, no striking effect appears. Nevertheless, the heterozygous status of many 
animals require obviously a decomposition of MHC genotype effect in haplotypes 
effect and interaction to conduct a more accurate comparison.

Parallel to a moderate contribution of MHC in P5T0 variability, the sire 
effect was found very important by using Model 2. The sire effect was nested 
within MHC genotype, as commonly done (Cheng and Lamont, 1988 for instance) to 
avoid confounding effects and then reestimating the sire contribution, apart from 
the MHC haplotype transmitted. However, this sire effect still contains other 
immune response genes, that we do not type for. Thus, this great contribution 
of background genes, besides MHC genes is in agreement with a polygenic control 
of the immune response. But we may also wonder if such a great effect of sire 
and also the very high R2 of the Model 2 are not due to the artificial 
multiplication of sires within genotypes, absorbing then much of the variation 
and likely hiding some variation due to MHC genotypes. Finally, the sire and dam 
effects do not reflect all the relationships between individuals due to the 8 
generations of selection.

All these objections might be avoided when using an IAM, extended with a 
fixed effect for MHC genotype (Model 3), over generations, taking the 
relationships between animals and the selection on SRBC into account. A H  animals 
typed for MHC (parents of the 8th generation onwards) will be used in the model

P5T0,jk„ - p. + sex, + generation^ + MHCk + U ’,Jkn + e,JkB (Model 3)
where U ’,jkn is the random 'marker gene free’ additive genetic effect in the nth 
animal.

CONCLUSION
These first results show obviously the importance of the choice of the 

appropriate method to estimate the genetic parameters of the selection and 
quantify the role of MHC in the immune response. In the future, different areas 
of research might be considered to improve this analysis:
- search of other markers of immune response such as Ig allotypes and also 
refinal typing of MHC haplotype, discriminating between B-G, B-F and B-L alleles.
- fine adaptation of statistical methods, and of the animal model in particular 
to the specific framework of the present selected lines differing for MHC.
- estimation of MHC effects by obtaining a FI (crossing of high and low lines) 
and then a F2, in order to get a random background of genes besides the MHC 
genes.
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