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SUMMARY
Norwegian Dairy goats have been selected for high and low antibody response to diphtheria toxoid 
for twelve years, or about 5.5 generations. The mean phenotypic values of the lines did not show 
a clear effect of breeding. The means of both lines decreased through the years of the experiment. 
Using an individual animal model for analysis, the mean breeding values of the lines were found 
to be significantly different, and the difference between the lines increased throughout the study. 
Heritability of the trait was estimated to 0.19 in the base population. Mixed model methodology 
revealed a genetic trend not detected by traditional methods of analyzing selection experiments.

INTRODUCTION
Antibody response to test antigens has been evaluated as a possible marker trait for genetic 
improvement of disease resistance (Burton et al., 1989). Selection for marker traits might provide 
valuable information about the relations between the trait and disease resistance.
The most comprehensive study in selection for immune response was carried out by Biozzi et al. 
(1979), where divergent selection for antibody response was performed in five separate experi
ments. Divergent selection for antibody response has been conducted in guinea pigs, rats, swine, 
chicken and Japanese quail (reviewed by Warner et al. (1987)). A pioneer study of selection for 
antibody response was performed in guinea pigs using the antibody chosen in the present study, 
diphtheria toxoid (Scheibel, 1943).
The aim of this study was to select two divergent lines for antibody response to diphtheria toxoid 
in Norwegian dairy goats. Results after 12 years of selection are presented.

MATERIALS AND METHODS
Norwegian Dairy goats from a herd comprising approx. 100 milking goats, were used. The goats 
were reared as a commercial goat herd. Before the onset of the present study, the animals had been 
selected for improved milk taste and milk production. Analysis of pedigree data from the last 20 
years allowed us to conclude that the relationship between animals in the base population was 
negligible.
Parents in the base populaton were grouped according to the performance of their kids that year. 
Only sires were selected the following years to avoid interference of maternal antibodies. Five male 
kids were selected in each line. Both males and females were mated in their first year of living. Sires 
were used one breeding season only, dams could be used consecutive years. The average number 
of litters for dams were 2.45. Dams were mated with sires within line and mating plans were made 
to keep the inbreeding coefficient as low as possible. It was also sought to mate selected males to 
the an equal number of females.
Mean litter size was 1.44 kids, and the offspring were born from January throughout March. 
Three antigens were administrated subcutaneously: 93 pg diphtheria toxoid, 50 pg human serum 
albumin together with 3 mg. of a crude sonicated suspension of Mycobacterium paratuberculosis. 
Antigens were emulsified in Freund's incomplete adjuvant and injected at six sites. A low antigen 
dose was chosen in order to create a response to few epitopes, which presumably would involve 
only a few immune response gene loci.

The kids were immunized 4 weeks old. Antibody titres were assessed by passive hemag
glutination from sera collected 21 days after immunization. Animals were regarded as respond
ers when their log2 titer increased with more than 1.0 between immunization and three weeks 
later.
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Realized heritabilities were estimated for each year by dividing the selection response (R) with the 
cumulative selection differential (CS). R was the difference between the mean phenotypic values 
of the lines each year. Individual selection differentials were calculated as the absolute difference 
between the line mean titer and the titer of each selected sire. CS was the sum of the average 
selection differentials for the two lines cumulated over years. Overlapping generations were not 
corrected for.
Mixed model procedures were applied for the estimation of heritabilities and prediction of breeding 
values. The additive genetic variance of the base population and the error variance were estimated 
by a derivative-free restricted maximum likelihood (DFREML) procedure as described by Meyer 
(1988). The animals that were in the herd in the first year were used as base population although 
relationship information was available for ten previous years. The animals in year two and three 
were also used as base population for some analyses, as one way of estimating realized 
heritabilities.
Breeding values were predicted from the individual animal model, achieving the Best Linear 
Unbiased Predictors (BLUPs) (Henderson, 1977). A genetic trend was calculated as a linear 
regression of year on breeding values.

TABLE 1: Antibody response in high and low responder line with estimated realized heritabilities.

N
Year High Low

Year mean 
High Low

Non responders Variance 
High Low High Low H2

1 67 8.0 2 1 6.2
2 40 25 8.9 7.7 0 0 4.6 4.4 0.19
<3 34 27 8.1 7.1 0 0 4.2 4.1 0.10
4 21 10 8.4 6.5 0 0 3.7 2.0 0.13
5 36 29 6.6 5.8 6 5 5.2 36 0.05
6 23 27 5.5 5.1 5 10 5.9 5.1 0.02
7 28 28 4.9 4.1 8 15 4.9 5.7 0.03
8 22 35 6.6 5.4 0 0 1.2 0,9 0 04
9 13 24 5.1 3.1 4 16 6.2 2.3 0.06
10 29 20 3.2 2.9 24 17 1.8 1.4 0.01
11 23 15 6.6 5.4 0 3 3 4 2.1 0.03
12 31 13 4.6 3.8 13 6 2.6 1.0 0.02

Non responders = animals with <1.0 increase in log2 titer 21 days after immunization.
H2 = realized heritabilily, cumulated selection differential / selection response

RESULTS
The mean generation number after 12 years of selection was 5.48 due to the fact that dams had 
been used several years.
Few non-responders were present in either of the 
lines in the base population. The number of non- 
responders increased in the consecutive years.
(Table 1)
As the number of non responders increased the 
titer means and variance decreased in both lines.
This reduction in mean titer meant that the anti
body assay was no longer sensitive enough to 
detect differences between animals in the lower 
titer range.
The mean phenotypic values diverged in the first 
years of the study, but the distance between the

T a b l e  2 DFREML e s t i m a t e s  o f
h e r i t a b i l i t y , d i f f e r e n t  m o d e l s .

F i x e d  e f f e c t H e r i t a - B a s e
i n  mode l b i l i t y p o p u l a t i o n

Y e a r 0 . 1 9 Y e a r  1
Y ea r*m o n th 0 . 1 9 Y e a r  1
Y e a r * l i n e 0 . 2 3 Y e a r  1
Y e a r 0 . 0 9 Y e a r  2
Y e a r 0 . 1 0 Y e a r  3
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lines decreased in the succeed
ing years (Figure 1 A). Then the 
antibody response and the se
lection response fluctuated 
strongly from year to year.
As the selection response went 
down the realized heritabilities 
(TABLE 2) went down from 0.19 
and approached zero as the se
lection continued.
Estimates of heritability in the 
base population by use of REML 
on data from all years were quite 
close to the realized heritability 
after one selection cycle. BLUPs 
were calculated using H2=0.19. 
The difference between the 
mean breeding values of each 
line increased about 48% be
tween year 2 and 12 . The re
gression lines fitted for the BLUP 
values within each line from year 
2 to year 12 revealed a signifi
cant genetic trend. Regression 
coefficients were small (high line 
= 0.009, low line = -0.008) but 
both were significantly different 
from zero (P<0.0004).

DISCUSSION
After 5.5 generations a high and 
a low responder line to diphthe
ria toxoid was established. The selection did not reveal an increasing phenotypic divergence be
tween the lines, but the breeding values showed that the genetic differences between the lines 
increased significantly during selection.
A difference between the lines was established the first year by grouping dams according to the per
formance of their kids that year. The selection response observed in 1979 is therefore a result both 
of selection of sires among the male kids born in 1978 and the grouping of the dams. Any increase 
in the selection response after 1979, however, should only be the result of selection of males within 
the lines each previous year (Almlid et a l„ 1980).
The decline in selection response, and the following fluctuations in response has been observed 
in similar studies. Selection for antibody titer in guinea pigs did also show fluctuations from one 
generation to the next (Ibanez et al., 1980). Selection itself leads to a reduction in variance from 
one generation to the next (Falconer, 1989) but environmental fluctuations seem to have a strong 
impact on selection for immune response.
The animals in each selection cycle are then brought up under different environmental conditions 
Variation in climate and housing could explain the environmental variations, expressed as effect 
of year. Housing temperature and humidity are unstable during the winter. Temperature and 
humidity may also have changed the infection pressure from environmental pathogens, which most 
probably influence the ability to mount an antibody response.
Natural selection, inbreeding depression and fixation of genes were considered negligible.
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Figure 1 Development of the lines: mean log2 titer vs. 
year (A) and mean breeding values vs. year. High and 
low responder lines plotted separately.
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5.5 generations may not be enough to establish stable high and low responder lines. Experiments 
in guinea pigs (Ibanez et al., 1980) and chicken (Pevzner et al., 1981) have shown that the 
divergence between the lines hardly increased after the first few generations. Biozzi’s mice lines 
did not diverge before the fifth generation, and then the difference between the lines grew until the 
selection limit was reached.
Reduction in phenotypic variance must mainly be explained by the fact that our antibody assay was 
incapable of detecting differences between animals when the average titer level decreased. The 
problem of scale of measurement might be crucial for the results, as the scale of measurement was 
truncated in the lower range.
This may explain that the realized heritability approached zero after four years. Using mixed model 
methodology, a genetic trend appeared which was not detected otherwise.
One of the main strengths of the mixed model approach applied is that all pedigree information can 
be included in the model. The problem of scale of measurement was probably overcome by the 
animal model’s use of pedigree information. Animals with no significant antibody response got a 
breeding value which reflected the individual’s genetic value.
Our analysis assume that a strictly additive model holds for the trait selected for. (Sorensen and 
Kennedy, 1986). However, the occurrence of a major gene controlling the antibody response could 
explain that line differences was established early, and the phenotypic variance seen within each 
line the following years could be attributed to genes of minor effect. A dominant immune response 
gene controlling anti-DIF response has been suggested in humans (McMichael et al., 1977), and 
backcrosses between homozygous Biozzi mice have shown a dominant allele for high response. 
Even dominance might not invalidate the use of mixed model estimation in this study. It has been 
shown that when the frequency of the dominant gene is high ( 0.9) the mixed model estimate 
(MME) is quite close to the true mean even if dominance is not included in the model. At lower 
frequencies the MMEs are biased even with dominance included in the model (Maki-Tanila and 
Kennedy, 1986).
In the present study the animal model analysis was an invaluable tool for detecting the genetic trend 
in the selection. Selection for immune response has appeared not to be as straightforward in 
domestic animals as in laboratory animals. Environmental variation create fluctuations in the 
immune response. Genotype-environment interaction couid be of significance for immunological 
traits. These two factors together with the possible influence of a major locus or dominance might 
complicate the use of immunological traits in goat breeding.
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