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SUMMARY
A method for estimating major gene effects using Gibbs Sampling to infer genotypes of individuals 

with unknown values, was compared with normal mixed model analysis. When genotypes were known for 
all the individuals, results using the Gibbs method were similar to those obtained with mixed model. When 
information of animals with unknown genotype were included, the Gibbs sampling method yielded unbiased 
estimates of the major gene effects, while reducing the prediction errors associated with them. The reduction 
of the variance varied between 18 -37 % for different values of gene frequency and dominance of the major 
gene.

INTRODUCTION
Although quantitative traits are often considered to be mainly influenced by a large number of genes, 

each having a small effect, single genes with large effect affecting these traits have also been found. Examples 
of these are the K-casein locus influencing milk protein content in dairy cattle (Bovenhuis, 1992) and the 
halothane locus which affects meat quality in pigs (Jansen and Barton-Gade, 1985).

When genotypes of individuals are known, estimation of the effect of the single locus upon a trait can 
be done using mixed model (MM) techniques (Kennedy, Quinton and van Arendonk, 1992). However, 
because of practical and economical reasons, it is likely that only few individuals may have known genotype 
for the locus in question, although information on the trait is more widespread.

Techniques using information of animals with unknown genotype present the difficulty of having to 
calculate the genotype probability for each animal. When the pedigree is reasonably large, exact calculation 
of this distribution becomes computationally impractical, and therefore, approximations should be considered. 
Appropriate methods to use the information contained in the probability distribution are also uncertain. 
Because of the low accuracy when inferring the genotypes, estimates obtained using these methods have been 
shown to be biased (Hofer and Kennedy, 1994).

In order to overcome this problem, Janss, Thompson and van Arendonk (1994) used a Gibbs Sampling 
approach to infer genotypes of individuals. This method was previously described by Guo and Thompson 
(1992). The Gibbs sampling technique allows the calculation of a joint distribution through a sequence of 
sampling each variable from its conditional distribution given the other variables (Casella and George, 1992). 
Genotypes of each animal can, therefore, be sampled conditional to genotypes of the other animals, and after 
a large number of realisations, their distribution will be proportional to the true genotype probability. Although 
computer intensive, this approach replaces difficult calculations with a series of random samples, allowing the 
calculation of the genotype probability with a satisfactory degree of accuracy. Janss et al (1994) extended this 
technique to the calculation of other hyperparameters obtaining unbiased estimates for the major gene and the 
polygene effects.

The objectives of this study were to evaluate the benefit of using this approach when genotypes are 
only known on a subset of the population. The estimate and its prediction error were compared with normal 
mixed model analysis carried out only with information from animals of known genotype. The effect of the 
gene frequency and degree of dominance of the single gene on the result were also studied.

MODEL
A quantitative trait in an unselected population was considered to be controlled by a polygenic effect
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and a single diallelic locus. The additive (a) effect of the major gene was defined as half the difference 
between homozygotes (a = (AA - aa)/2 ) and dominance (5) effect as the deviation of the heterozygote from 
the average value of both homozygotes (8 = Aa - (AA+aa)/2 ). The favourable allele (A) has a frequency p, 
and the genotype frequencies assumed to be in Hardy-Weinberg equilibrium. The population was composed 
of one generation of parents and one of offspring (1 offspring per dam; 10 per sire). Each animal has one 
observation. Polygenic and environmental variances were assumed to be 50 units2 each (i.e. h2 = 0.5). In the 
genetic model considered a  = 10 units, but the gene frequency of the favourable allele took values of 0-5 or 
0.15 and the 8 was either 0 or 10 units.

MAJOR GENE EFFECT ESTIMATION
Methods used to estimate single gene effects are the same as described by Kennedy et al (1992) for 

the mixed model approach and by Janss et al (1994) for the Gibbs sampling scheme. For mixed model 
analysis, only observations from animals with known genotype were used, but all the available pedigree 
information was included to account for covariance between observations. Genotypes were included into the 
model as fixed effect, and an analysis of contrast was done to estimate a  and 8 for the major gene. For this 
study, heritability of the polygene effect and gene frequency of the single locus were assumed to be known.

For the Gibbs sampling approach, the environmental variance, breeding values of all the animals and 
their genotypes for the locus in question were estimated together with the major gene effect. The marginal 
distribution of the major gene effects a and d were then used to calculate their expectations and prediction error 
variances. The gene frequency and heritability were assumed to be known without error.

The mixed model analysis was carried out with the BLUP option of a DFREML program and the 
Gibbs sampling analysis was done using the program of Janss et al (1994), to which a small modification was 
made to avoid the resampling of genotypes that are considered to be known.

RESULTS
When genotypes are known for all individuals:
Initially the genotype of all the animals were considered to be known to validate the equivalence 

between the MM and the Gibbs results. Table 1 summarises results obtained with both methods on 1000 
replicates of a population where genotypes, breeding values and data were generated afresh after each replicate.

Let a** be the mean of n Gibbs realisations from a single replicate, and a* be the estimate from the 
MM analysis of the data. Then if n is very large, a** is equal to a  and Vaifa**) equal to Var(a*) and, is 
the prediction error for a ’* about the true value. However, when n is small, although E(a*’) conditional on 
the replicate is equal to a ,  there is an error associated with the sampling which will be equal to Var(a*)Ai. 
Thus about the true mean a, Var(a**) will be equal to Var(a’) + Var(a*)/n. In particular when n is equal to 
one, Var(a**) is equal to 2 Var(a’).

Table 1 shows the results from comparing MM and Gibbs sampling when the number of realisations 
were 500 or 1. When n was 500, realisations were taken every 20 samples to avoid autocorrelation, with the 
first one taken after 100 samples from an arbitrary starting point. The last realisation was used for studying 
the behaviour of the single realisation per replicate. The results observed were as expected. The variances 
estimated between and within replicates were not significantly different

When genotypes are only known in a subset of the population:
Results of the estimation of major gene effects using both approaches when genotypes are not known 

for some individuals, are shown in table 2 and 3. A simulated population five times greater than that 
considered in the previous section was generated according the genetic model previously explained, and 
evaluated for different values of gene frequency (0-50; 0.15) and degree of dominance of the major locus. 
Genotypes of the dams were assumed unknown, representing around half the total number of individuals for 
the population. 1000 replicates were generated for each set of parameters. In order to decrease computational
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need, only a single realisation per replicate was used in the Gibbs sampling analysis, and errors variances were 
adjusted for sampling as previously explained.

Estimates of a  and 5 obtained with Gibbs sampling were not significantly different from the true 
parameters and from those obtained with MM (Table 2). Inference of genotypes, therefore, did not introduce 
bias in the estimations as has been observed in other methods (Hofer and Kennedy, 1994).

Additionally, the use of extra information from animals without known genotypes (which can not be 
included in a normal MM analysis) decreased the prediction error of the estimates. This decrease compared 
with MM varied between 18 and 37 % for all the set of values of gene frequency and dominance effect of the 
major gene (Table 3). An approximate lower bound for the variance using Gibbs sampling is half that 
obtained from MM. These results from simulating structures were tested by comparison with the gain obtained 
from 1000 realisations from a single randomly chosen population structure. The reductions in error variance 
observed were broadly comparable in magnitude to those in table 3.

Table 1. Summary of the estimates of single gene effects using MM and Gibbs Sampling methods on 1000 
replicates of a simulate population (*> where genotype of the locus in question is known for all the individuals.

Gene effect MM ---------------- GIBBS------------------
500 realisations 1 realisation

Mean of estimates:
a 9.991 9.990 10.050
5 -0.055 

Variance of the estimates:
- 0.050 -0.032

(i) Between replicates
a 1.226 1.226 2.292
6 1.689 1.697 3.228

(ii) Within replicates
a 1.137 1.158 -

5 1.700 1.713 -
(*) Population was randomly simulated using model previously explained, 
animals = 210 (10 sires, 100 dams, 100 offspring); a  = 10; 5= 0; p= 0.5; oa2= 50; a .2 = 50.

Table 2. Gene effect estimates using MM and Gibbs sampling methods when genotypes are only known for 
a subset of the population^).

Parameters Estimates
a 5 a 5

MM GIBBS MM GIBBS

10 0
p=0.50

10.01 9.97 0.02 - 0.05
10 10 10.02 10.01 9.96 9.92

10 0
p=0.15

10.00 9.87 0.05 0.06
10 10 10.04 10.05 10.01 9.88

. . .  --------------- „ ------- r --------- ---r--------- - Parameters___ ______ ______ _
1050 (50 sires, 500 dams, 500 offspring); a  = 10; 5 = 0 and 10; p = 0.15 and 0.5; ca2 = 50; 0^2 = 50. 1000 
different replicates per set of parameters were generated. Gibbs sampling analysis was done using a singip 
realisation per replicate.
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Table 3. Error variances of the gene effect estimates using MM and Gibbs sampling methods when genotypes 
are only known for a subset of the population(*).

Parameters Estimated variances
a 5 a 8

MM GIBBS reduction MM GIBBS reduction

10 0 0.417
p=0.50

0.283 32.1 % 0.637 0.489 23.2 %
10 10 0.419 0.278 33.7 % 0.634 0.509 19.7 %

10 0 2.368
p=0.15

1.768 25.3 % 2.784 1.754 37.0 %
10 10 2.317 1.884 18.7 % 2.673 1.948 27.1 %

of the between and within replicates prediction errors.

CONCLUSIONS
Gibbs sampling seems to have significant potential to recover information on major gene effects when 

the genotypes of some individuals are unknown. Further studies are required to understand more fully how 
this gain in information is achieved and to test the full potential of this technique. Results maybe affected by 
selection, by the use of more complex pedigrees with differing polygenic models and by family size. The 
results may also be affected by a need to estimate gene frequency but this effect will not be large in some 
cases (eg. K-casein) where considerable prior information is available and can be incorporated into the Gibbs 
sampling process
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