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• Association studies of candidate genes or 
loci have long been popular among human 
genetics. 

• In this paper we consider family-based 
association study where sample of family 
trios is obtained for making association test.

• In this study, each family trio consists of two 
parents and one diseased child.
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• We assume the candidate marker has two 
alleles S and s and obtain genotypes for 
affected individuals and their parents. 

• Let S be the mutant disease allele and let s
be the normal allele. 

• Let D be the event that the individual has the 
disease and risks be define as 

• These conditional probabilities would be the 
penetrances of the candidate gene if it is the 
one and only disease-causing gene.
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• We also define the relative-risk parameters,
which measure the 

relative increase in disease probabilities for 
heterozygous Ss individuals and 
homozygous SS individuals, respectively, 
when compared to that probability for 
homozygous ss individuals. 

• The null hypothesis of no association is
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Definitions

• the genotype of the disease child; 
defined as the number of mutant disease 
allele carried by the child.

• parental genotype (mating type), such 
as Ss×SS (=SS×Ss, the order is irrelevant); 
defined in the next table
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• Using the probabilities given in Table 1, 
Schaid and Sommer (Am J Hum Genet 1993) 
derived score tests using conditional 
likelihood inference under different genetic 
models.
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• Under multiplicative model                   (or additive 
model,                      ), the corresponding score test 
is the usual transmission/disequilibrium test (TDT) 
suggested by Spielman et al. (1993, Am J Hum 
Genet). 

• This test has gained popularity as a method to 
evaluate the linkage or association of candidate 
genes with disease and to screen the genome for 
susceptibility loci. 

• The data used in TDT may come from families that 
are simplex (i.e. families with only one affected 
offspring), multiplex (i.e. families with two or more 
affected sibs), or multigenerational; and the 
population may exhibit structure.
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• Consider the same marker that is used to 
evaluate association with another disease     . 

• Similar conditional probabilities are gIven in 
Table 2, where                are relative risk 
parameters corresponding to the second 
disease.
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Example:

• Apolipoprotein allele has shown to be 
linked to Alzheimer’s disease. 

• However, the genetic association between ApoE
and age-related macular degeneration (AMD) also 
suggested a protective effect of the        allele 
(Thakkinstian et al. (2006), Am J Epidemilogy). 

• AMD is the leading cause of blindness in the 
developed would, accounting for half of all new 
cases of registered blindness. 

• With an aging population, the burden of AMD is set 
to grow, with almost 30precent of persons aged 75 
years or older showing early signs of disease.
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• Note that the joint probability        of        and  can 
be expressed by combining Table 1 (or Table 2) 
with the mating type probabilities. (Unknown, 5 
parameters) 

• Conceptually, suppose the samples from two 
studies are obtained from two homogeneous 
populations but their mating type probabilities are 
identical, then one can combine two samples to 
make more efficient inference about      (for 
example, testing                           )
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• Under this case, the log of the profiled 
(mating type probabilities were profiled out) 
likelihood is  

where                is the count corresponding to
and              from the combined 

sample and               is similarly defined but 
from the “first” sample.
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Table 3: ),( po ggf
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Simulation conditions:
• assuming that the population is in 

Hardy-Weinbery equilibrium.
• Genetic model:

1. Recessive model:                                   2. Dominant model: 
3. Multiplicative model:

• Null hypothesis                   , significance level=0.05
Alternative hypothesis   

• Working model  
= true model, assuming genetic model is known;
= general model with two parameters ,            assuming genetic model is   
not known.

• The relative risks for the second disease are                   (the risk allele 
has no effect on the second disease)

• Sample sizes: 150 obs for the first study; 150 obs for the second study
• Number of replications=5000
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Table 5: Empirical type Ιerror rates/powers
(Recessive model)
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Table 6: Empirical type Ιerror rates/powers
(Dominant model)
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Table 7: Empirical type Ιerror rates/powers
(Multiplicative model)
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Conclusions
• Both tests maintain the correct type Ι error rate. 
• Tests based on the general model are inferior to 

those based on the true genetic model. However, 
the former is more robust.

• Under the recessive and dominant genetic models, 
the new test shows significant improvement over 
the score test. In contrast, under the multiplicative 
model, we do not find any noticeable differences 
between the two tests. However, if we reduce the 
two sample sizes to 100, then the difference 
becomes clearer. In this case, the new test is 
significantly better than the score test.


