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Statistical Methodology 

Family-based association test. To determine whether one or more alleles at the locus of 

interest was associated with the sarcoidosis phenotype, we used the family-based 

association test statistic (21), S, calculated using the FBAT software (22).  The S statistic 

is a summation of the following parameters over i offspring in j families, 
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In the equation above, Xij is defined as a function of the genotype of the ijth offspring at 

the locus being tested and Tij is a function of the phenotype of interest.  Xij was 

parameterized as a count of A alleles (where A represents a specific allele) with possible 

values 0, 1, or 2.  Tij was parameterized as a 0,1 variable where 0 represented unaffected 

status and 1 represented affected status.   

The expected value of S (E(S)), was based on the genetic model postulated and 

the expected value of Xij under that model.  Computation of the variance of S, (V), 

allowed estimation of a significance level for a large number of families based on a Z 

statistic normally distributed with mean 0 and variance 1.  For each allele, the Z statistic 

takes on the form: 

VSESZ /)]([ −=  

Once the distribution of S over all k alleles is known (i.e., Sk), an overall score, U, can be 

defined as the following, 

{ }∑ −=
k

kk SESU )(  



E2 

This score formed a multiallelic test statistic with a chi-squared distribution where the 

number of degrees of freedom are equal to the rank of the variance matrix, V, i.e.,  

 χ2 = UT V- U. 

Linkage disequilibrium measure. Disequilibrium between pairs of loci was estimated in 

two stages.  First, since haplotypes were not directly observable, maximum likelihood 

haplotype frequencies were computed using the ARLEQUIN genetic analysis software 

(24}.  This computation involved choosing multiple initial frequency estimates for each 

two-locus haplotype consistent with the calculated allele frequencies, then maximizing 

the likelihood of the haplotype via multiple iterations of the Expectation-Maximization 

algorithm assuming Hardy-Weinberg equilibrium genotypic proportions.  Because 

several peaks may exist on the likelihood surface, 50 separate sets of iterations were done 

with different start values.  Each start value was evaluated over 10,000 iterations, with 

the haplotype frequency estimates representing the highest likelihood across all 50 runs. 

 These haplotype frequencies were next used to calculate the normalized measure 

for disequilibrium between loci, D’, first proposed by Lewontin (25).  In short, for each 

pair of loci with alleles i and j, respectively, the difference between the observed (Xij) and 

expected (piqj) haplotype frequencies was calculated.  This value, Dij, was then 

normalized for differences in allelic frequencies between loci by dividing by Dmax, where 

Dmax = min[piqj, (1-pi)(1-qj)] when Dij < 0 or min[pi (1-qj), (1-pi) qj ) when Dij > 0.  This 

resulting normalized measure, D’ij, was then used to compute a measure for the extent of 

overall disequilibrium at each chromosomal locus pair between all k alleles at the one 

locus and l alleles at the other locus, i.e., 
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