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Background

When testing for SNP (single nucleotide polymorphism) associations in related individuals, observations are not independent and simple linear regression
analysis results in an increased type | error and the power of the test is also affected in a more complicate manner. We investigate how heritability and
strength of relatedness contribute to variance inflation of the effect estimate and study the conseqguences of variance inflation on hypothesis testing.

Modelling a SNP-Phenotype association

True model Simplified model

Phenotypes follow the mixed model Phenotypes are analysed with the model
y=0b+bs+g+e y =01+ fas + €

with assuming uncorrelated residuals € only.

e phenotypes y for n samples It can be shown that E(f33) = by and
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Inflation factor

Expected variance inflation is Properties are 1 2 3 4 5 oS 7 8 9 10
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A=1+Rj n— 1 e inflation is independent from allele children per mother and mothers per family/father. The
frequency. number of families is constrained by n=1000 individuals.
Hypothesis testing
Type | error Power of test
Under the null hypothesis b5 = 0, it approximately holds that Under the alternative hypothesis by # 0, it approximately holds that
T ~N(0, ) T ~N(y/(n—1)RZ )
for test statistic T' = Bg/Sﬁ with empirical variance Sé of Bg. with sample size n and explained variance by the SNP RZ.
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Comparison of type | errors with respect to different degrees of Comparison of power with respect to different degrees of variance
variance inflation. The negative common logarithm is presented for Inflation assuming n=1000 and 2% explained variance by the SNP. The
significance level a as well as the type | error. negative common logarithm is presented for significance level a.

Conclusions

We provide a simple formula for estimating variance inflation given the relatedness structure and the heritability of a phenotype. Stronger [a]%7




