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1. Background

The genotype-expression association analyses have been examined in unrelated population of founders to avoid the is-

sue of correlated samples (Morley et al., 2004; Cheung et al., 2005). Alternatively, the problem of correlated samples

has been treated with using the mixed model approach in genetic studies (Kennedy et al., 1992; Xu andYi, 2000; Yu

et al., 2006). A comparison of using founders-only and using all-pedigree-members may detect consistency between

gene expression levels in founders and in non-founders. However, the results using founders-only will be biased

when founders are not a representative of samples in a pedigree. Using founders-only or using all-pedigree-members

leads to different results in a genotype-expression association analysis. This discrepancy may not be caused by the

correlation of samples within a family, when linear mixed models are applied to account for the correlation. Some

studies have found that lots of expression quantitative traits (eQTs) may be age-dependent (Rangrej et al., 2007),

which may give a biological basis for a possible bias using founders. If an eQT is more closely related with age than

with a SNP’s genotype, the genotype only partially determines its expression level. Several studies of eQTs have

shown significant dependence on the generation order. The different results between using founders-only and using

all-pedigree-members can be due to a dependence of expression levels on the generation order in a pedigree.

In this study, we explored that results in a eQT association analysis are different using between founders only and

all pedigree members in a rheumatoid arthritis family study. We discussed the difference might be due to expression

levels depending on the generation number in the pedigree.

2. Methods

We used the rheumatoid arthritis data with genome-wide microsatellites and a low density SNP map from the North

American Rheumatoid Arthritis Consortium (Genetic Analysis Workshop 15 data). We selected 28 well-known eQTs

including 26 eQTs from Cheung et al. (2005), which detected both cis linkage signal and strong association signals.

We chose the SNP (out of 2263) that have identified the strongest association signal with the given eQT by linear

regression of eQT over three genotypes using the 56 founder-only data.

For the data with 194 all-pedigree-members, we considered two mixed models to account for possible pedigree-

specific effects on eQT: 1) a random effect on the intercept a (MM1): yi j = a + ϵi + bxi j + ϵi j, where i is the pedigree

index and j is the individual index; 2) random effects on both a and the slope b (MM2): yi j = a+ϵi+(b+δi)xi j+ϵi j. The

MM2model relates a situation in which not only the eQT varies among pedigrees, but also its degree of dependence on

SNP genotype changes with pedigrees. We used a generation factor for the age effect, since founders (generation1)

are older than generation 2 or 3. A generation effect of generation number (1, 2, 3) on expression level was considered
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as a covariate in the linear regression model: yi j = a+bxi j+c2g2,i j+c3g3,i j+ϵi j, where g2 and g3 are dummy variables

for generation 2 and 3, respectively. We also verified the percentile value for each founder in a family for a specific

eQT, to find whether founders have higher or lower expression levels than non-founders. For the founder effect on

expression, we performed the two-way ANOVA with two factors of pedigree and founder/non-founder.

3. Results

Since the all-pedigree-members data includes the founders-only data, it can be strengthen the association signal with

a larger sample size if there is relatedness in their eQTs. However, we observed that a significant association for

a SNP-eQT pair using founders-only might not significant using all-pedigree-members. The strength of association

signals of 25 SNP-eQT pairs (out of 31 pairs) was decreased in the all-pedigree-members data using linear regression

approach (assuming all samples are independent).

When we used the MM1 model in to the data with all pedigree members, only two SNP-eQT pairs remained sig-

nificant. When MM2 model was applied, only one SNP-eQT detected its significant association. If an eQT had a

stronger dependence on a SNP genotype and a lower variation from pedigree to pedigree, we expected the significant

SNP-eQT association via mixed models. However, some SNP-eQT pairs lost their significances by both models of

MM1 and MM2.

We next examined whether eQT changed from generation to generation, to find the reason that all-pedigree-

members data demonstrates a different regression result from the founders-only data. Five SNP-eQT pairs were

significantly associated after adjusting for the generation effect. Alternatively, a significant association with the gen-

eration effect was observed for one eQT on generation 2 and six eQTs on generation 3. To find whether founders

have different expression levels from generation 2 or 3, we compared their percentile values for other samples in the

pedigree. For some eQTs, founders-only data was a biased subset of the pedigree. The results using the two-way

ANOVAwith two factors of pedigree and founder/non-founder to examine the effect of founders on expression were as

follows: 1) pedigree-dependence of the expression was significantly detected for most eQTs; 2) founder-dependence

of expression was significant for nine eQTs; 3) for the founder-pedigree interaction effect, four eQTs were significant.

4. Conclusion

We found that a SNP-eQT association analysis could be done with founders-only data as well as all-pedigree-members

data. The issue of correlation within the same pedigree can be handled using mixed models with one or two ran-

dom effects to account for pedigree-specific expression variances. Comparing with founders-only data, all-pedigree-

members data has benefits and flexibilities to use, such as having a better fit in the statistical model with a larger

sample size, a possibility to test the consistency among samples, and explaining the age-dependence on the expression

levels.
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