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The ability to measure thousands of mRNA transcript expressions simultaneously using high-
throughput genomic technology has revolutionized the field of Genetics. In our study, RNA from a
collection of Lymphoblastoid Cell Lines were hybridized onto Affymetrix genechip arrays. The goal
of this study is to discover the genes that are highly variable in the human population subgroups.
An ANOVA model was performed and the effect of the Population subgroups were isolated and
tested after adjusting for confounding effects such as ChipLot, Operator, and Gender. Here the
complexity of our analysis lies in the fact that the covariates Gender and Population subgroups
have gene-specific effects while the covariates ChipLot and Operator have a global effect (that is,
they are common to all genes). In addition, our microarray data is highly unbalanced, therefore no
results in the microarray literature is of any help.

In this talk we discuss how multifactorial analysis of variance containing both global and gene-
specific parameters can be carried out efficiently in spite of the large size of microarray data. We first
derive an analytical form of the solutions of the normal equations and use these solutions to suggest
a low-cost two-stage analysis. Our procedure can be viewed as an extension of the work by Kerr et
al. (2000) for balanced (orthogonal) designs. We also review permutation tests for both balanced
and unbalanced ANOVA designs. All these results are applied to our unbalanced microarray data.
We also discuss how to get around of the computational complexities in computing ten of thousands
of empirical p-values efficiently based on large permutation size (more than 100,000).
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