Study of Gene Expression: Statistics, Biology, and Microarrays

Abstract

Microarrays enable mRNA measurement at the full genome scale. They have

been successfully applied to monitor gene activities under various

physiological or environmental conditions. Investigations on differential

expression between normal and disease tissues, or cell-lines, have led to

the identification of genes with great diagnostic and clinic potential.

Unlike DNA or protein sequence data, microarray outputs are extremely

noisy. Broadly speaking, microarray analysis can be carried out at two

levels. At the first level, methods are developed to convert an image

feature into a single number that reflects the amount of expression of the

gene. This step already requires a great deal of statistical and computer

expertise.

The second level of analysis begins with the expression data represented by

a matrix of n rows and p columns. Each column represents one condition and

each row represents one gene. The ij-th element in the matrix shows the

level of expression for gene i under condition j. Typically, n is in the

order of 1000-10000 and p can be in the order of ten to several hundreds.

So this presents a great challenge for large-scale data analysis. In fact,

many multivariate statistical methods have been applied, including those

from clustering, classification and dimension reduction. In addition to the

various in-house research usage, many sets of massive gene expression data

are public-accessible. We demonstrate that the opportunity is great for

formulating meaningful statistical problems to guide further biological

research. Several examples will be given.

