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A typical use for RNA expression microarrays is comparing the measurement of gene 
expression of two groups. There has not been a study reproducing an entire experiment and 
modeling the distribution of reproducibility of fold differences. Our goal was to create a model 
of significance for fold differences, then maximize the number of ESTs above that threshold. 
Multiple strategies were tested to filter out those ESTs contributing to noise, thus decreasing 
the requirements of what was needed for significance. We found that even though RNA 
expression levels appear consistent in duplicate measurements, when entire experiments are 
duplicated, the calculated fold differences are not as consistent. Thus, it is critically important 
to repeat as many data points as possible, to ensure that genes and ESTs labeled as significant 
are truly so. We were successfully able to use duplicated expression measurements to model 
the duplicated fold differences, and to calculate the levels of fold difference needed to reach 
significance. This approach can be applied to many other experiments to ascertain significance 
without a priori assumptions. 

1   Background 

1.1  Noise in expression measurements 

Oligonucleotide microarrays currently allow the quantitation of expression of 
over 60,000 expressed sequence tags (EST) in a sample of RNA. A typical use for 
microarrays is the measurement of gene expression before and after an intervention, 
or the comparison of two groups. A fold difference for each gene is calculated by 
dividing its measurement in one group by its measurement in the other group. 
Expression can be measured using a two-dye microarray approach, where RNA from 
each of the two groups is labeled with a different color, then hybridized to a single 
microarray. (1, 2) Expression can also be measured in single-color microarrays, such 
as those available from Affymetrix. 

Measurement noise can come from many theoretical and practical sources 
including, for example: varying microarray technology, nonspecific probes, 
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intraprobe noise (from nonspecificity or differing concentrations of A/T), or 
biological noise (time of day for measurements). (3) 

When RNA expression is measured using the same sample on two chips, 
correlation coefficients are commonly quoted as being high or near 1.0. Few studies 
have analyzed the reproducibility of these measurements. In a publicly available 
document, Incyte demonstrated high concordance between RNA expression 
measurements using Cy3 and Cy5 dye signals. Based on this, Incyte estimates that 
the limit of detection of fold differences is at 1.8, meaning 95% of fold differences 
between samples of 2.0 or higher are significant. (4) 

There has been little other published data on reproducibility. Bertucci, et al., 
measured the expression of 120 genes in various cancer cell lines, using cDNA 
spotted filters. Close to 98% of the measurements showed less than a twofold 
difference when repeated. (5) Richmond, et al., studied differentially expressed 
genes in E. coli and filtered out genes under a minimum expression threshold as well 
as genes with less than a 5 fold difference. (6) Geiss, et al., used a Cy3/Cy5 system 
to measure genes differentially expressed during HIV infection. In their analysis, 
they determined that fold differences as little as 1.5 fold were statistically 
significant. However, this was determined to exclude 95% of the expression 
measurements seen, and not using an information-theoretic method. (7) Other 
publications citing differences between control and experimental groups as low as 
1.7 fold continue to be published. (8) 

To our knowledge, there has not been a study reproducing an entire experiment 
and modeling the distribution of reproducibility of fold differences. 

2   Methods 

2.1  Measurements of RNA expression 

Steps needed to measure RNA expression levels using Affymetrix microarrays have 
been described previously. (9) Data was collected measuring RNA expression in 
muscle biopsies of four individuals. The overall goal here was to find the genes most 
significantly different between patients. 

RNA was hybridized onto Affymetrix Hu35K microarrays. Expression levels 
for 35,714 ESTs across four microarrays were measured from each of the four 
persons. Duplicated measurements from the same samples were also made. 
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