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Empirical characterization of the expression ratio noise structure
in high-density oligonucleotide arrays
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Abstract

Background: High-density oligonucleotide arrays (HDONAs) are a powerful tool for assessing
differential mRNA expression levels. To establish the statistical significance of an observed change
in expression, one must take into account the noise introduced by the enzymatic and
hybridization steps, called type I noise. We undertake an empirical characterization of the
experimental repeatability of results by carrying out statistical analysis of a large number of
duplicate HDONA experiments.

Results: We assign scoring functions for expression ratios and associated quality measures. Both
the perfect-match (PM) probes and the differentials between PM and single-mismatch (MM)
probes are considered as raw intensities. We then calculate the log-ratio of the noise structure
using robust estimates of their intensity-dependent variance. The noise structure in the log-ratios
follows a local log-normal distribution in both the PM and PM-MM cases. Significance relative to
the type I noise can therefore be quantified reliably using the local standard deviation (SD). We
discuss the intensity dependence of the SD and show that ratio scores greater than 1.25 are
significant in the mid- to high-intensity range.

Conclusions: The noise inherent in HDONAs is characteristically dependent on intensity and
can be well described in terms of local normalization of log-ratio distributions. Therefore, robust
estimates of the local SD of these distributions provide a simple and powerful way to assess
significance (relative to type I noise) in differential gene expression, and will be helpful in practice
for improving the reliability of predictions from hybridization experiments.
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Figure 1
Relationships between the LR, SE and p measures for the PM-only scores. The right panels show contour plots of the densities raised to the power 0.2,
so as to resolve structure in the low-density regions; the ranges of the right-hand panels were chosen to emphasize the most interesting features of the
densities. The red, green, blue, cyan and magenta dots refer to N = 1, 2, 3, 4, 5 ‘good’ cell pairs, respectively. Black dots have more than six good cell
pairs. The yellow line in the top-left panel represents |LR| = SE, so that points below the line have signal-to-noise ratios > 1. The SE for the red dots (N =
1) is artificially set to 0.001 for plotting purposes; it should strictly be 0.
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Figure 2
Relationships between the LR, SE and p measures for the PM-MM method. Description and colors as for Figure 1.
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Figure 3
Comparison between the ratio scores from the PM-only and the PM-MM methods. Only genes with p-values (from the PM-MM method) smaller than
indicated are plotted. The brightest red dots have the smallest p-values (around 10-6), whereas black dots correspond to p = 1 (upper left panel) to p =
0.01 (lower right panel).
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Figure 4
Comparison of the signal-to-noise ratios (SN) for the PM and PM-MM
methods. Only genes with Ngood > 4 in the PM-MM method are plotted.
The red lines are contour lines and the blue lines denote the diagonal and
SN values of 2 on either axis.
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Figure 5
Scatterplot and quantile-quantile (QQ) plots. (a) Typical scatterplot showing increasing levels of differential regulation, together with the 2� noise
envelopes (red lines). There are three different conditions: A, B and C. AA is a duplicate of A. (b) Associated QQ plots of LR/��	
. The data shown here
were obtained using four out of the 12 Mu11KsubA chips used in Figures 1 and 2. 
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Figure 6
QQ plots of LR���	
�versus normal distributions in replicate HG-U95A experiments. The examples shown are the two best and two worst of 40
replicates. The region between the gray lines contains 99.9% of the data. Red dots represent ratios with Ngood < 5.
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Figure 7
Intensity dependence of the noise envelope. SD of the log2-ratios from 40 pairs of replicate HG-U95A experiments are in black. The errors represent
the variation in local SD from the 40 replicates. The intensity I = (IX IY)1/2 measures the coordinate along the diagonal of the scatterplots, and the red
lines represent the density of the variable I in arbitrary units (but the same in both panels). Note that the mode of the PM-MM lies lower than that of
the PM line.
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