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1 Introduction.

Microarrays with one and two color sample labeling are widely used to measure relative abundance
of thousands of mRNAs at a time. Two-color approach has a number of advantages. The most
important of which is that the experimental variations cancel out to a large degree in the final
expression measure — the ratio of the two channel signals. However, before this ratio can be
produced the intensity data from each channel must undergo some processing. In particular, a step
called normalization has to be performed in order to remove the dye bias. Popular normalization
methods are predominantly global. They include normalization to the mean/median and
normalization using an invariant set of genes. The latter is implemented in Agilent Feature
Extraction software under the name of rank-consistency method. dChip software described in [1]
uses the same principle for one-color array processing. At the root of these approaches lies the
assumption that the expression of the majority of genes on an array is unchanged. This might be
justified in some cases however one can easily imagine a scenario where this assumption breaks.
We present an attempt to normalize the data using intensities of RNAs introduced into the sample
at known concentrations, so called “spike-ins”. Spike-in normalization technique can be a powerful
alternative to global normalization because i) it has more chances to work properly when data is
skewed; ii) it improves consistency of data across arrays; iii) it makes possible comparison of two —
color data with one-color data; iv) it allows absolute abundance evaluation. In this study a direct
comparison is made between spike-in normalization and the rank-consistency method. A similar
normalization approach was used in [2].

2 Experiment Description.

The experiments were done using Agilent Human 1A (v2) arrays that have over 18,000 human
genes. We mixed HeLa and human Spleen polyadenylated RNA in 9 different proportions. The
mixtures were labeled with Cy5 dye. Human Spleen was labeled with Cy3 dye and used as a
common reference. The series included three replicates for each mixture. Synthetic transcripts with
randomly generated 60-mer inserts were spiked-in in different concentrations into samples prior to
labeling. The concentrations were chosen to produce a wide range of red to green signal ratios. A
description of these synthetic targets can be found in [3].

3 Calculations and Results

Following basic assumptions we expect a linear response in spike-in intensities as a function of
concentration. However, due to saturation effects a slight curvature is observed. The same
observation was made in [2]. Therefore, we find it more appropriate to fit a line to the log-

transformed spike-in intensities according to the formula 11’1(1 ) =a ln(c) +b+E IT where I is
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the observed intensity, c is concentration, and j indexes probes for different spike-in targets. Here

we take an advantage of having replicated probes on the array to estimate the probe effect £ Iz
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Figure 1: Log-transformed red and green intensities of spiked-ins versus log of expected
concentrations measured in copies per cell (1 ¢ =2pg in 200ng of human RNA).
o e For the data shown in Fig.1 the coefficients
s \\ obtained from the fit are ag = 0.895, bg = 7.062, ag
1 N =0.869, and bg = 6.237.
“‘ \\ The normalization procedure is done by linearly
g - \\\ transforming the log of data using the coefficients
* OL el N from the fit. Across array comparison yields
o5 \‘5\}\\;\;\ \\\ very nice results for spike-in normalization. In
o \\\\;\\\_}\ 1 Fig. 2 we present the signal ratio for gene
02 e TGFBI that is suppressed in tumor tissues like
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Figure 2: Ratio of red to green signals for TGFBI square markers produces a smooth linear

gene as a function of HeLa concentration. Circles:
raw data; triangles: rank-consistency
normalization; squares: spike-in normalization.

response as expected. Both raw and rank-
consistency normalized data have more
variation especially for high concentrations.

4 Summary

We showed that normalization using RNA spike-ins performs adequately. We observed it to be less
robust since the spike-in targets performance is very sensitive to material quality and preparation
variability. It is also affected by the background sample expression activity. However, under
stringent experimental conditions and with elaborated data processing such as careful modeling of
various artifacts, this normalization procedure could become an invaluable tool in the cases where
conventional techniques do not work.
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