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Purpose

Affymetrix upholds its dedication to providing the industry’s most comprehensive and informative QC metrics. For GeneChip® HT HG-
U133+ PM Array Plate, HT MG-430 PM Array Plate, and HT RG-230 PM Array Plate, Affymetrix has created a wide range of controls
to ensure your experiment is successful. The concepts presented here are used to aid researchers in determining if their experimental and
control samples pass a minimum level of quality control.

Required Software Tool
The metrics discussed in this document are generated by the Affymetrix® Expression Console

T™

software.

Hybridization Quality Control

The process of performing quality control for hybridizations within a microarray experiment is often simplified to determining if the
distribution of various quality metrics associated with individual hybridizations in a group display any distinct outliers. Unfortunately, hard
cutoffs are difficult to apply and are more likely to result in incorrectly removing acceptable samples. Affymetrix has found that the process
of monitoring the distributions of several metrics functions well to ensure that a microarray experiment has passed a minimum level of
quality control.

Identifying Outliers with Affymetrix® Expression Console™ Software

Identifying outliers with Expression Console™ enables you to remove problematic samples prior to downstream statistical analysis, saving
both time and effort. This document provides guidance on how you can identify outliers. At a high level, monitor the distributions of the
metrics outlined below within experiments in a study. Look for hybridizations which consistently have metric values at the tails of the
distribution. A good rule of thumb is to flag outliers which have values two standard deviations away from the mean of the metric value for
that experiment.

Accounting for Differences in Samples When Monitoring These QC Metrics

When comparing the distribution of quality metrics, it’s logical to assume that values may group according to sample type. If samples are
significantly different, it may be necessary to independently monitor distributions according to sample type.

Determining the Number of Replicates Needed to Get an Accurate View of the Distribution of
QC Metrics

Three replicates for each sample type should be sufficient to monitor the distribution of the quality metrics. A minimum of five arrays is
recommended to perform probe summarization using RMA.

Understanding What Different Metrics Measure

Metrics have been divided into three sections: sample metrics, hybridization metrics and labeling metrics.

Understanding Expression Console Analysis Options
— Affymetrix recommends using RMA (due to its speed) for the purposes of monitoring quality control.

— Analyze your whole study at one time to ensure that the same probe summarization model is uniformly applied across your
experiment.

Monitoring Sample Quality

A sample/hybridization should be flagged and possibly removed when several metrics are outliers within the distribution of samples. If none
of these metrics consistently denotes an outlier sample, then a researcher should confidently proceed with downstream analysis.



Table 1: Sample Quality Metrics

Metric

GC12 signal as in report
file: Housekeeping_AFFX-
NonspecificGC12_at_avg-
signal

What Does It Measure?

Previously, Affymetrix have used mismatch
probes for background control, with perfect match
only arrays, there is not a background control for
every probe. GC12 serves a general averaged
background estimate, as these sequences are not
observed in mammalian genomes.

How can it be used for QC?

For a group of similar samples, this value should vary in

a narrow range, an outlier can thus be easily identified by
abnormal average background. This quantity may also be
associated with plate processing, hence box plot from each
plate can aid in identifying outlier plate.

All Probe Set Mean

The mean of the signal of all probe sets included
in the analysis.

This metric can be used to detect bright or dim arrays. The
value is computed after probe summarization and normalization
for the probe sets included in the analysis (core content, in

this case). The values should be more consistent for biological
replicates than for different sample types. Flag outliers in
overall study or within same sample type.

All Probe Set MAD Mean

mad_residual_mean is the mean of the absolute
deviation of the residuals from the median
imposed by RMA.

RMA algorithm creates models for individual feature responses.
One can then use these models to identify arrays that have

a large number of probes that are behaving differently than
predicted by the model, and thus may be indicative of a
problematic sample.
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Figure 1: The distribution of MAD residual means can be used to identify arrays that have a large number of
probes behaving differently than predicted. Sample 1 above is a possible outlier.

Table 2: Additional Sample Quality Metric

Metric

What Does It Measure?

How can it be used for QC?

All Probe Set RLE Mean

Mean absolute relative log expression (RLE).

The signal of each probe set is compared to the
median signal value of this probe set in the study.
The metric is the mean of these differences from
all the probe sets.

Unusually high values indicate that the signals on the array are
different from others in the study, i.e., big values are bad. This
metric is most useful for studies with similar sample types to
detect outlier arrays. For a set of different tissues, for example,
this metric is less useful.




NOTE: Distribution of RLE values can be easily examined by using the RLE box plots available within Expression Console:

Relative Log Expression Signal - RMA - Group 5
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Figure 2: A) The distribution of RLE values is easily examined by using the RLE box plots available within
Expression Console. The first sample above is a possible outlier. In fact the data set here is the same as the
example above for MAD). B) A plot of MARLE from the same data set.

Monitoring Hybridization Quality

The bacterial spikes (BioB, BioC, BIoD & Cre) are best for monitoring the quality of the hybridization, similar to 3’-based expression.
These spikes are added to the hybridization cocktail but are labeled independently of the rest of the sample. The four spikes are input with
increasing concentration. Signal values of the spikes can be plotted in EC using the report metrics line graph. A plot of the signal values
associated with these spikes should show a trend where BioB < BioC < BioD < Cre.



Monitoring Labeling Quality (this is an active area of research and a lack of rank order should
not be over interpreted)

The polyA control RNAs (Lys, Phe, Thr and Dap) are best for monitoring the quality of the labeling reaction. These polyA RNAs are spiked
into the sample prior to amplification and labeling. Consequently, these molecules are amplified and labeled with the rest of the biological
sample. The rank order of the signal values for these probe sets should show Lys < Phe < Thr < Dap. Note that impurities within the sample
RNA can impact the efficiency of the labeling of these controls.

Frequently Asked Questions (FAQ)

| think I have a dim (or bright) hybridization; what other metrics can | examine?

All_mean is a good metric to assay for hybridization intensity, but PM_mean can also be used. PM_mean is a probe-level metric while
all_mean is a probe set metric. PM_mean is the mean of perfect match raw intensities prior to any transformations such as normalization
or probe summarization. PM_mean and all_mean can be contrasted to understand the effect that data processing steps have on the average
intensity of an array as all_mean has been subject to any data transformations that have been performed during signal estimation and
normalization. Apparent outliers only based on PM_mean can be ignored when corrected through data normalization in all_mean.

Can | measure the quality of a single hybridization without the rest of the experiment?

Affymetrix does not recommend quality monitoring using single-array performance metrics without consideration of the rest of the
experiment. In large-scale expression experiments using similar sample types, researchers are likely to develop their own single-array
guidelines on what metric values are predictive of high- or poor-quality samples. However, said guidelines are likely to be dependent on
sample type and Affymetrix is unable to recommend such guidelines for all possible situations. It is also important to note that the trend
toward favoring model-based signal estimation algorithms (for all microarray experiments even beyond the Affymetrix platform) makes
single-array quality determination very difficult due to the necessity of analyzing multiple arrays at once to calculate signal estimates.

I have a sample with an “all_rle_mean” value that is an outlier relative to the rest of my samples. Is there another
metric that | can examine to confirm this?

“All_rle_mean” is an averaged value across all probe sets. A user can view the non-averaged values by examining the relative log expression
box plots. Furthermore, the all_rle_mean often correlates with all_mad_residual_mean.

Both all_rle_mean and all_mad_residual_mean show outliers in the samples at the last time point in my time
course experiment. Should | toss this time point?

It’s important to remember that both of these metrics measure how different a sample is relative to the consensus of many samples. It is
common for some samples in an experiment to be “highly affected,” such as the last time point in a time course or the highest dose in a
dose-response experiment. The user should be more tolerant of samples with outliers in all_rle_mean or all_mad_residual_mean if the
biological treatment would predict that the expression profile would be highly altered.

One of my hybridizations results in skewed values for several of the metrics, but the values aren’t grossly out of
line. | feel like | could make a case to keep it in or toss it. What should | do?

If a sample appears “on the line,” it is best to leave the sample in the experiment for analysis and simply flag it as “questionable.” During
the initial analysis, treat all samples uniformly. Once candidate genes have been identified, review how the questionable sample displays data
relative to the other replicates within the sample. It’s always possible to remove a sample later on the analysis workflows. Microarray data is
frequently more robust than one might anticipate.

Where can | find out more about QC for PM-only arrays?

Bolstad B.M., E. Collin, J. Brettschneider, L. Cope, K. Simpson, R.A. Irizarry, and T.P. Speed. Quality assessment of affymetrix genechip
data. In Gentleman R., V. Carey, W. Huber, R. Irizarry, and S. Dudoit (eds.) Bioinformatics and Computational Biology Solutions Using R
and Bioconductor, Springer, New York, 2005.

Brettschneider J., E Collin, B.M. Bolstad, and T.P. Speed. Quality assessment for short oligonucleotide arrays To appear in Technometrics in
Aug 2008 Download from http://arxiv.org/abs/0710.0178v2.
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