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Quality control for microarrays remains a major issue in gene expression analysis as reliability
of measurements may be affected by many factors in each step of the experimental process . Accord-
ingly, many methods and software tools have been developed for quality assessment of microarrays
and identification of microarrays of poor quality [1–4].

While most of these methods are appropriate for detecting experimental artefacts in individual
samples, it is usually not clear how to proceed once such artefacts have been detected. So far,
the two alternatives are (1) to either completely exclude or (2) include the corresponding arrays
for any subsequent analysis. Both of these approaches have disadvantages. In the first case, the
corresponding measurements are not available for gene expression profiling and may even have to
be repeated if they are crucial to the analysis. This can be cost-intensitve given appropriate samples
are no longer available. In the second case, one has to assume that normalization and summarization
methods can correct for the measurement errors.

This assumption is based on the specific construction of microarrays where probes of the same
probeset are not contiguous on the array. Thus, smaller artefacts due to uneven hybridization or
other experimental problems may only affect a subset of probes for a probeset. In this case, it
is usually presumed that summarization methods, such as RMA [5], which combine the values for
individual probes to a probeset value, can estimate the probeset value correctly despite measurement
errors for some probes. In this study, we show that this assumption is risky and in some cases invalid.
We illustrate this by showing that even small artefacts on the array can have a significant effect on
the overall expression levels even for probesets not affected by the artefacts. Using simulations, we
find a clear dependency between the fraction of probes for a probeset affected by the artefacts and
the performance of summarization methods in correctly estimating the probeset value. However,
while one or two affected probes per probeset still allow a reasonable estimation of the probeset
value, the reproducibility for these probesets is still considerably lower than for probesets which
are not affected at all.

These results clearly show that summarization applied to all probes on the array is not an
appropriate approach to address measurement artefacts. Instead, we propose an alternative strategy
which is based on identifying corrupted probes first and replacing them by the mean of unaffected
probes belonging to the same probeset before summarization. Different criteria can be used for
evaluating the noise level for individual probes based either on technical replicates, simultaneous
measurements of RNA synthesis and decay or residuals determined by the summarization method
itself. We describe two strategies for identifing the corrupted probes based on the probe noise levels:
one simple threshold-based approach and one approach which incorporates the neighbourhood
information on the array. We show that by including this neighborhood information in the analysis,
defective probes can be identified with higher accuracy and the reproducibility of the estimated
probeset levels can be increased. In this way, measurement errors can be corrected for and the
corresponding microarray experiments can be salvaged.
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