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1 Introduction

High-throughput technology like microarrays can be used to simultaneously examine thou-
sands of features, such as all the known genes or regulatory regions of an organism, and
obtain a relative measure of their expression in a particular experiment. Two common con-
cerns of microarray bioinformatics are to combine with high power the significance values
for each feature across a fixed number of independent analogous experiments, and to control
the proportion of false positives among those features declared significant.

A variety of existing methods address either issue; in general however, these issues are
addressed independently and sequentially. We present a novel algorithm to simultaneously
address the two requirements in an inter-dependent way. The input to our method is a N x L
matrix M such that the (i, /)" entry of M is the significance measure, given by a p-value, for
it" feature in j*" experiment. Typically N is several thousands, while L is a small constant.
We intend to compute a combined p-value for every row of M.

While attempting to combine significance from every experiment for a particular feature,
it is difficult to guard against false negatives. Even a single sufficiently poor entry, possibly
spurious, could skew the combined statistic of an otherwise truly significant feature enough
to prevent any test of the joint null hypothesis from rejecting it, thereby forcing the test to
lose power. To fix this, the ordinary Fisher product was extended in [9] with the Truncated
Product Method (TPM) whereby only those p-values which “clear” (i.e., are less than or
equal to) some pre-specified cutoff value T contribute to the combined product.

The cutoff (1) obviously helps to increase the power of the test by letting the worst
p-values of a feature to be ignored. It also guards against the case when a combination of
semi-significant p-values might spuriously suggest high significance. Given its usefulness, it
seems natural to extend the choice of 7 such that it is neither arbitrary nor necessarily the
same for all the experiments. A meaningful choice of 7 could be guided by the important
aim of controlling the False Discovery Rate (FDR) in multiple testing for the significance of
the given large set of features due to a particular experiment.

Several techniques to obtain meaningful p-value cutoffs for genome-wide lists of microar-
ray results have been suggested [8]. For a chosen FDR level «, we thus obtained a p-value
cutoff 7;,/ for each experiment j, where o’ is such a value that would bound the FDR
after combination to a. We generalize TPM whereby only those p-values which “clear”
their respective cutoffs form the present product for which we also compute the probability
distribution and hence the combined p-value.

Yet another parameter K allows us to impose a consensus requirement that the product
for every feature g be formed of at least K p-values (of g) which clear their respective cutoffs.
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Among all possible choices of m p-values (K < m < L) with the above property, suitably
chosen values of o’ yield the smallest (i.e., the most significant) product of g for the maximum
number of its p-values p; clearing 7; o+ while the overall FDR level « is preserved.

2 Experimental Results

We applied our meta-analysis method to three well-known genome-wide transcription factor
(TF) local binding data sets due to [3], [7] and [1]. We indexed the intergenic regions in
the datasets by their transcriptional target “gene”-s (we use this sweeping term for mere
convenience) to obtain a combined list of 6401 genes over 3 experiments (L [3], S [7] and H
[1]) containing p-values for the local binding of different TF proteins. Meta-analysis results
for the protein Swi4 are presented below, where the combined result is validated with the
help of percentile ranks of shortlisted 207 genes for Swi4 (and the TF MBF) due to [2].

Meta-analysis of the L, S, and H data sets with o = 0.06 and K = 2 yields a screened
subset LSHy.06,2 of 106 genes common to all the sets, which is declared as significant. Of
these 106 genes, 67 belong also to the set I due to [2], with a rank correlation |p| = 0.71.
The high significance of the genes in LSHy 06,2 is strongly supported by the data in I with
the median of the I-specified percentile ranks of the LSHoq 06,2 genes being as high as 99.04
which corresponds to the topmost 20% of the set I.

Without the consensus and corroboration available to our meta-analysis, however, at
the same level (0.06) of FDR, the correlations of the genes common to I and each of the
individual data sets Lo.os, So.06, and Hg.06 drop to as low as 0.63. On the other hand, in
the absence of the cutoffs to control FDR, the set of top 67 genes due to ordinary Fisher
product combination of L, S and H also gives a similar lower correlation of 0.65. For K =1,
the correlation drops to 0.64, which proves the effectiveness of the consensus parameter.

Detailed meta-analysis is also performed with the much bigger number of recent experi-
ments on genome-wide cell-cycle expression in fission yeast due to [6], [5], and [4].
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