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Abstract

Recently, many public databases such as CEBS (Che-
mical Effects in Biological Systems) and GEO (Gene
Expression Omnibus) have been developed to provide
raw expression data with their experimental condi-
tions. The proper use of publically available raw data
can be a very efficient method of making biological
discoveries without performing experiments. How-
ever, one barrier to this approach is that the experi-
ments from which the data in the databases were
generated were performed using many different types
of array platforms, which each produce information
with different characteristics. Therefore, it is neces-
sary to develop a program to provide a variety of
statistical methods to integrate different types of
expression data for meta-analysis. We have devel-
oped the METASIS meta-analysis software for analy-
sis of expression arrays. METASIS can deal with var-
ious experimental data from all kinds of platforms if
properly formatted files are provided. METASIS offers
state of the art statistical methods, such as t-based
modeling, rank product and Fisher’s inverse Chi-
square method. In addition, Java was used as the
programming language for METASIS. The software is
available upon request via e-mail (yskim1158@khu.
ac.kr).
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Introduction

Microarray technology assesses the gene expression
levels of thousands of genes simultaneously in a high-
throughput mode. This technology has been widely
used to achieve various goals, such as to understand
underlying biological mechanisms, to discover novel
subgroups of phenotypes, to examine drug responses,
to classify samples into specific phenotype groups and
to predict phenotype outcomes. Despite the great con-

tributions that microarray techniques have made, some
researchers have argued that microarray-based biolo-
gical discoveries are not reproducible or robust. These
situations are caused by inappropriate analysis or val-
idation and insufficient sample size. Additionally, the
fact that there are usually a larger number of probes
than samples makes this situation worse'?. To over-
come these problems, it has been proposed that infor-
mation from multiple existing microarray studies such
as GEO (Gene Expression Omnibus), CEBS (Chemi-
cal Effectsin Biological Systems) and ArrayExpress
be combined®®. Meta-analysis to combine the results
from various sites and apply a specific statistical techni-
que focused on meta data analysis can increase the
reliability and generalizability of results. Moreover,
meta-analysis allows increased statistical power to
obtain a more precise estimate of gene expression dif-
ferentials, assess the heterogeneity of the overal esti-
mate and produce a single summary measure by com-
bining study results. Recently, meta-analysis has been
extensively used and its usefulness has been demon-
strated®. Therefore, several tools to conduct gene ex-
pression meta-analysis have been introduced, including
GeneMeta and RankProd. However, these programs are
implemented in non familiar interfaces such as R. Of
course, some easy-to-use programs have been introduc-
ed for meta-analysis such as A-MADMAN, EMAAS
and EzArray”®. These programs include data retrieval,
management and analysis modules designed to achieve
their own goals; however, it is not easy to conduct
state of the art statistical methods for meta-analysis
with a consistent interface using these programs. To
address this problem, we have developed a software
system called METASIS. METASIS was written in a
Java application environment, which ensures cross-
platform compatibility. Additionally, METASIS in-
cludes several approaches such as t-based modeling,
the rank product method and Fisher’s inverse Chi-
square method.

System Implementation

Built-in Algorithms

METASIS provides a variety of statistical methods
to enable interpretation and obtain biologically mean-
ingful results from various angles. Below is an intro-
duction to the implemented methods. First, a t-based
modeling approach was built to integrate the size effect
from multiple studies by measuring within- and bet-
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ween-study variation’®. Following is an overview of
the T-based method:

yi=6i+e, &~N(0, 5°)
ei:H‘i‘Si, & ~N(O, ‘Cz)

In the above formula, p is the overall mean of inter-
est and y; is the observed effect size for independent
studies, while 52 and 12 represent the within study vari-
ance of sampling error conditioned on the ith study
and the between-study variance between studies, res-
pectively. The T-based modeling is based on one of
two statistical models, the fixed-effect model or the
random-effects model. The fixed-effects model (FEM)
assumes that the differences in the observed effect
sizes are from sampling error alone (t?=0). Converse-
ly, the random-effects model (REM) assumes that the
observed effect in any given study arises for two dis-
tinct reasons: true variation in effect sizes and sample
error. Therefore, the FEM can be considered as a spe-
cial case of the REM. The question of which model is
appropriate for a given study can be tested by deter-
mining the homogeneity of study effects by calculating
the Cochran’s homogeneity test statistic. To assess the
statistical significance from the combined results, T-
based modeling calculates p-values from an assumed
standard normal distribution using obtained Z-scores
for each gene. However, another statistical figure re-
porting the false discovery rate is aso calculated based
on permutation to compensate for small sample size
and violation of the normality. Second, RankProd, a

non-parametric statistic, assumes fewer statistical dis-
tributions than t-based modelingt. Specifically, it
assumes that the probability of finding a specific item
among the top r of nitemsin alist is p=r/n under the
null hypothesis that the order of al items is random.
Multiplying these probabilities equals the rank pro-
duct, RP=m; (r;i/n;)), where r; is the rank of the item in
thei-th list and n; is the total number of itemsin thei-
th list. This statistic can be expressed by the following
formula:

RPYP =TT, r® /ny

Genes with the smallest RP values are the most inter-
esting candidates. If the same gene appears at the top
of the list in areplicate experiment, one's confidence
will increase and further replicates may produce repro-
ducible results. To assess the statistical significance
for RP values of each gene, RankProd employs a per-
mutation-based estimation procedure. Specificaly, it
counts how many permutated RP values smaller than
or equal to a gene calculated RP value occur in agiven
random experiment. Third, METASIS employs Fish-
er's Inverse x2 test to compute a combined statistic
from the P-value obtained from the individual dataset
asfollows:

S=—-2log (ITip)

This statistic follows a x2 distribution with 2| de-
grees of freedom under the joint null hypothesis and
thus P-values from the combined statistic can be cal-
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culated. This method is the most straightforward one
employed by METASIS because it computes a com-
bined statistic from the P-values obtained from the
analysis of the individual datasets. However, it isim-
possible to estimate the average magnitude of differen-
tial expression by working with the P-values.

Data Requirements and User Interface
METASIS can deal with multiple experimental data
for all types of platforms if properly formatted text
files are provided. To perform T-based modeling or
rank product, METASIS accepts a tab-delimited text
file as an input file to include fold change values for
each sample. The first two columns record the probe
identifier and gene symbol, while the rest of the colu-
mns calculate the actual fold change value. The loaded
data sets are represented in a tabular format such as
the one shown in Figure 1. After METASIS applies the
meta-analysis process, it expresses the resulting data
setsin atabular form that includes the gene name, P-
value and expression status as shown in Figure 2. The
input file for Fisher's Inverse test includes a p-vaue
for each study. Similar to a T-based modeling and rank
product, it includes a probe identifier and gene symbol
in the first two columns. METASIS also expresses the
resulting data in a tabular form. For each process, the
resulting data can be saved in atext file format.

Conclusions

METASIS is a java-based gene expression meta-

analysis program that enables users to combine multi-
ple gene expression data sets and to conduct various
meta-analysis statistical methods in a consistent inter-
face. Recently, several meta-analysis tools for gene
expression datasets have been introduced such as A-
MADMAN, EMAAS and EzArray. These programs
work well for their specific purposes; however, they
cannot be used to apply state of the art statistical meth-
ods focused on meta-analysis techniques such as T-
based modeling, rank product and Fisher’s Inverse x2
test. As these methods are well known meta-analysis
tools that are widely used in various research fields,
METASIS will provide desirable and meaningful re-
sults for users who wish to perform gene expression
meta-analysis to evaluate hiological or clinical data.
Finaly, METASIS has minimal software and hardware
requirements and all levels of users can operate it
without difficulty.
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