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ABSTRACT. Seria analysis of gene expression (SAGE) technology
produces large sets of interesting genes that are difficult to analyze di-
rectly. Bioinformatics tools are needed to interpret the functional infor-
mation in these gene sets. We present an interactive web-based tool,
called Gene Class, which allows functional annotation of SAGE data
using the Gene Ontology (GO) database. Thistool performs searchesin
the GO database for each SAGE tag, making associations in the se-
lected GO category for a level selected in the hierarchy. This system
providesuser-friendly datanavigation and visuaization for mapping SAGE
data onto the gene ontology structure. Thistool also provides graphical
visualization of the percentage of SAGE tagsin each GO category, along
with confidenceintervals and hypothesistesting.

K ey wor ds: Gene expression, Functional annotation, Tag classification,
Web-based bioinformaticstool
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INTRODUCTION

A biological event in cellsis controlled by the expression of multiple genesin adeter-
mined time and in an appropriate way. To monitor the pattern of expression of genes under
some pathological and physiological conditions, one of the stepsisto understand the biol ogical
process (Chen et al., 2000). The success of the development of the serial analysis of gene
expression (SAGE) technique has been an important mark. In the SAGE technique, ashort 10-
base sequence tag, corresponding to an expressed sequence, is concatenated for automatic
sequencing, along with tags of differently expressed sequences. Thisstrategy allows maximum
coverage of expressed genes for gene identification at the global level of the genome, while it
keeps the sequencing analysis to a manageabl e scale. The application of the SAGE technique
has produced valuable information on several biological systems, and the amount of data has
grown exponentialy (Zhang et al., 1997). One of the challengesin research today istointerpret
such data quickly, integrating biological resources of knowledge, such as Gene Ontology (GO)
annotation and molecular information. Due to the large number of expressed genesin the eu-
karyotic genome, bioinformaticstoolsare necessary to characterize patterns of gene expression
(Velculescu et al., 1995). Analytical toolsthat use a bioinformatics approach and mathematical
methods can promote the functional annotation of the expression data and, consequently, pres-
ent these datain aformat that propitiates a better agreement with the biology of the correspond-
ing processes (Lee et a., 2005). The project Gene Ontology Annotation of the European
Bioinformatics Institute has a dynamic and controlled vocabulary of GO, which describes the
biological process, cellular component and molecul ar function of generic cells, making it possible
to characterize gene products (Harriset al., 2004). Biological knowledge concerning GO, when
combined with experimental results and computational approaches, can be useful for biomedical
research and for the discovery of new drugs (Lee et a., 2005). The integration of cancer
genome dataand GO annotations can be avaluable strategy for the selection of biomarkers, for
identifying new therapies and for determining the effects of drug treatment (Arciero et al.,
2003; Cunliffe et a., 2003). The knowledge on GO also provides a systematic inquiry and
functional classification of etiologiesof multifactorial diseases, increasing information that could
improvethe planning and the treatment of theseillnesses (Philip-Couderc et al ., 2004; Prabakaran
et al., 2004; Lee et al., 2005). There are several examples where the information of the GO
database can be applied to data generated on a wide scale, and there are currently many tools
that provide graphical interfaces, aswell ashierarchical and functional annotation of dataof the
genome based on GO annotations (http://www.geneontol ogy.org/GO.tool s.shtml). Examples of
suchtoolsinclude MAPPFinder (Doniger et a., 2003), GoMiner (Zeeberg et ., 2003), FatiGO
(Al-Shahrour et al., 2004), Onto-Express (Khatri et al., 2004), EASE (Hosack et al., 2003),
GOTree(Zhang et al., 2004), and NetAffx (Cheng et a ., 2004). Thetool, Gene Class, whichwe
present here, provides an interactive visualization of functional annotation of two listsof SAGE
tags in the corresponding GO category, which is chosen by the user. Using the data of SAGE
classified in GO hierarchy, the system presents statistical results for each GO category of
classification, such asthe plot of the percentage of classification for each list of SAGE tagsin
the corresponding GO category, the result of the test of hypothesis in each category and the
confidence interval. The combination of biological annotation with the calculated values will
provide the user with the possibility to include biological characteristicsthat are occult in data,
thusincreasing the information derived from its database.
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MATERIALAND METHODS

Thenew tool, Gene Class, associates SAGE tagswith dataon GO, providing functional
classifications using the GO database (http://www.godatabase.org/dev/database/). First, rela
tionships were established between the SAGE tags and gene products in Homo sapiens, Mus
musculus, Rattus norvegicus, Bos taurus, Danio rerio, Gallus gallus, and Caenorhabditis
elegans, which areincluded in the GO database. Our objective was to provide the user with a
web interface with the option of choosing SAGE tags for classification, based on their fre-
guency in the organized hierarchy of the GO. The classification can be obtained by selecting
organism and GO term (biological process, cellular component or molecular function) at differ-
ent levels (2-5) from two lists of SAGE tags of interest. The GO category is built in directed
acyclic graphs (Ashburner et a., 2000) so that each GO term can have several parentsin the
hierarchy. Our program searches both lists, and it associates each SAGE tag in the term and
classification level in the GO hierarchy. The tool then generates a plot of the percentage of
genesin each classified category, showing the result of the test of hypothesisin each category,
along with the confidenceinterval. The test of hypothesisis solved considering the following
null (H,) and alternative (H,) hypotheses (Triola, 1998).

H,:p=p

H, . p =p,

where p, and p, are the two lists of SAGE tagstargeted for classification. For example, list one
would refer to the most frequent tags derived from normal tissue and list two would refer to the
most frequent tags derived from tumor tissue. In this case, we assumethat the original informa-
tionisp, # p,. Using the values of amount in the submission, n, and the amount in the classifi-
cation, and x in each GO category, the total proportion is determined in each term by applying

wheren, and n, refer to the total number of genes sent in lists one and two, and x, and x, are the
number of genesfrom listsone and two, classified in each GO term, respectively. The statistical
test is calculated asfollows:

5 — b — P
TN
m n,
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where

n—p,=0

and the combined estimate of p, and p, are

ﬁ_n+%
n +n,
§=1-p

The choice of the level of significanceis selected by the user, where oo = 1% (z = 2.58)
or oo = 5% (z=1.96). If the original affirmation is the alternative hypothesis and the statistical
test islocated in acritical region (H,), H, isrejected, concluding that there is enough evidence
to guarantee the original affirmation. However, if the statistical test is located in H, H, is
accepted, concluding that thereisinsufficient evidence to support the original affirmation. The
confidenceinterval iscalculated asfollows:

F p(=p)  p(1—=p)
—ptz . +
=P al2 \/ " .

2

The confidence interval (or estimated interspace) is an amplitude (or an interval) of
valuesthat hasthe probability of containing thetrue value of the population (Triola, 1998) used
in each category, for SAGE tags having GO annotation in that category.

RESULTSAND DISCUSSION

The association of functional classification in the GO database is established for two
SAGE tag lists with frequency, as can be seenin Figure 1.

Figure 1 showstheinput user interface from Gene Class. Theinput identified by Gene
Classis SAGE tags. The user can choose organism, GO term, GO level, and levels of signifi-
cance for the statistical tests. For interesting SAGE tag set vs reference SAGE tag set, the user
needs to upload thefile (or copy/paste) and choose select fields. The result will be the classifi-
cation for both SAGE tag sets, identified in the GO category (Figure 2). Theinput file should be
aplaintext file, including thefrequency of tags, separated by tabs or spacesin theformat of one
per line, and the analysisis limited by the number of genes and the size of file.

The result showsthe output, with the list of SAGE tags, associated symbol, organism,
and frequency, by GO category, a display of the percentage of SAGE tags by category, along
with thetest of hypothesisand confidenceinterval (Figure 2B). A list of SAGE tagsnot found is
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Figure 1. Input user interface from Gene Class Expression for uploading analysis, parameters and data.

also available. The Gene Class tool provides a comprehensive classification of SAGE tagsin
GO structure. Thistool makes the normalization of frequency of tags sent, showing an expres-

sioninterval by frequency (Figure 2A).

CONCLUSION

The Gene Classtool complementsand extendsthe functionality of similar data-mining
toolsfor GO hierarchy, and it offersadditional information through statistical analysisthat helps
usersto analyzethe classification for aset of SAGE tagsin the GO category. The application of
Gene Classistill limited by the number of genesthat have GO annotation. However, with the
bioinformatics effort to automatically predict protein functions based on the literature, gene
expression dataand protein sequenceinformation, and arapid growth in GO, it is expected that

this new tool will become more useful with the improvement of GO.

Homepage Gene Class: http://gdm.fmrp.usp.br/cgi-bin/gc/upload/upload.pl.
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Figure 2. Result from submission to Gene Class. A. The window displays the Gene Ontology (GO) database category and
the tags classified by category. B. The display shows the percentage of tags, the test of hypothesis and the confidence
interval by GO category.
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