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Figure 1. Mapping process for SAGE and MPSS tags. Sequences belonging to Trome clusters are stored in a tempory database The SAGE or
MPSS tags are then mapped onto these sequences via the “‘tager” program. The corresponding gene name for the stored sequence identifires
is extracted from Unigene. The quality is given according to the following criteria, for each SAGE or MPSS tag : if all the targeted sequences
belong to one or two Unigene clusters, the quality is set as ““High”, If all the targeted sequences belong to more than two but less than five clusters,
the quality is set as “Medium”. For more than clusters, is “low”. Otherwise, the quality is considered as “Unknown”. The process is done for human

and mouse.

mRNAs from GenBank, RefSeq mRNAs and HTCs for
each chip and each organism is provided as separated text
files on the ftp server (ftp://ftp.epd.unil.ch/pub/databases/
CleanEx/Affy_mapping).

CleanEx EXPRESSION EXPERIMENT
ANNOTATION

In order to get an accurate experiment annotation
from the usual free-text descriptions provided in the
data repositories, we have re-annotated all the CleanEx
datasets with the terms belonging to the MeSH controlled
vocabulary dictionary. MeSH is the National Library
of Medicine’s controlled vocabulary thesaurus, which is
constantly improved and developed. It consists of sets of
terms naming descriptors in a hierarchical structure
that allows searching at various levels of specificity.
The MeSH thesaurus is used to index articles from
biomedical journals for the MEDLINE/PubMED
database.

The hierarchical structure of this catalog, as well as the
fact that it is already used to retrieve biomedical data,
makes it a good start to annotate gene expression experi-
ments. We generated a semi-automatic procedure which
first associates the corresponding MeSH terms to all its
stored synonyms, then searches these terms in the free-text
expression experiment annotation and stores the official
terms list for each experiment. In a second phase, the
accuracy of the association between the MeSH terms
and the experiments is manually verified. The automati-
cally selected MeSH terms are either accepted or rejected,

according to their relevance for the given experiment. This
two-step procedure ensures that:

— Only MeSH terms are kept in the experiments’ anno-
tations, and all the recorded synonyms for each MeSH
term are checked.

— The terms retrieved are consistent with the experiment
original free-text description.

CleanEx WEB-BASED TOOLS

To ease data retrieval, the final annotation is stored in an
indexed file for both the whole datasets and the individual
experiments. To keep the MeSH tree in a reasonable
range, only the part of the tree which is related to
CleanEx datasets or experiments is reproduced on the
CleanEx query web server. The biomedical annotations
of the datasets can be searched in different ways via the
proposed web-based tools. All the tools are listed on the
database main page (http://www.cleanex.isb-sib.ch). A list
of output examples is also available from the CleanEx
server (http://www.cleanex.isb-sib.ch/examples.html).

First, the MeSH-oriented retrieval tool is linked to the
gene-oriented search tools. This allows users to retrieve
specific expression data together with a specific gene
description with very high annotation accuracy. As an
example, one can retrieve the list of all the CleanEx data-
sets related to Breast Cancer AND associated with the
fibronectin one (FN1) gene via this dual gene/experiment
query form.

Second, the MeSH-based annotation can be used to
retrieve and extract numerical expression data from
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datasets with specific biomedical criteria (see examples 7
and 8 at http://www.cleanex.isb-sib.ch/examples.html).
All the checked terms are then searched in the indexed
file, and the corresponding experiments are extracted
from the CleanEx datasets. The search along the MeSH
tree is fast and accurate and can be done ecither at the
datasets level or at the experiments level. Data can thus
be extracted either from one single dataset or from multi-
ple, possibly platform-heterogencous datasets. In the
former case, the user can select the numerical field to
extract from the original data. For example, for a dual
channel experiment, one could extract only the ‘red’ chan-
nel, or the ratio, or directly the normalized data, if these
fields are provided by the authors of the experiment. For
heterogeneous data retrieval, a rank-based scaling is
applied on the numerical data, where all the numerical
values for all individual samples or arrays are scaled
between 0 and 1000, in order to make the comparison
between data coming from different datasets possible.
The procedure extracts these numerical data for all the
common genes across the selected experiments.

All the search tools using the MeSH based datasets and
experiments annotation can be queried by either using the
javascript ‘walk down the MeSH tree’ page to select the
appropriate terms, or by directly listing the specific MeSH
terms to search in the database. In both cases, the terms to
search can be linked by different operators (AND, OR or
BUT NOT), allowing the generation of complex queries
for the indexed annotation files. An example of such a
query could be: ‘Colon OR Pancreas BUT NOT Cell
Line AND Neoplasms BUT NOT Neoplasm Metastasis’.

After data selection and extraction, the numerical
values are provided as a matrix file in which the columns
represent the experiments, or samples, and the lines repre-
sent either targets, for single dataset extraction, or genes,
for heterogeneous data extraction. The targets’ annotation
and the original experiments’ description are provided as
additional files. These files can then be used as inputs for
specific expression data analysis programs, such as R
(http://www.r-project.org/) and Bioconductor (http://
www.bioconductor.org/), or on-line expression analysis
tools, such as EPClust (http://www.bioinf.ebc.ee/EP/EP/
EPCLUST/) or the SotArray server (http://www.tran
scriptome.ens.fr/cgi-bin/gepas/sotarray) (12).

CleanEx also provides a comparison tool, in which you
can generate two experiments pools based on different
biomedical criteria, and extract the scaled numerical
values of the corresponding experiments. Numerical data
are provided as two different matrices, one for each pool.
The experiments’ description, as well as the gene list, is
given in two separated files. One can then compare the
expression level in these two pools via the CleanEx analy-
sis system. This tool is based on a basic ‘mean difference
ranking’ system, which is described in more details in
the CleanEx online documentation (http://www.cleanex.
isb-sib.ch/tutorial/CleanEx_tutorial.html#analysis_step).
For both pools, the expression mean of each gene is
calculated. The gene list is sorted according to this value
for the two biomedical conditions. The difference of
the gene position in each pool gives the gene expression
bias between the two experiments pools. From the
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Positional distribution of TATA-boxes in cancer up- and down-
regulated promoters
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Figure 2. Over-representation of TATA-box-occurrences in human
genes which show up-regulation in cancer tissues. Promoter sequences
for up- and down-regulated sets of genes havae been extracted via the
cleanEX two pools comparision tool and-box freaquency has been
analysed via the SSA server with default options.

given result (a list of genes ordered according to their
expression mean ranking difference), one can extract the
promoter regions of a selected subset of genes. The
sequences provided in FASTA format can then be
uploaded to web-based motif discovery tools such as
Signal Search Analysis (http://www.isrec.isb-sib.ch/ssa)
(6) or MEME’ (http://meme.nbcr.net) (13). This sequence
download system is unique in the sense that the sequence
list can be generated from a comparison across hetero-
geneous expression experiments. As an example,
Figure 2 shows the graph obtained by using the SSA
server with sequences of genes differentially expressed in
cancer tissues. The two genes’ lists and their correspond-
ing sequences have been obtained via the CleanEx com-
parison tool. All the CleanEx online tools are described in
details in the CleanEx tutorial (http://www.cleanex.isb-
sib.ch/tutorial/). The description of each tool is illustrated
with specific examples.

DISCUSSION

Adding extraction and analysis tools to transcriptomics
repositories has greatly facilitated the use of public data
by external users. The use of a tree-based biomedical
ontology system to retrieve specific data is probably well
adapted for these repositories which contain such a vast
amount of data, as it reduces the search space while going
down the ontology tree. This type of ontologies exists
already. As an example, the EFO ArrayExpress ontology
is a member of the Open Biomedical Ontologies (OBO)
(http://www.obofoundry.org/). All the ontology databases
in OBO can be browsed via the Ontology lookup service
(OLS), a centralized query interface for ontology and con-
trolled vocabulary lookup. There are now more than forty
ontologies integrated in OBO. Though very complete, the
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OBO system is also very complex and stores data coming
from a wide range of concepts, amongst which only a few
are relevant for expression data annotation. For that
reason, we decided not to use the complete OBO ontology,
but to focus on biomedical standardized terms used in
MeSH. This catalog has already proven to be very
useful for retrieval of biomedical scientific publications,
and adapting it to gene expression experiments was
indeed straightforward. The CleanEx database and its col-
lection of MeSH- and gene-oriented query systems can be
considered as a ‘proof of concept’ that using MeSH terms,
or any other well structured biomedical ontology, for tran-
scriptomics data retrieval is doable and effective.
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