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Abstract
Background: Information obtained by DNA microarray technology gives a rough snapshot of the
transcriptome state, i.e., the expression level of all the genes expressed in a cell population at any
given time. One of the challenging questions raised by the tremendous amount of microarray data
is to identify groups of co-regulated genes and to understand their role in cell functions.

Results: MiCoViTo (Microarray Comparison Visualization Tool) is a set of biologists' tools for
exploring, comparing and visualizing changes in the yeast transcriptome by a gene-centric approach.
A relational database includes data linked to genome expression and graphical output makes it easy
to visualize clusters of co-expressed genes in the context of available biological information. To this
aim, upload of personal data is possible and microarray data from fifty publications dedicated to S.
cerevisiae are provided on-line. A web interface guides the biologist during the usage of this tool
and is freely accessible at http://www.transcriptome.ens.fr/micovito/.

Conclusions: MiCoViTo offers an easy-to-read picture of local transcriptional changes connected
to current biological knowledge. This should help biologists to mine yeast microarray data and
better understand the underlying biology. We plan to add functional annotations from other
organisms. That would allow inter-species comparison of transcriptomes via orthology tables.

Background
Although the genome is mostly invariant in each cell of an
organism, genes can have different expression patterns
related to environmental conditions or developmental
programs. For a given genome, different transcriptome
states can be observed, depending on complex networks
regulating adaptation and homeostasis. Fundamental

questions about the topology of networks as protein inter-
actome [1], metabolome [2] or transcriptional regulation
networks [3,4] have been previously addressed. Interfaces
like KEGG [5], Biocyc [6] or GenMapp [7] help biologists
to put these results into a cellular context by mapping
expression states onto metabolic network representations.
Moreover, to visualize and edit networks, different tools
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like Cytoscape [8] or Osprey [9] are available. To under-
stand the biology of the studied systems better, the trend
is clearly towards the aggregation of multiple sources of
biological information.

This article focuses on the analysis of transcriptome states.
Numerous microarray gene expression datasets are now
available, giving the opportunity to get a picture of the
transcriptome state in various cellular conditions. Various
methods to mine compendia of transcriptome states and
to try to understand their biological meaning already
exist. One of the most successful is based on the assump-
tion that genes having similar expression profiles across a
set of conditions are likely to be involved in the same bio-
logical process [10]. Many approaches, including multi-
variate analysis, hierarchical clustering and SOM have
been used to find patterns of expression and to create bio-
logically relevant clusters (see [11] for review). By analys-
ing whole microarray datasets, these "global" clustering
approaches have already led to the formulation of inter-
esting testable predictions [12]. However, it has been pre-
viously emphasized that classical clustering methods
could be inefficient on large number of biologically unre-
lated datasets [13]. Indeed, in response to environmental
changes, gene expression is modified only in a fraction of
the transcriptome and the signal is hence diluted over the
whole dataset. Few methods have been proposed to find
these regulatory sub-signatures [13,14], and in fine, the
most reliable way to go deeper into the data to capture
interesting trends is to be an expert in the field. That is
why tools allowing the biologist to mine microarray
results, in order to find such expression modifications in
a sub-set of genes related to his area of expertise, are
highly desirable. Such "gene-centric" clustering analysis
that distinguishes differentially-expressed genes in spe-
cific parts of the transcriptome (centred around a "seed
gene") should overcome some drawbacks of global analy-
sis approaches.

The ideal tool would be gene-centric, and would provide
understandable outputs mapping biological knowledge
onto results. We present here MiCoViTo, a user-friendly
tool for identifying and visualizing groups of genes having
similar expression in two sets of microarray experiments
representing two distinct transcriptome states.

Implementation
Principle
A given transcriptome state can be represented as a net-
work where genes are joined pairwise by a weighted link
proportional to a similarity measure between their corre-
sponding expression profiles. The basic idea is therefore to
compare the immediate transcriptome neighbourhood of
a given gene (referred to hereafter as the seed gene) in two
sets of microarray experiments describing two distinct

transcriptome states. By neighbourhood, we mean genes
whose expression profiles are closely related to that of the
seed according to a chosen metric. By relaxing step by step
the distance criterion, several neighbourhood levels, cor-
responding to larger and larger parts of the transcriptome
state, can be defined.

Thus, for each set of microarray experiments to be com-
pared, each gene is assigned to the neighbourhood level
reflecting the distance between its expression profile and
the expression profile of the seed gene. In a second step,
all neighbourhood level intersections are computed and
arranged in a table (Figure 1, A). In this table, the upper
left groups are genes having similar expression in both
experiments compared to the seed profile while the upper
right and the lower left groups include genes that have
very close expression profiles in only one set of experi-
ments. Only the upper left part of the table is of interest,
as we do not want to consider genes that are co-expressed
with the seed gene in none of the two transcriptome
states. Therefore, the lower right part of the table is not
analysed and is coloured in grey (Figure 1, A).

Note that MiCoViTo has been designed so that different
types of comparisons can be performed, according to the
given biological question. Neighbourhood comparison of
one seed in two transcriptome states is described above
(Figure 1). But, using the same principle, more elaborate
comparisons can be performed like neighbourhood com-
parison of two distinct seeds in the same transcriptome
state (Figure 2, A).

Visualization and mining of isolated clusters
In order to capture the biological meaning of gene clusters
generated by MiCoViTo, it is necessary as a first step to vis-
ualize them in the context of current biological knowl-
edge. Latter options for studying promising clusters are to
map list of genes onto the metabolic pathways, to look for
co-regulation in another expression dataset or to look for
common cis-regulatory elements in promoters. Using a
relational database system storing yeast MIPS functional
information and external links, MiCoViTo provides access
to all this information.

For each neighbourhood intersection constructed as
detailed above, a pie chart representing the gene distribu-
tion in one of the MIPS catalogues [15] (functional classi-
fication, protein class, EC number, PROSITE motifs,
mutant phenotype and complexes catalogue) is displayed
(Figure 1, B). When gene listing for one cluster is
requested, additional information is available including
direct links to the individual gene description pages of the
SGD [16] and MIPS [15]. Furthermore, full gene lists can
be posted directly to other online tools like KEGG for
metabolism mapping [5], RSA tools for the discovery cis-
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regulatory motifs [17], SGD for Gene Ontology term map-
ping [16] or yMGV database for expression mining [18].

Datasets available
Microarray data standards are now available [19] and
public repositories have been constructed [20,21]. The
community effort will ensure that more and more clean
and formatted datasets become available for this kind of
study. Here we use data from yMGV [18], the largest avail-
able yeast expression database.

More than fifty previously-published microarray datasets
are provided, giving a fair coverage of possible yeast tran-
scriptome states (a listing is available in the web site). But
users can also upload files onto the site to confront their

results with published data or use MiCoViTo to compare
two personal datasets.

Technical information
MiCoViTo is composed of three parts: a set of programs
for microarray data preprocessing and for comparing
expression profiles, a web-interface and a relational data-
base. All the softwares used to power MiCoViTo are freely
distributed under an open source licence. Data pre-
processing options such as pre-scaling or pre-centering
expression profiles have been written in PERL while dis-
tance computation routines (Pearson distance, Squared
Pearson distance and Euclidean distance) have been writ-
ten in C in order to minimize computation time. The
interface has been written in PHP. MIPS and SGD

MiCoViTo principleFigure 1
MiCoViTo principle A) Neighbourhood comparison around a seed in two transcriptome states. The location of genes gives 
an idea of their expression compared to the seed gene. The X axis represents the neighbourhood levels computed in the first 
transcriptome state, the Y axis represents the neighbourhood levels computed in the second transcriptome state. Regions that 
are closer to the origin reflect more closely co-expressed genes (delimited by red dash lines). The white region is the area con-
taining genes correlated in both microarray datasets while the blue area contains genes that are co-expressed only in one of 
the conditions. As we do not want to consider genes that are far away from the seed gene in both transcriptome states, the 
lower right part of the table is not analysed (grey region). B) Result of the comparison of S. cerevisiae transcriptome state time 
courses during a 30°C to 37°C temperature shift and during exposure to the reducing agent dithiotreitol (DTT) [29] available 
in the online tutorial. The comparison was performed using a structural constituent of a ribosome subunit (RPS8B/YER102W 
gene) as seed and Pearson distance as the distance metric. The step value used to define neigbourhood levels is 0.2 (see inter-
vals 0–0.2, 0.2–0.4, ..., 1.2–1.4). Each group of genes located in a neighbourhood intersection is given in the form of a clickable 
pie chart constructed according to the MIPS functional classification catalogue [15].
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information is stored in a PostgreSQL relational database.
Microarray data are stored in flat files. All graphical out-
puts are dynamically generated using the JpGraph PHP
library [22].

Results
As an illustration, we used MiCoViTo to compare genes
co-expressed during the cell cycle (Cho el al. dataset [23])
for two pairs of cyclin: CLN1/CLN2 and CLN1/CLB2 (Fig-
ure 2, B1). Results depend mainly on the proximity of
seed expressions. Indeed, two genes close one to another

Example of studyFigure 2
Example of study A) Neighbourhood comparison using two distinct seeds and a single transcriptome state. The results 
depend on the relative position of the seed genes in the overall transcriptome. This example shows the best-case scenario: two 
genes close to each other, with a circular gradient of expression coherence. This leads to the definition of zone of interest, 
represented here in red, which contains genes that are close to both seed genes. These genes are the other partners of the 
cluster defined by seeds 1 and 2. B) Results of the neighbourhood comparison of the two distincts seeds CLN1/CLN2 (B2) and 
CLN1/CLB2 (B3) in the Cho et al. yeast cell cycle datasets [23]. CLN1 and CLN2 are both involved in the G1 phase whereas 
CLB2 is involved in the G2/M transition (B1). Each induced group of genes is represented in the form of a pie chart showing 
gene distribution in each cell cycle phase (color code is provided in B1 diagram, red: G1; dark green: S; orange: S/G2; blue: G2/
M; light green: M/G1).
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like CLN1 and CLN2 (both implicated in the G1 phase),
lead to the identification of numerous correlated genes
also implicated in the G1 phase (Figure 2, B2) like PCL1
[24], MCD1 [25] or RNR1 [26]. But if CLN1 is compared
to a gene implicated in another phase of the cycle like
CLB2 (G2/M transition), no correlation at all is observed
(Figure 2, B3). Moreover, the upper right and the lower
left groups show genes implicated in the G2/M transition
and the G1 phase like CLB2 and CLN1 respectively.

Discussion
MiCoViTo aims to help biologists achieve an intuitive
understanding of their own data using an approach based
on the comparison of sets of microarray experiments. The
user-friendly web interface is designed to be accessible to
those with no particular technical skill.

The major drawback of visualization tools based on biol-
ogists' knowledge and intuition is that it does not give a
computer readable output and cannot be applied system-
atically to find interesting expression patterns. Particu-
larly, seed choice is a crucial point of our approach
because it precisely defines which part of the transcrip-
tome to focus on. The gene-centric approach presented in
this paper empowers biologists to focus on a particular
sub-part of the transcriptome. In order to assist seed selec-
tion process, online lists of candidates for each set of
microarray experiments are proposed. Those candidates
are ranked according to their neighbourhood density
(density is the number of genes co-expressed with seed
according to a given expression distance threshold).
Genes with a large neighbourhood density are those
whose nearest neighbourhoods contain a lot of genes,
which means that their expression profiles are similar to
the expression of many other genes. Such information
may be used as a starting point when no prior information
about the transcriptome state topology is available.

As initiated in a recent paper [27], one possible future
direction is to use this approach to compare transcrip-
tomes from different organisms captured in the same
state. This will be possible if we can find functional anno-
tation in the same format for two organisms and if we are
able to define pairs of seeds having inter-organism corre-
spondence. An annotation project like GO [28] addresses
the first question. To define relevant inter-organism seeds,
two ways appear realistic. The first one is to assume that
sequence-based conservation implies function conserva-
tion. This is not always the case, but one can expect MiCo-
ViTo results to be incoherent if seeds are not functionally
related. Alternatively, one can start from pairs of genes
previously described as orthologous. S. pombe could pro-
vide a good benchmark system to test this approach, since
GO annotations are available and microarray datasets
describing states previously studied in S. cerevisiae are

publicly available. Moreover well-characterised S. cerevi-
siae/S. Pombe orthologous genes have been listed by the
Sanger Center (Valerie Wood, personnal
communication).

Conclusions
MiCoViTo allows users to compare and visualize different
transcriptome states in a gene-centric way. The generated
clusters of genes are mapped onto existing biological
knowledge to gain a higher level view of the ongoing tran-
scriptional changes. Upload of personal data onto the site
is possible but not mandatory since a compendium of
more than fifty yeast microarray datasets is available.

At present, this tool is restricted to S. cerevisiae, but a nat-
ural future direction will be to incorporate data originat-
ing from different species as well as orthology tables to
allow comparison of seeds from different organisms.

Availability and requirements
MiCoViTo is available at http://www.transcrip
tome.ens.fr/micovito/. The source code and database
scheme are freely distributed to academic users upon
request to the authors.

A more detailed description of MiCoViTo including a step
by step tutorial can be found online.

List of abbreviations
MiCoViTo: Microarray Comparison Visualization Tool;
DTT: dithitreitol; MIPS: Munich Information center for
Protein Sequences; RSA tools: Regulatory Sequence Anal-
ysis Tools; SGD: Saccharomyces Genome Database; TF:
transcription factor; yMGV: yeast Microarray Global
Viewer.
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