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Abstract: Available transcriptome data accumulate in public repositories, individual web pages or as various supplemen-
tal data, but these published data cannot be routinely accessed. We have developed the web based tool Amazonia! to over-
come this hurdle and provide the possibility to query and to visualize the expression of a given gene in representative and
selected human transcriptome datasets. This expression atlas provides expression bar plots for single genes, across sam-
ples selected from a wide range of normal tissues and malignancies, including pluripotent stem cells. When produced by
the same platform type, datasets were renormalized and combined in order to generate series of several hundreds samples.
Samples types are colored and ordered, and grouped in thematic pages for ease of navigation. We also integrated gene
lists provided by original publications describing these microarray data, allowing the scientific community to challenge
the expression of genes in datasets other than those for which they were initially published. To illustrate the powerfulness
of this simple tool, we show how Amazonia! reveals the specific expression of the tight junction protein Claudin 6 in hu-
man embryonic stem cells and human induced stem cells (iPS), or the tissue specific expression of some chemokines and
their receptors such as CCL16 in liver and CX3CR1 in central nervous system samples. Thus, Amazonia! advantageously
complements large public repositories by providing a simple way to query a compilation of selected human transcriptome
data.

The tool is freely available at http://www.amazonia.transcriptome.eu/
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INTRODUCTION

Microarray technology is a major technical breakthrough
that can monitor the expression of a whole genome within a
single experiment. Information provided by this new tech-
nology is frequently shared with the scientific community
and is freely accessible. But paradoxically, and this is a di-
rect consequence of the massive quantity of data generated,
most researchers do not access to these data on a routine
basis. Indeed, many aspects of microarray data mining re-
quire substantial know-how and labour time, such as unsu-
pervised or supervised analyses. But microarrays results
must also be viewed as a massive expression repository, pro-
viding hundred of thousands of virtual northern blots. Sev-
eral web sites already propose to access these expression
profiles on a gene per gene basis. Gene Expression Omnibus
(GEO) [1] is a public repository of microarray data, and pro-
vides an expression bar plot for each probe in all datasets

*Address correspondence to these authors at the Institute for Research in
Biotherapy, Hopital Saint-Eloi, 80 Avenue Augustin Fliche, 34295 Mont-
pellier Cedex 5, France; Tel: +33 (0)4 67 33 01 91; Fax: 33 (0)4 67 33 79
05; E-mail: john.devos@inserm.fr

1875-0362/10

present in the database. However, the heterogeneity in the
datasets, covering all biological fields, from yeast to human,
from normal to malignant cells, from primary tissues to in
vitro stimulated cell lines, discourages users from investigat-
ing the expression of a given gene in this transcriptome re-
pository. For instance, the keyword “embryonic” yields 1161
different GEO data-sets and 3 145 499 GEO profiles. Other
web sites have focused on datamining such as the cancer-
centered Oncomine [2]. Finally, many sites provide only
access to expression profiles obtained in their lab as supple-
mental data in connection with a publication, such as the
GNF SymAtlas [3] or the Stanford Microarray Database [4].

Another concern is that most transcriptome analyses pub-
lished provide lists of genes differentially expressed between
different sample groups. Like the raw data, these lists are
infrequently consulted because they are provided as printed
mater or supplemental data. This is unfortunate since these
lists of genes reflect the conclusions of the authors that car-
ried out the analyses, and should be challenged and con-
fronted with alternative interpretations.
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Therefore, we developed Amazonial, a web-based atlas
of human gene expression that compiles a selection of pub-
licly available transcriptome datasets, that is freely accessi-
ble through a user friendly interface to the research commu-
nity. The database is gene centered, organized in thematic
pages and provides enhanced sample identification features
such as color and rank attributes. A list manager can be used
to scrutinize the expression of genes from a published list
across other datasets.

METHODS AND IMPLEMENTATION

Amazonia!, subtitled “Explore the jungle of microarrays
results”, was developed with open source software : data are
stored in a MYSQL database, the web pages were created
using PHP and are served by an Apache web server. Its aim
is to provide a straightforward way to retrieve and visualize
as bar plots the expression of a gene across large series of
samples (see outline of the Amazonia! database in Fig. 1).
These series were carefully selected and organized into the-
matic pages so that users can focus on their sample of inter-
est (normal tissues or a given cancer for instance). Amazo-
nia! is freely accessible at http://www.amazonia.transcri-
ptome.eu.
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Fig. (1). Outline of the Amazonia! database and web server.

We selected relevant datasets that were made publicly
available, either in public microarray repositories (GEO and
ArrayExpress)[1, 5] or as supplemental data in various pub-
lications. For microarray results, the y-axis of the bar plot is
the normalized microarray signal value. This is an arbitrary
unit, proportional to the mRNA quantity in the initial prepa-
ration. This value depends on the microarray format and the
normalization used. It is comparable between series of sam-
ples only when the same microarray and the same normaliza-
tion scheme have been used. Transcriptome data were ob-
tained with various technologies, including massively paral-
lel signature sequencing (MPSS), cDNA spotted microarrays
and Affymetrix microarrays, the latter being the most fre-
quent source of data in our collection. In the near future,
deep sequencing digital gene expression (DGE) data will be
added. In this case, the y-axis would be the tag per million
count. When raw Affymetrix files were accessible, the data
were normalized and summarized with the MAS5 algorithm
starting from the raw files, using the Expression Console
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software (Affymetrix, Santa Clara, CA) by global scaling
with a trimmed mean target intensity value (TGT) for each
array arbitrarily set to 100. In this way, Affymetrix data ob-
tained from different platforms in different places are di-
rectly comparable. For each expression bar plot, the prove-
nance of each sample is documented on the web page with a
direct link to the public repository web page, or alternatively
to the publication abstract in Pubmed, and therefore provides
a mean to access all experimental details on the original
source web page.

RESULTS AND DISCUSSION
Bar Plots

This expression atlas provides expression bar plots for
single genes, across different collections of samples. Genes
are accessed either by keywords (including gene name ali-
ases), Gene identification (ID), UniGene ID or probe ID
(Fig. 2A). If the expression of one gene is queried by several
probes, every probe will be displayed. For keywords, a dis-
ambiguation page lists all genes containing this keyword
either within the abbreviation, alias or full name (Fig. 2B).
Selection of a gene in this list will call the expression bar
plots (Fig. 2C). The bar plot page contains the abbreviation
of the gene, name, aliase(s), chromosomal location, gene 1D,
links to external gene annotation resources (Entrez Gene,
iHOP, PubMed, OMIM and Gene Cards) and the bar plot(s).
By default, the expression of a gene will be profiled in a se-
ries of normal samples from embryonic, fetal and adult tis-
sues (“Human body index™). This series is a virtual northern
blot covering more than 230 human samples. These samples
are obtained from more than ten (13 at the time of writing)
different studies normalized by the same method, thereby
allowing direct signal values comparisons. Each bar plot is a
png image incorporating some key parameters such as the
gene abbreviation, probeset ID, microarray type, hybridiza-
tion protocol and normalization method. By a simple click, a
higher-solution image can be called out and shown in a new
window.

An essential aspect of Amazonia! is the careful sample
color and rank attribute so that (i) samples that have a similar
histological origin have a similar color, (ii) samples are
grouped according to their primitive embryonic layer origin
and (iii) normal and malignant samples for a same tissue are
differentiated by a shade variation. When the microarray data
has been obtained on an Affymetrix GeneChip system, the
“Detection call” information provided by Affymetrix soft-
ware, which indicates whether a transcript is reliably de-
tected (Present), ambiguous (Marginal) or not detected (Ab-
sent), is included in the color scheme, so that only the sam-
ples with Detection calls Present or Marginal are colored
whereas the samples with a Detection call Absent are white.
It is notorious that some probesets do not provide signals
above background: using the color scheme, these probesets
are immediately evident since most bars are white. Signals
and, if relevant (i.e. for Affymetrix microarray data), Detec-
tion p-values that were used to generate the bar plot can be
downloaded by clicking on the “view data” icon (Fig. 2C).
With this color and ordering strategy, one can have a com-
prehensive view of the sample collection in a bar plot at a
glance. For instance, the gene Ribosomal protein L13
(RPL13) is expressed at high level in all tissues from the
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Fig. (2). Amazonia! main input and disambiguation of keywords. (A) To obtain an expression profile for a given gene, a keyword (generic
character % can be used), or a probeset number or a UniGene ID or a Gene ID can be used as input (1). (B) If a keyword is used and matches
different genes, a first page is displayed that lists all the genes that contain the keyword in its official abbreviation, alias or full name. An ex-
haustive list can be obtained by clicking on the “...” link at the bottom of the web page. The user must then click on the selected gene to ob-
tain the corresponding expression bar plot. (C) By clicking on the selected gene (2), all bar plots corresponding to the selected gene are dis-
played. The data corresponding to the bar plot can be downloaded by clicking on the “view data” icon (3). (D) The bar plots of CLAUDIN 6
and RPL13 are shown as examples of one highly specific gene, highly expressed in pluripotent stem cells (human embryonic stem cells and
pluripotent stem cells) and one housekeeping gene, broadly expressed across all tissues, respectively. ES: human embryonic stem cells; IPS:
induced pluripotent stem cells; hFF: human foreskin fibroblasts; OV: ovary & oocytes samples; TE: testis; NS : nervous system; SK: skin;
LU: normal lung; DT: digestive tract; KP: kidney & prostate; HM: heart & muscle; JO : joint; HE: normal hematological samples; UT: uterus.

“Human body index” series, with the only exception being a
low expression in oocytes (Fig. 2D). Hence, RPL13 appears
as a ubiquitously expressed gene, a common feature for ribo-
somal proteins. Nine different probesets (PS) interrogate this
gene, but two display bar plots with a majority of white bars,

i.e. an “absent” Detection call (PS 1565758 at and PS
1565759 _at), which could be explained by a low signal/noise
ratio. By contrast, the gene Claudin 6 (CLDN®6) coding for a
member of tight junction proteins is highly expressed in hu-
man embryonic stem cells and human induced pluripotent
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stem cells (iPS) but completely absent from the other adult
or fetal tissues from the “Human body index” series (Fig.
2D). A glimpse at this bar plot is sufficient for concluding
that CLDNG6 is a bona fide pluripotency gene.

Thematic Pages

Whereas the goal of public repositories such as GEO or
Array Express is comprehensiveness, the goal of Amazonia!
is instead to select a limited panel of microarray experiments
that are representative of the expression of our genome in
most normal tissues and some of the most frequent malig-
nancies. As of October 1st, 2009, more than 218 258 301
individual expression values have been introduced into the
database, from more than 5 900 samples in 111 different
experiments. These experiments have been ordered into sev-
eral thematic pages: “General”, “Hematology”, “Cancer”,
“Reproductive Tract” and “Stem Cells”. These thematic
pages can be accessed through a cascading menu, each menu
having a sub menu (Fig. 3A). For example, the Cancer menu
is divided at present in the following sub menus: “Kidney
and prostate cancer”, “Lung cancer”, “Glioma”, “Breast can-

r”, “Colon cancer” and “Hepatocarcinoma”. The range of
cancer types will be extended in the future. By switching the
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thematic page, the queried gene is kept, but the sample col-
lections vary. This is illustrated for the genes ACTG1, PBX1
and MAGEAG. The Actin gamma 1 gene (ACTG1) is ubig-
uitously expressed either in a normal embryonic, fetal and
adult tissues series, an acute lymphoid leukemia (ALL) sam-
ples series or a lung carcinoma samples series as shown by
the three bar plots corresponding to the same gene by only
switching the thematic page (Fig. 3B, C and D respectively).
By contrast, the Pre-B-cell leukemia homeobox 1 gene
(PBX1) is preferentially expressed in human embryonic stem
cells, but also in a subset of ALL that carries a translocation
involving PBX1 and resulting in its specific overexpression.
Finally, the Melanoma antigen family A, 6 gene (MAGEA®)
is expressed in testis, ALL cell lines and some lung cancer
samples, highlighting some essential features of this cancer
testis gene. Similarly, the expression of any gene can be que-
ried in various series of samples, by simply changing the
thematic page in the drop down menu.

Lists of Genes

A list manager offers the possibility to obtain the expres-
sion bar plots for tens or hundreds of genes out of a list. Two
kinds of gene lists are proposed: (i) a group of genes from a
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Fig. (3). Thematic pages. (A) Thematic pages can be accessed through a cascading menu, each menu having a sub menu. For the sake of
illustration, three expression profiles obtained with Amazonia! for an ubiquitous gene, Actin G1 (ACTG1), a transcription factor associated
with some subtypes of malignancies, pre-B-cell leukemia transcription factor 1 (PBX1) and a cancer/testis antigen, melanoma antigen family
A, 6 (MAGEAG®), are illustrated in three samples series: embryonic and adult normal tissues (B) (U133A microarray data), acute lymphoblas-
tic leukemia (ALL) (C) (U133A microarray data) and lung cancer (LC) (D) (U95Av2 microarray data). One can observe that the PBX1 tran-
scription factor is typically overexpressed in a subset of ALL samples through a reciprocal translocation, but is also highly expressed in hu-
man embryonic stem cells. MAGEAG is detected in most normal testis samples and is highly expressed in one T-ALL cell line and in a sub-
set of lung cancer samples. ES: human embryonic stem cells; TE: testis; CNS : central nervous system; PNS : peripheral nervous system; SK:
skin; LU : normal lung; DT: digestive tract; TH : thyroid; KP: kidney & prostate; HM: heart & muscle; HE: normal hematological samples;

UT: uterus; PL: placenta.
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gene family or from a biological pathway, lists that are in-
cluded in the “General” section, or (ii) lists of genes found
differentially expressed between two cell types and previ-
ously published, organized in sections corresponding to the
Amazonia! thematic pages. But most interestingly, every
registered user (see below, “Registering”) can create its own
list by following the menu “Amazonia! tools/Lists of
genes/Create a new list” and by pasting genes (gene ID),
UniGene (UniGene ID) or probesets in the dedicated field.
Lists of genes can then be displayed as bar plots. For in-
stance, the “Chemokine” list contains 62 genes that include
chemokines and their receptors (Fig. 4). By selecting the bar
plot icon, and then for example the “Human body index”
series of samples (the default series of samples), all bar plots
corresponding to all probesets from all 62 genes will be dis-
played on two web pages (the display is limited to 50 bar
plots per page). This is a powerful tool to uncover specific
expression patterns by simple visual scanning. We note for
example that some chemokines have a very selective expres-
sion, such as the high expression of CCL16 in liver,
CX3CRL in central nervous system samples, CCL17 in acti-
vated B lymphocytes and CCL27 in skin samples (Fig. 4B
and data not shown, but freely accessible on the web site).
Hence, challenging a published list of genes in a new dataset,
independent of the one that was used in the original publica-
tion, is becoming an easy task.

Registering and Private Access

Amazonia! is freely accessible and registering is not
mandatory. It is however strongly recommended as this
opens the way for users to gain access to several Amazonia!
tools such as the “create a new list” (see above) or another
tool to generate a user’s own series of samples, by combin-
ing samples from various experiments that have been done
on the same experimental platform, microarray format and
normalization (typically within Affymetrix datasets). This is
a convenient way to build figures to illustrate a study without
the need of importing the data into a graphing software [6,
7]. A recent development is the inclusion of large collections
of human pluripotent stem cells, both human embryonic
stem cells and human induced pluripotent stem cells, as well
as adult stem cell samples such as CD34 positive hema-
topoietic stem cells [8, 9].

CONCLUSION

Thus, Amazonia! fills a gap in the on-line microarray
tools by providing a simple but powerful way to query a col-
lection of representative microarray data covering a wide
range of normal and malignant human samples.
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