
 

 

 This work is licensed under the Creative Commons Attribution-Share Alike 3.0 License. To view a 
copy of this license, visit http://creativecommons.org/licenses/by-sa/3.0/ or send a letter to Creative 
Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, USA. 

1 

Gabriella Rustici (v3, 31/03/2009) 

ArrayExpress for Beginners 
 

The ArrayExpress (AE) database is a public curated repository of transcriptomics data. As of 

March 2009 the database holds approximately 230,000 assays, from over 7700 separate studies (or 

experiments) related to over 200 different species.  

 

You will learn about: 

• The basics of ArrayExpress – what it is and when to use it? 

• How to query the database 

• How to interpret the data 

• How to export data from the database to other applications 
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1 What is ArrayExpress and when to use it? 
 

ArrayExpress is a public repository for transcriptomics data, which is aimed at storing MIAME-

and MINSEQE- compliant data in accordance with the Microarray and Gene Expression Data 

(MGED) Society recommendations (http://www.mged.org/) [1].  

AE resource consists of two databases: (1) AE Archive, which stores well annotated microarray 

data typically supporting journal publications, and (2) AE Warehouse of gene expression profiles, 

which contains additionally curated subsets of data from the AE Archive and enables the user to 

query gene expression profiles by gene names, properties and profile similarity [2]. 

You can go straight to the EBI’s ArrayExpress page by using the ArrayExpress link from the EBI 

front page: http://www.ebi.ac.uk (Fig. 1). 
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Fig. 1: Link to AE from the EBI front page (http://www.ebi.ac.uk/) 

 

2 How to query the ArrayExpress Warehouse 
 

The use of the AE Warehouse is straight forward – enter the name, ID or a property of a gene or 

several genes, retrieve the list of experiments where the given gene has been studied, and zoom 

into its expression profile.  

To familiarise you with the AE query form, we will perform a simple search, querying for the 

expression profiles of a single gene. 

1. Open the AE homepage, at http://www.ebi.ac.uk/arrayexpress/, in a Web browser 

2. In the ‘Expression Profiles’ box, on the right-hand side of the page, type in any gene 

name, e.g. nfkbia, and ‘leukemia’ as keyword (as shown in Fig. 2) 

3. Select species, e.g. Homo sapiens, in the ‘Species’ dropdown menu and click the ‘query’ 

button.  

 



 

 3 

 

Fig. 2: The ArrayExpress query window (http://www.ebi.ac.uk/arrayexpress/) 

 

The interface returns the list of all experiments (studies) in the AE Warehouse where the selected 

gene has been studied (Fig. 3). Experiments are ordered by p-value, in ascending order. The p-

value is based on the correlation between experimental factors values and gene expression values 

and it is calculated using several methods, including a linear model in the Bioconductor package 

LIMMA [3]. For each experiment, a short description, a list of experimental factors and the 

experimental set up (type) are provided. In addition, a thumbnail image shows the behaviour of 

the selected gene in each experiment retrieved. At a glance the user can now decide which 

experiment might be interesting to further viewing. 

 

 

Fig. 3: Output window after querying the AE Warehouse for the expression profiles of a 

particular gene (e.g. nfkbia) 

 

Click on the thumbnail image of the expression profile in one of the experiments, e.g. E-AFMX-5. 

In the graph that now shows (as displayed in Fig. 4), the X axis represents all samples in this study, 

grouped by experimental factor and the Y axis the expression levels for nfkbia in each sample. 

Explore the dependency of the expression levels on different experimental factors. Experimental 

factors are the main experimental variables studied in a particular study. For instance, experiment 

E-AFMX-5 has three experimental factors – cell type, disease state and organism part. Select the 

experimental factor ‘cell type’ and observe that, under this condition, nfkbia has notably higher 

expression values for the cell type CD33+ myeloid, than for instance CD4+ T cells (Fig. 4). The 

black line represents the expression value for the Affymetrix probe 201502_s_at, for nfkbia.  The 

dotted lines represent the mean expression values.  
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Fig. 4: Zoomed-in view of a particular experiment. The main graph shows the expression profile 

of the selected gene (e.g. nfkbia), for all experimental samples, based on the selected experimental 

factor 

 

Scroll down the page for more information about the sample properties. In the table provided, the 

sample number in the first column corresponds to the sample number on the X axis of the graph 

(Fig. 5). Please note that the expression values are measured in abstract units as supplied by the 

submitter. For instance, E-AFMX-5 uses Affymetrix platform and MAS5 normalisation method. 

For more information about the particular normalisation protocols used in each individual 

experiment, click on the experiment accession number. This will open the link to the respective 

dataset entry in the AE Archive, which contains all the information related to the selected study. 

 

 

Fig. 5: Table of sample properties for the selected experiment 

 

On the top right hand side of the same page (as shown in Fig. 4), click on the similarity search, 

and from the drop-down menu select the ‘find 3 closest genes’ option. This will select the 3 most 

Selected 
experimental experimental experimental experimental 
factorfactorfactorfactor 
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similarly expressed genes and add their expression profiles to the selection, next to the nfkbia 

profiles (Fig. 6). You will find that the expression patterns for genes IER2, FOS and JUN closely 

resemble the behavior of nfkbia. Click on ‘expand’ Gene Properties, and follow the links from the 

expanded view to retrieve additional information about these genes, in ENSEMBL, Uniprot, 

QuickGO, OMIM and 4DXpress databases. Finally, by clicking on the ‘download the gene 

expression data matrix’ link located below the graph (as circled in Figure 6), one can obtain the 

numerical expression values of the selected genes for further analysis.  

 

 

Fig. 6:  Similarity search output window. The expression profile of the selected gene (e.g. nfkbia) 

is plotted together with the ones of the 3 genes showing the closest similarity in expression 

pattern, within the same experiment. The corresponding gene symbols are listed on the right 

(Ier2, Fos, and Jun) 

 

It is also possible to query for more than one gene at the time. For example, enter two or more 

comma separated gene names (e.g. ‘Ephb3, Nfkbia’), select species Mus musculus and click the 

‘query’ button (as shown in fig. 7).  

 

 

Fig. 7: The ArrayExpress query window (http://www.ebi.ac.uk/arrayexpress/) 
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If more than one gene is selected, the query tries to match the gene names exactly (Fig. 8). The user 

will be prompted to an intermediate window where a list of matching genes found is provided, 

together with a list of matching experiments. This is particularly useful when there is more than 

one gene matching your original query. Toggle the genes of interest (in this case both of them) and 

then click display. The familiar experiment thumbnails page will now be displayed and can be 

browsed as previously described. 

 

 

Fig. 8: Gene selection page. When more than one gene matches the query, this window allows 

refining the search, querying for multiple genes or restricting the search to perfect matches only 
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3 How to query the ArrayExpress Archive 
 

The AE Archive allows the user to browse or query the experiments via free text search (e.g. 

experiment accession numbers, authors, laboratory, publication, key words), and filter the 

experiments retrieved by species or array design or experiment type. Once the desired experiment 

is identified, the user can find more information about the samples, protocols used, experimental 

design, etc. and most importantly can export the data associated with the selected experiment.  

1. Go to the AE main homepage, at http://www.ebi.ac.uk/arrayexpress/  

2. In the ‘Experiments’ box, on the left-hand side of the page, type in a word or a phrase or 

GO term by which you want to retrieve the experiments, e.g. ‘stress’ and click the ‘Query’ 

button (as shown in Fig. 9)  

 

 

Fig. 9: The ArrayExpress query window (http://www.ebi.ac.uk/arrayexpress/) 

 

This will bring up a window with a list of experiments in the reverse order of their publication 

dates in the AE Archive (Fig. 10). One can increase the number of experiments per page, by 

changing the default in the top right corner up to 500 per page.  

For each experiment the following information are displayed:  

• an experiment accession number (ID). This is a unique identifier assigned to each 

experiment by the AE curation staff. The accession number can also be used to query the 

Archive; 

• a title, with a brief description of the experiment; 

• the number of assays associated with the experiment;  

• data availability, as processed or raw data, and links to the ArrayExpress Atlas of Gene 

Expression, when available. 
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Fig. 10: Output window after querying the AE Archive for a particular set of experiments, using a 

word or phrase (e.g. stress). The total number of experiments and corresponding samples 

retrieved appears at the bottom of the page. 

 

It is possible to apply additional filtering to select a particular species and/or array platform and/or 

experiment type by using the drop down menus at the top of the page (Fig. 10). In this case, filter 

on the species Schizosaccharomyses pombe and click the ‘Query’ button. The updated window will 

now show only the experiments present in the database which are related to ‘stress’ for the selected 

species, Schizosaccharomyses pombe (Fig. 11). 

 

 

Fig. 11: Output window after querying the AE Archive for a particular set of experiments, using a 

word or phrase (e.g. stress) and selecting a species (e.g. Schizosaccharomices pombe) 

 

It is possible to expand the experiment view by clicking on the plus sign next to the experiment 

ID. For instance, expand the experiment view for E-MEXP-29. Additional information is provided 

in the new window together with extremely useful links to experiment annotation and data 

retrieval (Fig. 12).  
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Fig. 12: Expanded view of a single experiment with links to several experiment annotation files. 

 

This detailed experimental view is subdivided into the following sessions: 

• Description - a description of the experiment supplied by the submitter; 

• MIAME score - this score indicates how close to full MIAME-compliance an experiment 

is, with a score of 5 being the highest. One point is given for each of the following: array 

design(s),  protocols, experimental factors, raw and processed data files; 

• Contact - the name and email address of the submitter; 

• Citations - publication details related to the selected experiment, including links to the 

PubMed entry, when available; 

• Links to:  

(i) ArrayExpress Atlas of Gene Expression showing the most differentially 

expressed genes in the experiment (if the experiment is present in the 

Atlas);  

(ii) information about the array design(s) used;  

(iii) the protocols used;  

(iv) the ArrayExpress Advanced interface for the experiment. The Advanced 

Interface is described in more details in session 4 of this tutorial; 

• Files, providing links to:  

(i) data archives, meaning the raw and processed data files as .zip archives;  

(ii) the MAGE-TAB Investigation Description File (IDF), which provides top 

level information about the experiment;  

(iii) the MAGE-TAB Sample and Data Relationship File (SDRF), which provides 

information about samples, extracts, labeled extracts, hybridizations and 

the data files associated with them;  

Experiment Experiment Experiment Experiment description 

Links session 

MIAMEMIAMEMIAMEMIAME score 

Files session 

List of experimental experimental experimental experimental 
factorfactorfactorfactors included in 
the experimentexperimentexperimentexperiment 

Links to Pubmed 
citations 
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(iv) Experiment Design Images - links to a diagram of the sample relationships 

in .png and .svg format. These graphs represent the processing steps for 

each sample, each edge represents a protocol that has been applied; 

(v) the MAGE-TAB Array Design Files (ADF), describing the array designs 

used in the experiment; 

(vi) the "Browse all available files" link takes you to a web page listing all the files, 

relating to the experiment, that are available to download (Fig. 13); 

• Experiment types - terms describing experimental design types. These can include 

biological, methodological and technology types e.g. disease state, strain or line, 

compound treatment, dye swap, co-expression, etc.; 

• Experiment factors - a list of the experimental factor names and values used in the 

experiment; 

• Sample attributes - a list of the attributes used to describe the samples. 

 

 

Fig. 13: “Browse all available files” window. All the files related to the selected experiment are 

available for direct download. A README.txt file is available for each subgroup, describing the 

content of individual files. 
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4 How to query    the ArrayExpress Advance Interface 
 

Click on the ‘ArrayExpress Advanced Interface’ link (Fig. 12). This will bring you to the Advance 

Interface for experiment E-MEXP-29. This page displays the accession number for the 

experiment, the submitters name and laboratory, an automatically generated description of the 

experiment, and a free text description provided by the submitter (Fig. 14).  

 

Various clickable options are provided to retrieve additional information (please note that most of 

these links are equivalent to the ones described above for the experiment view and will not be 

discussed any further): 

• Retrieve data (see below);  

• Experimental protocols; 

• Providers, containing information about the submitters and institutions they are 

associated with;  

• Array design(s) used; 

• Experiments directory on the FTP server; 

• MAGE-ML, sample annotation, experiment design, detailed sample annotation, data 

archives downloads; 

• Bibliographic references; 

• Samples, containing information about each of the original biological materials used in 

the study. 

 

Fig. 14: Advance Interface for experiment E-MEXP-29 

 

Click on the ‘Retrieve data’ link. The new page header provides information on the data available 

for the selected experiment.  

 

Two data formats are available in this case: 

i. Processed Data Group: the normalized and/or analyzed data 

ii. Measured Data Group: the raw data 

 

Take a look at the ‘Processed Data Group 1’ (Fig. 15).  
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Fig. 15: Data retrieval page, Processed data group detail—Experimental conditions. This section 

of the page allows the user to select the experimental conditions to be included in the data matrix 

for further analysis 

 

A list of all hybridizations (or experimental conditions) is displayed together with the 

corresponding experimental factors, in this case compound, strain, temperature and time. Each 

hybridization corresponds to a data file which will be used to generate a data matrix for analysis. 

The user can select all experimental conditions or only a subset. For this example we will select 

only 8 conditions: MEXP-763, 764, 767, 768 (wild type untreated) and MEXP-1346, 1347, 1348, 

1349 (wild type treated with hydrogen peroxide), as shown using red boxes in Fig. 15. Now it is 
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possible to select the type of data and annotation to be exported. Scroll down to the ‘Quantitation 

type’ and the ‘Array Annotation’ tables (Fig. 16).  

 

 

Fig. 16: Data retrieval page, Processed data group detail— Quantitation Types and Design 

Element Properties. This section of the page allows the user to select the format of normalized 

data and the type of annotation to be included in the data matrix for further analysis 

 

The ‘Quantitation type’ session lists all data formats available. For this experiment, only one 

quantitation type is given but for other array platforms (e.g. Affymetrix) more types are available. 

Select ‘Quantitation type: normalized’. The ‘Array annotation’ session lists the annotation 

information available for the array platform used. For example the user can select ‘Database 

DB:genedb’. At this point, the normalised data can be exported by clicking the ‘export data’ button. 

Before exporting the processed data, scroll down and take a look at the ‘Raw Data Group 1’. The 

raw data is organised in the same way as the processed data. First there is a table for all 

experimental conditions (Fig. 17) and then a table for Quantitation types and array Annotation 

(Fig. 18) 

 

 

Fig. 17: Data retrieval page, Raw data group detail—Experimental conditions 

 

Take a look at the ‘Quantitation types’ (Fig. 18). This experiment used two-colour microarrays so 

the data extracted from each individual feature is provided for both Cy3 (F532) and Cy5 (F635), 

including foreground and background intensities (mean, median and standard deviation) as well 

as ratio values and background corrected intensities. Any combination of these parameters can be 

included in the final data matrix, whenever raw data is needed. 
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Fig. 18: Data retrieval page, Raw data group detail— Quantitation Types and Design Element 

Properties 

 

According to the array platform used, different data format will be available for retrieval. Go back 

to ‘Processed Data Group 1’ and click on Export data. A data matrix will be computed using all 

selected experimental conditions, the normalised signal from each condition and the selected 

annotation for each identifier present on the array. On the next page, click on ‘See data matrix’ to 

view the generated file and on ‘download data matrix’ to save it onto your computer as .csv file 

(Fig. 19). 

 

 

Fig. 19: Data matrix download window 
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5  How to query the ArrayExpress Archive by experiment 

accession number 

Any experiment accession number can be used to query the Archive. This is particularly useful 

when the user needs to retrieve a specific dataset, for example linked to a published paper of 

interest. In the following exercise we will use the E-MEXP-886 dataset. 

1. Open the AE homepage, at http://www.ebi.ac.uk/arrayexpress, in a Web browser 

2. In the ‘Experiments’ box, on the left-hand side of the page, type the experiment 

accession number E-MEXP-886 and click query (similar to what was shown in Fig. 9). 

This will bring up the now familiar window showing the experiment retrieved. 

3. Expand the experiment view and explore the experiment properties. In this study, 

Affymetrix MOE430A arrays were used for transcription profiling of ataxin-null versus 

wild type mice to investigate spinocerebellar ataxia type 1 [4]. Explore the ‘Detailed data 

retrieval page’ for more information on the data formats available for Affymetrix arrays. 

The .CHP file contains the processed/normalized expression levels of each gene on the 

array and the .CEL file contains the raw data for every feature on the chip. 

4. Click on the Affymetrix raw data icon on the title line to download onto your PC a zip 

archive containing all .CEL files related to this experiment (Fig. 20). The raw data archive 

just retrieved can be directly loaded and analyzed using data analysis tools such as 

Expression Profiler, an online data analysis tool provided by the EBI. 

 

 

Fig. 20: Expanded view of a single experiment – entire raw dataset download
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Glossary 

 

4DXpress 

This database provides a platform to query and compare gene expression data during the 

development of the major model animals (zebrafish, drosophila, medaka, mouse). The high 
resolution expression data was acquired through whole mount in situ hybridsation-, antibody- or 

transgenic experiments (http://4dx.embl.de/4DXpress/welcome.do) 

 

Affymetrix 

Leading manufacturer of oligonucleotide arrays (http://www.Affymetrix.com/) 

 

ArrayExpress Atlas of Gene Expression 

A semantically enriched database of meta-analysis based summary statistics over a curated 
subset of ArrayExpress Archive; it allows exploring in which conditions a gene is expressed or 
which genes are differentially expressed in a particular condition, tissue, cell type, etc 
(http://www.ebi.ac.uk/microarray-as/atlas/) 

 

Bioconductor 

BioconductorBioconductorBioconductorBioconductor is an open source and open development software project for the analysis and 
comprehension of genomic data (http:// www.bioconductor.org/) 

 

Data matrix 

In a gene expression data matrixdata matrixdata matrixdata matrix, each row represents a gene and each column represents an 
experimental sample or array. An entry in the data matrixdata matrixdata matrixdata matrix usually represents the expression level 
or expression ratio of a gene in a given sample or array. In addition to numerical values, the matrix 

can also contain additional columns for gene annotationgene annotationgene annotationgene annotation or additional rows for samplesamplesamplesample 
annotation. 

 

 

Ephb3  

EPH-related tyrosine kinase receptor B3; receptor for members of the ephrin-b family, binds to 
ephrin-b1 and -b2. 

 

Experiment  

The complete set of hybridizations performed in a study. 
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Experiment accession number 

A unique identifier assigned to each experimentexperimentexperimentexperiment by the AE curation staff. 

 

Experimental factor (or Factor Value) 

A property that varies between samples and it is important in the interpretation of your data (e.g. 

time, compound, genotype, etc.). You need a separate FactorValue[factor] column for each factor 
in the experimentexperimentexperimentexperiment, e.g. FactorValue[Compound]. In each FactorValue column enter the value 
relevant to that particular samplesamplesamplesample, e.g. doxycycline. 

 

Expression Profiler 

Online platform for analysis of microarray gene expression data, provided by the EBI 

(http://www.ebi.ac.uk/expressionprofiler/) 

 

Extract 

The RNA, DNA or protein extracted from a Sample. Enter a unique name for each Extract used. 

 

Gene expression profile 

A gene expression profilegene expression profilegene expression profilegene expression profile describes the (relative) expression levels of a gene across a set of 
experimental conditions 

 

Gene ontology (GO) 

GOGOGOGO is a controlled vocabulary used to describe the biology of a gene product in any organism. 

There are 3 independent sets of vocabularies, or ontologies, that describe: the molecular function 
of a gene product, the biological process in which the gene product participates and the cellular 

component where the gene product can be found (http://www.geneontology.org) 

 

Hybridization 

A single array or chip which has one or two LabeledExtracts hybridized to it. 

 

LabeledExtract 

RNA, DNA or protein labeled with a particular dye such as biotin or Cy3. You can create multiple 

LabeledExtracts from the same Extract but remember to give them different names if they were 
labeled with different dyes, e.g. 'extract A cy3', 'extract A cy5'. 

 

MAGE-ML 

MAGE-ML (Microarray Gene Expression - Markup Language) is the file format used to load 

experiment and array design information into ArrayExpress. After loading into ArrayExpress the 
original MAGE-ML file is made available for download so that it can be used for loading into other 

databases. 

 

MAGE-TAB 

A simple tab-delimited, spreadsheet-based format, that is used for annotating and communicating 
microarray data in a MIAME compliant fashion. 

 

MIAME 
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Minimal information about a microarray experimentexperimentexperimentexperiment as recommended by the Microarray and Gene 

Expression Data (MGED) Society (http://www.mged.org/) 

 

MINSEQE 

Minimum Information about a high-throughput SeQuencing Experiment 

(http://www.mged.org/minseqe/) 

 

Nfkbia 

Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha; tumor 
suppressor gene. 

 

Normalisation 

NormaliNormaliNormaliNormalisationsationsationsation is a fundamental pre-processing step in microarray data analysis. It aims to 
compensate for systematic technical differences between arrays, to see more clearly the 

systematic biological differences between samples.  

 

Normalisation methods 

Although the aim of normalisationnormalisationnormalisationnormalisation stays the same, the algorithms used for normalizing 2-color 
arrays differ from those used for normalizing 1-color arrays (e.g. AffymetrixAffymetrixAffymetrixAffymetrix). The MAS5 
normalisationnormalisationnormalisationnormalisation method is specific to AffymetrixAffymetrixAffymetrixAffymetrix gene expression data. For more information on 
MAS5 see http://www.AffymetrixAffymetrixAffymetrixAffymetrix.com/support/technical/whitepapers/sadd_whitepaper.pdf 

 

OMIM 

Online Mendelian Inheritance in Man; this database is a catalog of human genes and genetic 

disorders (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim) 

 

p-value 

The probability of an event or outcome in a statistical experiment 

 

Probe 

A probe probe probe probe is the ssDNA molecule printed on the array.  

 

QuickGO 

QuickGOQuickGOQuickGOQuickGO is a fast web-based browser for Gene Ontology terms and annotations, provided by the 

GOA group based at the EBI (http://www.ebi.ac.uk/ego/). 

 

Sample 

A biological material used in the study, e.g. a mouse, a tumor sample, a bacterial culture, a group 
of seedlings. You'll need at least one samplesamplesamplesample for each condition studied. If your experimentexperimentexperimentexperiment 
includes biological replicates create a samplesamplesamplesample for each biological replicate. If your experimentexperimentexperimentexperiment 
uses a common reference create this as a samplesamplesamplesample too. 

 

Similarity search 

Aims to quantify to what degree two expression profiles are similar. Such measure of similarity is 
called distance; the more distant two expression profiles are, in the multidimensional space, the 
more dissimilar they are. Distance can be measured in many different ways. In this case each 
experimentexperimentexperimentexperiment is treated separately and independently. Experimental factorExperimental factorExperimental factorExperimental factorssss are ignored for 
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similarity searchsimilarity searchsimilarity searchsimilarity search purposes. For each gene, all pairwise Euclidean distances are computed (from 
each probeprobeprobeprobe on the array for that gene) and the top most similar ones are returned. 

 

Transcriptomics 

Transcriptomics is the global analysis of gene expression using high-throughput technologies 

such as microarrays and high-throughput sequencing (HTS). 
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