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1. Introduction 
 
Microarray mining is a challenging task because of the intrinsic superposition of several biological processes 
mirrored in the data. However, general aims of microarray analysis always comprise classification and diagnostics of 
samples, gaining insight into metabolic pathways and regulatory networks and finally learning more about disease 
mechanisms (Figure 1). 
 
In this tutorial Genomatix presents a strategy for microarray mining based on the combination of statistical 
significance analysis of gene expression, literature-mining, and promoter analysis. The strategy is illustrated by a 
stepwise analysis of publicly available microarray data (a timeline experiment of PDGF-stimulated fibroblasts). The 
applied strategy reveals results beyond the detection of the major metabolic pathway known to be directly linked to 
the PDGF response: It is possible to identify cross-talking regulatory networks underlying the metabolic pathway 
without using a priori knowledge about the experiment. These regulatory networks involve the EGR1 factor, which 
is a known target of PDGF stimulation. 
 
To reproduce the analysis all necessary data can be downloaded at:  
 
http://www.genomatix.de/download/tutorial/ 
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2. Theoretical Background 
 
Microarray results reflect a multitude of simultaneous cellular processes although only subsets of expression changes 
are directly caused by the experimental conditions. Therefore, a major task for an in depth analysis is to identify 
genes whose expression changes due to the experimental setup and distinguish them from effects of biological 
diversity or general stress response of the cell. 
 
In this tutorial we present a combinatorial strategy, which includes the analysis of gene promoters, for a biological 
evaluation of relationships between significantly regulated genes. The procedure is based on a combination of 
statistical-, literature- and promoter analysis and aims at establishing gene regulatory networks on molecular level. 
 
No single method could solve the task for the following reasons: 
Statistical analysis reveals mRNA with significantly changed expression levels but fails to assign these changes to 
biological events. Projecting microarray data onto pathway information from literature allows to associate genes with 
biological processes, but is restricted to current knowledge and fails to select those genes that are directly pertinent 
for the experimental conditions. Promoter analysis is capable of revealing targets of transcriptional coregulation but 
cannot discern molecular mechanisms of regulation directly from the initial microarray data. 
 
We use the principle of biological consistency and comprehensiveness to complete the picture by combination of 
these methods, which also allows for the integration of genes missed by individual methods. 
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3. Practical Example: Evaluation of the Role of PDGF in Fibroblasts 
 
To illustrate the strategy the tutorial shows the analysis of data from a study of platelet-derived-growth-factor 
(PDGF) stimulation of human fibroblast cells, carried out in a time series study using cDNA microarrays [1]. The 
data set can be retrieved from the Gene Expression Omnibus (GEO) database (dataset GSE1484). 
http://www.ncbi.nlm.nih.gov/geo/ 
 
 
The analysis follows the steps below: 
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3.1. Step 1: Statistical Analysis 
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Microarray data were statistically analyzed using the "Multi Experiment Viewer - MeV included in the TM4 
software package from TIGR (www.tigr.org): The Data was first normalized using total intensity normalization. 
Subsequently the SAM-algorithm [2] with a false discovery rate (FDR) below 5% was applied. 
 
The resulting list contained 105 significant up regulated genes. This list of genes can be downloaded at 
http://www.genomatix.de/download/tutorial/PDGF_tutorial.xls for subsequent analysis to follow the strategy. 
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3.2. Step 2: Literature Analysis 
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The 105 genes from step 1 are now used for a subsequent analysis using BiblioSphere. 
 
BiblioSphere is a data-mining solution to extract and analyze gene relationships from literature databases and 
genome-wide promoter analysis. BiblioSphere contains literature data mining strategies using more than 350.000 
quality checked gene names, synonyms and Genomatix proprietary semantic relation concepts. Based on PubMed, 
BiblioSphere currently searches over 12 million abstracts. The BiblioSphere program can be downloaded at:  
 
http://www.genomatix.de/products/BiblioSphere/bibliosphere6.html 
 
The aim of the analysis is to find whether there are functional sub-clusters within the 105 genes. And 
if there are transcription factors which are related with the genes. 

 
BiblioSphere offers different entry possibilities: There is a single gene query to find the literature environment for 
single genes, a gene group query allows to find co-citations within a gene group plus the literature environment of 
the input genes. For this tutorial the third option “large cluster query” is applied. In the case of the tutorial we will 
first only have a look at the input genes and perform a functional filtering. 
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Step 2a: Functional Subcluster Analysis 
 
The list of 105 genes is submitted to BiblioSphere™ using the large cluster query option and the Gene Ontology 
filter “biological process” is applied to gain subgroups with the same GO annotation to find functionally correlated 
groups. This makes sense as e.g. most pathways belong to particular biological  processes. Each resulting subgroup is 
scored by a z-score: The z-score for an item indicates how far and in what direction that item deviates from its 
distribution's mean. Z-scores are sometimes called "standard scores". 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 1 
To follow the strategy please take the 105 
significantly up regulated genes and put 
them into the large cluster query input 
screen of BiblioSphere.  
 
Use human as species.  
 
 
After the query you will receive a 3D 
BiblioSphere view. 
 
 
Please go to the “CoCitation Filter” in the 
left window and click “Show input genes” 
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Box2 
Apply the biological 
process 
filter from the filter pull 
down menu 
 
 
Go to the GOFilter: 
biological process 
table and sort for the 
highest z-score´by 
clicking on the column 
header 
 
 
Click on the category 
with the highest z-
score: sterol 
biosynthesis 

Box 3 
Go to the “Genes” 
table. All genes not 
filtered out are 
flagged “no” all genes 
filtered out are 
flagged “yes”.  
 
Copy the genes 
flagged “no” 
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Result Using BiblioSphere genes can be categorized in different biological ontologies provided by GO or MeSH. 
Subgroups of genes derived from experimental results or by biological criteria are differentially associated with these 
categories. The degree of association is expressed by the z-score. 
The top-scoring group in our experiment has a z-score of 13 and contains 6 genes, scored in the category “sterol 
biosynthesis”. Thus, a purely data-driven approach correctly identifies a subgroup of genes known to be involved in 
PDGF response [1].  
 
 
 
Step 2b Transcription Factor Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The six genes from the “sterol biosynthesis” group (SC4MOL, HMGCS1, DHCR7, HMGCR, EBP, and DHCR24) 
are re-analyzed as a gene group and BiblioSphere is used for the identification of transcription factors which are 
cocited with as many of the genes of the “sterol biosynthesis” group as possible. This results in the identification of a 
single factor, SREBF1 (sterol regulatory element binding transcription factor 1), which is cocited with 4 input genes 
(SC4MOL, DHCR7, HMGCS1, HMGCR). Potential binding sites for SREBF1 (a member of the E-box family of 
transcription factors) can be verified on sequence level for three of the cocited genes (HMGCS1, HMGCR, and 
DHCR7; indicated by the green connecting lines). SREBF1 induction by PDGF had been already confirmed 
experimentally by Demoulin et al[1], supporting our independent finding from data analysis. In addition SREBF1 is 
known to be involved in the sterol-induction of HMGCS1 in hamster [3]. 
 
 
 

Box 4  
Paste the six genes from 
the category “sterol 
biosynthesis” into a new 
“gene group query” of 
BiblioSphere. 
 
Have a look at “input 
genes and all other genes” 
 
To make the search more 
stringent switch the 
BiblioSphere-CoCitation 
Level to “Sentence” and 
look for genes which are 
at least cocited with four of 
the six input genes. 
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3.3 Step 3: Promoter Analysis 
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Coregulation of mammalian genes usually depends on sets of transcription factors rather than individual factors 
alone. Regulatory sequence elements are often organized into defined frameworks of two or more transcriptions 
factor binding sites and clusters of such motifs. The aim of the sequence analysis is to find such transcription factor 
motifs in regulated genes. 
 
Therefore, the corresponding human promoter sequences for all six genes from step 2 are analyzed with the 
ElDorado™/Gene2Promoter system. ElDorado is a genome annotation database which includes promoter sequences 
at highest quality levels. ElDorado is based on a condensation of publicly available data plus Genomatix proprietary 
annotation, including promoters, transcription factor binding sites, promoter modules, scaffold/matrix attachment 
regions (S/MARs), and single nucleotides polymorphisms (SNPs) as well as comparative genomics. Gene2Promoter 
is a multiple identifier interface to query ElDorado. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 5 
To follow the strategy, paste the six genes from the category “sterol biosynthesis” into the Gene2Promoter 
interface at the GenomatixSuite main page (http://www.genomatix.de/cgi-bin/eldorado/main.pl). You can 
either enter gene symbols or Locus IDs. This will allow you to retrieve and select the promoters for 
subsequent promoter analysis. 



 

       Genomatix 

                                                   © 2005 by Genomatix Software GmbH 15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 6 
Leave all promoters in the analysis as “Selected” and proceed with “Search for a 
common framework of transcription factor binding sites”. This will open the 
FrameWorker program of GEMS-Launcher. 
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Box 7 
Use the “vertebrates” library 
and“ all matrices”. 

Box 8  
The following screen gives 
you several options for 
FrameWorker parameters. 
Change only the “quorum 
constraints” to 3 of 8 (37%) 
and check the checkbox 
“Determine specificity of 
models”. This is the most 
stringent setting giving a 
framework of at least three 
elements and will bring the 
most specific model to the 
top of the following results. 
Leave the other parameters 
at their default setting (you 
can of course play with the 
settings and see what 
happens)  
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Result Background and Explanation 
 
For the analysis the program FrameWorker of the GEMS-Launcher package is used. GEMS Launcher is a software 
package for DNA analysis. GEMS includes software for transcription factor analysis, discovery of complex 
regulatory patterns and alignments. 
 
FrameWorker is a software tool allowing the extraction of common motifs (frameworks) of transcription factor 
binding sites from a set of DNA sequences (in this case promoter sequences). The resulting top-scoring framework 
consists of three transcription factors: EBOX-ECAT-ZBPF.  
 
The factor SREBF1, a member of the EBOX family was already identified from the BiblioSphere analysis. The 
framework was identified in the promoter of three of the six genes (HMGCS1, EBP, and DHCR7). Interestingly, 
while this yields further support for the binding sites already found by cocitations of SREBF1 with HMGCS1 and 
DHCR7, there had been no evidence for inclusion of EBP from the literature analysis. 

 
 
 

Promoter Database Scan 
 
Subsequent to the definition of a framework, it is possible to scan DNA sequences for matches of such defined 
transcription factor motifs [4]. One comprehensive approach is to scan databases containing promoter sequences for 
matches. By this, it is possible to identify potential target genes of defined transcription factor motifs.  
 
In order to find additional genes belonging to the emerging regulatory network governed by the identified 
framework, we can now scan all human promoters (Genomatix Promoter Database GPD, 50,109 promoters) with the 
task ModelInspector from GEMS Launcher.  
 
ModelInspector uses a library of predefined models or models defined with FastM or FrameWorker to scan DNA 
sequences for matches to these models. A model consists of various individual elements (like transcription factor 
binding sites, repeats, hairpins), their strand orientation, their sequential order, and their distance ranges. 

Box 9 
Scroll past the list of 
common elements to find the 
top-scoring framework. It 
consists of three elements: 
EBOX-ECAT-ZBPF. Please 
name the model and save it 
by clicking the “Save 
selected models” button at 
the bottom of the page. 
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 Box 10  

To follow the strategy, from 
the last step, saving the 
model the program will take 
you directly to the 
ModelInspector task. By 
clicking the “Start this task 
button” the program to 
search the promoter 
databases will be launched. 

Box 11 
In the database selection 
window please check 
“Human Promoters (known 
genes)” and proceed with 
“Load sequences”. 

Box 12 
In the following parameters 
screen leave the parameters 
default. Only change to 
“show results directly in 
browser window” 

Box 13 
Select the saved model on 
the next screen and “Start 
Task” 
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 Box 14 

The ModelInspector search 
returns with a Match List 
giving detailed information 
about the position of 
matches in promoters from 
the searched promoter 
database (in this case all 
known human promoters). 
For the searched model 10 
matches are retrieved. 

Box 15 
At the bottom of the results 
page an evaluation of results 
is carried out for the 
matched genes by z-scoring. 
I.e. a z-score is calculated by 
grouping the matched genes 
into GeneOntology groups 
applying the “biological 
process filter”. Only highly 
significant groups are 
displayed (z-score > 4.0) 



 

       Genomatix 

                                                   © 2005 by Genomatix Software GmbH 20 

 
 
 
Result Evaluation 1 
 
The matchlist contains 10 matches for the framework (this is rather specific). Regarding the original 
functional focus, only the genes which were used in FrameWorker for the construction of the framework 
were retrieved. Since the distance variability between the single transcription factors influences the 
selectivity, the framework can be altered to be less selective by increasing the distance variability. This is 
carried out with the Gems-Launcher task “FastM “Modification/deletion of user-defined models (and 
subsets)” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 16 
To follow the strategy, start 
GEMS Launcher from the 
GenomatixSuite main page 

Box 17 
Check “Modification/deletion 
of user-defined models (and 
subsets)” and start the 
program in “AUTOMATIC 
mode” 

Box 18 
Select the model you want 
to modify from the “List of 
existing models” and click 
“Modify selected model” 
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Box 19 
Click on “Change distance 
range 1”. 

Box 20 
Change distance range to 
“minimum distance” 5 and 
“maximum distance” 100. 
Finish with “Show model” 
 
 
“Change distance range 2” 
in the same way (also use 
5-100) 

Box 21 
“Change the name of your 
model” and save 

Box 22 
Perform the ModelInspector 
search with the modified 
model as described on page 
13. (Be careful to select the 
modified model from the list) 
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Box 23 
ModelInspector results. 
(truncated list) 

Box 24 
The Evaluation of results 
reveals several sterol 
metabolism associated 
categories. These categories 
include additional genes: 
LSS, MVK, SC5DL and 
SREBF2 
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Result Evaluation 2 
 
Within the total list of 389 hits in 375 promoters, four categories related to “steroid metabolism” were 
overrepresented (z-scores ranging from 4.43 - 6.35). In addition to the three genes used to define the framework, 
LSS, MVK, SC5DL and SREBF2 were identified. LSS is the lanosterol synthetase, which belongs to the same 
metabolic pathway (synthesis of cholesterol) as the three initial framework genes. LSS is present and up-regulated on 
the microarray. However, the gene failed to pass the statistical test with SAM and was selected only on molecular 
evidence. For SREBF2 and MVK the situation is the same as for LSS: they are on the chip and up-regulated but not 
statistically significant. SREBF2 is the “sterol regulatory element binding transcription factor 2”. Interestingly 
SREBF2 is an EBOX factor. MVK (mevalonate kinase) is an enzyme also belonging to the cholesterol synthesis 
chain. SC5DL is the sterol-C5-desaturase which also belongs to sterol metabolism (ergosterol). SC5DL is not on the 
chip therefore no information about expression change can be retrieved.  
 
In total we have now identified seven genes belonging to the sterol metabolism to be co-regulated by the EBOX-
ECAT-ZBPF framework! 
 
 
 
Reiteration of the Framework Analysis 
To see whether matches for additional frameworks can be retrieved, the complete group of 10 genes (6 from the 
literature analysis, four additional from the database search, (categories related to “steroid metabolism”) are 
subjected to an additional FrameWorker analysis. The ten genes are: 
 

HMGCS1, MVK, SC5DL, DHCR7, EBP, SREBF2, LSS, HMGCR, SC4MOL, DHCR24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 24 
To follow the strategy enter the 10 genes identified by BiblioSphere and sequence analysis into Gene2promoter 
as described in Box 5 and Box 6. Proceed as described in Box 7 and Box 8.  
Set the “Quorum constrains” to at least 8/19. Set the distance constraints to 5-100 bp.  
Start the analysis. 

Box 25 
Frameworker will display this error message. This is 
due to an overlap in promoter sequences in the 
sequence pairs. Please go back to the 
Gene2promoter results window (hit your browser’s 
“Back” button three times) and uncheck one 
sequence each for the overlapping promoters, e.g. 
P920801 and P936407. Then restart the framework 
analysis. For “Quorum constraints” now use 8/17, for  
“Distance constraints” 5-100. 
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Box 26 
You will receive a FrameWorker result as displayed. Please save the model and proceed with a 
Modelinspector search as described in Box 10-13. 
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Result Evaluation 3 
 
The second framework analysis results in a single framework consisting of three TFBSs (ECAT, EGRF, ZBPF), 
matching 8 of 10 genes (HMGCS1, DHCR7, HMGCR, EBP, LSS; MVK, SC5DL, SREBF2). The framework 
notably does no longer contain the SREBF1 binding site (EBOX). Database analysis (ModelInspector) with this 
framework yields a total of 961 matches in 828 genes and again the “sterol metabolism” associated categories were 
overrepresented (among others), this time 16 genes could be significantly related to sterol/steroid metabolism. The 
genes are falling into the categories associated to “sterol metabolism” are: CYP46A1, DHCR24, DHCR7, EBP, 
FDPS, HMGCR, HMGCS1, HSD17B8, LSS, MVK, OPRS1, SC4MOL, SC5DL, SREBF1, SREBF2 and 
STARD5 (the 7 new identified genes are marked bold). SREBF1 was already identified as a likely regulator of the 
first framework and now as a target of the new framework!  
 
 

Box 27 
Modelinspektor Results. 
total number of matches: 
961 

Box 28 
The Evaluation of results 
reveals significant sterol 
metabolism associated 
categories (truncated list).  
 
Please export the whole 
match list with the “export to 
excel function” at the bottom 
of the page 
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3.4. Step 4: Additional Statistical Analysis  
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We already learned that some genes (MVK and LSS) which were found by the analysis strategy were not in the 
original cluster of 105 significantly up regulated genes. However after re-evaluation a sub-statistical up-regulation 
could be confirmed. Using the framework and its model matches as a complementary line of evidence, it is possible 
to revisit the statistical analysis with relaxed stringency. To relax the statistics PTM - template matching was used 
[5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The underlying profile was derived from the 105 significantly regulated genes from step 1. 798 genes were retrieved 
with a threshold p-value of 0.1. This list of 798 genes can be downloaded at:  
 
http://www.genomatix.de/download/tutorial/PDGF_tutorial_2.xls 
 
52 of these genes also were in the match list of the ECAT, EGRF, ZBPF framework (this can e.g. be confirmed by 
the “Query” function in MS Excel. Alternatively, download the match list at  
 
http://www.genomatix.de/download/tutorial/ PDGF_tutorial_3.xls 
 
These 52 genes can now be submitted to BiblioSphere (cf. Box 1) and filtered with the GO-Filter “Biological 
Process”. Eight of the 52 genes belong to the GO-category “steroid metabolism”.  
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3.5 Step 5: Merging of Results Into Biological Context  
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Pathway Mining Using BiblioSphere Pathway Edition 
 
The 54 genes supported by three lines of evidence were used as input for the BiblioSphere GO analysis. 9 of the 54 
genes belong to the category “steroid biosynthesis” with a z-score of 17.51. The biological connection between the 
six top-scoring genes was analyzed with BiblioSphere Pathway Edition which will be released in March 2005. This 
reveals that seven genes are part of the mevalonate pathway which is closely linked to the sterol metabolism. 
SC4MOL and OPRS1 are not directly linked, they belong to the ergosterol synthesis. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 29 
You can already use 
BiblioSphere for the GO-
categorization. Please enter 
the list of 54 genes into 
BiblioSphere and proceed as 
described in Box 1-3  
The BiblioSphere Pathway 
Edition will be released in 
March 2005. 

Box 30 
Merging results into 
biological context. Displayed 
are the metabolic steps of 
the sterol biosynthesis and 
the referring signalling 
pathway. The results of the 
sequence analysis are 
integrated in this view. 
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The biological connection between the six top-scoring genes was analyzed with the BiblioSphere pathway mining 
tool. This reveals that seven genes are part of the mevalonate pathway which is closely linked to the sterol 
metabolism. SC4MOL and OPRS1 are not directly linked, they belong to the ergosterol synthesis. 
 
 
Additional Analysis Cycle: Tubulin Genes 
 
From the literature analysis it is evident, that several more functional groups can be derived from the experimental 
data. Among others, there is a group of tubulin genes up-regulated under the experimental conditions. Please try the 
presented strategy and see what you can find out. 
 
 
The genes for further analysis are: TUBA1, TUBA3, TUBAB, TUBB, TUBG1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 31 
To further follow the analysis 
go back to the to the 
BiblioSphere of the 105 
original up-regulated genes. 
Go to the genes table, sort 
genes alphabetically by 
clicking on the genes column 
and select the 5 tubulin 
genes. 
Carry out the subsequent 
analysis according to the 
steps from Box 5-15 
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In the final picture, regulatory links between different functional gene groups can be discovered. Here, cell structure 
proteins TUBB, TUBA1, TUBG1, and CAV1 (which is involved in tubule formation) can be linked to genes of the 
sterol metabolism via a framework (CDEF EGRF MAZF) derived from the tubulin genes: There is a match in the 
promoter of MVK. Notably this framework also contains EGRF. Egr-1 is a transcription factor fitting to EGRF 
known to be a target of PDGF treatment in several cells [6, 7].  
 
 
 
 
Summary 
 
The iterative combination of complementary lines of evidence, independent of prior knowledge, 
enables us to gain new insights about the underlying regulatory networks and cascades of 
PDGF signaling. Regulatory links between different functional groups, cell structure proteins 
(tubulins) and genes of the sterol metabolism are discovered. 
 
It becomes clear that only relatively small sub-groups from all co-expressed genes can be 
related to co-regulation (typically less than 10). This is not a contradiction, since co-expression 
may be based on a variety of co-regulatory mechanisms and reflects the natural flexibility and 
complexity of living organisms.  
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