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Genomatix A real life project

A project fully integrating in silico & in vitro methods

This application example was taken from a scientific project that had lasted 
for about five years and included experimental verification of every 
prediction made by bioinformatics analysis.

The results of the combined in silico and in vitro apporaches were 
published in two articles:

Benkhart E., Siedler M., Wedel A., Werner T., Ziegler-Heitbrock H.W.L. (2000) Role of Stat3 
in Lipopolysaccharide-Induced IL-10 Gene Expression. J. Immunol. 165, 1612 - 1617.

Ziegler-Heitbrock H.W.L., Lötzerich M., Schaefer A., Werner T., Frankenberger M., Benkart 
E. (2003). IFN-a Induces Human IL-10 Gene by Recruiting Both IFN Regulatory Factor I 
and Stat3. J. Immunol. 171, 285 - 290.
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What you will be doing during the next 2 hours

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Outline of tasks
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What you will be doing next

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Task 1 



© 2004  by Genomatix Software GmbH

Genomatix ElDorado is a unique promoter source

ElDorado provides human, mouse, and rat  IL-10 promoters
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What you will be doing next

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Task 2 
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Optimization of STAT binding site hairpin

IL-10 project initial in silico analysis

MatInspector: Finding TF binding sites by weight matrices

A IUPAC consensus sequence cannot tolerate mismatches

MatInspector can rapidly identify candidate binding sites and factors

A weight matrix can tolerate mismatches

1000 TFs covered!

A matrix family
contains several
related matrices
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TCCAGCCTCCATGGAATCCTGACTTCTTTTCCTTGTTATTTCAACTTCTTCCACCCCATCTTTTAAACTTTAGACTCCAG
CCACAGAAGCTTACAACTAAAAGAAACTCTAAGGCCAATTTAATCCAAGGTTTCATTCTATGTGCTGGAGATGGTGTACA
GTAGGGTGAGGAAACCAAATTCTCAGTTGGCACTGGTGTACCCTTGTACAGGTGATGTAACATCTCTGTGCCTCAGTTTG
CTCACTATAAAATAGAGACGGTAGGGGTCATGGTGAGCACTACCTGACTAGCATATAAGAAGCTTTCAGCAAGTGCAGAC
TACTCTTACCCACTTCCCCCAAGCACAGTTGGGGTGGGGGACAGCTGAAGAGGTGGAAACATGTGCCTGAGAATCCTAAT
GAAATCGGGGTAAAGGAGCCTGGAACACATCCTGTGACCCCGCCTGTCCTGTAGGAAGCCAGTCTCTGGAAAGTAAAATG
GAAGGGCTGCTTGGGAACTTTGAGGATATTTAGCCCACCCCCTCATTTTTACTTGGGGAAACTAAGGCCCAGAGACCTAA
GGTGACTGCCTAAGTTAGCAAGGAGAAGTCTTGGGTATTCATCCCAGGTTGGGGGGACCCAATTATTTCTCAATCCCATT
GTATTCTGGAATGGGCAATTTGTCCACGTCACTGTGACCTAGGAACACGCGAATGAGAACCCACAGCTGAGGGCCTCTGC
GCACAGAACAGCTGTTCTCCCAGGAAATCAACCTTTTTTTAATTGAGAAGCTAAAAAATTATTCTAAGAGAGGTAGCCCA
TCCTAAAAATAGCTGTAATGCAGAAGTTCATGTTCAACCAATCATTTTTGCTTACGATGCAAAAATTGAAAACTAAGTTT
ATTAGAGAGGTTAGAGAAGGAGGAGCTCTAAGCAGAAAAAATCCTGTGCCGGGAAACCTTGATTGTGGCTTTTTAATGAA
TGAAGAGGCCTCCCTGAGCTTACAATATAAAAGGGGGACAGAGAGGTGAAGGTCTACACATCAGGGGCTTGCTCTTGCAA
AACCAAACCACAAGACAGACTTGCAAAAGAAGGC

Human IL-10 promoter

Identification of STATExperimental verification of functional STAT3 binding

IL-10 project TFBS analysis

MatInspector analysis of the human IL-10 promoter
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Genomatix Beyond simple TFBS analysis

TFBSs shared between human mouse and rat promoter

27 optimized binding sites
in common!

More information than common
TFBSs is required,

look for TFBSs frameworks!
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What you will be doing next

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Task 3 
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Restriction to Stat and IRF

IL-10 promoter frameworks

Exploit knowledge about the IL-10 promoters

Focus the framework analysis on likely candidate TFBSs already known

Get candidates from the IL-10 BiblioSphere! 

Start with the TFs with BSs in the IL-10 promoter and cocited with IL-10

IL-10 is very well covered in the literature (more than 1000 papers!)

At this point we are only interested in TFs linked to IL-10

BiblioSphere automatically analyzes the whole PubMed for TF links
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Transcriptional context of IL-10 identified by BiblioSphere

Green connection:
Binding site confirmed
In promoter sequence

Gray connection:
Binding site not found
In promoter sequence

Reference gene (IL-10)

IL-10 is cocited with 1209 genes 

96 are transcription factors

BiblioSphere determined 
TFBS for 10 TFs in the 
IL-10 promoter

-  AP1
-  CEBP
-  CREB
-  EBOX 
-  FKHD
-  GRE
-  IRF
-  PERO
-  RXRF
-  STAT

Parameters (default)
TFs, cocited on sentence level 
minimum 2 cocitations
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Genomatix IL-10 promoter frameworks

Common TFs of human and mouse IL-10 promoter 

Only the BS for the 10 TFs identified by BiblioSphere are shown

Frameworks are not obvious even with only 6 TFBSs to be considered!
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What you will be doing next

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Task 4  
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Modules definitely have a biological function, frameworks may have a function

Definition 1: Models / frameworks / modules

FrameWorks and Modules

Describing promoter/enhancer TFBSs organization

A framework describes a conserved 
set of transcription elements

A module describes experimentally 
verified mutually dependent 
functional transcription elements

Delete a single site -
lose function of all

The distances of TFBSs within a  framework are variable as is the
position of the whole framework within different sequences
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Genomatix IL-10 promoter frameworks

FrameWorker identified a single framework including
 the functional STAT binding site
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IRF-STAT framework in the human and mouse IL-10 promoter

IL-10 promoter frameworks

The IRF1-STAT TFBS pair is conserved, the sequence is not!

STATIRF1 50 bp

STATIRF1 88 bp
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What you will be doing next

General aim: Functional analysis of the IL-10 promoter

Find and extract IL-10 promoters (ElDorado) 

Analyze IL-10 promoters for transcription factor binding sites (TFBS) 
(MatInspector from GEMS package) 

Analyze literature for IL-10 Promoter (BiblioSphere) 

Analyze IL-10 promoters for TFBS frameworks
(FrameWorker from GEMS package)

Database search with frameworks
(ModelInspector from GEMS package)

Task 5  
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Database search with moduleComplete modular structure of LI-10 promoter

IL-10 promoter frameworks

Database search with the IL-10 IRF-STAT framework

221 matches located in the Eukaryotic Promoter Database (EPD, 4.6%)

Among those were:

- IFNA13 - IFNA16 - MHCI
- IFNA6  - IL-2 - HLA-D
- IFNA5 - IL1B - HLA-E
-  IFNA7 - IL2RG

- and several other Interferon target genes

All together 11 of 221 matches were directly IFN/IRF/STAT related

The IL-10 IRF-STAT module identified other potential IFN-alpha targets
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The IL-10 promoter as signal processor

Molecular basis for two pathways converging on the IL-10 promoter elucidated

IL-10 promoter

IFN-α

 IFNR

IL-10

IL-10

STAT3

LPS

IRF1

Not essential for
IL-10 induction  by LPS

Both, IRF1 and STAT3 are
 essential for IL-10 

induction by interferon-alpha
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…now it is your turn!

...and Genomatix


