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Walking pathways 





„Walking pathways“ 

Disease Healthy 



E2F-8 (human) 



Search for new TF binding sites (with PWMs from TRANSFAC) 
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Mouse c-fos promoter  
(Matrix search for TF binding sites)  

          1                         <------------V$IK1_01(0.86)   -----...V$CREBP1CJUN_01(0.85) 
          2                          <-----------V$IK2_01(0.90)   -----...V$CREB_01(0.96) 
          3   ----------->V$AP2_Q6(0.87)   <-------------V$GKLF_01(0.87) 
          4-->V$ATF_01(0.89)             <-------V$MZF1_01(0.99)   ----...V$ELK1_01(0.87) 
          5              <-----------V$AP2_Q6(0.92)   <------------V$SP1_Q6(0.88) 
          6>V$AP1FJ_Q2(0.89)              <-------------V$GKLF_01(0.85) 
          7>V$AP1_Q2(0.87)                  <-------------V$GKLF_01(0.86) 
          8->V$CREB_Q2(0.86)                   <---------V$CETS1P54_01(0.90) 
          9->V$CREB_Q4(0.90)                   <---------V$NRF2_01(0.90) 
         10                                          <-------------V$GC_01(0.88) 
         11                                              ----------->V$CAAT_01(0.87) 
         12                                              <------------V$TCF11_01(0.87) 
         13                                                ----------->V$AP2_Q6(0.87) 
         14                                                 <---------V$USF_Q6(0.93) 
         16                                                    --------...V$ATF_01(0.94) 
         17                                                     -------...V$AP1FJ_Q2(0.95) 
         20                                                     -------...V$CREBP1_Q2(0.93) 
         21                                                     -------...V$CREB_Q2(0.95) 
         23                                                         ---...V$IK2_01(0.85) 
MMCFOS_1   GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG   420 
 
          1-->V$CREBP1CJUN_01(0.85)   -------------->V$BARBIE_01(0.86)  
          2-->V$CREB_01(0.96)         -------------->V$TATA_01(0.95)    
          3       ----------->V$CAAT_01(0.91)   --------->V$AP4_Q5(0.95) 
          4----------->V$ELK1_01(0.87)    --------------------->V$HEN1_01(0.87) 
          5                 --------->V$AP4_Q5(0.88)               <---...V$CMYB_01(0.93) 
          6       <---------V$CDPCR3HD_01(0.93)                      --...V$VMYB_02(0.89) 
          7                  <--------------V$TATA_01(0.88)             
          8                               --------------------->V$HEN1_02(0.87) 
          9                               <---------------------V$HEN1_02(0.86) 
         10                                <-----------------V$AP4_01(0.88) 
         11                                    ----------->V$LMO2COM_01(0.93) 
         12                                    <-----------V$LMO2COM_01(0.93) 
         13                                    <-----------V$MYOD_01(0.88) 
         17--->V$AP1FJ_Q2(0.95)                 <---------V$AP4_Q6(0.99) 
         20---->V$CREBP1_Q2(0.93)               <---------V$MYOD_Q6(0.96)                        
         21---->V$CREB_Q2(0.95)                                             Transcription start 
         23-------->V$IK2_01(0.85)                                      
         24                               <=========== E2F (0.80)  
MMCFOS_1   TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC   480 
 
          1               <-----------------V$CMYB_01(0.91)     -------...V$ER_Q6(0.86) 
          2                <-----------V$LMO2COM_01(0.90)         <----...V$TCF11_01(0.87) 
          3                 --------->V$MYOD_Q6(0.90)      -------->V$STAT_01(0.93) 
          4                 --------->V$VMYB_01(0.89)      <--------V$STAT_01(0.89) 
          5--------------V$CMYB_01(0.93)   -------->V$LMO2COM_02(0.93)  
          6------>V$VMYB_02(0.89)      <-----------V$CAAT_01(0.85)      
          7                 -------->V$VMYB_02(0.88)                    
          8                       -------------->V$EVI1_04(0.86)        
          9                             ------------->V$GATA1_02(0.93)  
         12                               <------------V$ZID_01(0.85)   
         13                               <----------V$CP2_01(0.97)     
         14                                 ---------->V$GATA_C(0.92)   
         15                                     ----------------->V$CMYB_01(0.86) 
         16                                          --------->V$CREL_01(0.91) 
         24                                               <=========== E2F (0.82)  
MMCFOS_1   CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA   540 
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Simulation engine in geneXplain platform 







Mouse c-fos promoter  
(Matrix search for TF binding sites)  
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S(X1) S(X2) 

Where: 
R - Max radius (input parameter) 
p - Penalty (input parameter) 
N(X,r) - total number of molecules 
reachable from key molecule X 
within the radius r.  
Nmax(r) - maximal value of N(X,r) 
over all key molecules X found for 
this radius.  
M(X,r) - sum of w(X) for all hits 
reachable from key molecule X 
within the radius r, where w(X) - 
weight of hit X.  
Mmax(r) - maximal value of M(X,r) 
over all key molecules X found for 
this radius.  

Kel, A., Voss, N., Jauregui, R., Kel-Margoulis, O. and Wingender, E.: Beyond 
microarrays: Find key transcription factors controlling signal transduction 
pathways BMC Bioinformatics 7(Suppl. 2), S13 (2006). 

Search for master regulators  



S(X1) S(X2) 

Use of context proteins (red nodes) to  find where  
pathway walks. 



Rank of the key node 

… 



Overview of the geneXplain platform 

Tree of data analysis 

Info Box 

Start page 

Operations field 



geneXplain platform – a powerful tool to study molecular mechanisms  
of cellular processes using systems medicine approach 

 



Workflows – pipelines for automatic analysis 

 Over 60 pre-prepared workflows (pipelines, protocols) for different tasks 
 

 Workflows help to keep standard approach over analysis of many datasets 
 

 Workflows make analysis of omics data very effective and transform it into 
a routine work 
 

 New workflows for particular tasks can be easily designed 
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Master regulators in networks 



Let’s save the beauty!  



Transcriptome analysis - Illumina HumanRef-8 v3.0 Gene 

Expression BeadChips (containing more than 24000 probes from 

RefSeq database).  

The primary data analysis - Illumina GenomeStudio software, Methylation Module 

(the raw intensities data were quantile-normalized). DiffScore cut-off was ±20 (that 

corresponds to p<0.01). We have identified 288 genes (227 of them - 

hypermethylated, and 61 – hypomethylated).  Then gene expression data were 

integrated with methylation project.  

The primary data analysis - Illumina GenomeStudio software, Gene Expression 

Module (the raw intensities data were quantile-normalized). DiffScore cut-off was 

±20 (that corresponds to p<0.01). We have identified 65 genes (39 of them - up-

regulated, and 26 - down), whose expression level is significantly different in 

varicose and healthy veins. 

Methylation events - Illumina Infinium HumanMethylation27 

BeadChips (27578 CpG measurements spanning 14495 genes).  









Immunohistochemical staining of MFAP5 for varicose and healthy human veins 

Expression of MFAP5 in varicose and normal/healthy veins. The MFAP5-positive staining in varicose veins 

(A) was increased compared with that in normal/healthy veins (B). There was no staining in varicose veins without 

primary (MFAP5) anti-body (C). No specific staining was observed in lymph nodes (D) used as negative control.  

A B 

C D 
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Application of geneXplain platform to stem cell research 



Example of applying  
geneXplain platform 
In stem cell  
research 



Step 1: Identification of differentially expressed genes  



Step 2: GSEA (Gene Set Enrichment Analysis) of Up and Dn regulated genes –  
Identification of activated functions/systems in the cells 



Oct-4 

Sox-2 

Nanog 

Aticated system: “Stem cell maintanance” 
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TF site enrichment analysis  

• Use cases: 

• Find transcription factors for co-regulated gene set 

• Identify motifs “co-enriched” in ChIP-seq regions 

 

 

Yes sequences 

No sequences 

• Which binding sites are significantly 
enriched in the Yes sequences? 

• Site optimization tool 

• Automatic threshold optimization 

• One-sided binomial test for 
significant enrichment of sites 

 

NoYes

Yes

NoYes

Yes

kNkN

nk

SitesSitesN

Sitesn

SeqSeq

Seq
p

pp
k

N
nkP

##

#

##

#

)1()(
















 





Results of TF site enrichment analysis for promoters of  
up-regulated genes of “stem cell maintenance”  
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Строится модель энхансера специфического для стволовых 

клеток из комбинаций сайтов связывания транскрипционных 

факторов   
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Fitness function of the  

Genetic-Regression Algorithm (GRA) 
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FN – false negatives 

FP – false positives  

  T – T-test (difference between 

 mean values)  

 N – normal likeness 

 k – number of free parameters 

R – linear regression 
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Results of analysis Composite modules (combinations of TF binding sites) 
 in promoters of up-regulated genes of “stem cell maintenance”  



Oct-4 
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Results of master regulator  
search in mSSC 

Multipotent Spermatogonial stem cells 
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Bioinformatics SME in Lower Saxony 

• Original world‘s biggest biological databases: 

TRANSFAC®,  

TRANSPATH (30 years of development) 

• Unique aproach for automatic discovery of 

drug targets and biomarkers 

• 1 mln. lines of code of geneXplain software 

platform covering all bioinformatics fields. 

• >1200 world-wide users including Big 

Pharmas, red and green biotech and 

academia. 

• 12 employees in Germany and India and 

cooperation with Russian software 

development company (50 employees).  

 



EU and German grants 


