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30 Years TRANSFAC 

24 years of my life



  

1993, October

- laboratory of Theoretical Genetics, Institute of Cytology & Genetics,
  Novosibirsk, head of lab Prof. Nikolay Kolchanov

- start work on diploma “Computer analyses of promoter regions”
  supervisers: Alexander Kel
                      Yuriy Kondrakhin 



  

1994, July (summer holidays)



  

1994 – my first genome browser (C++, Windows 3.1)

Localization of the potential composite elements formed by AP-1(white) and RAR
(black) binding sites in promoter sequences (from -500 to +100). 
Genes are: 83 (number from EPD) – human islet amiloid polipeptide gene; 120 - …
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1996, MGL

MGL computer system – class hierarchy for integration information from different 
databases on gene expression regulation 



  

1996 – MGL (Molecular Genetics Language) (C++, Windows)



  

1996 – TRRD/TRANSFAC viewer (Java 1.0)
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2000 – new company – DevelopmentOnTheEdge.com
            - first contract – development of TRANSPLORER software
              for BIOBASE GmbH

From TRANSPLORER user guide:

TRANSPLORER (TRANScription exPLORER) is a software package for 
the analysis of transcription regulatory sequences. It includes a tool for 
prediction of potential binding sites for transcription factors in any 
sequence that may be of interest. Currently, TRANSPLORER site 
prediction tool uses position weight matrices (PWM) collections. It is able 
to use several matrix sources: the largest and most up-to-date library of 
matrices derived from TRANSFAC® Professional database, other matrix 
libraries as well as any user-developed matrix libraries. This means that it 
provides an opportunity to search for a great variety of different 
transcription factor binding sites. A search can be made using all or 
subsets of matrices from the libraries. 



  

2001 – TRANSPLORER was released



  

2002 – BioUML project is started



  

2006-2007 – development of web interface for 
                            BIOBASE Knowledge Library



  

2009 – BioUML – web edition



  

2010 – geneXplain GmbH 
       geneXplain platform (branch of BioUML), v. 1.0 is released 



  

GTRD - a database 
on gene transcription regulation



  

The Ensembl gene annotation process  

gene structure



  

The Ensembl gene annotation process  The GTRD annotation workflow

gene structure gene regulation



  

The Ensembl gene annotation process  The GTRD annotation workflow

gene structure gene regulation

The goal of GTRD is to be Ensembl for gene regulation



  



  

BioUML platform - main features
• Systems biology

• Supports main standards used in systems biology: 
SBML, SBGN, CellML, BioPAX, OBO, PSI-MI…

• visual modeling:
• simulation engine supports (ODE, DAE, hybrid, stochastic, 1D PDE)
• composite models
• agent based modeling, rule based modeling

• parameters fitting

• Omics data analyses
• powerful workflow engine and scripts (R, Javascript)
• integration with Galaxy, R/Bioconductor
• workflows and methods for omics data analysis
• integrated genome browser

• Collaborative reproducible research
• web interface for collaborative work
• user’s data are organized as projects
• project administrator grants access rights
• all user actions are tracked in project journal 
• collaborative work on diagrams, models, workflows (like Google documents)



  



  

BioUML workflow (fragment) for 
chip-seq data processing for 

GTRD database



  

http://gtrd.biouml.org



  

Database Number of samples 
* - and other

Number of TFs
 * - and other

ChIP-seq peak 
callers

Metacluster 
approach

GTRD 
v18.01

10 418 – total
  5 603 – human 
  4 815 – mouse 

766 – TFClass classes 
682 – human
384 – mouse 

4 (MACS, SISSRs, 
GEM, PICS) Yes

ChIP-Atlas
10 774 – total
  5 914 – human 
  4 860 – mouse

699* – human
502* – mouse

1(MACS2) No

Cistrome DB
10 276* – total 
  5 774* – human
  4 502* – mouse

260*
1 (MACS2) No

ReMap 2018   3 549 – human 486* –  human MACS2 Yes (CRMs)

ENCODE
  1 448 – total
  1 254 – human 
     194 – mouse

295* – human
  52* – mouse

5 (SPP, GEM, 
PeakSeq, MACS, 
Hotspot/Hotspot2)

No

ChIPBase
  3 549 – total
  2 498 – human 
  1 036 – mouse      

252* – for 10 species each ChIP-seq is 
processed by 
different peak caller

No

Factorbook
  1 007 – total 
     837 – human
     170 – mouse

167* – human
  51* – mouse

None No

GeneProf 
  1 692 – total
     693 – human
     999 – mouse

133 – human
131 – mouse

1(MACS) No

NGS-QC
  6 672 – total
  4 234 – human
  2 438 – mouse

unknown None No



  

Number of GTRD users, 2017  



  

Location of GTRD users
(last 200)
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Citations during 2017



  



  



  

1. Search, browsing 
2. View in genome browser 

3. Advanced search
 



  



  

Browse ChIP-seq experiments as table



  

Browse ChIP-seq experiments in TFClass tree



  



  



  



  



  



  



  



  



  



  



  



  

GTRD further development

1) processing ChIP-seq data for new species

current

GEO

in process



  

GTRD further development

1) processing ChIP-seq data on TFBS for new species

2) processing ChIP-seq data for:
- co-repressors and co-activators
- histone modifications

3) processing data on chromatin availability
- DNase-seq
- ATAC-seq



  

Gene transcription regulation
grand challenges



  



  



  

GTRD meta-clusters for genome region 
of TP53 gene



  

GTRD meta-clusters for genome region 
of TP53 gene

According to neutral theory (M. Kimura)
we can believe most of them to be unfunctional



  

Global analysis of transcription in castration-resistant prostate cancer 
cells uncovers active enhancers and direct androgen receptor targets

Toropainen et al., Scientific Reports, 2016, 6:33510

AR plays an important role in the development 
of prostate cancer (PC), and changes in 
androgen signaling are thought to critically 
contribute to the development of castrate 
resistant prostate cancer (CRPC). 

However, our understanding of the gene 
programs that are directly targeted by the AR in 
CRPC cells is still limited. One of the challenges 
in deciphering these gene programs is to 
identify functionally active AR-binding sites from 
the vast number of AR-binding sites on 
chromatin. 
…
According to our stringent analyses, only <3% of 
the intergenic and intragenic ARBs qualifed as 
androgen-regulated eRNA-producing 
enhancers. 



  



  



  



  

What transcription factor binding sites are functional?

How to predict effect of variation (SNV, deletion) in 
functional transcription factor binding site on expression of 
the specified gene?

In which conditions (cell line or tissue, development stage, 
treatment, etc.) specified transcription factor binding site is 
functional? 

Grand challenge 1



  

Global analysis of transcription in 
castration-resistant prostate cancer cells 
uncovers active enhancers and direct 
androgen receptor targets

Toropainen et al., Scientific Reports, 
2016, 6:33510



  



  



  

When and which genes will be up/down regulated by action 
of specified TF? 

Grand challenge 2



  

2 - Challenge Overview

Scientific Rationale

Transcription factors (TFs) are regulatory proteins that bind specific DNA sequence 
patterns (motifs) in the genome and affect transcription rates of target genes. Binding 
sites of TFs differ across cell types and experimental conditions. Chromatin 
immunoprecipitation followed by sequencing (ChIP-seq) is an experimental method 
that is commonly used to obtain the genome-wide binding profile of a TF of interest in 

a specific cell type/condition. However, profiling the binding landscape 
of every TF in every cell type/condition is infeasible due to 
constraints on cost, material and effort. Hence, accurate 
computational prediction of in vivo TF binding sites is critical to 
complement experimental results.



  



  

ENCODE-DREAM in vivo 
Transcription Factor Binding 

Site Prediction Challenge

chromatin 
accessibility 

RNA
expression

PWM

TF binding 
sites



  

ENCODE-DREAM in vivo 
Transcription Factor Binding 

Site Prediction Challenge

chromatin 
accessibility 

RNA
expression

PWM

TF binding 
sites

RNA
expression

TF binding 
sites

Grand challenge 3



  

Linking GTRD with FANTOM5
via special cell lines dictionary

Cell Line Number of 
tracks

Number of 
distinct TF-
classes

Number of 
FANTOM5 samples

Lovo 390 381 -----

HepG2 209 144   3

K562 229 117 54

HEK293 129 115   2

GM12878 123 73   3

MCF7 357 63 93

H1 66 40   9

A549 160 39   1

HeLa S3 50 36   3

HCT-116 76 25 ------



  

Cross-validation of Regression Models

Regression Correlation
(training set)

Correlation
(test set)

Explained 
variance 
(training set)

Explained 
variance 
(test)

Least Square 
Regression 
(32 selected 
features)

0.866 0.862 74.9% 74.3%

Regression On 
Principle 
Components 
(all features)

0.829 0.712 68.7% 50.5%

Random Forest 
(all features)

0.934 0.707 85.3% 49.8%

Predicting gene expression (CAGE) 
for HepG2 cell line using GTRD tracks



  

Pearson correlation = 0.866; Explained variance = 74.945

Best model : Least Square Regression, 23 selected features

Predicting gene expression (CAGE) 
for HepG2 cell line using GTRD tracks



  

Least Square Regression: the most significant features
Pearson correlation = 0.866; Explained variance = 74.945;

TF Promoter region Coefficient p-value

HNF-4a (2.1.3.2.1 ) [-1, +1] 0.368 < 1.2E-255

TAF-1 (4.1.3.0.5)

Predicting gene expression (CAGE) 
for HepG2 cell line using GTRD tracks



  

ENCODE-DREAM in vivo 
Transcription Factor Binding 

Site Prediction Challenge

chromatin 
accessibility 

RNA
expression

PWM

TF binding 
sites

RNA
expression

TF binding 
sites

Grand challenge 3



  

ENCODE-DREAM in vivo 
Transcription Factor Binding 

Site Prediction Challenge

chromatin 
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RNA
expression
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RNA
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ENCODE-DREAM in vivo 
Transcription Factor Binding 

Site Prediction Challenge

chromatin 
accessibility 

RNA
expression

PWM

TF binding 
sites

Proteome

RNA
expression

TF binding 
sites

Pathway
data

Grand challenge 3

in dynamics

chromatin 
accessibility 



  

Gene transcription regulation
grand challenges

1. What transcription factor binding sites are functional?

2. When and which genes will be up/down regulated by 
action of specified TF?

3. How to predict gene expression on the base of TFBS and 
related pathway data in dynamics?


