
EpiGenSys	


-	



Systems Biological Determination	



of the	



Epigenomic Structure Function Relation	


	



Nucleosomal Association Changes	


Intra/Inter Chromosomal Architecture	



Transcriptional Structure Relationship	



Simulations of Nucleosomal / Chromatin Fiber / Chromosome Architecture & Dynamics	



System Biological/Medical Result Integration via the GLOBE 3D Genome Platform	



Tobias A. Knoch	


Biophysical Genomics & Erasmus Computing Grid	



Peter R. Cook, Karsten Rippe, Gernot Längst, Gero Wedemann, & Frank G. Grosveld	


Sir William Dunn School of Pathology, Genome Organization & Function, NWFIII/Biochemistry, System 

Engeneering and Information Management, Cell Biology & Genetics - Clinical Genetics & Virology	



University of Oxford, BioQuant Centre / German Cancer Research Centre, 
University of Regensburg, University of Applied Sciences Stralsund,        

Erasmus Medical Centre	


	



©
 1996-2011 A

ll Rights Reserved	





EpiGenSys	


-	



Systems Biological Determination	



of the	



Epigenomic Structure Function Relation	


	



Nucleosomal Association Changes	


Intra/Inter Chromosomal Architecture	



Transcriptional Structure Relationship	



Simulations of Nucleosomal / Chromatin Fiber / Chromosome Architecture & Dynamics	



System Biological/Medical Result Integration via the GLOBE 3D Genome Platform	



Tobias A. Knoch	


Biophysical Genomics & Erasmus Computing Grid	



Peter R. Cook, Karsten Rippe, Gernot Längst, Gero Wedemann, & Frank G. Grosveld	


Sir William Dunn School of Pathology, Genome Organization & Function, NWFIII/Biochemistry, System 

Engeneering and Information Management, Cell Biology & Genetics - Clinical Genetics & Virology	



University of Oxford, BioQuant Centre / German Cancer Research Centre, 
University of Regensburg, University of Applied Sciences Stralsund,        

Erasmus Medical Centre	


	



©
 1996-2011 A

ll Rights Reserved	





EpiGenSys	


-	



Systems Biological Determination	



of the	



Epigenomic Structure Function Relation	


	



Nucleosomal Association Changes	


Intra/Inter Chromosomal Architecture	



Transcriptional Structure Relationship	



Simulations of Nucleosomal / Chromatin Fiber / Chromosome Architecture & Dynamics	



System Biological/Medical Result Integration via the GLOBE 3D Genome Platform	



Tobias A. Knoch	


Biophysical Genomics & Erasmus Computing Grid	



Peter R. Cook, Karsten Rippe, Gernot Längst, Gero Wedemann, & Frank G. Grosveld	


Sir William Dunn School of Pathology, Genome Organization & Function, NWFIII/Biochemistry, System 

Engeneering and Information Management, Cell Biology & Genetics - Clinical Genetics & Virology	



University of Oxford, BioQuant Centre / German Cancer Research Centre, 
University of Regensburg, University of Applied Sciences Stralsund,        

Erasmus Medical Centre	


	



©
 1996-2011 A

ll Rights Reserved	





Dynamic and Hierarchical Genome Organization	


The different organization levels of genomes bridge several orders of magnitude concerning space and 

time. How all of these organization levels connect to processes like gene regulation, replication, 
embryogeneses, or cancer development is still unclear? 	
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Complexity of e.g. Cytogenetic Diagnostics & Treatment	


The process of cytogenetic analysis requires proper patient and sample analysis	



as well asa comprehensive evaluation of the results.	
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EpiGenSys	


Systems Biological/Medical Determination of the Epigenomic Structure-Function Relation in:                   
i) the Beta-Globin locus,  ii) the Immuno Globin loci, iii) the SAMD4 region, and iv) the Prader-Willi / 

Angelmann Syndrom region, in mouse and human active and inactive cell states and their global context.	
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Work Together and Communication in EpiGenSys	


The work packages are implemented in such a way that they utilize the established expertise of individual 

partners (each with their own established network of contacts) while providing maximum benefit to the groups. 
Maximum output is guarantied by our virtual laboratory communication management.	



1.  Two major meetings per year where all participants meet:	



v  The first meeting took place in Den Haag from 7th to 8th July 2010.	



v  The second meeting wass held in Regensburg from 6th to 8th April 2011.	



2.  A monthly online conference of lab heads according to theme.	



3.  Weekly conferences of the work force related to the specific tasks 	



4.  Regular work meetings in participant labs with several exchanges.	



5.  Use of a web-based communication platforms with project database and forum (see WP5). 	



WP1: 	

Nucleosomal association changes (Längst, Rippe, Wedemann, Knoch/Grosveld; T1-T5)	


WP2 	

Intra/inter chromosomal architecture (Grosveld/Knoch, Cook, Rippe, Längst; T1-T3) 	


WP3 	

Transcription structure relationship (Cook, Grosveld/Knoch, Längst; T1-T4)	



WP4 	

Simulations of nucleosomal, chromatin fiber and chromosome architecture	


	

and their dynamics (Wedemann, Knoch/Grosveld, Rippe; T1-T3)	



WP5 	

System biological result integration via the GLOBE 3D Genome Platform	


	

(Knoch/Grosveld, Cook, Rippe, Längst, Wedemann; T1-T5):	
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M&D Timeplan  in EpiGenSys	


The time plane according to the work packages is currently on track.	



WP1	
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WP2	



WP4	



WP5	
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Nucleosomal Association Changes WP1	


Nucleosomal association in relation to the DNA sequence, epigenetic modifications and the activity of ATP-

driven chromatin remodelling complexes using high-throughput sequencing is evaluated. The results are 
directly put into simulations and related to DNA sequence predictions.	
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Nucleosomal Positioning Prediction WP1	


The DNA sequence is analyzed by the most simplest scaling analysis to find unprejudiced patters as e.g. 

nucleosome positions as well as chromatin loops and rosettes. The analysis is done using our grid 
infrastructures and here especially our volunteer grid.	
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Intra/Inter Chromosomal Spatial Architecture WP2	


Intra/inter chromosomal contacts are determined using a combination of chromosome conformation capture 

technology and highest-throughput deep sequencing. From the interaction maps 3D chromatin conformations 
and its higher-order structure is derived, i.e. its folding into loops and loop clusters.	
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Intra/Inter Chromosomal Spatial Architecture WP2	


Intra/inter chromosomal contacts are determined using a combination of chromosome conformation capture 

technology and highest-throughput deep sequencing. From the interaction maps 3D chromatin conformations 
and its higher-order structure is derived, i.e. its folding into loops and loop clusters.	
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Intra/Inter Chromosomal Interaction Architecture WP2	


Intra/inter chromosomal contacts is determined using a novel combination of chromosome conformation capture 

technology and highest-throughput deep sequencing. Computer models of different 3D architectures reveal clearly 
distinct modell depending pattern, and in combination with the experiment its folding into loops and loop clusters.	
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Transcription Structure-Function Relationship WP3	


Transcription rates are determined by qRT-PCR, RNA and DNA FISH using intronic probes and high-resolution 

laser scanning and single molecule imaging. Transcription-dependent changes of active and inactive loci compared 
result in the transcription structure-function relationship.	



Hypothesis Transcriptionfactories	


TNFα induces SAMD4A/EXT1	



to Associate with other Responsive Genes	
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Transcription Structure-Function Relationship WP3	


Transcription rates will be determined by qRT-PCR, RNA and DNA FISH using intronic probes and high-

resolution laser scanning and single molecule imaging. Transcription-dependent changes of active and inactive 
loci compared result in the transcription structure-function relationship.	



Nascent Transcripts Colocalize with Responsive Genes	
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! !

100 nucleosomes	



250 nucleosomes	



500 nucleosomes	



Simulation of Nucleosomes & Chromatin WP4	


By parallel super-computer simulations using novel algorithms allow to simulate nucleosome and chromatin fibers 

up to 1000 nucleosomes, with variations of the nucleosomal position and linker length inbetween. The 
unprecedented scale and variation leads to new before unseen chromatin states.	
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Simulation of Nucleosomes, Chromatin, & Nuclei WP4	


By parallel super-computer simulations using novel Monte Carlo and Brownian Dynamics approaches simulate 

chromosomes and whole nuclei with unprecedented resolution, resulting in novel predictions for the detailed folding 
of the chromatin fiber with corresponding impact on the experimental evaluation.	
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Systems Biological Result Communcation via Internal 
and External Communication Windows WP5	



Three classic internal and external communication windows were opened: i) the EpiGenSys website communicates with the 
public, ii) the EpiGenSys Wiki functions is used for exchange, and iii) the EpiGenSys SysMO DB archives in a virtual 

labnote the data. All allow access to the systems and are the basis for the GLOBE 3D Genome Platform.	



EpiGenSys Wiki	



EpiGenSys Public Website	

 EpiGenSys SysMO DB	



Joined with:	


EpiGenSys	



CancerEpiSys	


EpiSys	


MycNet	
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EpiGenSys International Large-Scale High-Throughput 
Data Analysis Centers and Grid Gateway WP5	



The GLOBE 3D Genome Platform consists of individual components: i) the Sequence Archiving System stores complete 
genome sequences, ii) the Galaxy platform allows the analysis of genomes, and iii) for data analysis a gateway allows 

access to super-computer and grid access as our own established volunteer grid with a high public impact.	


EpiGenSys Sequence Archiving Systems of Completely Sequenced Genomes	



EpiGenSys Galaxy Analysis	
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EpiGenSys Systems Biological Result Integration 
via the GLOBE 3D Genome Platform WP5	



All results will be integrated using our GLOBE 3D Genome Platform, established for analysis, manipulation 
and understanding of multi-dimensional complex genome wide data. Thus in reiterative cycles between 

experiments and simulations a systems biological/medical genome model will be achieved.	
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Publications of EpiGenSys	


The EpiGenSys consortium approach will be exploited and disseminated in interdisciplinary research 

publications. Until know 12 research articles and reviews are published or in press. Currently, several are 
under way and will be published soon.	



Research Articles:	


	


1.  Melnik, S., Deng, B., Papantonis, A., Babbo, S., Carr, I.M. & Cook, P.R. The proteomes of transcription factories containing polymerases I, 

II, or III. Nat. Methods, in press.	


2.  Ettig, R., Kepper, N., Stehr, R., Wedemann, G. & Rippe, K. Dissecting DNA-histone interactions by molecular dynamics simulations of 

unwrapping DNA from the nucleosome, Biophys. J., in press.	


3.  Felle, M., Hofmeister, H., Rothammer, J., Fuchs, A., Exler, J., & Längst, G. Nucleosomes protect DNA from DNA methylation in vivo and in 

vitro. Nucleic Acids Res. DOI: 10.1093/nar/gkr263, 2011.	


4.  Teif,  V.  &  Rippe,  K.  Nucleosome  mediated  cross-talk  between  transcription  factors,  Phys.  Biol.  8,  044001,  DOI: 

10.1088/1478-3975/8/4/044001, 2011.	


5.  Kepper, N., Ettig, R., Stehr, R., Wedemann, G., & Rippe, K. Force spectroscopy of chromatin fibers: extracting energetics and structural 

information from Monte Carlo simulations. Biopolymers 95, 435-447, 2011.	


6.  Skrowny, D., Dickmann, F., Löhnhardt, B., Knoch, T. A., & Sax, U. Development of an information platform for new grid users in the 

biomedical field. Stud. Health Techno. Inform. 159, 277-282, 2010.	


7.  Kepper, N., Ettig, R., Dickmann, F., Stehr, R., Grosveld, F. G., Wedemann, G., & Knoch, T. A. Parallel high-performance grid computing: 

capabilities and opportunities of a novel demanding service and business class allowing highest resource efficiency. Stud. Health Techno. 
Inform. 159, 264-271, 2010.	



8.  Kepper, N., Schmitt, E., Lesnussa, M., Weiland, Y., Eussen, H. B., Grosveld, F. G., Hausmann, M., & Knoch, T. A. Visualization, analysis, 
and design of COMBO-FISH probes in the grid-based GLOBE 3D genome platform. Stud. Health Techno. Inform. 159, 159-171, 2010.	



	


Reviews:	


	


1.  Papantonis, A. & Cook, P.R. Fixing the model for transcription: the DNA moves, not the polymerase. Transcription, 2, 41-44.	


2.  Teif, V. & Rippe, K. Calculating transcription factor binding to nucleosomal DNA for large genomic regions, Briefings Bioinf. 12, DOI: 

10.1093/bib/bbr037, 2011.	


3.  Längst, G., Teif, V. B., & Rippe, K. Chromatin remodeling and nucleosome positioning. In Genome organization and function in the cell 

nucleus, Rippe, K., ed., pp. 111-139, Wiley-VCH, Weinheim, 2011.	


4.  Rippe, K., Stehr, R., Wedemann, G. Monte Carlo simulations of nucleosome chains to identify factors that control DNA compaction and 

access. In Innovations in Biomolecular Modeling and Simulation, Schlick, T., ed., RSC Publishing, Cambridge, in press.	
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Presentations of EpiGenSys (before Holidays)	


A major aim of the EpiGenSys consortium is to considerable contribute to systems biology in the genomic 

sector and increase the awareness and understanding of genomic complexity within society. Scientifically that 
means presenting our work at conferences. The list shown has increased over the holiday period tremendously.	



1.  Papantonis A., & Cook P. R. Active RNA polymerases are immobile molecular machines tethering dynamic intra- and 
inter-genic  loops.  9th  EMBL Conference  “Chromatin  and Transcription”,  EMBL,  Heidelberg,  Germany,  28th  to  31th 
August 2010.	



2.  Cook,  P.R.  Active  RNA polymerases  are  immobile  molecular machines.  The 69th Harden Conference  ("RNAP2010 - 
Structure, function and evolution of RNA polymerases. A joint Biochemical Society / Wellcome Trust conference"), The 
Wellcome Trust, Hinxton, Cambridge, UK, 22th to 25th September 2010.	



3.  Cook, P. R. A model for all genomes: the role of RNA polymerases fixed in factories. GENOFIELD2011 ("International 
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Presentations of EpiGenSys (before Holidays)	
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Patents and Additional Funding	


Each of the technologies used (and their future developments), plus the synergies that might arise from their combined 

use, have potential for commercialization due to their uniqueness, novelty, and frontier position, e.g. concerning 
academic, diagnostic and commercial aspects. These successes also generates new funding opportunities.	



Patens:	


	


	


1.  Patent 1 by the Knoch/Grosveld group. WP 2.	


	


2.  Patent 2 by the Knoch/Grosveld group. WP 2.	


	


	


	


	


Funding due to EpiGenSys:	


	


	


1.  1,000,000 Euros on funding the Erasmus Computing Grid over 5 years in end 2009 due to the 

EpiGenSys expected granting. WP 1 to WP 5.	


	


2.  Computer time at the supercomputer center in Hannover twice: i) 24,500 Euros for computation 

time 2008/2009,  and ii) 42,000 Euros for computation time in 2009/2010. WP 1 and WP 2.	
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EpiGenSys 

– 

Systems Biological Determination of the Epigenomic Structure Function 

Relation: Nucleosomal Association Changes, Intra/Inter Chromosomal 

Architecture, Transcriptional Structure Relationship, Simulations of 

Nucleosomal/Chromatin Fiber/Chromosome Architecture and Dynamics, 

and Systems Biological/Medical Result Integration via the GLOBE 3D 

Genome Platform. 
 

Knoch, T. A. 

EpiGenSys Midterm Meeting and Evaluation Conference, Hotel Kaiserwasser,              
Vienna, 15th September, 2011. 

 

 

Abstract 
 
 
Although the sequence of the human genome is known, the relation of its three-dimensional dynamic 
architecture with its function – the storage and expression of genetic information – remains one of the central 
unresolved issues of our time. Here we show how simulations of the structural-, scaling- and dynamic properties 
of interphase chromosomes and cell nuclei with Monte Carlo and Brownian Dynamics methods (WP4) can be 
combined with experimental structure preserving 3D FISH combined with high-resolution fluorescence 
microscopy that allows determination of the centre of mass of target fluorophors at a resolution of ~30 nm – 
beyond the classical resolution limit (WP2), in vivo chromatin labelling (WP2) as well as our newly developed 
combination of chromosome conformation capture technology and high-throughput deep sequencing (WP2). 
Best agreement is reached both for the Prader-Willi/Angelmann region and the Immunoglobin heavy-chain (Igh) 
locus for a Multi-Loop-Subcompartment (MLS) model of chromosome organization predicting 60-150 kbp loop 
aggregates separated by a similar linker. Beyond, DNA sequence correlation analysis of completely sequenced 
genomes reveals fine structured multi-scaling long-range correlations. The fine structure in the human case is 
attributable to nucleosome positioning (WP1) and transcription (WP3). In summary, genomes show a complex 
sequential and three-dimensional organization related closely to each other in a system biological/medical co-
evolutionarily developed entity. 
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