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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.	





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.  Major meetings per year where all participants meet:	


v  Den Haag from 7th to 8th July 2010.	



v  Regensburg from 6th to 8th April 2011.	



v  Vienna from 13th to 15th September 2011.	



v  Heidelberg from 9th to 10th May 2012.	



v  Oxford from 3rd to 5th July 2012.	



v  Oxford from 28th to 30th July 2013.	



2.  A monthly online conference 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).	



6.   Public conference will be discussed and planned in Oxford in July.	



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):	



 	



	


	


	


	


	





M&D Timeplan  in EpiGenSys	


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



in respect to the prolongation.	



THE TRUTH IS AND WE HAVE TO ADDMIT:	



WE PRODUCED AND STILL PRODUCE SUCH A WEALTH OF DATA THAT STILL	


IN 2-3 YEARS WE WILL ANALYSE AND PUBLISH…	
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Nucleosomal Association Changes WP1	


Nucleosomal association in relation to the DNA sequence, show that nucleosome position and transcription 

factor binding are linked: Nanog binds to a nucleosome whereas c-Myc binds preferentially in the nucleosomal 
linker region. For CTCF that is more complicated and after differenciation the association is the opposite.	
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ESC promoters with H3K4me3 and H3K27me3 marks in cluster 1 become active 
after removing a nucleosome from position -430.  
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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 a chromatin fiber and chromatin rosettes.	
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Intra/Inter Chromosomal Interaction 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 a chromatin fiber and chromatin rosettes.	
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3D Modelling from Interaction Maps	





Intra/Inter Chromosomal Interaction Architecture WP2	
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and highest-throughput deep sequencing. From the interaction maps 3D chromatin conformations and its higher-order 
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Transcription Structure-Function Relationship WP3	


The transcription within factories depends on nucleosome position, the chromatin fiber conformation, as well as the 

3D architecture of the chromatin fiber. Only the systemic integration of nascent-RNA-seq, super-resolution 
microscopy, and 4C (or our novel approach) in combination with computer simulations reveals in detail this 

structure function relationship in several cycles of refinement.	
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Simulation of Nucleosomes & Chromatin WP4	


The position of nucleosomes influence greatly the structure of chromatin fibers done on super-computers. Here a 

dedicated workflow is applied, with which overlapping nucleosome populations can be analyzed and the best 
positioning of nucleosomes by Monte Carlo simulated annealing can be achieved. For an actual locus in a spherical 

confinement then a 3D independent nucleosome fiber conformation can be simulated.	
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Analysis of Overlapping Nucleosome Populations  Finding an optimal configuration of nucleosomes by simulated annealing.  
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confinement then a 3D independent nucleosome fiber conformation can be simulated.	
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Monte Carlo Simulation of SAMD4A Mouse ES Cells 



Simulation of Chromosomes & 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.	
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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	
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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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Result Dissemination of EpiGenSys	



Dissemination Kind	

 Current Status	

 Initial Projection	



Research Articles	

 20 (17 in prep.) => >32	

 ~15	



	


Reviews	


	


	


	


	



	


4 (4 in prep.) => >8 	



	


========	



24 (21 in prep.) => >45	


	



	


N.N.	
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~15	


	



IP-Rights	

 ~3-4 in the end	

 ~5	



Conference Contributions	

 >70 latest estimate	

 N.N.	



New Scientific “Relations”	

 ~30	

 ~20	



New Industry “Relations”	

 ~8	

 ~10	





Result Dissemination of EpiGenSys	



Dissemination Kind	

 Current Status	

 Initial Projection	



Research Articles	

 20 (17 in prep.) => >32	

 ~15	



	


Reviews	


	


	


	


	



	


4 (4 in prep.) => >8 	



	


========	



24 (21 in prep.) => >45	


	



	


N.N.	


	



=======	


~15	


	



IP-Rights	

 ~3-4 in the end	

 ~5	



Conference Contributions	

 >70 latest estimate	

 N.N.	



New Scientific “Relations”	

 ~30	

 ~20	



New Industry “Relations”	

 ~8	

 ~10	





Acknowledgements	


Thanks go to all the lab local lab members, those people who supported this work in the last decades, the 

institutions providing their infrastructure, and the national and international computing infrastructures.	


Special thanks go to the reviewers, the EraSysBio Plus initiative and the national and EU funding bodies.	





Acknowledgements	


Thanks go to all the lab local lab members, those people who supported this work in the last decades, the 

institutions providing their infrastructure, and the national and international computing infrastructures.	


Special thanks go to the reviewers, the EraSysBio Plus initiative and the national and EU funding bodies.	





Acknowledgements	


Thanks go to all the lab local lab members, those people who supported this work in the last decades, the 

institutions providing their infrastructure, and the national and international computing infrastructures.	


Special thanks go to the reviewers, the EraSysBio Plus initiative and the national and EU funding bodies.	





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., 

Cook, P. R., Rippe, K, Längst, G, Wedemann, G., & Grosveld, F. G. 

EpiGenSys Final Meeting and Evaluation Conference, Hotel Angleterre,                         
Berlin, 27th June, 2013. 

 

 

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. It has become clear that genomes are tremendous co-evolutionary and interwoven 
molecular storage machines able to manipulate and fabricate information: the genetic information is coded in 
and along (macro-) molecules that are continually being modified spatially and temporally through a multi-
dimensional interaction and regulatory network. Thus, changes in chromatin architecture are central factors in 
the epigenetic regulation of gene expression and other important genomic processes on length and time scales 
ranging from 10-9 to 10-5 m and 10-10 to 105 s. Thus, a full understanding of structure-function relationships 
requires knowledge not only of the linear base-pair composition, but also of its structural and dynamic 
organization. 
 
Therefore, in "EpiGenSys" we have established an unique consortium with the aim of achieving a major 
breakthrough in the determination and understanding of the relation between DNA sequence, epigenetic 
modification and spatial chromatin organization. Using truly systems approaches, we studied the following: 
 
i)      The investigation of nucleosome and chromatin fiber structure and remodelling. 
ii)     The determination of intra/inter chromosomal interactions and chromosomal organization. 
iii)    The analysis of transcriptional states and their relation to the underlying structure. 
iv)     The simulation of nucleosomes, chromatin fibers, and chromosomes to provide theoretical insight. 
v)      The integration of i) to iv) into a systems biological model. 
 
We strongly believe that by addressing these fundamental questions using our systems approach to refine our 
models through reiterative cycling between experiment and theory, we were able to address a central issue of the 
genomic era - the way structure influences gene activity (and vice versa). 
Thus, we consider the results achieved to be major breakthroughs in all those above mentioned points. We also 
anticipate that our results have great impact on wider research communities, and on the development of methods 



useful for disease diagnosis and treatment e.g. as envisioned by stem cell and gene therapy. This is shown by the 
number of publications, contributions to conferences and also the still ongoing patenting process. 
Thus, we think to have made and still make a considerable contribution to systems biology in the genomic sector 
and in general, as well as contribute to e-Science, e-Health, e-Learning, as well as e-Commerce and increase the 
awareness and understanding of genomic complexity within society. 
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