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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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Selective Chromosome Interaction Capture (T2C)	


T2C is a novel selective high-resolution high-throughput chromosome interaction capture, in which the relation 
between, region size, resolution, interaction frequency range, and sequencing depth can be designed towards the 
goal of the experiment. T2C reaches the limit of the “genomic” uncertainty principle and statistical mechanics.	
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Stable Consensus Architecture of Genomes	


Due to the high signal-to-noise ratio of T2C reaching 5-6 orders of magnitude interaction maps reveal 

definitely an extremely high degree of similarity between different species, cell types, or functional states, thus 
functional differences are variation of a stable theme persisting through the cell cycle	
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Simulation of Chromosomes & Nuclei	


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.	





Simulation of Chromosomes & Nuclei	


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.	





Simulation of Chromosomes & Nuclei	


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.	





Simulation of Chromosomes & Nuclei	


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.	





Fine Structure of Loop Aggregates/Rosettes	


Depending on the resolution, the loops within a domain an their arrangement in loop aggregates/rosettes can be 

shown as well as the details of how the loops are organized at their base as well as their aggregated rosette 
core: parallel loop fibres exist at the loop base with ~6kbp and these form the core.	
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Simulated Interaction Maps	


Simulated spatial distance maps as well as simulated interaction maps result in the representation of every 

parameter variation, and also exhibit the fine-structure describing the loop base as well as rosette core. Thus 
from the quasi-fibre to the entire chromosome the architecture can be understood in detail.	
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Variation of a Consensus Architecture Scheme	


The difference between different cell types, functional states or even species is minor despite depending on the 
region. From this, the chromatin fibre conformation, loop position, and their association into loop aggregates/ 

rosettes can be derived, simulated by polymer models and finally visualized.	
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Nucleosomal Positioning Prediction	


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.	



window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

a b

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.60

-0.65

-0.50

-0.40

-0.30

Homo Sapiens Chr. 11 NT_009151
Homo Sapiens Chr. 14 NT_026437
Homo Sapiens Chr. 15 NT_010194

Homo Sapiens Chr. 20 NT_011362
Homo Sapiens Chr. 21 Nature 405
Homo Sapiens Chr. 22 TIGR WLC010213

1 10 100 1000 104 105 106 1071 10 100 1000 104 105 106 107

-0.45

-0.35

-0.25

-0.20

-0.60

-0.65

-0.50

-0.40

-0.30

-0.45

-0.35

-0.25

-0.20

window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

d e

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.40

-0.36

-0.32

-0.28

80 100 200 300 500 7001 10 100

-0.24

-0.29

-0.28

-0.26

-0.24

-0.27

-0.25

-0.23

80 100 200 300 500 700-0.28

-0.27

-0.25

-0.23

-0.26

-0.24

-0.22

1 10 100-0.45

-0.35

-0.30

-0.25

-0.40

c

f
11

17
21

28

33

64
58

52

4642

13
18

22

30

36
4448

54
61

67

84

89
95

99108
113

119
124

139

146
152

172
192186

228 248

205 313
389

444

529

103
117

157 208

126

296

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b



Nucleosomal Positioning Prediction	


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.	



window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

a b

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.60

-0.65

-0.50

-0.40

-0.30

Homo Sapiens Chr. 11 NT_009151
Homo Sapiens Chr. 14 NT_026437
Homo Sapiens Chr. 15 NT_010194

Homo Sapiens Chr. 20 NT_011362
Homo Sapiens Chr. 21 Nature 405
Homo Sapiens Chr. 22 TIGR WLC010213

1 10 100 1000 104 105 106 1071 10 100 1000 104 105 106 107

-0.45

-0.35

-0.25

-0.20

-0.60

-0.65

-0.50

-0.40

-0.30

-0.45

-0.35

-0.25

-0.20

window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

d e

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.40

-0.36

-0.32

-0.28

80 100 200 300 500 7001 10 100

-0.24

-0.29

-0.28

-0.26

-0.24

-0.27

-0.25

-0.23

80 100 200 300 500 700-0.28

-0.27

-0.25

-0.23

-0.26

-0.24

-0.22

1 10 100-0.45

-0.35

-0.30

-0.25

-0.40

c

f
11

17
21

28

33

64
58

52

4642

13
18

22

30

36
4448

54
61

67

84

89
95

99108
113

119
124

139

146
152

172
192186

228 248

205 313
389

444

529

103
117

157 208

126

296

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b



Nucleosomal Positioning Prediction	


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.	



window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

a b

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.60

-0.65

-0.50

-0.40

-0.30

Homo Sapiens Chr. 11 NT_009151
Homo Sapiens Chr. 14 NT_026437
Homo Sapiens Chr. 15 NT_010194

Homo Sapiens Chr. 20 NT_011362
Homo Sapiens Chr. 21 Nature 405
Homo Sapiens Chr. 22 TIGR WLC010213

1 10 100 1000 104 105 106 1071 10 100 1000 104 105 106 107

-0.45

-0.35

-0.25

-0.20

-0.60

-0.65

-0.50

-0.40

-0.30

-0.45

-0.35

-0.25

-0.20

window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

d e

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.40

-0.36

-0.32

-0.28

80 100 200 300 500 7001 10 100

-0.24

-0.29

-0.28

-0.26

-0.24

-0.27

-0.25

-0.23

80 100 200 300 500 700-0.28

-0.27

-0.25

-0.23

-0.26

-0.24

-0.22

1 10 100-0.45

-0.35

-0.30

-0.25

-0.40

c

f
11

17
21

28

33

64
58

52

4642

13
18

22

30

36
4448

54
61

67

84

89
95

99108
113

119
124

139

146
152

172
192186

228 248

205 313
389

444

529

103
117

157 208

126

296

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b



Nucleosomal Positioning Prediction	


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.	



window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

a b

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.60

-0.65

-0.50

-0.40

-0.30

Homo Sapiens Chr. 11 NT_009151
Homo Sapiens Chr. 14 NT_026437
Homo Sapiens Chr. 15 NT_010194

Homo Sapiens Chr. 20 NT_011362
Homo Sapiens Chr. 21 Nature 405
Homo Sapiens Chr. 22 TIGR WLC010213

1 10 100 1000 104 105 106 1071 10 100 1000 104 105 106 107

-0.45

-0.35

-0.25

-0.20

-0.60

-0.65

-0.50

-0.40

-0.30

-0.45

-0.35

-0.25

-0.20

window size l [bp]window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

d e

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b
(l)

-0.40

-0.36

-0.32

-0.28

80 100 200 300 500 7001 10 100

-0.24

-0.29

-0.28

-0.26

-0.24

-0.27

-0.25

-0.23

80 100 200 300 500 700-0.28

-0.27

-0.25

-0.23

-0.26

-0.24

-0.22

1 10 100-0.45

-0.35

-0.30

-0.25

-0.40

c

f
11

17
21

28

33

64
58

52

4642

13
18

22

30

36
4448

54
61

67

84

89
95

99108
113

119
124

139

146
152

172
192186

228 248

205 313
389

444

529

103
117

157 208

126

296

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b

window size l [bp]

co
rre

la
tio

n 
co

ef
fic

ie
nt

 b



Scaling Analysis	


Scaling analysis show again the entire bandwidth of architectural effects in an aggregated manner. Beyond, 
they show the scale bridging of the structures and the evolutionary holistic entanglement between the 3D 

architecture and the DNA sequence organization itself.	
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Simulation of Nucleosomes & Chromatin	


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 fibre conformation can be simulated.	



d=1000nm	



d=500nm	



d=200nm	





Systems Biological Result Integration via the 
GLOBE 3D Genome Platform 	



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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Abstract 
 
 
The dynamic three-dimensional chromatin architecture of genomes and the obvious co-evolutionary connection 
to its function – the storage and expression of genetic information – is still, after ~170 years of concentrated 
research, one of the central issues of our time. With a systems genomics combination of S2C and FCS together 
with analytical and simulated polymer models as well as scaling analysis it is now possible to gain insights into 
the architecture and dynamics with unprecedented detail. S2C is a novel superior selective high-throughput high-
resolution chromosomal interaction capture of all physical genomic interactions (S2C) which has great 
advantages since it allows to reach an optimal combination of resolution, interaction frequency range, and multi-
plexability, at unprecidented signal-to-noise ratio of multiple orders of magnitude. With a novel FCS approach it 
is possible to determine the relaxation of local concentration fluctuations of the chromatin fibre and derive based 
on an analytical polymer model the relation between average persistence length, mass density and chromatin 
architecture. Whereas S2C measures architectural parameters, the FCS approach allows to measure in vivo the 
dynamics of the architecture. As common ground polymer simulations using Monte Carlo and Brownian 
Dynamics approaches round-off both techniques in detail. In combination both approaches reach agreement 
concerning the 3D architecture and dynamics of genomes in detail as well as in the general scaling of genomes 
which yields the same scaling properties derived from the DNA base pair sequence organization itself. 
Consequently, this finally opens the path to detailed architectural and dynamic sequencing of genomes in a 
systems genomic manner which is of fundamental importance for genome understanding in perspective as far as 
diagnosis and treatment. 
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