Structure determination
of genomes and genomic
domains by satisfaction
of spatial restraints

Marc A. Marti-Renom 4 =

Genome Biology Group (CNAG) l
Structural Genomics Group (CRG)

cnag:.




Structural Genomics Group

http://www.marciuslab.org

cnag e


http://www.integrativemodeling.org

Integrative Modeling Platform

http://www.integrativemodeling.org
Russel, D. et al. PLOS Biology 10, €1001244 (2012).

Experiments  Computations Physics Evolution

From Alber, F. et al. Nature 450, 695-701 (2007).

cnag e


http://www.integrativemodeling.org

Complex genome organization

O—Q—O— Il O mm

cnag e



Resolution Gap

Marti-Renom, M. A. & Mirny, L. A. PLoS Comput Biol 7 e1002125 (2011)
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Hybrid Method

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (2012).

Experiments

Grow GM12878 and K562 cells
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Perform 3C analysis

v

Perform 5C analysis with 30+25 primers
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Analyze 5C products by paired-end Solexa sequencing
(131,947 paired end reads per library)
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Hi-C technology
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Biomolecular structure determination

2D-NOESY data

Chromosome structure determination

3C-based data
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Experimental input
and system representation

IMP sampler
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Results analysis
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Final model
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Genome Organization

Compartments

A compartments
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Human o-globin domain
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TAD's response to hormone
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Human oi-globin domain

ENm008 genomic structure and environment
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The ENCODE data for ENmOO8 region was obtained from the UCSC Genome Browser fracks for: RefSeq annotated genes, Affymetrix/
CSHL expression data (Gingeras Group at Cold Spring Harbor), Duke,/NHGRI DNasel Hypersensitivity data (Crawford Group at Duke
University), and Histone Modifications by Broad Institute ChlPseq (Bernstein Group at Broad Institute of Harvard and MIT).

ENCODE Consortium. Nature (2007) vol. 447 (7146) pp. 799-816
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Representation
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GM12878

70 fragments
1,520 restraints

Farward frgmects
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K562

70 fragments
1,049 restraints
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Not just one solution
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The “Chromatin Globule” model

Active genes
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D. Bau et al. Nat Struct Mol Biol (2011) 18:107-14
A. Sanyal et al. Current Opinion in Cell Biology (2011) 23:325-33.
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On TADs and hormones
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Progesterone-requlated transcription in breast cancer

hormone

PI3K/Akt pathway™ Cytoplasm

%
Q ' 4
JAK/STAT pathway™
]
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> 2,000 genes Up-regulated
ik kinase s sctvatec > 2,000 genes Down-regulated
\ through PR/ER complex.

Cdk2 pathway* Dol
- u u

Regulation in 3D?

Activated Erk A complex of p-PR, p-Erk and p-MSk

‘“ Hsps phospharylates PR. is formed.

Vicent et al 2011, Wright et al 2012, Ballare et al 2012
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Experimental design
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Chr.18
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Are TADs homogeneous?
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Do TADs respond differently to Pg treatment?
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Fold change per TAD (Logz)

Do TADs respond differently to Pg treatment?
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Modeling 3D TAD:s
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How TADs respond structurally to Pg?
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Model for TAD requlation
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