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Can we relate structure and expression?

Simple genomes

Complex genomes
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Resolution

Limited knowledge...
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3 Adapted from:

Langowski and Heermann. Semin Cell Dev Biol (2007) vol. 18 (5) pp. 659-67
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Integrative and iterative approach
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Grow GM12878 and K562 cells

4

Perform 3C analysis

4

Perform 5C analysis with 30+25 primers

v

Analyze 5C products by paired-end Solexa sequencing
(131,947 paired end reads per library)

7.00E+06

6.00E+06

g
m
2

4.00E+06

£ 3.00E+06

IMP Objective function

g
m
2

1.00E+06

F

.

i} 0

S By
-

0.0E+00

I ]

0 350

1 1 1 T 1 T T T
100 150 200 250 300 350 400 450 500
Iteration

Computation Sgge/

Thursday, July 8, 2010



Structure determination

Integrative Modeling Platform
http://www.integrativemodeling.org

Alber et al. Nature (2007) vol. 450 (7170) pp. 683-94

el Biomolecular structure determination
b 2D-NOESY data

Chromosome structure determination
5C data
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5C technology

Detecting up to millions of interactions in parallel

Crosslink DNA Cut with
restriction
Hind I.II énzyme

AAGCTT
TTCGAA

http://my5C.umassmed. edu

Dostie et al. Genome Res (2006) vol. 16 (10) pp. 1299-309

Ligate Purify DNA Annealing
locus-specific
Hindlll 5C primers
AAGCTT
TTCGAA
N-—".__‘,

5C “copies” the 3C library into a 5C library containing only ligation junctions

Performed at high levels of multiplexing:

2,000 primers detect 1,000,000 unique interactions in 1 reaction

Ligation
mediated
amplification
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Human a-globin domain

ENmMOO8 genomic structure and environment

ENCODE Consortium. Nature (2007) vol. 447 (7146) pp. 799-816
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The ENCODE data for ENmOQOQ0S8 region was obtained from the UCSC Genome Browser tracks 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 ChlP-seq
(Bernstein Group at Broad Institute of Harvard and MIT).
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5C on the human a-globin domain

ENmMO008 genomic structure and environment
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Integrative Modeling

http://www.integrativemodeling.org
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Representation

Harmonic
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GM12878
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Rrverie fragments

Forward fragments

IZ
1,520 restraints |

K562

70 fragments
1,049 restraints |

Reverse fragments

L 3

T

Forward fragments

= 1
—
|
Force | — ]
o5 27 a0
Harmonic
‘~j
ba}
.'- -
l.-
Force [ y E— ]
0s 16 27 38 S0

|
-
Eq. dist. —:J

Eq. dist. m

0

b S

Force 0

Force B8

Eq. dist.

Eq. dist M

145

s

145

Thursday, July 8, 2010



CREATE PARTICLES

:
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Clustering
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Not just one solution

GM12878
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Not just one solution

and we can de-convolute them!
w N e g R E o w g & A
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Consistency

GM12878 K562
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Regulatory elements

GM12878 K562
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GM12878
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Multi-loops

GM12878 K562
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Expression
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Summary

5C data results in comprehensive interaction matrices to

build a consistent 3D model
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Summary

Models allow for 5C data de-convolution
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Summary

Models allow for 5C data de-convolution
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Summary

Selected models reproduce known (and new) interactions
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Summary

Large-scale changes in conformation correlate with
gene expression of resident genes

100 nm

o ] e S o E

2E @& © 2 o < 7 =28 g 5 & g g 2

S & £ I3 2 Eg&EE & 3 3 g ZR 2 £z 3 a E

s | DL ) O O T N I v ]
® v o m oo ®
3% @ 2 @ 2
- I GM12878
RNA I | i ; i diff
I b | N N N | K562
- —

a-globin- |
Enhancer looping g
only in K562 i \CP O

\ Looping interaction
In GM12878 cells

21

Thursday, July 8, 2010



Summary

“Chromatin Globule” model

Active genes
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- .
/ - | ) = CTCF sites
HS sites
3 Globule core
—
Megabase K
(a) ) subcompartment Factory scale
chromatin
I
Eraf
N CTCF
N HBB
: Fractal
globule
subcompartment loop base spring Polll
(magnified)
22

Thursday, July 8, 2010



Initial validation

FISH experiments by the Lawrence Lab (UMASS)
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Other applications

Caulobacter crescentus whole genome
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7AG8  Other applications...

Caulobacter crescentus whole genome
Mark A. Umbarger
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7AG8  Other applications...

Caulobacter crescentus whole genome
Mark A. Umbarger
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/IS

&y  Other applications...
Whole (low-res) human chromosome 21 and RNA chimeras
Sarah Djebali
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