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Antecedentes

* Existencia de elementos en cis como promotores,
potenciadores (enhancers), aislantes (insulators)

* Plegamiento y empaquetado de la cromatina.

* Regiones nucleares especializadas

A Enhancer/ silencer B Insulator
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Interacciones cromosomicas
a distancia.

Linear genome sequence

/TN

—o1—In

|

Three-dimensional organization
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El nucleo eucariota esta subdividido en
compartimentos funcionales.

* Fabricas de transcripcion

* Fabricas de replicacion

» Speckles de procesamiento (splicing)
* Cuerpos de Cajal

* Cuerpos PML

* Cuerpos polycomb

Componentes estructurales de los

compartimentos:

* Laminas (filamentos intermedios
asociados a envoltura nuclear)

* Cromosomas mismos como
componente estructural:
heterocromatina, eucromatina



Aproximaciones por microscopia:
Hibridacion de fluorescencia in situ 3D

Cremer, Cremer Nature 2001
Speicher, Carter Nature 2005




Territorios y contenido de genes

Bickmore, Cell 2013



Funciones: Rol de |la posicion espacial en la
actividad y la estabilidad gendmica
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Aproximaciones para el estudio de
cromosomas: 3Cy modelado

* 3 aproximaciones:

— l|dentificacion de loci que interaccionan mas frecuentemente de lo
esperado

— Modelado basado en restricciones

— Modelado basado en tratamiento de cromatina como polimero
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Diferentes escalas estructurales y
diferentes métodos de analisis

Structure

r ' W X gecale

Chromatin accessibility
Nucleosome footprinting
Protein on DNA

RNA on DNA

Long-range DNA-DNA contacts

TRENDS in Ganafics




Principios del método 3C:
chromosome conformation capture

Esta metodologia y sus derivados miden la frecuencia promediada por poblacion a
la cual dos loci cromosomales se asocian fisicamente en el espacio tridimensional.

Esta medicion se basa en la tendencia de estos dos loci a quedar unidos
quimicamente durante la adicion de formaldehido.

La cromatina intercruzada se solubiliza y fragmenta, usando una enzima de
restriccion.

Los fragmentos interactuantes se ligan y purifican, creando una libreria genomica
de moléculas de ADN quimeérico.

La abundancia relativa de quimeras especificas esta relacionada a la probabilidad
de que los fragmentos que componen la quimera estén asociados en el espacio
tridimensional en la poblacién celular estudiada.

Una biblioteca 3C incluye una gran cantidad (10'1) de productos de ligacion entre
fragmentos de aprox 4 kb y se puede analizar de muchas maneras, segun los
objetivos del estudio.

3C: “uno contra algunos”, 4C: “uno contra todos”, 5C: “muchos contra muchos”,
Hi-C: “todos contra todos”, ChIA-PET (“algunos contra todos”)



C3 method
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Entrecruzamiento (crosslinking) de
cromatina mediante formaldehido
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C3 method

1. Crosslinking
2. Digestion

3. Ligation

4. Reverse cl
5. PCR
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Ejemplos de analisis 3C

a Predicted interactions with and without looping b Detection of centromeric interactions in yeast
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Chromosome Conformation Capture (3C) Technologies

Crosslinking
chromatin
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4C: circular 3C (“uno contra todos”) un cebo,
muchas interacciones desconocidas

Esquema general

E. Splinter et al f Methods 58 (2012) 221-230
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Representacion de resultados 4C
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Variacion de 4C: colP-4C

Cross-link and
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Hi-C: “todos contra todos”

Poder de la técnica: los puntos de unidén se marcan con biotina y pueden purificarse y
secuenciarse

A crosslink and isolate B digest and biotin fill in C ligation and DNA isolation
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Visualizacion de datos Hi-C
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Hierarchical genome organization.

Chromosome Aand B
compartments
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Memoria transcripcional y estructura
de la cromatina.
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Figure 3 | Extablishing and maintsining 30 chromatin
organization. A | Enhancer—promoter loops bring
transcription factors bound to the snhancer (depicted as red,
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Thee cohesin comples is represented s e green ring.
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Figure 5. Genome Function Drives Structure

All cells of an organism contain genomes of identical sequence (left single nucleus), but different cell types express distinct gene expression programs (heatmaps)
and assume different genome topologies as detected by chromatin interaction maps. The cell-type-specific homotypic chromatin-chromatin interactions drive
higher-order genome organization and generate distinct overall genome topologies in different cell types, resulting in cell-type-specific patterns of euchromatin
(green) and heterochromatin (red). (right) Within a cell type, the heterogeneity of chromatin-chromatin interactions generates cell-to-cell variability in the pop-
ulation.
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Figure 6. The Probabilistic Genome

(A) Bi-directional interplay of chromatin structure (light shaded area, left) and function (dark shaded area, right). Chromatin structure affects gene function (blue
forward arrow). Chromatin structure reversibly oscillates between a condensed and open state, which facilitates association of transcription factors (blue, yellow),
leading to a poised state and upon association of RNA polymerase (red) enables transcription (green bent arrow). Conversely, transcription affects structure (red
reverse arrow), by maintaining an open chromatin structure.

(B) Chromatin structure does not act as a deterministic, binary switch, but rather as a probabilistic modulator of function.

In a binary switch medel, the expression level of a given gene in individual cells is either fully on {green points) or fully off (red points) reflecting the open and closed
configuration of the gene locus in single cells.

In a modulatory medel, gene expression levels are heterogeneous (red, green points) in individual cells reflecting the probabilistic nature of gene activity in open
and closed chromatin as typically observed experimentally.

(C) Gene expression is a multi-step processes and is inherently probabilistic. Each step required to activate a gene represents an equilibrium of a productive event
toward gene activation versus a reverse, unproductive event with a certain probability. Probability 1: stable association of a chromatin remodeling factor (blue)
versus transient interaction as they diffuse through the nucleus. Probability 2: maintenance of decondensed chromatin versus reversion to condensed state.
Probability 3: association of early transcription factors (light blue, yellow) which promote the likelihocd of association of additional transcription factors versus
disassociation of early transcription factors. Probability 4: association of RNA polymerase (red) versus loss of activating transcription factors. Probability 5:
transcriptional activation {oent green arrow) versus unproductive dissociation of RNA polymerase. As a result of the probabilistic nature of each step, the
activation process as a whole is relatively inefficient, thus generating the stochastic patterns of activation observed for most genes.
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