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Why studying nuclear organisation
and
intranuclear position of chromosomes ?

Genetic material is not randomly organized

“Connected” to gene expression and genome stability

Y

Bolzer et al., (2005) | .

PLoS Biol Yeast model

Underlying principle ?




What are the tools to explore genome organization ?

Poster(s) - Cohesin studies

Christophe Chapard
Henri Mboumba
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Chromosome Microscopy
conformation

capture (3C)

Modeling !



A genetic model to explore genome organization ?



Nuclear architecture in budding yeast

S. cerevisiae ~ 13 Mb, 16 chromosomes / 4um3

Cryofixation/cryosubstitution — I. Leger-Silvestre
Diametrally opposed structure
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Telomeres clustering

Nucleolus

Yang et al., Chromosoma, 1989
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Léger-Silvestre et al., Chromosoma, 1999 TEL (Y’)

Centromeres clustering
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Budding yeast chromosomes

4 um3 — 16 chromosomes In silico model of chromatin

Coarse-grained model
Wong et al., 2012

Modeles proposed from « ensemble statistic »



From budding yeast chromosomes to chromatin ?

In silico model of chromatin

)

Explore model prediction
Wong et al., 2012
Gene position ?
In vivo chromosome motion ?

Super-resolution microscopy ?



From budding yeast chromosomes to chromatin ?

In silico model of chromatin

)

Explore model prediction
Wong et al., 2012

In vivo chromosome motion ?

Super-resolution microscopy ?



Diffraction
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Localization microscopy
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How to fluorescently label genes in the nuclear space ?

Fluorescent repressor/operator system (FROS)

GFP-Nup49 labelling

Chromatin

Nuclear envelope

Visualization of a single chromosomal locus and nuclear envelope:

We Expressed the green fluorescent protein fused to tetR repressor (Michaelis et al., Cell, 1997)



How to fluorescently label genes in the nuclear space ?

Fluorescent repressor/operator system (FROS)

GFP-Nup49 labelling

Chromatin

Nuclear envelope

Visualization of a single chromosomal locus and nuclear envelope:
We expressed the green fluorescent protein fused to tetR repressor (Michaelis et al., Cell, 1997)

We inserted of one array of 112 repeats of the bacterial tetO by homologous recombination



Labeling Loci

* Fluorescent labelling:
— Single locus (GFP-TetR)
— NPC (GFP-Nup49)
— Nucleolar protein (mCherry-Nop1p)

TetR-GFP
GFP-Nup49 mCherry-Nop1 merge
a
locus 1 um
Nucleolus

Nuclear pore



3D in vivo imaging

Spinning disk microscopy : observation of living cells



Localization microscopy

Spinning disk microscopy : observation of living cells
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1 um

Berger et al., Nature Methods, 2008



Statistical analysis of gene position

Spinning disk microscopy : observation of living cells
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1pum

3D position extracted from fluorescent images

* >1000 nuclei analyzed
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Berger et al., Nature Methods, 2008



Statistical analysis of gene position

From individual position to statistical distribution

Alignment of individual nucleus
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Berger et a., Nature Methods, 2008


















































































































