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@ Nuclear organisation = spatial organisation of genome inside nucleus
@ Important for nuclear function: transcription, DNA repair and replication
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Nuclear organisation = spatial organisation of genome inside nucleus

Important for nuclear function: transcription, DNA repair and replication

PTR 218 ‘Functional analysis of gene location and dynamics through quantitative imaging’
o Labs of U. Nehrbass, B. Dujon and C. Zimmer

@ In Saccharomyces cerevisiae yeast, e.g.

e GAL1 gene moves to nuclear periphery during transcription (Cabal et al., Nature, 2006)
o Genes near telomeres (chromosomal extremities) at the nuclear periphery

@ tend to be silenced (Hediger et al., Current Biol., 2002)

@ have highest DNA repair efficiency (Thérizols et al., JCB, 2005)
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but detailed nuclear organisation in eukaryotic cells (including yeast) is largely unknown
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Current state of statistical description of nuclear organisation

Oute\r 50% vol

@ Chromatin has random components of motion (Heun et al., Science, 2001) Inner 50% vol

- . . 2
o statistical descriptions required o

@ binary classification of distance to nuclear periphery
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@ low resolution

o diffraction limit for optical microscopes: ~ 0.25um laterally,
~ 0.5pm axially
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From 3-d microscope images to 2-d locus maps
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Ref: (Berger et al., Nature Meth., 2008, In press)
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Histograms vs kernel estimators

Histogram (same data)
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Density function
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Histograms vs kernel estimators

Histogram (same data) Kernel estimator
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faster convergence in prob.
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2-d chromosomal locus map

@ GAL1 gene under galactose conditions, n = 1702 cells
@ Visually similar locus maps

@ Both are high resolution (< 150nm)

@ but kernel smoother map is more statistically rigorous

histogram locus map kernel locus map
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Focusing on telomeres (1)

@ Existing evidence that 32 yeast telomeres preferentially localise at the nuclear periphery and
form 4 to 5 clusters

o highly non-uniform localisation inside nucleus
o Ideal candidates for investigating spatial location and nuclear function

o Working hypothesis: proximity of telomeres directly related to their recombination efficiency (Gottaetal.,
JCB, 1996)
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Focusing on telomeres (1)

@ Existing evidence that 32 yeast telomeres preferentially localise at the nuclear periphery and
form 4 to 5 clusters

o highly non-uniform localisation inside nucleus
o Ideal candidates for investigating spatial location and nuclear function
o Working hypothesis: proximity of telomeres directly related to their recombination efficiency (Gottaetal.,
JCB, 1996)
@ 2-d locus maps reveal localisation of single locus wrt nuclear landmarks

@ but require localisation of telomeres wrt each other
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Focusing on telomeres (2)
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Focusing on telomeres (2)

Nuclealar
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Caveat: Overlapping 2-d maps does NOT imply colocalisation
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Telomere-telomere pairwise distances (1)

@ Distance between two telomeres

@ Nuclear landmarks unable to be tagged concurrently (only 2 colours
available)

@ NB: different experiments to those for chromosomal loci
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Telomere-telomere pairwise distances (2)
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3-d reconstruction
@0000

Simple 3-d model (1)

@ Limitations of 2-d maps
o Rotation angle about the central axis ( ) not known

@ Assume uniform angles on [0°,360°]

+Unif[0°, 360°] —
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Simple 3-d model (2)
@ No direct 3-d validation check of uniformity assumption
@ Indirect validation via distance between pairs of telomeres
@ With extra assumption of statistical independence

Tel 4R Tel 9R dist(Tel 4R, 9R)
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Checking the assumptions of the simple 3-d model

Measured distances Predicted distances (uniform angles + independence)
9R 6R 6L 14R 10R 5R 1L 13R 15R 4R
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Checking the assumptions of the simple 3-d model

Measured distances Predicted distances (uniform angles + independence)
9R 6R 6L 14R 10R 5R 1L 13R 15R 4R
(85 kb) (1 22 kb) (148 kb) (1 57 kb) (31 0 kb) (430 kb) (440 kb) (658 kb) (705kb) (1 050kb)

0.0606 0.5045 0.0305 0.0119 0.0092 0.0041 0.0282
0.0738 0.0444 0.0188 0.0151 0.0199 0.0075 0.0148
0.0065 0.0056 0.0172 0.0086 0.0166 0.0537 0.0324 0.0393

Uniform angles NOT satisfied in all cases
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Data-based reconstruction (synthetic example)
2-d locus maps pairwise distances
dist(A, B) dist(A, C) dist(B, C)

oA
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Data-based reconstruction (synthetic example)
2-d locus maps pairwise distances
dist(A, B) dist(A, C) dist(B, C)

! ! !

| RECONSTRUCTION ALGORITHM |

@ Allsix inputs (3 locus maps, 3 distances) are each drawn from different cell
populations

@ Match pairs of locus maps with corr. pairwise distances
@ Simulation from non-parametric distributions
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Data-based reconstruction (synthetic example)
2-d locus maps pairwise distances
dist(A, B) dist(A, C) dist(B, C)
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Next steps

@ Thoroughly test reconstruction algorithm on more simulation settings
@ Apply to real telomeres data
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Summary and future directions

Yeast nuclear organisation revealed in more details with:

@ 2-d chromosomal kernel locus map
@ high resolution i.e. not limited by microscope diffraction
o statistically rigorous

@ 3-d reconstruction given 2-d locus maps and pairwise distances
@ work in progress
o ultimate goal to reconstruct 3-d location of complete genome
@ connections to physical models of genome
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