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Nuclear organization: taking a position on gene expression
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Eukaryatic genomes are divided into chromosomes that
oooupy defined egions or terdtonas within the nucleus. Thase
chromosome temitories (CTs) ame arangad based on the
transcrptional activity and chromatin landscape of domains. In
genaral, transcrptionally silert domains reside at the nuclear
parphery, whereas active domains locate within the intedor.
Changes in nuclear position are obsarved for stress-induced
and developmentally regulated tissue-spacific genas. Upon
activation, these genes move away from a CT to inter
chromosomal space containing nuclear bodies enrdchead in
gena axpression machinery. Gene activation is not always
accompanied by mowament, as positioning is dictated by many
determinants, including gene structure and the local genomic
amircnmaent. Caolectivaly, tissue-spacific nudear organization
results from a culmination of inputs that result in propser
transcrptional regulation.
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chemical cross-linking and massive parallel sequencing
to define ge nome-wide relationships [3-5]. Results from
these studies suggest that the genome is arranged as inter-
digitated C'T's rather than random ly inter-twined ¢hromo-
somes [6]. Emerging from these investigations is a picture
of the nucleus as an ordered organelle; the consequences
of this organization are just being realized.

MNuclear organization during differentiation

Studies have linked nuclear organization to cellular differ-
entiation. Cultured pluripotent mouse embryonic seem
(ES) cells possess dispersed chromarin with limited com-
paction. Upon differentiation, they show changes in chro-
matin structure that include large-scale compaction of
genomic domains [7]. Consistent with these fndings,
embryonic development proceeds from a single cell
embryo possessing a ‘featureless’ nucleus with dispersed
chromatin, to differennated cells possessing nuclel with
peripherally locared compact chromatindomains [8]. Inter
estingly, an extended and dispe sed chromatin meshwork
was identified in the eight-cell epiblast, reminiscent of
nuclear structures defined in cultured ES cells. In contrase
to the ‘open’ chromatin structure in the epiblast nucle,



A rat liver cell nucleus
at Transmission E.M.




Gene-poor regions and silenced genes are frequently found
at the nuclear periphery (same as heterochromatin)

How do we know this ?



3D DNA immunoFISH of the Igh loci

.

What is this ? Go to NCBI-Gene database

fibroblast Pro-B cell

From: Reddy et al., 2008 (Research paper 1)
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How do researchers make FISH experiments ?
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Another method, non-morphological, to address whether
silenced genes are generally at the periphery and active genes in
the nucleoplasm ??



Eukaryotic genomes are divided into chromosomes that
occupy defined regions or territories within the nucleus. These
chromosome territories (CTs) are arranged based on the
transcriptional activity and chromatin landscape of domains. In
general, transcriptionally silent domains reside at the nuclear
periphery, whereas active domains locate within the interior.
Changes in nuclear position are observed for stress-induced
and developmentally regulated tissue-specific genes. Upon
activation, these genes move away from a CT to inter-
chromosomal space containing nuclear bodies enriched in
gene expression machinery. Gene activation is not always
accompanied by movement, as positioning is dictated by many
determinants, including gene structure and the local genomic
environment. Collectively, tissue-specific nuclear organization
results from a culmination of inputs that result in proper
transcriptional regulation.



Several new concepts:

Chromosomal territories
Chromatin landscapes
Transcriptionally silent domains
Transcriptionally active domains

Changes in nuclear position (induced genes)
Imput

T

tissue specific nuclear organization

T

proper transcriptional regulation



Chromosomal territories (CT)

Individual chromosomes can be «painted» and maintain
separate territories in interphase nuclei

Chromosome painting techniques can visualize individual
chromosomes both at the metaphase and interphase

Individual «chromosome painting» is a FISH technique



Metaphase human chromosomes



Results from
these studies suggest that the genome 1s arranged as inter-
digitated C'T's rather than randomly inter-twined chromo-
somes [6]. Emerging from these investigations 1s a picture
of the nucleus as an ordered organelle; the consequences
of this organization are just being realized.

Interdigitated, inter-twined or inter-twingled CTs ?

CT =chromosomal territory
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Mapping CTs in cell nucleus




One interesting question: if heterochromatin and CT are
established during differentiation...

Does heterochromatin i.e. nuclear organization,
differ

from one cell type to another?



This is quite old concept, indeed....
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Another interesting collection of E.M. images of different
nuclei is found here
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Do macroscopic differences reflect different
(macro)-molecular organization ?
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Abstract

Background: Genomes are organized in vivo in
the form of chromosomes. Each chromosome
occupies a distinct nuclear subvolume in the
form of a chromosome territory. The spatial
positioning of chromosomes within the
interphase nucleus is often nonrandom. It is
unclear whether the nonrandom spatial
arrangement of chromosomes is conserved
among tissues or whether spatial genome
organization is tissue-specific.



Results: Using two-dimensional and three-dimensional fluorescence
in situ hybridization we have carried out a systematic analysis of
the spatial positioning of a subset of mouse chromosomes in
several tissues. We show that chromosomes exhibit tissue-specific
organization. Chromosomes are distributed tissue-specifically with
respect to their position relative to the center of the nucleus and
also relative to each other. Subsets of chromosomes form distinct
types of spatial clusters in different tissues and the relative
distance between chromosome pairs varies among tissues.

Consistent with the notion that nonrandom spatial proximity is
functionally relevant in determining the outcome of chromosome
translocation events, we find a correlation between tissue-specific
spatial proximity and tissue-specific translocation prevalence.




Introducing nuclear localization of interphase chromosomes

(a) Liver Lymphocytes Lung cells

Chromosome 5 painting

From Parada et al., 2004, Genome Biol. 5:R44.
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Lymphocytes Large lung cells Small lung cells Kidney Liver

Tissue-specific relative positioning of chromosomes 12, 14 and 15

From Parada et al., 2004, Genome Biol. 5:R44.
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compared paireise using the Kolmogoroe-Smimos test. (a) Chromosome pair 1-13; (b} 1-14 {c) 1-15c {d) 12-14 (=) 12-15: () 14-15; {g) 3-4. palues
< .05 {pelloe/red) were considered significant. Abbreviztions as in Figure |. Beteveen 41 and 180 cells were aralzed per tissue.
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Figure 3

Tissue-specific relative positioning of chromosomes 12, 14 and 15. Quantitation of triplet cluster formation by determining for each tissue type the
percentage of cells containing (a) no 12-14-15 triplet clusters, (b) a single triplet cluster of exactly one chromosome 12, 14 and 15, (c) a single cluster of
a pair of homologues and one additional chromosome, or (d) a cluster of homologues and more than one additional chromosome. Expected values based
on random distribution of chromosomes are indicated by a dashed line. Between 41 and 180 cells were analyzed per tissue. (e) FISH analysis of different
cell types for chromosome 12 (red), 14 (blue), and 15 (green). Distinct preferential cluster types are found in different cell types. Scale bar, 1.8 pm.




Conclusions:

» Interphase chromosomes occupy discrete “territories”
within the nucleus

» Position of interphase chromosomes is cell-specific

» Relative positioning is also cell type-specific



