
L1.2 

• L1.2.1 - Human Genome variation 

• L1.2.2 - Chromosomes 



Genetics 

Comparative (phylogenetic conservation indicates conserved function) 

Human Genetic Variation (1000 Human Genomes - HapMap) 

GWAS – Genome variations – phenotype correlation 

Gene expression and phenotype  

Functional Genomics  (ENCODE – FANTOM) 

Epigenomics:  CpG methylation 

  Histone modifications (PTMs) 

  Chromatin status 

  Protein-DNA mapping (e.g. transcription factors) 

Transcriptomics: Coding and noncoding RNAs 

Post-genomics 
HGP 2003 



Human Genome Project Human genetic variation 

Genetic analysis of diseases 

Functional annotation of the Human Genome (and others, e.g. mouse) 

The Encyclopedia of DNA Elements (ENCODE) + other similar projects (e.g. FANTOM) 

Started in 2000 using automated Sanger sequencing 
on 1% human genome (ca. 30 Mb), completed in 2006 

With the advent of Next Generation Sequencing 
Technology, first draft completed in 2012 

The idea was to obtain functional information for 
every single nucleotide of the human genome  



Genetics 

 

Individual genomes display variants 

SNP – single nucleotide polymorphisms 

Indels – insertions and deletions 

CNV – copy number variations 

TE – transposable elements number and position 

 

Variants are associated to more or less evident phenotypes 

 

Some variants are clearly associated to specific pathologies.  

Other variants are associated only weakly with a phenotype but require 
other variants (often in other loci) to become significantly associated 
(combinatorial association).  

Projects are under way to describe all variants associated to risk of 
disease (GWAS: Genome Wide Association Studies) 





NGS 
 
 
Fragment the DNA (or RNA) to be sequenced in smaller pieces 
 
Physically separate the fragments 
 
Highly-parallel sequencing of fragments, high-throughput 
 
 
 

  No cloning step required 



reference genome 

Reads are mapped to the reference genome 

NGS sequencing produces hundreds of millions of short «reads» per run 



From Van Dijk et al.,  2014 (Textbook) 

In blue the first version of the instruments 





1000 Human Genomes, HapMap project 
Describing variations among genomes of individuals 
 
GWAS 
Genome-wide association studies 
Variations (SNPs, CNV, indels) studied in individuals as related to the 
occurence of a phenotype (pathology, risks, other features) 
 
TCGA – The Cance Genome Atlas 
Sequencing of tumor cell DNA to evidence mutations occurring in 
tumors. 
 
 
 
 



The 1000 Genomes Project 
 
http://www.internationalgenome.org/  
 
 
 
Started immediately after the HGP but it was dramatically 
accelerated by introduction of NGS 
 
  

http://www.internationalgenome.org/
http://www.internationalgenome.org/


2010 report 



Exome sequencing 
 
Due to elevated costs, many 
studies were limited to the 
«exome» 
Exome is the set of sequences 
that make up all known 
mRNAs. 
 
Requires enrichment of exon 
sequences from a genomic 
DNA. This is obtained using 
different methods, as 
exemplified in these 
schemes. 
 
From: Teer and Mullikin, 2010. 
Hum Mol Genet. 9(R2):R145-51 





Abstract 
The 1000 Genomes Project set out to provide a comprehensive 
description of common human genetic variation by applying 
whole-genome sequencing to a diverse set of individuals from 
multiple populations. Here we report completion of the project, 
having reconstructed the genomes of 2,504 individuals from 26 
populations using a combination of low-coverage whole-
genome sequencing, deep exome sequencing, and dense 
microarray genotyping. We characterized a broad spectrum of 
genetic variation, in total over 88 million variants (84.7 million 
single nucleotide polymorphisms (SNPs), 3.6 million short 
insertions/deletions (indels), and 60,000 structural variants), all 
phased onto high-quality haplotypes. This resource includes 
>99% of SNP variants with a frequency of >1% for a variety of 
ancestries. We describe the distribution of genetic variation 
across the global sample, and discuss the implications for 
common disease studies. 

WGS 

exome 



Note:  
orange buttons mean something   that you should 
search for and contribute to in the Methodological Wiki 
on the Moodle site something 

1 
 
2 
 
3 

http://cmb.i-learn.unito.it/mod/wiki/view.php?id=3186


Population sampling. 

Graphs sow the fraction of variants that are 
either shared among all Humans or private 
to continents or populations.   

The 1000 Genomes Project Consortium 

https://www.nature.com/articles/nature15393#group-1


A typical genome 

We find that a typical genome differs from the reference 
human genome at 4.1 million to 5.0 million sites (Fig. 
1b and Table 1).  
Although >99.9% of variants consist of SNPs and short 
indels, structural variants affect more bases: the typical 
genome contains an estimated 2,100 to 2,500 structural 
variants (∼1,000 large deletions, ∼160 copy-number 
variants, ∼915 Alu insertions, ∼128 L1 insertions, ∼51 SVA 
insertions, ∼4 NUMTs, and ∼10 inversions), affecting ∼20 
million bases of sequence. 

NUMT=nuclear 
mitochondrial DNA segment 

The 1000 Genomes Project Consortium 

https://www.nature.com/articles/nature15393#group-1


The majority of variants in the data set are rare: ∼64 million 
autosomal variants have a frequency <0.5%, ∼12 million have a 
frequency between 0.5% and 5%, and only ∼8 million have a 
frequency >5%  
 
Nevertheless, the majority of variants observed in a single 
genome are common: just 40,000 to 200,000 of the variants in 
a typical genome (1–4%) have a frequency <0.5% 

The 1000 Genomes Project Consortium 

https://www.nature.com/articles/nature15393#group-1


 
https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/  

Genome Browser for variants, with data from 1000HGP  is available:  

https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/


Comparative genomics.  
 
 

Is there any relationship between the evolutionary degree 
(organismal complexity) and genome size ? 

https://www.ncbi.nlm.nih.gov/genome/browse/#!/overview/  

https://www.ncbi.nlm.nih.gov/genome/browse/#!/overview/
https://www.ncbi.nlm.nih.gov/genome/browse/#!/overview/


Textbook G 



Comparative genome analyses reveal that organismal complexity scales not with gene number but 
with gene regulation. Recent efforts indicate that the human genome likely contains hundreds of 
thousands of enhancers, with a typical gene embedded in a milieu of tens of enhancers. Prolifera-
tion of cis-regulatory DNAs is accompanied by increased complexity and functional diversification 
of transcriptional machineries recognizing distal enhancers and core promoters and by the high-
order spatial organization of genetic elements. We review progress in unraveling one of the 
outstanding mysteries of modern biology: the dynamic communication of remote enhancers with 
target promoters in the specification of cellular identity. 

organismal complexity scales not with gene number but with gene regulation 





https://www.sciencedirect.com/journal/current-opinion-in-
genetics-and-development/vol/49/suppl/C  

For those of you interested in Transposable Elements biology:  
 
 
Current Opinion in Genetics and Development, April 2018 issue: 

https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C
https://www.sciencedirect.com/journal/current-opinion-in-genetics-and-development/vol/49/suppl/C


Chromosomes and Nuclear organization 

L1.1.2 





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 ? 



fibroblast Pro-B cell 

From: Reddy et al., 2008 (Research paper 1) 

3D DNA immunoFISH of the Igh loci 

What is this ? Go to NCBI-Gene database 

Immuno-FISH 

http://www.ncbi.nlm.nih.gov/gene/
http://www.ncbi.nlm.nih.gov/gene/
http://www.ncbi.nlm.nih.gov/gene/


Several new concepts: 

 

Chromosomal territories 

Chromatin landscapes 

Transcriptionally silent domains 

Transcriptionally active domains 

Changes in nuclear position (induced genes) 

Input 

   

   tissue specific nuclear organization 

       
     proper transcriptional regulation 

 



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 

Chromosomal territories (CT) 



Metaphase human chromosomes 



CT = chromosomal  territory 

Interdigitated,  inter-twined  or   inter-twingled CTs ? 



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?  



Macroscopic 
 
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-
a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-
SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih
=647 
 

This is quite old concept, indeed…. 

http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647
http://www.google.it/search?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=rE0&rls=org.mozilla:it:official&prmd=imvns&source=lnms&tbm=isch&ei=IJ1dT-SSF9HoOYWWlfYM&sa=X&oi=mode_link&ct=mode&cd=2&ved=0CBQQ_AUoAQ&biw=1330&bih=647


Another interesting collection of E.M. images of different nuclei 
is found  here 

https://www.uni-mainz.de/FB/Medizin/Anatomie/workshop/EM/EMKernE.html


Do macroscopic differences reflect different 
(macro)-molecular organization ? 

http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=Z7Qbqfi13DRZnM:&imgrefurl=http://www.frontiers-in-genetics.org/page.php?id=protein-synthesis_en&docid=SiPqoUiis6VahM&imgurl=http://www.frontiers-in-genetics.org/en/pictures/nucleus_1.jpg&w=348&h=300&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=lhQuBCsXrhk8HM:&imgrefurl=http://www.uni-mainz.de/FB/Medizin/Anatomie/workshop/EM/EMKernE.html&docid=_munhLdny6AkKM&imgurl=http://www.uni-mainz.de/FB/Medizin/Anatomie/workshop/EM/eigeneEM/Ileum/26751ok.jpg&w=650&h=587&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=mkWUFNzy2AcLpM:&imgrefurl=http://www.cellnucleus.com/TEM.htm&docid=wQZpqq28qt6uzM&imgurl=http://www.cellnucleus.com/Images/mousea7colourLarge.jpg&w=512&h=512&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=UnBnj6jOXNfA5M:&imgrefurl=http://biology.unm.edu/ccouncil/Biology_124/Summaries/Cell.html&docid=ZlSYp3PtBPWI6M&imgurl=http://biology.unm.edu/ccouncil/Biology_124/Images/nucleusmicroscope.jpeg&w=191&h=184&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=tDZOJkBRkoUpxM:&imgrefurl=http://www.answers.com/topic/cell-nucleus-1&docid=afULc_l0PV2nrM&imgurl=http://content.answcdn.com/main/content/img/McGrawHill/Encyclopedia/images/CE116800FG0010.gif&w=248&h=242&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=50VcQcOFhtr_WM:&imgrefurl=http://missinglink.ucsf.edu/lm/approach_to_histo/electronmicroscopy.htm&docid=3Hu5p4rxmNR2-M&imgurl=http://missinglink.ucsf.edu/lm/approach_to_histo/images/electronmicroscopy_clip_image002.jpg&w=433&h=309&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=bErZM5BIXgp6OM:&imgrefurl=http://course1.winona.edu/sberg/308s10/Lec-note/DNA&Chromos.htm&docid=eeH4KPucL4hU3M&imgurl=http://course1.winona.edu/sberg/ILLUST/nucleus1.GIF&w=586&h=613&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=VSk5kEseVkdw4M:&imgrefurl=http://publications.nigms.nih.gov/insidethecell/chapter3.html&docid=BDeAXy0ybJXEzM&imgurl=http://publications.nigms.nih.gov/insidethecell/images/ch3_nerveend.jpg&w=350&h=279&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=2QBehbGeXJJriM:&imgrefurl=http://www.biologyreference.com/Mo-Nu/Nucleolus.html&docid=i8chbqcFwyzPgM&imgurl=http://www.biologyreference.com/images/biol_03_img0316.jpg&w=354&h=426&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=aYYB6IyHcl-XtM:&imgrefurl=http://www.trichinella.org/gallery/yuzo/CD3/Yuzo-EM13.htm&docid=6kCemazExhMfDM&imgurl=http://www.trichinella.org/gallery/yuzo/CD3/denken013.jpg&w=771&h=768&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=_CHPF9ga5T0PEM:&imgrefurl=http://do-archaea-have-a-nucleus.seebyseeing.net/&docid=Ixr8OTHgn_FwMM&imgurl=http://middletownhighschool.wikispaces.com/file/view/nucleus_projection_image.jpg/174213231/nucleus_projection_image.jpg&w=766&h=900&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=WvT2WB144-NTNM:&imgrefurl=http://www.international.inra.fr/research/some_examples/ostreococcus_tauri_at_the_root_of_plant_ancestry&docid=xFrWrb0QnRIz9M&imgurl=http://www.international.inra.fr/var/inra_international/storage/htmlarea/1451/7_ostreococcus.jpg&w=334&h=362&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=1i4Wj-ADw57iPM:&imgrefurl=http://www.bcb.uwc.ac.za/Sci_Ed/grade10/cells/nucleus.htm&docid=0spJjktu4x0yNM&imgurl=http://www.bcb.uwc.ac.za/Sci_Ed/grade10/cells/images/nucleus-em.gif&w=450&h=246&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=dKsfXynp9h21AM:&imgrefurl=http://www.bioimaging.ubc.ca/equipment/electron-microscopes/electron-microsopy-image-gallery&docid=Mh7DPNZaAtYkrM&imgurl=http://www.bioimaging.ubc.ca/wp-content/uploads/2011/02/tem_parisa2L.jpg&w=1001&h=1000&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=CPAgh5Wj9sVKEM:&imgrefurl=http://www.marcpouliot.crchul.ulaval.ca/teaching/index.html?L=1&docid=ZvRMTTTjzHvTIM&imgurl=http://www.marcpouliot.crchul.ulaval.ca/fileadmin/documents/Neutrophile/Neutro-EM-full.jpg&w=515&h=343&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=7amTdPXZwLpKvM:&imgrefurl=http://www.pnas.org/content/102/46/16813/F5.expansion.html&docid=pX4cXm9kV_iAvM&imgurl=http://www.pnas.org/content/102/46/16813/F5.large.jpg&w=763&h=857&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=B2Rer8le0zlCrM:&imgrefurl=http://synapses.clm.utexas.edu/atlas/1_3_3.stm&docid=XAVkpm_DN5Rh9M&imgurl=http://synapses.clm.utexas.edu/atlas/1_3_3.gif&w=653&h=498&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
http://www.google.it/imgres?q=nucleus+electron+microscopy&hl=it&client=firefox-a&hs=IuK&sa=X&rls=org.mozilla:it:official&biw=1330&bih=647&tbm=isch&prmd=imvns&tbnid=t8tTRsnKcpde0M:&imgrefurl=http://www.bio-pro.de/magazin/thema/00163/index.html?lang=en&artikelid=/artikel/02803/index.html&docid=SEY-sp4RcsebIM&imgurl=http://www.bio-pro.de/magazin/thema/00163/index.html?artikelid=/artikel/02803/index.html&lang=en&image=NHzLpZeg7t,lnp6I0NTU042l2Z6ln1ad1IZn4Z2qZpnO2Yuq2Z6gpJCDdX12fWym162bpYbqjKbNpKCYlq7p&w=540&h=351&ei=I51dT-aUNMf34QSG0ISjDw&zoom=1
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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. 

2D and 3D FISH 



Introducing nuclear localization of interphase chromosomes 

From Parada et al., 2004, Genome Biol. 5:R44. 

Chromosome 5 painting  



From Parada et al., 2004, Genome Biol. 5:R44. 

“P” value 

«P-value» 



From Parada et al., 2004, Genome Biol. 5:R44. 



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

 

From Parada et al., 2004, Genome Biol. 5:R44. 



Couple of 
chromosomes 





Take-home messages: 

 

 Interphase chromosomes occupy discrete “territories” 
within the nucleus 

Position of interphase chromosomes is cell-specific 

Relative positioning is also cell type-specific  



Next Lesson (Wednesday): 
 
1. Reddy’s paper (Your Research Paper No. 1) 
 
2. Start «Chromatin structure» 
 
 
 
You should read (at least start reading) your textbook on 
this subject: 
 
Bannister Kouzarides 2011 PTMs rev  
  


