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Elusive Genomic AttributesElusive Genomic Attributes
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- “the modest divergence observed in protein
sequences cannotcannot account for the profound
phenotypic differences between humans and
chimps”

1.5% of the genome contains coding sequences

Regulatory InfluenceRegulatory Influence

Biological processes such as proliferation,
apoptosis, differentiation, development,

and aging

It is essential to identify allall the DNA
regulatory elements in the human genome
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Attribute 1

Attribute 2

Attribute 3

Deductive Reasoning

Often presented asOften presented as
static images static images ……

…… are dynamic are dynamic
processesprocesses
within the cellwithin the cell

Functional sites
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I. Global regulatory organization

Linear Concept of Regulation

Peter Fraser
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3-Dimensional Regulation

Kioussis,Nature (2005)

Chromosome 1 = green
Chromosome 2 = red

Chromosome Territories

Branco  and Pombo, 2007
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Expression Fate

Peter Fraser

Peter Fraser

Transcription Factories
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Interchromosomal Interactions

Chromosome Kissing

X-inactivation T-lymphocyte activation

October 2007, Pages 443-450
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HeterochromatinHeterochromatin- a tightly packed form of DNA,
aggregates at the periphery of the interphase nucleus

•• Constitutive heterochromatin Constitutive heterochromatin

•• Facultative heterochromatin Facultative heterochromatin

•• Euchromatin Euchromatin

Types of Chromatin

     Constitutive heterochromatin     Constitutive heterochromatin
• stable during all stages of development and in all tissues 

centromeres, telomeres (and pericentromerically)
• tandemly repeated sequences
• gene-poor
• late-replicating

Types of Chromatin
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     Facultative heterochromatin     Facultative heterochromatin
• reversible
• depends on the stage of development or cell type
• The inactive X chromosome
• relatively poor in genes
• these genes are usually not transcribed

Types of Chromatin

EuchromatinEuchromatin
• lightly stained appearance reflecting

its less compact structure
• condensed during mitosis
• gene-rich
• often active transcribed
• early-replicating

Types of Chromatin
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Intrachromosomal Interactions

-Yet another model - ratcheting a gene
through an immobilized transcription factory

Ann Dean, 2005

 II. Techniques for assessing
chromosomal interactions
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Nature Genetics - 38, 1348 - 1354 (2006) 

Chromosome conformation capture (3C)

4C Experimental strategy

Dostie Genome Res. 2006 
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Chromosome conf. capture carbon copy (5C)

Globin-domain distance interactions 
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III. Functional Elements

Boundary Elements (I)
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Boundary Elements (II)

Useful for finding functional regions in a given cell typeUseful for finding functional regions in a given cell type
- includes all types of functional elements- includes all types of functional elements
- represents removal or modification of histones- represents removal or modification of histones

DNase I Hypersensitivity

Transcription factors cannot gain access
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DNase HS sites

• On average for each cell type:
– 32% are cell type specific
– 46% are common
– 22% are ubiquitous

HS sites

DNase I hypersensitive sites
• 22% are ubiquitously present
• 86% near TSS
• 10% bound by CTCF
 
Cell type-specific sites
• enriched for enhancer elements
• enriched for cell-type specific 
  features & nucleosome modifications 

Mapping in all cell types will be important to find cell-type specific
regulatory elements



NHGRI Current Topics in Genome Analysis 2008
Regulatory and Epigenetic Landscapes of
Mammalian Genomes

Laura Elnitski, Ph.D.

17

These studies implicate 8% of the genome
as being functional

~ 50% of in vivo nucleosome positioning (in yeast) 

is governed by 
an intrinsic organization encoded in the genomic

Nature 442, 772-778

Nucleosome Code



NHGRI Current Topics in Genome Analysis 2008
Regulatory and Epigenetic Landscapes of
Mammalian Genomes

Laura Elnitski, Ph.D.

18

Mononucleosome Data   
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Oscillation patterns   

Silent and repressed chromatin

Ross Hardison
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Transcription initiation and pausing

Assemble on promoter

Repressors bind
to negative control
elements

Basal and activated transcription

Activators bind to 
enhancers
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Mapping promoters

Use collections of mapped transcription start sites (TSSs) 
• Categorize by motif composition
•  Experimental tests of promoter mechanisms
•   Computational identification of new motifs

Core Promoter Elements
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SP

BR

MU

PB

Carninci et al. 2006

Initiation Pattern by Promoter Type

Willy et al.  Science (2000)

Regulatory modes of the PIC

positive

negative
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ATG deserts

PIC Occupancy
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Promoter Summary

Limited number of core promoter motifs
Near transcription start site
DNase hypersensitive
Occupied by PIC in vivo
Clusters of binding sites

Intergenic Transcription

Much of the genome is transcribed
• TARS
• TUFS
• ncRNAS

- evidence of tracking mechanism?
- importance of ncRNA? 
- spurious events?
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Classically defined as cis-acting DNA regulatory elements
stimulate transcription, 

act independent of their position and orientation

•  often encompass repressive sites
•  usually defined by DNA sequences
•  function as nucleoprotein complexes
•  modify chromatin structures
•  interact with components of the basal machinery

Enhancers

Interferon beta Enhancer-Promoter
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Conservation Identifies Enhancers

• The transcription
rate of the gene is
on or off.

• The enhancer
shifts the balance
to the active state.

Sutherland et al. MCB (1997)

Binary Function
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Billboard Enhancers

Binding sites are flexibly positioned
Ensemble of separately acting factors 
Independently interact with their targets

Arnosti and Kulkarni J. Cell. Biochem. (2005)

Rheostat Function

Enhancers can quantitatively regulate transcription rates
through a continuous spectrum. 
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Bioinformatic Implications

•  Using phylogenetic analyses to identify cis regulatory grammar
   will work for enhanceosomes, but may not work for billboards.

•  A lack of sequence conservation does not indicate a lack of
   relevance for transcriptional regulation.

•  The placement of repressors relative to activators influences function.

•  As the specific rules of the grammar are learned, effective
   bioinformatic analyses will ensue.

IV. IV. Pattern searching in the genome

• 3’ UTRs are targets of microRNA
• Display conserved patterns
• Interfere with transcription or translation

Most functional elements lends themselves to pattern mapping 
or discovery



NHGRI Current Topics in Genome Analysis 2008
Regulatory and Epigenetic Landscapes of
Mammalian Genomes

Laura Elnitski, Ph.D.

29

MiRNA Interference
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Berezikov et al. Hum. Mol. Genet. 2005
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Conservation of miRNAConservation of miRNA

Alternative 
exonPromoter 1 

Transcription unit 1

Promoter 2

Transcription unit 2

Coding Region 3’ UTR5’UTR

Complexity of Complexity of ciscis-regulation-regulation

Minimal Promoter
Regulatory Promoter

Coding and Noncoding Exons
Enhancers/Repressors
Boundary Element
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V. Epigenetics/Epigenomics
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Histone Modifications

He and Lehming, 2003
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Detection Assays

ChIP-Seq

ChIP-Chip

Position relative to TSS



NHGRI Current Topics in Genome Analysis 2008
Regulatory and Epigenetic Landscapes of
Mammalian Genomes

Laura Elnitski, Ph.D.

34

High levels of H3K4me (1-3), H3K9me1, H2A.Z near the TSS
H3K36me3 and H4K20me1 in transcribed regions.

Activation Marks
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Repressive Marks

High levels of of H3K27me3 and H3K79me3

Translator Proteins
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VI. Genome Methylation

• Embryonic development
• Transcription
• Chromatin structure
• X chromosome inactivation
• Genomic imprinting
• Chromosome stability
• Human disease

Methylation of Cytosine in a CpG Dinucleotide

Keith D. Robertson, Ph.D.
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DNA Methylation Coincides with Gene Silencing 

Keith D. Robertson, Ph.D.

Methylation Targets
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DNA Methylation is a biomarker for
cancer

• CpG island hypermethylation, have been
extensively studied and are very frequent and
early events

• A distinct subset of many tumor types has a CpG-
island-methylator phenotype

• Detection of methylated DNA in body fluids has
the potential for early cancer detection

Detecting Methylation



NHGRI Current Topics in Genome Analysis 2008
Regulatory and Epigenetic Landscapes of
Mammalian Genomes

Laura Elnitski, Ph.D.

39

DNA Methylation as a Chemoprevention
Target

• Genes silenced by DNA methylation are intact and
can be reactivated by small molecule inhibitors of
the DNMTs

• Inhibitors of DNA methylation, such as 5-aza-2'-
deoxycytidine (5-azadC) are capable of gene
reactivation and restoration of cell growth control,
apoptosis, and DNA repair capacity

VII. The landscape of regulatory
mutations

Wray Nature Reviews Genetics (2007)
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Cis-regulatory mutations

Michel Georges

Polymorphic miRNA–target interactions:
 a novel source of phenotypic variation

Hypermuscled Texel:
Patrocles mutation

Resequencing
the MSTN gene

identifies 20 non-
coding SNPs …

3 Texels – 7 controls
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• Predicted to be a target site for miR1, miR206

• miR1 and miR206 are conserved in sheep 
  and strongly expressed in skeletal muscle …

• Texel sheep have ≈ 3-fold reduction 
   in circulating MSTN levels …

• mRNA allelic imbalance in GA heterozygotes …

UTR (mis)Regulation

The polymorphism created an 
illegitimate miRNA target site
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1. Understand how mammalian genes are switched on and off during
development and differentiation.

2. Understand and integrate the transcriptional program with the 
epigenetic program.

3. Apply techniques to chromosomal domains, whole chromosomes,
and the entire genome by using microarray or sequencing 
technology.

4. Gain insights into transcriptional and epigenetic regulation to 
understand how they are perturbed in human genetic disease.

Summary

Current Topics in Genome Analysis

Next Lecture:

Microarray Analysis

Paul Meltzer, M.D., Ph.D.
National Cancer Institute

National Institutes of Health


