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1 Levels of Gene Control
Introduction

1.1 The protein content of different
cell types is different

Specific methods can be used to study
the expression of individual proteins
in tissues and cells

General methods can be used
for studying the overall protein
composition of tissues and cells

1.2 The mRNA content of different
cell types is different

Specific methods can be used to study
the expression of individual mRNAS in
different tissues and cells

General methods can be used to study
the overall population of mMRNAS
expressed in different tissues and cells

1.3 The DNA content of different cell
types is generally the same

Specific methods can be used to study
individual genes in different tissues
and cells

General methods can be used to study
the total DNA in different tissues
and cells

Exceptional cases do exist in which
changes to the DNA occur in specific
tissues or cell types

1.4 Transcriptional or post-
transcriptional control?

Pulse labeling studies directly
demonstrate transcriptional control

Nuclear run-on assays allow
transcriptional control to be
demonstrated for a wide range of genes

Polytene chromosomes provide further
evidence for transcriptional control
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in a Dicer-independent manner 26
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to another 78
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Regulation of transcription in eukaryotes

is much more complex than in

prokaryotes 35
2.1 Commitment to the differentiated

state and its stability 36

Cells can remain committed to a

particular differentiated state even

in the absence of its phenotypic
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Cells can become committed to a

particular differentiated state before

actual phenotypic differentiation 37
2.2 The nucleosome 39

The nucleosome is the basic unit of

chromatin structure 39




Nucleosome structure or position can be
altered by chromatin remodeling
processes

Histone modifications and
histone variants

Histones are subject to a variety of
post-translational modifications

2.3

Histone variants are encoded by
distinct genes to those encoding the
standard histone isoforms

The 30 NM chromatin fiber

The 30 nm fiber represents a further
compaction of the beads-on-a-string
structure

Histone H1 and post-translational
modifications of the other histones
are involved in the formation of
the 30 nm fiber

Structural and functional
domains in chromatin

The 30 nm fiber is further compacted
by looping

Locus control regions regulate the
chromatin structure
of a large region of DNA

Insulators block the inappropriate
spread of particular chromatin structures

2.4

2.5

Heterochromatin is a very tightly
packed form of chromatin

The chromosome is the visible result
of chromatin compaction
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3 The Epigenome: Role of
Chromatin Structure in
Gene Control

Introduction

3.1 Changes in chromatin structure in
active or potentially active genes

Active DNA is organized in a
nucleosomal structure

Active or potentially active chromatin
shows enhanced sensitivity to DNasel
digestion
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propagated stably through

cell divisions 75

DNA methylation recruits inhibitory
proteins that produce a tightly packed
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Modification of histones in the
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Functional interaction of different
histone modifications, DNA
methylation, and regulatory RNAs

The different histone modifications
functionally interact with one another
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Changes in chromatin structure
in the regulatory regions of active
or potentially active genes

DNasel hypersensitive sites can be
identified in active or potentially
active genes
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produced by proteins capable of displacing
nucleosomes or altering their structure 99

The SWI/SNF and NURF chromatin
remodeling complexes are recruited
to the DNA by a variety of different
mechanisms

The initial opening of tightly packed
chromatin can involve the binding of
pioneer transcription factors
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3.6 Other situations in which

chromatin structure is regulated

In female mammals one of the two
¥ chromosomes is inactivated

The active and inactive X
chromosomes have a different
chromatin structure

The XIST regulatory RNA is
specifically transcribed on the
inactive X chromosome

Genomic imprinting involves the
specific inactivation of either the
maternally or paternally inherited
copy of specific genes

Imprinting involves changes in
chromatin structure
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4 The Process of Transcription
Introduction
4.1 Transcription by RNA polymerases 115

Transcription by RNA polymerase 1is
relatively simple

Transcription by RNA polymerase IlI
is more complex than for RNA
polymerase 1

Transcription by RNA polymerase Il
is much more complex than
transcription by RNA polymerases |
and III

Plants contain two additional RNA
polymerases which are related to RNA
polymerase Il and play a key role

in gene silencing by small RNAs

Transcription by RNA polymerases [, II,

and Il has a number of common
features

Transcription takes place in defined
regions of the nucleus

4.2 Transcriptional elongation and

termination

Transcriptional elongation requires
further phosphorylation of RNA
polymerase Il
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4.3

4.4

Polymerase pausing is widespread
and represents a potential control
point for the regulation of
transcription

Termination of transcription occurs
downstream of the polyadenylation
signal

The gene promoter

The 70 kDa heat-shock protein gene
contains a typical promoter for RNA
polymerase II

The hsp70 gene promoter contains
several DNA sequence motifs which
are found in a variety of other gene
promoters

The heat-shock element is found
only in heat-inducible genes

Other response elements are found
in the promoters of genes with
different patterns of expression

The proteins binding to short DNA
sequence elements can be
characterized by a variety

of techniques

The use of high-throughput methods
such ChIP-chip and ChIP-seq allows
the analysis of DNA-binding sites and
epigenetic modifications on a whole
genome basis

Promoter regulatory elements act by
binding factors which either affect
chromatin structure and/or influence
transcription directly

Enhancers and silencers

Enhancers are regulatory sequences
that act at a distance to increase gene
expression

Many enhancers have cell type- or
tissue-specific activity

Enhancers influence transcription
both by recruiting DNA-binding
transcription factors and by altering
chromatin structure

The “at a distance” action of
enhancers involves both

DNA-binding transcription factors and
alteration of chromatin structure

Many enhancers are transcribed to
produce long noncoding RNAs
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Specific sequences in the mRNA are
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RNA stability changes supplement
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translation apparatus
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untranslated region of the RNA itself
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when a rapid response is required but
also occurs for the genes encoding
some transcription factors

Post-transcriptional inhibition of
gene expression by regulatory
RNAs

Small RNAs can inhibit gene
expression post-transcriptionally

Small RNAs can induce mRNA
degradation

Small RNAs can repress mRNA
lranslation
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The production of mature miRNAs
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