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In eukaryotes gene expression 
is regulated at different levels
In eukaryotes gene expression 
is regulated at different levels

1 - Transcription
2 – Post-transcriptional modifications
3 – RNA transport
4 – Translation
5 - mRNA degradation
6 – Post- translational modifications
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TranscriptionTranscription

For most genes the initiation of RNA transcription is the most

important point of control
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Genetic analysis carried out in the 1950s provided the first

evidence for the existence of gene regulatory proteins

(“transcription factors”) that turn specific genes on or off.
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Switching the tryptophan genes 
on and off

Switching the tryptophan genes 
on and off
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Control of transcription in 
prokaryotes 

Control of transcription in 
prokaryotes 
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Bacteria Sigma Factors to 
regulate gene transcription 
Bacteria Sigma Factors to 
regulate gene transcription 
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Gene regulation in eukaryotes 
involves many more proteins

Gene regulation in eukaryotes 
involves many more proteins
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Transcription initiation in 
Eukaryotes

Transcription initiation in 
Eukaryotes
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Transcription controlTranscription control

Prokaryotes Eukaryotes

Bacterial RNA polymerase requires 1 
general TFs, the σ subunit

RNA polymerase II requires 5 general 
TFs

Operons – sets of related genes 
transcribed as a unit Regulate each gene individually

Each gene is controlled by one or few 
regulatory proteins

Controlled by many (sometimes 
hundreds) regulatory proteins, which 

may act over very large distances.

RNA polymerase is the only contact 
area for gene regulatory proteins

Mediator, a 24-subunit complex 
promotes the contact between RNA 
polymerase and regulatory proteins

Not available Chromatin provides opportunities for 
transcriptional regulation
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cis-elements are present in both 
prokaryotes and eukaryotes 

cis-elements are present in both 
prokaryotes and eukaryotes 
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Eukaryotes show three levels of 
transcriptional regulation 

Eukaryotes show three levels of 
transcriptional regulation 

1 - Chromatin structure in gene regulation

2 - RNA and transcriptional modulation of gene expression

3 – Transcription factors regulating gene expression
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Chromatin structure in gene regulation Chromatin structure in gene regulation 
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Chromatin structure in gene regulation Chromatin structure in gene regulation 

Histone tails
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Chromatin structure in gene regulation Chromatin structure in gene regulation 

Histone code
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Chromatin structure in gene regulation Chromatin structure in gene regulation 

Writing and 
reading the histone

code during 
transcription 

initiation

Histone code for
transcription initiation
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Chromatin structure in gene regulation Chromatin structure in gene regulation 
Activators alter chromatin structure to stimulate 

transcription initiation
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Chromatin structure in gene regulation Chromatin structure in gene regulation 
Six ways in which eukaryotic gene repressors operate  
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RNA and transcriptional 
modulation of gene expression

RNA and transcriptional 
modulation of gene expression

Small RNA 
directed TGS

RNA/RNA

RNA/DNA
Although the exact function of
AGO1 and AGO2 in transcriptional
silencing is not known, it is
possible that the positively
charged Argonaute proteins
promote sequence-specific
association between RNAs and
their complementary targets Hawkins and Morris

Cell Cycle 2008 7, 602
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miRNA processing and mechanism 
of action

miRNA processing and mechanism 
of action
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siRNA-mediated chromatin 
formation

siRNA-mediated chromatin 
formation

RITS (RNA-induced
transcriptional
silincing)
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Transcription factors (TFs) - proteins that show sequence-specific
DNA-binding and that are capable acivating or repressing gene transcription.

GGCATGGC             TATA gene

Promoter

Transcription

mRNA

Basic
machinery

+1

Transcription coregulators (coactivators/corepressors), chromatin
remodelers, histone acetylases, kinases, and methylases play crucial
roles in gene regulation, but lack DNA biding domains and therefore are
not classified as TFs .

Transcription factors regulating 
gene expression

Transcription factors regulating 
gene expression
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TFs contain DNA-binding domain (DBD), signal sensing domain (SSD),
and a transactivation domain (TAD)
The transactivation and signal sensing functions are frequently contained
within the same domain
The order of placement and the number of domains may differ in various
types of TFs

Schematic diagram of a prototypical 
transcription factor 

Schematic diagram of a prototypical 
transcription factor 
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Transcription factors regulating 
gene expression

Transcription factors regulating 
gene expression

Modular 
structure
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Transcriptional synergy

Transcription factors regulating 
gene expression

Transcription factors regulating 
gene expression
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Different types of tanscription factorsDifferent types of tanscription factors

The DNA-binding helix-turn-helix motif
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DNA binding by a zinc finger protein

Different types of TFsDifferent types of TFs
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Different types of TFsDifferent types of TFs
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Heterodimerization of leucine zipper proteins

Heterodimerization expands the 
repertoire of DNA sequences that TFs 

can recognize

Different types of TFsDifferent types of TFs



Advances in PMB 2012

Helix-Loop-Helix (HLH) dimer bound to DNA

Inhibitory regulation

Different types of TFsDifferent types of TFs
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Transcription Factor FamiliesTranscription Factor Families

DNA binding domain

DNA binding domain(s) 
+

Subfamily

(protein-protein 
interaction domains)

FAMILY
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Relationships and domain 
shuffling  among the different 

Arabidopsis transcription 
factor families

Arabidopsis 
Transcription Factors

Arabidopsis 
Transcription Factors

Riechmann (2000) Science 290, 2105

~25.000 transcripts

> 1500 TFs
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Eukaryotic Transcriptional RegulatorsEukaryotic Transcriptional Regulators
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AP2/ERF  (144) Development (flower/seed/root); metabolic pathways; 
stress response; hormone response (ABA/C2H4)

bHLH      (139) Development (trichome/root/carpel) abiotic stress; 
secondary  metabolism; light responses; 

MYB       (190) Development; secondary metabolism; defence response; 
abiotic stress; hormone response (ABA/GA3); cell cycle; light

C2H2(Zn) (112) Flower/seed development; abiotic stress; light

NAC        (109) Development (meristem); auxin-response; virus resistance; *
HB           (90) Development (several); sucrose signalling; cell death; *
MADS      (82) Reproductive organs development; flowering time/abscission; *
bZIP         (77) Flower/leaf/photomorphogenic development; seed-storage; 

defence response; hormone response/biosynthesis; *WRKY      (72) Defence response; *

Plant TF families and their functionPlant TF families and their function

C2C2(Zn)  (104) Seed development/metabolism; flowering time; circadian 
rhythm; *

Riechmann 2002  Transcriptional regulation: an overview. The Arabidopsis Book 

* Abiotic stress
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Transcriptional regulatory networkTranscriptional regulatory network
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