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Components of Gene Expression

• Signalling Trigger
• Chromatin Dynamics

– Histone Modification
– Chromatin Remodelling
– DNA editing

• Transcription Machinery Processing
– Initiation
– Elongation
– Termination

• RNA Processing
– Capping
– Tailing
– Splicing
– Editing
– Packaging

• Translational Regulation



Transcription Overview



Ptashne and transcription factors 

Young… Old (and stubborn enough …)



Gal4 Structure



Gal4 Structure



Chromatin Structure



Histone Acetylation

+100mM sodium butrylate in isolation



Biochemical Cloning of a Tetrahymena HAT 
with homology to  yeast Gcn5p



Gcn5 Functions in 
Ada/SAGA Complexes



SAGA is Recruited to Gal4p Activated 
Promoter Regions in Galactose Induction



SAGA is Recruited by Gal4p and is 
Required for Transcriptional Activation



Swi/SNF is Required to Mobilize 
Nucleosome



Genetic Interactions between 
SAGA and Swi/Snf Complexes



SAGA Functions Together with Swi/SNF 
Complex to Mobilize Acetylated Nucleosome



Phenotypic Variegation at the Level 
of Transcriptional Efficacy



Telomeric Effect of Silencing

Gottschling et al 1990



Telomeric Effect of Silencing



Telomeric Effect of Silencing

Southern
PstI cut genomic, URA3 probe

Northern



Mating Type Gene Loci

Feldman et al 1984



Mating Type Suppression by SIR



Cloning of SIR1-4



SIR Regulates Heterochromatin 
Structure at HML and MAT Loci



SIR3/4 Binds to H3/4 N-termini



Chromatin Suppressor Binding Site 
for SIR Complexes



SIR2 Proteins are HDACs

ySir2



SIR2/3/4 Complex Formation 
During Heterochromatin Assembly



Biochemistry Assays Identified 
Rpd3/Hos2/Hda1 in different HDAC Complexes



Differential Activity of HDACs



Histone Methylation in 
Mating Type Switch



Histone Methylation in 
Transcription



The Histone Code



Genomic Histone Modification 
Distribution



RNA Polymerase Type-dependent 
Histone Modification Pattern



Galactose Response Circuit

Ideker et al 2001



Transcription in Galactose
Response Circuit



Gal4 Binds to a Consensus UAS



Basic Mechanism in Gal3p-Gal80p-
Gal4p Complex Function



First Model of Gal3p-Gal80p-Gal4p 
Complex Function (in vitro)



Gal3p Functions in Cytoplasm to 
Sequester Shuttling Gal80p

Peng and Hopper 2002

ChIP

ChIP



Second Model of Gal3p-Gal80p-
Gal4p Complex Function (in vivo)



Transcriptional Memory in 
Galactose Response Circuit
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Transcriptional Memory is Mediated 
by Cytoplasmic Gal1p
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Cytoplasmic Gal1p is necessary 
and sufficient for memory



Revisit the Circuit

Sensitivity

MemoryInducibility



Genomic mRNA Response to Circuit 
Perturbation

Ideker et al 2001



Protein-mRNA Discrepancy in 
Systematic Response



Systematic Response: 
The Genome is a Network



Cis- and Trans-acting Elements

cis

trans

Gal4

Gal1UAS



Cis- and Trans- mechanisms in 
Network Architecture



Forward Genomics: 
Quantitative Trait Loci



Quantitative Trait Loci Principles

Contrast

Contrast Mix

Mix Statistics



QTL in Yeast 
Using Expression as a Phenotype



Trans- acting elements in QTL



Reverse Genomics: 
Direct Visualizing by ChIP-on-Chip



Uncovered Network Motifs



Recovered Network in Cell Cycle


