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Gene expression

The Human genome
~ 3 000 000 000 base pairs

2bit per base pair
Þ 750mb data

~ 20.300 genes (protein-coding)
~ 70,000 splice variants
~ 100 proteoforms per gene

© https://commons.wikimedia.org/wiki/File:Extended_Central_Dogma_with_Enzymes.jpg
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Regulation of transcription

mediators : 
complex of ~ 26 different 
proteins

enhancer RNAs (eRNAs) 
relatively long non-coding 
RNA molecules (50-2000 
nucleotides)

cis-regulatory modules 
(CRMs) 

non-coding DNA  -> 
regulates transcription of 
neighbouring genes

trans-acting factor 
regulatory protein, binds 
to DNA.

© https://commons.wikimedia.org/wiki/File:Regulation_of_transcription_in_mammals.jpg

~ 1,600 different transcription factors in a human cell

https://commons.wikimedia.org/wiki/File:Regulation_of_transcription_in_mammals.jpg
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• Proteins
• coactivators, chromatin remodelers, 

histone acetyltransferases, histone 
deacetylases, kinases, methylases

• RNA
• eRNA (enhancer RNA), antisense RNA 

• Metabolic products
• maltose, ADP, …

• Hormones
• steroids, L-Thyroxin, …

• DNA methylation

• Histones

• Protein phosphorylation 

Non TFs that modifies gene expression

© https://commons.wikimedia.org/wiki/File:Maltose_Operon_With_Maltose_Present.png
© https://commons.wikimedia.org/wiki/File:Protein_JAK1_PDB_3EYG.png
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MAP Kinase pathway

© https://commons.wikimedia.org/wiki/File:MAPKpathway.jpg
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Inhibitors of MAP kinases

© [12] Burkhard K, Shapiro P. et. all.
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Gene regulatory networks

Boolean Network of the mammalian cell cycle as proposed 
by Faure et al. [4]. 
Generated with boolNet-Package [5].

© https://commons.wikimedia.org/wiki/File:Elements_of_Signal_transduction_cascade_networking.png
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© [1] Julian D. Schwab, Silke D. Kühlwein, Nensi Ikonomi, Michael Kühl, Hans A. Kestler
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discretised variables / components / genes

{ high/low , on/off , 1/0, true/false }

• similar to experts knowledge

Boolean Networks
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Hill function vs. step function
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Propositional logic

Georg Bool (1815 –1864)Aristotle (384 – 322 BC)

© https://commons.wikimedia.org/wiki/File:Aristotle_Altemps_Inv8575.jpg
© https://commons.wikimedia.org/wiki/File:George_Boole_color.jpg
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Propositional logic

connectivity in gene regulatory networks are usually low K << N  ; K  ~ 2-5
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Boolean network

© [7] Fauré A. et. all.
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State graph 

© [2] HOPFENSITZ, Martin, et al. 

transition graph
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Attractors
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Attractors correspond directly to 
phenotypes

attractor search
- computationally expensive
- NP complete

Example: 
64 genes
=> 2!" = 18446744073709551616
exhausting search: ~ 600 years 
(calculating: 100,000 states per second)

© [5] Christoph Müssel, Martin Hopfensitz, and Hans A. Kestler
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biological networks should be:

• robust against perturbations
• e.g. errors, environment, poison, mutations

• flexible enough to allow adaption

BN raise the Question: 
Which properties must a GRN have to enable life?
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Scale-Free Network

© https://commons.wikimedia.org/wiki/File:Scale-free_network_sample.png
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Small-world

© [6] Watts, Duncan J. Strogatz
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“Living at the edge of chaos”

NK Networks 
n    genes
k    connection (averaged) 
p   (bias percentage of “1”s

in truth table)

© [1] Julian D. Schwab et. all. 
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• single cell scRNA-seq data of human hematopoietic stem cells (HSCs)

• aging-associated NF-κB signalling pathway (hsa04064) 

• Upon aging, HSCs are increased in number, but their activity is highly heterogeneous and impaired. This impaired 
function of aged HSCs might influence the immune system (AAIR) and is likely to be associated with leukemia

• ~101 genes

Automatically referring from single-cell RNA 
sequencing data

© [8] Julian D. Schwab et. all.
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NF-κB signalling pathway 
(hsa04064)

© [8] Julian D. Schwab et. all.
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Automatically referring from single-
cell RNA sequencing data

© [8] Julian D. Schwab et. all.
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© [8] Julian D. Schwab et. all.
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© [8] Julian D. Schwab et. all.
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Gene regulation 

v high complexity

v massive growing data and knowledge

=> computable gene regulator network models a necessary 

GRN are of highest interest for

v better understanding of pharmacodynamics

v finding new drug targets

v general understanding of life

Boolean networks

v have a long history (about 50 years)

v in the past focus on artificial networks 

=> fascinating insights in theoretical biology

become an absolute hot topic in recent years

this was made possible by breakthroughs in numerous areas:

v growing interest in GRN as drug targets 

v Next Generation Sequencing (NGS)

v growing computing power

v new sophisticated algorithms

Conclusion
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Questions… 


