
Transcription Factors: 
What do they do and can we identify 

potential regulators in our data?

Epigenomics Data Analysis Workshop 2025

Dania Machlab



Chromatin organization

National Human Genome Research Institute
Campos & Reinberg (2009). Annual Review of Genetics



Shlyueva, Stampfel & Stark (2014). Nat Rev Genet

Gene regulation via 
enhancers/TFs



Spitz & E. M. Furlong (2012). Nat Rev Genet

Dynamic changes 
at enhancers 
during 
developmental 
progression.



How can we represent a TFBS or motif?

Shlyueva, Stampfel & Stark (2014). Nat Rev Genet



Motif databases and PFMs

• Jaspar/Hocomoco

Sandelin et al (2004). Nucleic Acids Research

Kulakovskiy et al (2017). Nucleic Acids Research
https://jaspar.elixir.no
https://bioconductor.org/packages/universalmotif/

Starting Sequences Position Frequency Matrix (PFM)

https://jaspar.elixir.no/
https://bioconductor.org/packages/universalmotif/


Position Frequency Matrix (PFM) Position Probability Matrix (PPM) with pseudo-count of 1

Position Weight Matrix (PWM)



How can we additionally reflect the sequence 
conservation?

?



Shannon Information Content
(can think of it as a measure of 
surprise)

Entropy (Uncertainty)
(average Shannon Information content)

Shannon (1948). A mathematical theory of communication 

McKay (2005). Information Theory, Inference, and Learning Algorithms



Total information per position along the TFBS

PPM x ICfinal

Difference in 
Uncertainty
(per position)



Can we find relevant TFs explaining the data?

ATAC-seq ChIP-seq

BS-seq RNA-seq

Gene A

Gene B

Gene C

Gene D

?

TF motif
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DNA sequences

Can we find relevant TFs explaining the data?



Enrichment Test (Fisher’s exact test)

with TF hit with no TF hit
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Binned enrichment approach

ATAC logFC (Batf cKO vs Wt)
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Regression approach for TF selection
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𝑦 ~ 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑝𝑥𝑝

Randomized Lasso Stability Selection

𝑙𝑜𝑔𝐹𝐶 TF 
binding 
sites

Penalty 
term to 
select TFs

Meinshausen & Bühlmann (2010). Journal of the Royal Statistical Society Series B: Statistical Methodology



Selected TFs



References and resources

• Benchmarking papers:

• Gerbaldo, F. E., Sonder, E., Fischer, V., Frei, S., Wang, J., Gapp, K., Robinson, M. D., & Germain, P.-L. (2024). On 
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• Jaspar website: https://jaspar.elixir.no 

• Bioconductor packages:

• https://bioconductor.org/packages/universalmotif/
• https://bioconductor.org/packages/monaLisa/ 

• More on Information Theory: David McKay’s book “Information Theory, Inference, and Learning Algorithms”

• Stability selection paper: Meinshausen, N., & Bühlmann, P. (2010). Stability selection. Journal of the Royal 
Statistical Society: Series B (Statistical Methodology), 72(4), 417–473. https://doi.org/10.1111/j.1467-
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Exercises

• Part 1: representing motifs

• Part2: finding relevant TFs
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