
Let‘s listen to a symphony of

epigenomics when seeking for

drug targets

Alexander Kel
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Big peaks are NOT in DEGs !
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Search for new TF binding sites with PWMs
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organ,
tissue,
cell

stage of 
development

cell cycle
phase

extracellular
signals
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Where ?

When ?

With whom?

How ?

? ?

Non-coding DNA 
we need to know “regulatory code” 

(Epi-Genetic code) 



Fundamental 
principle of 
genetic code:

Codons are not 
overlapping



1-st exonpromoter

TSS

-1000 0 +100

Regulatory „instruction“ in promoter of an Up-regulated
gene





Promoter is a parking place



Parking in Italy



human TNFa promoter

mast cells

T-cells + ?

dendritic cells

T-cells

-107 -74

NFAT

NFATAP-1

NF-kB

C/EBPAP-1

VDR

The same place in promoter is
targeted by different TFs
in differnt cell types and 

conditions



Colorectal cancer: tumor-specific enhancer around a SNP in 
regulatory region of MYC gene





A score of a 
Symphony



Charme



George Gamow Paradigm shift

Forget about biochemistry!
Nucleotides are just 

Letters

of an unknown
language 

Genetic code



Epi-Genetic code:

Forget about letters!

It is not text!
It is music!





Composite Module (CM)

Composite Modules (CM)

(Mark Ptashne, Alexander Gann  Genes and Signals, 2002)





f(|x-xmax|,0,σ	2	)=	

(s)	

TSS	

xmax	

2σ	

q1
(2)(s)

q2
(2)(s)

q2
(1)(s) q3

(1)(s)q1
(1)(s) q4

(1)(s)

q3
(3)(s)

q2
(3)(s)

q1
(3)(s)
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UP-regulated genes



DN-regulated genes

















It’s a fuzzy puzzle!

Silent 
Repressor

Hyper
active

Repressor



Phase-separated condensates 

Richard Young and collegues at Massachusetts Institute of 
Technology (MIT).

TFs have unstable and dynamic protein structure that 
promotes formation of such condensates.



? Master regulator ?

Hyper
active





Transcriptomics

Epigenomics

Proteomics

Genomics

Metabolomics

Multi-omics data input





UP









PASS

The acronym PASS stands for Prediction of Activity Spectra for Substances. PASS performs an 
instant prediction and computational evaluation of biological activity spectra for organic chemical 
compounds.
PASS results can be further interpreted via the PharmaExpert tool and combined with the 
structure-activity relationship models built in GUSAR. 

https://genexplain.com/pass/
https://genexplain.com/pharmaexpert/
http://genexplain.com/gusar/


Target activity score 

M(s) is the set of activity-mechanisms for the given structure s

G(m) is the set of targets (converted to genes) 

IAP(g) is the invariant accuracy of prediction
AT

T

Master-regulators

Drug targets of a drug
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Where ?

When ?

With whom?

How ?

?

“Regulatory code”
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Several regulatory messages could be written in the same sequence
Reading of the messages depends on the cellular context

1)
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2)
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3)
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Even some messages which were not written
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AI should learn to listen good music



Thank you!
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