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A central hub for biomolecular modelling and simulations

Enabling better science by:

• Improving the performance and 
functionality of key applications

• Developing user-friendly computational 
workflows
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Simulation Data Prediction Experiments
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48 MareNostrum nodes
2,304 cores à 1 job

12 mutations 
10ns-length MDs

GROMACS 4 nodes MPI

Time: 8h

Mutation Modeling + MD Setup + MD Run
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32 MareNostrum nodes
1,536 cores à 1 job

1000 short TI MDs (50ps)
500 forward 

+ 
500 reverse

Time: 5h

Non-equilibrium free energy calculation



Projects 
• High-throughput prediction of the impact of 

genetic variability on drug sensitivity and 
resistance patterns for clinically relevant EGFR
mutations from atomistic simulations.

• Large-scale SARS-CoV2 mutation analysis, 
including a study on the evolutionary path and 
host-selection mechanism of SARS-CoV-2.

• DNAffinity: A Machine-Learning approach to predict
DNA Binding affinities of Transcription Factors.
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q Epidermal Growth Factor Receptor (EGFR) - (Kinase Domain)

q EGFR mutations drive some types of cancers, like
carcinoma, glioblastoma or NSCLC.

q Key component of tumor cell proliferation and growth.
q Two therapeutic approaches:

q Monoclonal antibodies (extracellular domain)
q ATP competitive inhibitors (intracellular domain)

q Selected mutations from literature:
o T790M (gatekeeper) confers resistance

to Erlotinib and Gefitinib by increasing 
ATP binding. 

o L718Q, L747F, L747H kill Osimertinib
o G719S, S768I, L833V enhances Gefitinib

Could we predict the effect of  the mutations?
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Sequence
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Could we apply the method to different systems?
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Aim
Prediction of the most likely binding sites for different TFs along a 
given DNA sequence

DNA SEQUENCE FUNCTION

STRUCTURE

Protein Recognition
Protein-DNA binding
Genome organization
Expression control
…..



Methods: Machine learning workflow

§ The model takes into account

§ Experimental data  

§ Computationally derived structural DNA 
properties (including neighboring effect)



Scheme ML
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DNA CONFORMATION AT TETRAMER LEVEL 
(ParmBSC1):

Base pair parameters and stiffness:  (INDIRECT READOUT)  

Sequence Pattern (PRESENCE probability)

Electrostatic potential at base pair level (DIRECT READOUT)

Features 

The static and dynamic structural heterogeneities of B-DNA: extending Calladine–Dickerson rules ,Pablo  Dans, 2019, NAR
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Binding affinity 
from HT-selex
experiments 
for each TF

Labels 

IN VITRO 
EXPERIMENTS 

Binding affinity 
Protein Binding 

Microarray (PBM) 
Data for each TF

Systematic characterization of protein-DNA interactions, Zhi Xie;  Cellular and Molecular Life Sciences, 2011



- uPBM (universal PBM, 36mers) cut and aligned based on position-weight-
matrix (PWM) ofthe highest affinity sequences
Noisy and overrepresentation of low affinity binding sites: Undersampling 
(removing noise - uPBM)

- gcPBM (genomic PBM) already centered, removal of sequences with multiple 
binding site (gcPBM)

- HT-SELEX data quality assessment: Removing data with low P-value (not 
reliable) and filtering cases using the correlation between the counts across the 
different cycles.

Methods- Preprocessing Data



Results (gcPBM)
MAD1 (R²=0.951)              MYC (R²=0.905)          MAX (R²=0.922)



Results (uPBM)
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Results (uPBM)-Comparisons



Results (HT-Selex)

SELEX-Seq: A Method to Determine DNA Binding Specificities of Plant Transcription Factors; Smaczniak C., Methods Mol Biol 2017



Results (HT-Selex)

SELEX-Seq: A Method to Determine DNA Binding Specificities of Plant Transcription Factors; Smaczniak C., Methods Mol Biol 2017



Results (HT-Selex)-Comparison

Expanding the repertoire of DNA shape features for genome-scale studies of transcription factor binding, Li et all, NAR (2017)



Results (HT-Selex –> uPBM)
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