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My journey into RNA modeling... 
(a very top down approach!)

2001-2003

2008 0n ...

2021 0n ...

2015 0n ...



Sampling the 3D RNA energy landscapes

Roeder, Stirnemann, Faccioli, Pasquali,  QRB Discovery 2022

Ensembles

Molecular dynamic simulations & co.

Most of my life is spent here 
But it’s another section...



RNA is polymorphic!
Different structures can have different functional properties: 
- different interactions with proteins 
- different interactions with small ligands

Physics/chemistry govern these interactions 

RNA interactions landscapes

Chemistry

pairwise interactions

Physics

fields



Statistical Molecular Interaction Fields (SMIFs)

Simple functional forms (Gaussians) parametrized based on known structures to describe molecular interactions: 

- Hydrogen bonding 

- Stacking 

- Hydrophobic/hydrophilic 

+ Electrostatics (APBS)

Initially for visualization and to build intuition.

Barquero-Morera, ..., Pasquali, JCTC (2025) 

Large-scale PDB analysis (“statistical”)



SMIFs Software

Available on git 
repository



Comparison of  the pockets of  two drugsPockets

N33AM2



Benchmarking against pharmacophores (ligands interaction sites)Pockets
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Pockets scoringPockets



RNA Pockets classiffication

Panei, et al.  Bioinfomatics 2022

Compute SMIFs for all known pockets (“barcodes”)

Clustering of  pockets based on 
fields values

Pockets

Link clusters and ligand properties for drug design  
(ML models)



Pockets and energy landscapes

TAR HIV

Roeder, JCTC (2026) 

Average SMIFs over conformational basins



Pockets and dynamics

Dynamically identify “interaction blobs” 
and follow them over time 

(non trivial process!)

Correlation of  “blobs” HIV IRES with base pairing

Transition pathway from GS to E



Not just pockets...Interfaces

dynamically connected interaction patches



Interaction fields (iSMIFs)
Visualize and rationalize which interactions are “used” in an interface

• Stacking field with aromatic rings  

• Hydrogen bonds acceptor field with hydrogens 
Hydrogen bond donor field with hydrogen 
bond acceptors 

• Electrostatic field with charges

Compute fields for one partner and match with occupation (density) 
fields of  its counterpart (compute the fields overlaps):

Interfaces

HIV IRES

40S RNA



Interaction fields (iSMIFs)Interfaces



Pockets

Zhuo et al., Life, 2025
Le Guillaux et al.  BMC Bioinfomatics 2009

Veenbaas et al, PNAS 2025 

ML methods Geometry-based methods

Pockets’ prediction

Local fields

Fields hot-spots

RNA binding 
pocket detection

SMIFs to detect RNA binding pockets
physics-based

SPockeR
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Conclusions: Physics rules!

SMIFs help understanding interactions between RNA and small molecules and RNA/protein interfaces. 

SMIFs hot-spots match known interaction sites. 

SMIFs provide insightful classification of  RNA pockets that can help narrow down possible drug 

candidates. 

SMIFs can analyse pockets/interfaces on energy landscapes and dynamics. 

SMIF-based pocket predictions, SPockeR, performs extremely well without any training, impling 
totally general applicability to unknown structures, and provide the information of  the relevant binding 
modes characteristics of  the pocket.

A simple interaction model (basically a Taylor ex5ansion) provides a clear undesr9anding of the system behavior.  

Go simple before making things complex! 

Before engaging in involved ML/DL models tFG to understand what the system does.  

Ask the right questions and it will tell you a lot.

My tJo cents...
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