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(Warner et al., 2018)

Objectives & Motivations
Challenge: How to screen the full data set?

PRPP riboswitch (Perselis & Serganov, 2018). 

• Lightweight

• Fast & robust algorithms

• Easier to acquire

• Retain structural signal

• 3D data is rare and 3D 

structures hard to predict

• Geometric DL is sensitive



Relational Graph Convolutional Network (RGCN)
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RNAmigos
(Oliver et al., 2020)
(Carjaval-Patiño et al., 2025)
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RNAmigos1: Proof of concept

(Oliver et al., 2020)

Encode binding pockets as graphs 

labelled with Leontis-Westhof base 

pair classification.

Given a motif RNAmigos1 outputs 

the fingerprint of a ligand.



RNAmigos2 overviewlarge-scale 
docking 

experiment 

Original PDB 
dataset

Unlabeled 
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(Carjaval-Patiño et al., 2025)



Data source

• Docking scores : ∼1.2M RNA-pocket / ligand pairs scored by 

rDock.

• Binding sites : 1,740 native RNA–small-molecule complexes 

from the PDB.

• Chemical compounds : ∼1.5M unlabeled drug-like molecules 

for VAE pre-training.

• RNA neighborhoods : ∼200k binding-site-like subgraphs from 

the PDB for RGCN pre-training.
(Carjaval-Patiño et al., 2025)



Encoder & Decoder

• Encoders (unsupervised): a VAE on 

small molecules and an RGCN on 

pocket 2.5D graphs.

• Decoders (supervised, joint): AFF 

predicts the rDock docking score; 

COMPAT predicts native vs. decoy.

• All four heads share the same 

encoders.

(Carjaval-Patiño et al., 2025)



Scoring

Input: a target pocket + a library of compounds:

1. Encode pocket once with the trained RGCN.

2. Encode every compound with the VAE.

3. For each (pocket, compound), get scores 

from both the AFF and COMPAT heads.

4. Ensemble →final p(bind).

(Carjaval-Patiño et al., 2025)



Virtual Screening (VS) Performance
• Candidate ligands: PDB (native) +  filtered ChEMBL (decoy) compounds.

• For each PDB binding sites, score all compounds and sort them.

(Carjaval-Patiño et al., 2025)



(some) Challenges of validation
• Leakage from pre-training

• Repeat experiments with multiple random seeds

• Class imbalance (e.g., PDB ligand dont display drug-like features)

• Generalization to unseen (distant) instances 

• Validate the model leverage ligand AND structure features

(Carjaval-Patiño et al., 2025)



A hybrid docking strategy Performance:

Objective: Even if you do not fully trust RNAmigos, 

you can use it to accelerate classical docking

1. RNAmigos2 ranks candidates

2. Docking tool (rDock) scores the best candidates



(Blind) Test on ROBIN large-scale in-vitro assay

• 24,572 small 

molecules

• 36 Nucleic acid 

targets

• Mixed model 

(combined with 

rDock)

• Similar accuracy at 

fraction of running 

time



Try it 
yourself!

https://github.com/cgoliver/rnamigos2

carlos.oliver@vanderbilt.edu



Ribo-LENS
(Nitchi et al., submitted)
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Ribo-LENS framework

(Nitchi et al., 2026)



Benchmark on GerNA-Bind test set

• GerNA-Bind test set (Xia et al., 2025) from HARIBOSS (Panei et al., 2022).

• Split: training set (structures <2020) & test sets (structures >2020).

• Positive: nucleotides < 4Å (Nitchi et al., 2026)



APO/HOLO conformational robustness

(Nitchi et al., 2026)

• Benchmark from fPocketR (Veenbass et al., 2025)

• GED: Graph Edit Distance

• RMDS: Backbone



APO/HOLO case study
APOHOLO

Conserved 2.5D

Distant 3D

Distant 2.5D

Conserved 3D

(Nitchi et al., 2026) Purple glow: True site; Green glow: Ribo-LENS prediction



What is the impact of pooling?

(Nitchi et al., 2026)



Simulation of sequence-based virtual-screening

ROBIN assays
• ~25,000 small molecules binding  against target 27 RNAs

• Retain only RNAs for which we can predict a structure (14)

• Predict 3D structure (RhoFold+)

• Extract 2.5D graph (for Ribo-LENS)

• Predict binding site from 2.5D with Ribo-LENS

• 3 pooling steps, no threshold

• Dock small molecule library on candidate sites with rDock

• Additional blind docking with rDock for a baseline

• Compute enrichment score



Ribo-LENS vs Blind Docking

(Nitchi et al., 2026)
𝐸𝐹𝑥% =

Τ𝑎𝑥 𝑛𝑥

Τ𝐴 𝑁

𝑎𝑥  : #compounds in top 𝑥% of ranking

𝑛𝑥  : #experimentally confirmed active among them

Enrichment factor:

Accuracy Time Diversity



RNAglib
(Mallet et al., 2022)
(Oliver et al., 2025)
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rnaglib: A framework for RNA ML applications

(Mallet et al., 2022; Wyss et al., 2026)



Shoutout

(Karroucha et al., 2026) (Wyss et al., 2026)

Reasoning in RNA-targeting drug 

design

Review and benchmarks of ML 

methods

Comprehensive benchmarking for RNA 

structure-function modeling

Exploring structure representations with 

rnaglib
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