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Motivation - Understanding Combinatorial Biology

Goal: Understand gene combinations 
for novel biology, drug discovery

Limitation: Exhaustive exploration of 
combinatorial space is infeasible

Our Contribution: NAIAD
1) Accurately model non-linear interactions
2) Active learning framework to identify strongest combinations with limited testing



Modeling Non-Linear Interactions

Interactions between gene 
embeddings capture non-linearity of 
interactions

Embedding dimension scales with 
dataset size

Single-gene effects condition 
predictions based on predicted additive 
effect 



Selecting Strong Combinations via Active Learning  



NAIAD Captures Combinatorial Phenotype Effectively

Bertin, Paul, et al. "RECOVER identifies synergistic drug combinations in vitro through sequential model optimization." Cell Reports Methods 3.10 (2023)
Roohani, Yusuf, et al.. "Predicting transcriptional outcomes of novel multigene perturbations with GEARS." Nature Biotechnology 42.6 (2024): 927-935.

NAIAD outperforms comparable 
models for accurately identifying 
combinatorial effect



NAIAD Captures Combinatorial Phenotype Effectively

NAIAD outperforms comparable 
models for accurately identifying 
combinatorial effect

We identify a minimal “gene occurrence” 
frequency for training accurate 
embeddings

Bertin, Paul, et al. "RECOVER identifies synergistic drug combinations in vitro through sequential model optimization." Cell Reports Methods 3.10 (2023)
Roohani, Yusuf, et al.. "Predicting transcriptional outcomes of novel multigene perturbations with GEARS." Nature Biotechnology 42.6 (2024): 927-935.



NAIAD Identifies Strong Perturbations Efficiently

Gene modality

Metric True Positive Rate (TPR) of identifying strongest perturbations



NAIAD Identifies Strong Perturbations Efficiently

Gene modality

Drug 
modality

Metric True Positive Rate (TPR) of identifying strongest perturbations



Thank You!

https://github.com/NeptuneBio/NAIAD
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