
Code and data



Genetic perturbation screens
allow biologists to manipulate and measure biological systems to 
elucidate their underlying molecular mechanisms.

Perturbations

Single cell

Genes

What is the function of this gene?
What happens when we modify the levels of this gene?



Genetic perturbation screens
allow biologists to manipulate and measure biological systems to 
elucidate their underlying molecular mechanisms.

are very expensive to run and interpret!

Perturbations

Single cell

Genes

"$1 million per experiment?"

Replogle. et al. Mapping information-rich genotype-phenotype landscapes with genome-scale Perturb-seq. Cell. Volume 185, Issue 14, 7 July 2022, Pages 2559-2575.e28.



Our goals

🧬 Facilitate efficient experimental design → Infer the effects of unseen 
perturbations

🧬 Reduce human annotation burden → Automatically summarize 
high-dimensional readouts in context of known biology 



Our contributions

🧬 Claim: Perturbation modeling should reflect downstream analyses. 
From individual cells / genes → statistical insights.

🧬 PerturbQA: A new benchmark for perturbations + LLM reasoning 
for structured biological data / discovering new biology.

🧬 SUMMER: Domain-informed LLM baseline for predicting effects of 
unseen perturbations



Discrete insights from transcriptomic data

Perturbations
Differential gene 
expression analysis

Gene set 
enrichment

Genes
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Biologists "read" continuous gene 
expression through discrete 
endpoints.

"strong downregulation of NUP62"

"loss of C7orf26 impacted Integrator 
subunit abundance"

"TMEM242 produced a signature 
resembling loss of ATP synthase"

Replogle. et al. Mapping information-rich genotype-phenotype landscapes with genome-scale Perturb-seq. Cell. Volume 185, Issue 14, 7 July 2022, Pages 2559-2575.e28.



Current machine learning perspective

Predict effects of unseen perturbations.

Knowledge graphs relate seen vs. unseen 
perturbations → This makes sense!

However:

🧬 GNN methods discard rich, textual semantics.

🧬 Most focus on regressing log-fold change of 
genes that actually change.

Roohani et. al. Predicting transcriptional outcomes of novel multigene perturbations with GEARS. Nature Biotechnology volume 42, pages 927–935 (2024).



PerturbQA

Set of real, unsolved tasks related to perturbations, designed as a benchmark 
for biological reasoning.

Is a knockdown of ABCE1 in K562 cells likely to result in differential 
expression of GABARAP?

Is a knockdown of ABCE1 in K562 cells likely to result decrease or 
increase of GABARAP?

How are the following genes related, and why do they respond 
similarly to perturbation? CFLAR, VIM, CAPG, …

Differential 
expression

Direction of 
change

Gene set 
enrichment

How are the following genes related, and why do they induce 
similar downstream effects when perturbed? CFLAR, VIM, …



Data release

🧬 3 tasks: Differential expression, direction 
of change, gene set summarization

🧬 DE/Dir: 4 datasets ("cell lines") at 
individual gene level; 1 dataset at gene set 
level

🧬 2 sets of human annotations regarding 
gene cluster function

Replogle. et al. Mapping information-rich genotype-phenotype landscapes with genome-scale Perturb-seq. Cell. Volume 185, Issue 14, 7 July 2022, Pages 2559-2575.e28.
Nadig et al. Transcriptome-wide characterization of genetic perturbations. 2024. Preprint.

🧬 Harmonized knowledge graphs with all 
nodes/edges mapped to text, for biological context

Database Information

UniProt Gene

Ensembl Gene

Gene Ontology Gene, relations

CORUM Relations

STRING Relations

Reactome Relations

BioPlex Relations



Data release



Results

🧬 Existing methods perform 
poorly on PerturbQA ❌
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Results

🧬 Existing methods perform 
poorly on PerturbQA ❌
🧬 Naively applying LLMs also 
performs poorly ❌ D
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Domain-informed proof of concept
"SUMMER" – Summarize, Retrieve, Answer



Results

🧬 Simple reasoning template + 
retrieving experimental 
outcomes = does ok ✅
🧬 Still a long way to go! ✨ D
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Results (gene set summarization) 🧬 LLMs easily summarize gene sets ✅



Results (gene set summarization)

🧬 LLM equal or better to the classical gene set enrichment results in 92% of cases.

🧬 Agrees with the independent annotator in 72% of cases.



Results (gene set enrichment)

🧬 Automatic evaluation metrics



Takeaways

1. Biology has lots of assays, modalities, domain knowledge – but language is a 
natural means for harmonizing these data.

2. Using LMs for biology requires more "biology" than classic approaches.

3. Modeling perturbations has so much room for creative solutions that 
leverage prior knowledge and model causal relationships

Come play with our data!


