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Live Demo:

You can talk to cells now!

Joint Embedding of Transcriptomes and Text Enables Interactive Single-Cell RNA-seq Data Exploration via Natural Language
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Abstract

Single-cell RNA sequencing (scRNA-seq) has revolutionized our understanding of cellular states, but interpreting the vast
data it generates remains challenging. Here, we introduce CellWhisperer, a multimodal machine learning model that
bridges the gap between transcriptomics data and natural language, enabling intuitive interaction with scRNA-seq
datasets. Trained on one million pairs of transcriptomes and their textual annotations from the Gene Expression Omnibus
(bulk) and CELLXGENE census (single-cell), CellWhisperer employs contrastive learning to create a joint embedding
space, enabling tasks such as cell retrieval based on free-text queries and zero-shot classification of a broad range of
properties such as cell types, tissue of origin, and disease context. Based on this space, we fine-tune a generative large-
language model to answer questions about selected transcriptomes via a chat interface. Integrated into the CELLXGENE
browser, CellWhisperer allows biologists to explore single-cell transcriptomes using natural language queries. Our
experiments show that CellWhisperer accurately annotates cellular states, without relying on reference datasets. This
work paves the way for easier and better interpretation of scRNA-seq data, including those that are poorly covered by
reference datasets, leveraging the power of natural language for transcriptomics research.
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Generating conversations
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(Cell type prediction (Panels a-d) )
- Tabula Sapiens (AUROC=0.91; acc.=0.17)
- Tabula Sapiens 20 (AUROC=0.94; acc.=0.48)
- Pancreas (AUROC=0.83; acc.=0.46) AUROC,
- Immgen (AUROC=1.0; acc.=0.92) accuracy
Disease prediction (Panel d)
- Disease test set: AUROC=0.82, acc.=0.06
Tissue/Organ prediction (Panel d)
- Tabula Sapiens: AUROC=0.75, acc.=0.25
- Disease test set: AUROC=0.87, acc.=0.33
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Example

Inference

Search for terms of interest and chat about selected cells
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Steps:
1. Search cells of interest by typing
/search structural cells with immune functions
2. Select cells of interest
3. Ask questions about selected cells
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Describe the selected cells.

The selected cells appear to
be fibroblasts derived from
the decidua tissue of a
female individual at 10 post-
conception weeks.

What are active biological
functions in this sample?

The active biological
functions in this sample
include extracellular matrix
organization, collagen
formation, immune response,
and cell proliferation.
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mouse

. Can you tell me more about the
selection

immune response?
The immune response in this

sample appears to be related
tn intarfarnn-ctimiilated

type your request 4, & 3.

Send request

5. Follow us!

https://cellwhisperer.bocklab.org/

Interacting with cells via CellWhisperer
enables free-text exploration

Cell coloring with term "stem cell"

Activated CD8+ T Cells in Intestine — v
Cycling ileal epithelial precursor cells

Active Mucus-Secreting Goblet Cells

Active Intestinal Goblet Cells in Mucosal Defense

"Young Male lleum Enteroendocrine Cells"

Enterocytes with TMIGD1, MEP1A, GSTA1 Expression

Proliferating Colonic Transit Amplifying Cells
» Dataset: "Colonic epithelial cells",

Parikh et al. 2019 Nature
« Challenge: Single-cell annotations not provided

Proliferating Intestinal Transit Amplifying Cells

Large Intestine Goblet Cells

« Solution: CellWhisperer preprocessing pipeline
generates cluster labels

Intestinal Tuft Cells: Function and Immunity
Healthy Large Intestine Epithelial Cells

Erythrocytes in lleal Epithelium Oxygen Transport

Intestinal B Cells in Immune Surveillance

Active Goblet Cells in Intestinal Defense

Active Mucus-Secreting Goblet Cells in lleum

Description of matching cells with CellWhisperer
...intestinal crypt stem cell niche, which plays a
crucial role in maintaining the intestinal
epithelium's integrity and regeneration.

These cells are part of the epithelial barrier,
which protects the intestinal lining from
pathogens androther harmful substances while
also facilitating nutrient absorption.

Preprint&Code available soon!
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Test it now:
https://cellwhisperer.bocklab.org
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