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CellTypist and CellHint: towards automated 
annotation and integration of single-cell data
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Cellular composi?onSingle-cell genomics
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More Than Just a Catalog

Sutherland, Xu, et al., Nature 
Cell Biology (review), 2021.



What Problems To Solve?



How to annotate cell types?

How to unify cell types?

Knowledge Data

How To Solve?



Why Big Data?

Adapted from Carl Henrik Ek,
Accelerate Science, 2021.

Less data, expert-grade 
knowledge required

More data, less 
knowledge



How To Annotate Cell Types?

Website: celltypist.org
GitHub: Teichlab/celltypist

Tutorial: celltypist.readthedocs.io

Domínguez Conde*, Xu*, et al., Science, 2022.



What Is CellTypist?

Model-based label transfer



What Algorithm To Rely On?



“The curse of dimensionality”



Interpretability

Decision
boundary

Query cell
• Interpretable hyperplane

• Interpretable probability



Interpretability

Decision
boundary

Query cell

More data points

• Interpretable hyperplane

• Interpretable probability

• Feature space coverage

• Robustness



Example: Cross-Tissue Immune Cells



Power of Big Data



Lightweight & Shareability
Logis?c regression

Record gene 
weights



Cell Type “Encyclopedia”
Logis?c regression

Record gene 
weights

www.celltypist.org/encyclopedia/Immune



Logistic regression

Record gene 
weights

www.celltypist.org/encyclopedia/Immune

Cell Type “Encyclopedia”



Lightweight & Shareability
Logis?c regression Feature selec?on

Record gene 
weights

Reduce
dimensionality



CellTypist Models
Logis?c regression Feature selec?on

Record gene 
weights

Reduce
dimensionality

Model Details # types Ver. Size

Immune_All_Low Immune sub-populations combined from 20 tissues of 18 studies 98 v2 2.7M

Healthy_Adult_Heart Cell types from eight anatomical regions of the healthy adult human heart 75 v1 1.3M

Human_Lung_Atlas Integrated human lung cell atlas combining multiple datasets of the healthy 
respiratory system 61 v2 1.4M

Healthy_COVID19_PBMC Peripheral blood mononuclear cell types from healthy and COVID-19 individuals 51 v1 798K

Developing_Mouse_Brain Cell types from the embryonic mouse brain between gastrulation and birth 174 v1 5.2M

For the full list of CellTypist models, check www.celltypist.org/models



Logistic regression Feature selection

Record gene 
weights

Reduce
dimensionality

Model Details # types Ver. Size

Immune_All_Low Immune sub-populations combined from 20 tissues of 18 studies 98 v2 2.7M

Healthy_Adult_Heart Cell types from eight anatomical regions of the healthy adult human heart 75 v1 1.3M

Human_Lung_Atlas Integrated human lung cell atlas combining multiple datasets of the healthy 
respiratory system 61 v2 1.4M

Healthy_COVID19_PBMC Peripheral blood mononuclear cell types from healthy and COVID-19 individuals 51 v1 798K

Developing_Mouse_Brain Cell types from the embryonic mouse brain between gastrulation and birth 174 v1 5.2M

For the full list of CellTypist models, check www.celltypist.org/models

CellTypist Models



Lightweight & Shareability



Efficiency

Mini-batch training
• 1,000 cells per batch
• 100 batches per epoch

Stochastic gradient descent
• Iterative optimization
• Online training

10 epochs



Accuracy



Accuracy

L2 Regularization  

(SGD: stochastic gradient descent; LR: logistic regression)



Accuracy

• Comparable scales
• Fair L2 penalties  

(SGD: stochastic gradient descent; LR: logistic regression)



Accuracy

Cell-cell rela?ons

(SGD: stochasSc gradient descent; LR: logisSc regression)



Practical Application



Practical Application

CellTypist



Practical Application



Summary of CellTypist

v Tool for rapid, precise, and automated cell annotation

v Framework for data-driven cell annotation system

v Database of immune cells, now expanded to
v ~50 tissue models (lung, gut, etc.)
v both embryonic and adult stages
v >800 cell types in total Website: celltypist.org

GitHub: Teichlab/celltypist
Tutorial: celltypist.readthedocs.io



How To Unify Cell Types?

Annotate Unify



How To Unify Cell Types?

GitHub: Teichlab/cellhint
Tutorial: cellhint.readthedocs.io

Xu et al., Cell, 2023.



What Is CellHint?

HarmonizaSon Supervised integraSon



Challenges

Aligning multiple 
datasets

Measuring cell-cell 
distances

Incorporating cell relations 
into data integration



Predictive Clustering Tree-Based Meta-Analysis



Robust Cell-Cell Distance Measure

Dataset1 Dataset2



Challenges

Aligning multiple 
datasets

Measuring cell-cell 
distances

Incorporating cell relations 
into data integration



Iterative Cell Type Harmonization 

Pairwise alignment Visualiza?on



IteraSve Cell Type HarmonizaSon 

Pairwise alignment Visualization

HarmonizaSon graph



Challenges

Aligning multiple 
datasets

Measuring cell-cell 
distances

IncorporaSng cell relaSons 
into data integraSon



Restricted Neighborhood Search

For each cell

1. Find its original annotation

2. Locate the branch it belongs to

3. Gather neighbours across datasets 



What Promise Arises?

Aligning mulSple 
datasets

Measuring cell-cell 
distances

Incorporating cell relations 
into data integration



Example: Adult Hippocampal Neurogenesis

Adult-born neurons in the mammalian 
hippocampus, improving

• neural circuit plas?city

• stress response

• pahern separa?on

Adapted from Toda et al., Cell and Tissue Res., 2018
& Netzahualcoyotzi et al., Int. J. Mol. Sci., 2021



Adult Hippocampal Neurogenesis
(from the perspective of single-cell transcriptomics)

Mouse Pig Monkey

Reanalyzed from Hochgerner et al., Nat. Neurosci., 2018 (left), Franjic et 
al., Neuron, 2022 (middle), and Hao et al., Nat. Neurosci., 2022 (right) 



Whether Exists in Humans?

No neurogenic trajectory found 
in humans yet

Only one neuroblast 

(Franjic et al., Neuron, 2022)



Whether Exists in Humans?

No neurogenic trajectory found 
in humans yet

Only one neuroblast 

Scattered immature 
neurons (scoring-based)

(Franjic et al., Neuron, 2022)

(Zhou et al., Nature, 2022)



Detect and Enrich Signals With CellHint

Collect six available datasets

Quality control

Cell type harmoniza?on

Supervised integration

Manual inspection & revision



Reduced Batch Effects



Hippocampal Cell Types



An Immature Neuron/Neuroblast PopulaSon



Evidence From Gene Signatures



Cross-Species Cell Type Harmonization

Neuroblast branch



Summary of CellHint

v Tool for automated cell type harmonization and integration

v Framework for assembly of annotated cell atlases

v 12 established organ atlases

GitHub: Teichlab/cellhint
Tutorial: cellhint.readthedocs.io



Takeaway

Annotate UnifyWebsite: celltypist.org
GitHub: Teichlab/celltypist

GitHub: Teichlab/cellhint
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