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What Is the First Step Towards Understanding Organs?

DNA sequencing == Genome sequence

Single-cell genomics == Cellular composition

\
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Genetic makeup =

— Biomarker discovery
Genetic engineering
Targeted therapy
Human evolution

Precision medicine
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What Is the First Step Towards Understanding Organs?

/Molecular basis

DNA sequencing == ‘ Genome sequence ‘
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Genetic makeup -
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Single-cell genomics —)‘Cellular composition‘

— Biomarker discovery
Genetic engineering
Targeted therapy
Human evolution

Precision medicine

\Cellular basis



More Than Just a Catalog
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Endo-epithelium G0:0034102 DLt
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Sutherland, Xu, et al., Nature
Cell Biology (review), 2021.



What Problems To Solve?

How to annotate cell types? How to unify cell types?
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How To Solve?

How to annotate cell types?\

Knowledge # Data
How to unify cell types?j



Why Big Data?

Less data, expert-grade
knowledge required
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Adapted from Carl Henrik EKk,
Accelerate Science, 2021.



How To Annotate Cell Types?
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Dominguez Conde*, Xu*, et al., Science, 2022.



What Is CellTypist?

Model-based label transfer
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What Algorithm To Rely On?

— , Linear support Decision tree &
Logistic regression vector machine Random forest Neural network
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“The curse of dimensionality”




Query cell

Interpretability

Decision
boundary

* Interpretable hyperplane

* Interpretable probability



Query cell
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More data points
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Interpretable hyperplane

Interpretable probability

Feature space coverage

Robustness



Example: Cross-Tissue Immune Cells

Single-Cell Analysis of Crohn’s Disease Lesions
Identifies a Pathogenic Cellular Module Associated
with Resistance to Anti-TNF Therapy

scRNA-seq assessment of the human lung,
spleen, and esophagus tissue stability after
cold preservation

Single-Cell Transcriptomics of Regulatory T Cells
Reveals Traiectories of Tissue Adantation

Intra- and Inter-cellular Rewiring of the Human Colon
during Ulcerative Colitis

Spatiotemporal immune zonation of

the human kidney Decoding human fetal liver

haematopoiesis

Single-cell transcriptomics of the human retinal
pigment epithelium and choroid in health
and macular degeneration
A cell atlas of human thymic development defines
T cell repertoire formation

Memory CD4~* T cells are generated in the human
fetal intestine

Distinct microbial and immune niches
of the human colon
Single-cell transcriptomics of human T cells reveals
tissue and activation signatures in health
and disease
A cellular census of human lungs identifies novel
cell states in health and in asthma

Lineage tracking reveals dynamic relationships of
T cells in colorectal cancer

Massively parallel digital transcriptional
profiling of single cells

Single-cell reconstruction of the early
maternal-fetal interface in humans

The heterogeneity of human CD127* innate lymphoid
cells revealed by single-cell RNA sequencing

In Vitro and In Vivo Development of the Human Airway
at Single-Cell Resolution

A single cell immune cell atlas of human hematopoietic system

Lipid-Associated Macrophages Control Metabolic
Homeostasis in a Trem2-Dependent Manner



Cross-validation F1 score
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Power of Big Data

0.0' * )
° . 0‘. .o @ o ° ®
o o ® *° o.. .0.. ®
. "‘ o.o.‘o ° .o : ® o
.... :. ® - oo g °
0.1 1 10 100 (k)

# cells collected per cell type



Lightweight & Shareability
Logisticﬂregression
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Logistic regression
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Cell Type “Encyclopedia”

www.celltypist.org/encyclopedia/Immune
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CellTypist

Cell type Encyclopedia

Immune v2

CD16+ NK cells Neutrophils

IL

Granulocytes

Early MK gamma-delta T
cells
Early MK
Tcells

Home Learn~ Encyclopedia~

Resources ¥ Contact

Mast cells

Mast cells

Plasmablasts

Plasma cells



Cell Type “Encyclopedia”

LOgiStiC regression High hierarchy Low hierarchy

T cells gamma-delta T cells

Description

unconventional T lymphocyte subpopulation expressing a gamma-delta T cell

receptor complex on the surface to recognise antigens

> #" Provide feedback on this cell type
o

; Record gene Top Model Markers &2
‘/ We ig h tS KIR2DL4 KLRC2 FCRL4

GeneCards ' ] NCBI X Ensembl @ GeneCardsZ I NCBIZ I Ensembl GeneCards# I NCBIZ I Ensembl #

Curated Markers &4

TRDC TRGC1 CCL5
P GeneCards Y NCBI ] Ensemble ) P GeneCards.z Y NCBI ] Ensemb e P GeneCards : J NCBI ] Ensembl e
Datasets &4

Ontology [ [IEIVA
Dominguez Conde et al. 2022 James et al. 2020

arn L Pubied )
Tissues &4 m

www.celltypist.org/encyclopedia/Immune



Lightweight & Shareability

Logistic regression Feature selection
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Logistic regression
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CellTypist Models

Feature selection

—

Record gene

N
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Reduce

weights 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 vl | 1.3M
Wi, ure ks Integrated human lung cell atlas Fombmmg multiple datasets of the healthy 61 v | 1.4m

respiratory system

Healthy COVID19 PBMC | Peripheral blood mononuclear cell types from healthy and COVID-19 individuals 51 vl | 798K
Developing Mouse_Brain Cell types from the embryonic mouse brain between gastrulation and birth 174 vl | 5.2M

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




CellTypist Models

Logistic regression Feature selection
® le ® le
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..~ Record gene ~.~ Reduce

weights 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 vl || 1.3M

Integrated human lung cell atlas combining multiple datasets of the healthy

. 61 v2 || 1.4M
respiratory system

Human_Lung_Atlas

Healthy COVID19 PBMC | Peripheral blood mononuclear cell types from healthy and COVID-19 individuals 51 vl || 798K

Developing Mouse_Brain Cell types from the embryonic mouse brain between gastrulation and birth 174 vl || 5.2M

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



Lightweight & Shareability

Logistic regression Feature selection Reduced hyperplane
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Efficiency

Mini-batch training

I f"l 10 epochs

each type
— overall

o
e 1,000 cells per batch |
* 100 batches per epoch =
\ 0o
Qo
O
N <t
— ST
.

: . N |
Stochastic gradient descent ©
* |terative optimization 3-
* Online training
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Accuracy
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(SGD: stochastic gradient descent; LR: logistic regression)
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Accuracy
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Accuracy
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Practical Application

12 donors, 12 tissues Dissociation & scRNA-seq 330"(;,"}2}?“85 cells
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Cecilia Dominguez Conde Lorna Jarvis Daniel Rainbow



Practical Application

12 donors, 12 tissues Dissociation & scRNA-seq 330"(%‘;‘_?[“,‘&3) cells
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Practical Application

Regulatory T cells

Follicular helper T ceIIs CD8a/b(entry)

Tcm/Naive helper T cells Tcm/Na |v?
| ecile /Ef'f cytotoxm cells
mmature B cells Tem/Effector *
helper T cells :|:V£’e‘°]'| 17 helper
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, : T cells — 54 -
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Summary of CellTypist

Tool for rapid, precise, and automated cell annotation

Framework for data-driven cell annotation system

Database of immune cells, now expanded to
s ~50 tissue models (lung, gut, etc.)

** both embryonic and adult stages

s >800 cell types in total

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

CellTypist
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How To Unify Cell Types?
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How To Unify Cell Types?

_cell cell type supervised
hierarchy harmonlzatlon integration
€ ‘CellHint
functlonalltles
&8 °CellHint
GitHub: Teichlab/cellhint S
Tutorial: cellhint.readthedocs.io explore cell integrate automate
type relation datasets atlas building

.‘:—<i>> ﬁ’ﬁ“'
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® e

Xu et al., Cell, 2023.



What Is CellHint?

Harmonization Supervised integration




Measuring cell-cell
distances

Challenges

Aligning multiple
datasets

PTN

<
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NI

Data 4

Incorporating cell relations
into data integration




Predictive Clustering Tree-Based Meta-Analysis

Multi-target regression tree

Feature space
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Measuring cell-cell
distances

Challenges

Aligning multiple
datasets

PTN

<
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NI

Data 4

Incorporating cell relations
into data integration




Iterative Cell Type Harmonization

Pairwise alignment Visualization
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Iterative Cell Type Harmonization

Pairwise alignment

Visualization

Harmonization graph
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Challenges

Measuring cell-cell Aligning multiple Incorporating cell relations
distances datasets into data integration
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Restricted Neighborhood Search

For each cell

1. Find its original annotation e T~
O ® ‘
2. Locate the branch it belongs to .>‘<

3. Gather neighbours across datasets




What Promise Arises?

Measuring cell-cell Aligning multiple Incorporating cell relations
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' 'NSC

CA3

Example: Adult Hippocampal Neurogenesis

CA2 CA1
\2;\@\9 ?\?\}'; %
G RN
TR
A
‘& " Entorhinal
< r cortex
» L
-ﬂ' -rf ~
"7 ‘
355 L
“(Dentate gyrus)
I\:euroblast
i \ I
. Immature | \ “ Mature
o Orone. 4 | | neurons
® & A
{ TR

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

Adult-born neurons in the mammalian
hippocampus, improving

* neural circuit plasticity
* stress response

e pattern separation



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

Mouse Pig Monkey

UMAP2

UMAP1

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?

/ Only one neuroblast

(Franjic et al., Neuron, 2022)

No neurogenic trajectory found
in humans yet

UMAP2

UMAP1



Whether Exists in Humans?

No neurogenic trajectory found

in humans yet

UMAP2

Only one neuroblast

UMAP1

(Franjic et al., Neuron, 2022)

Scattered immature
neurons (scoring-based)

(Zhou et al., Nature, 2022)



Detect and Enrich Signals With CellHint

Dataset | Platform | Donors p#ogte gsc
Silezt82e2t al. 1(3;;3’ 3 346.756
Fragjé)czgt al. 1(3/%3’ 6 179,674
sl S | o [mes
Zhggg Al [spLiTseq| 10 | 33553
Wagg;zt al. 1%3’ 4 21,512
Trazrg)g'; al. 1(3/);3’ 3 10,050

Collect six available datasets

l

Quality control

l

Cell type harmonization ~

l

Supervised integration -

l

Manual inspection & revision

- c\' CellHint




Reduced Batch Effects

Case56

® Case57/

® Caseb7/

® Case’/6

® Case82

e H18.30.002

e H19.30.001
H19.30.002

® HSB179

e HSB181
HSB231

Donor

® HSB237

® HSB282

® HSB628

® Samplel3
® Samplel4
® Samplel5
® Samplel6
® Samplel?7
® Samplel8
® Samplel9

e Sample20
e Sample2l
e Sample22
e Y67/
® Y85
e Y87
Y92
donorl
e donor2
e donor3



UMAP2

Hippocampal Cell Types

ExN CA2-4

Micro

P2RY12
Oligo  micro

UMAP1

stro GFAP

Astro WIF1

GC PDLIM5
FGF5 CA10 ExN CA2

ExN CA/Sub %XN CA/Sub ?

b ExN CA/Sub
RXFP1

InN PVALB

InN  |nN PVALB
PLEKHH2

1 ":" .
N e InN LAMPS
=xXN CA/Sub KIT

T cux2
1 ExN CA/Sub
@' EXNCA | COBLLY | NP

SEMA3D
i

\Cp =p InN VIP

e InN MEIS2
Astro/ InN NR2F2

OPC
OPC/Oligo

CR\'..,‘



An Immature Neuron/Neuroblast Population

UMAP2

UMAP1



UMAP2

UMAP1

DCX

SOX4

Evidence From Gene Signatures

SOX11

BHLHE22

J -
min max

brain development
axon development
cardiac septum morphogenesis
tube morphogenesis
tissue morphogenesis
sensory organ development
regulation of BMP signaling pathway
enzyme-linked receptor protein signaling
positive regulation of protein maturation
actin filament organization
regulation of neuron projection development
regulation of cell-substrate adhesion
cellular response to retinoic acid
positive regulation of cell development
regulation of synapse structure or activity
negative regulation of locomotion
cell recognition

0O 2 4 6
-log10(P_enrichment)




Cross-Species Cell Type Harmonization

adult adult adult all-stage p12-35 p7

human monkey pig mouse mouse mouse
i ﬁlast NeurdBlast 1 |
1 1
' ! @ ,@ Immatife-Pyr ExcitdNeuron'
NeurObIaSt branCh : ________________________ | [nIn_a__g-_____e_u[__a_s______[a___el\l_B_j
© =M mature
c®3
G,_1 ature
& @2
cc MBvE
- S —
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In x
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- Astro-adult

OPC/Qligo
g Y ——
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Summary of CellHint

s Tool for automated cell type harmonization and integration
s Framework for assembly of annotated cell atlases

s 12 established organ atlases

c\° CellHint

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



Takeaway

¢ CellTypist c\‘ CellHint

Annotate | Website: celltypist.org Unify | GitHub: Teichlab/cellhint
GitHub: Teichlab/celltypist
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