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"""CB“"aﬁﬁl’sﬁground of foundation models

» Generative pretraining has achieved remarkable success in various domains such
as natural language processing and computer vision

» Specifically, the combination of large-scale diverse datasets and pre-trained
transformers has emerged as a promising approach for developing foundation
models.
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Pefiklitial of foundation models for single-cell biol

* While texts are made up of words, cells can be —
H ata 10 discover on
characterized by genes. T el e B

* This analogy inspires us to explore foundation i S
models for single cell. In the long run, we expect 33M 540
such model has the potential to gain general

understanding of molecular biology. -

822 55

* Transformers would a suitable to learn interactions TP TISSUES
between gene tokens.

* This is feasible based on two considerations:

_ ‘ o IM 8M 18M - 4M
* The vast scale of sequencing data, of diverse cell e sass e
types and conditions, and it is growing ™ 2M ~ 500K

exponentially.

We are particularly excited about the recent launch of
CellxGene census, Figure credit to @1Cool5cience




"ceriafetview of SCGPT

* We present scGPT to construct a
single-cell foundation model. The
workflow contains two steps:

1. Generative pre-training on over 33
million normal human cells

2. Fine-tuning for downstream tasks

el N

Pro-train




neenaGdklrative pretraining in scGPT

* In the pre-training:

» Large-scale expression matrices were
collected and preprocessed

* We selected around 33 million normal
human cells of 51 organs/tissues from
the CZ CellxGene collection

* Numbers of cells from major tissues ot mmbars ard g e ebiod i i svasiing
shown on the right




reeraOnfefview of fine-tuning in scGPT

* In fine-tuning:

* A set of versatile learning objectives
are adopted to readily support various
applications

» Self-supervised objectives:

* Gene Expression Prediction (GEP)

* Gene Expression Prediction for Cell
Modelling (GEPC)

* Elastic Cell Similarity (ECS)
* Supervised objectives: y

* Domain Adaptation via Reverse Back-
propagation (DAR)

* Cell Type Classification (CLS)




r-.-u:BRLazé\iﬁtishot applicationS

» Zero-shot, meaning using the pretrained model to generate embeddings for new data,
without any further training, much faster, more accessible

* UMAP of zero-shot embeddings on two disease datasets, compared to HVGs
* Considerable ability to distinguish cell types

» Note the pretraining process is not designed for mitigating technical batch effects
Batch Cell Type Cell Type

e 4 .,i B - Patient  Cell Type

A'.;1

i + v

- Sample Batch )

&

scGPT zero-shot

scGPT zero-shot

COVID-19
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] fg
N

HVG+PCs
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nesnaefglishot reference mapping

* We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from reference data set to label the query
set.

* The zero-shot workflow demonstrates competitive accuracy across comparisons.

[ | Evaluation Metrics

Dataset | Method Accuracy  Precision Reeall MacroF']
COVID-19 | seGPT (fine-tuned) 0.891 0577 0.567 0.547
scCiPT (zero-shot) 0.867 0.513 0476 0.468
Azimuth 0.878 0.515 0.418 0.444
I expiMap 730 : 0.325 0335 |
Lung-Kim | seGPT (fine-tuned) i .05 0.967 0.962
scGPT (zero-shot) i . 0.933 0,945
Azimuth ; 05 0.962 0.959
expiMap | k! ; 0.846 0.878




veerLadlinbrative pretraining in scGPT

* In the pre-training:

= Large-scale expression matrices were
collected and preprocessed Pro-train

* We selected around 33 million normal
human cells of 51 organs/tissues from
the CZ CellxGene collection

* Numbers of cells from major tissues ot e st g s ehiod i e srvksiing
shown on the right




* In fine-tuning:

» A set of versatile learning objectives
are adopted to readily support various
applications

= Self-supervised objectives:
* Gene Expression Prediction (GEP)

* Gene Expression Prediction for Cell
Modelling (GEPC)

* Elastic Cell Similarity (ECS)
* Supervised objectives:

* Domain Adaptation via Reverse Back-
propagation (DAR)

* Cell Type Classification (CLS)

.
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r-.-icaRLazé%lishot applicationS

» Zero-shot, meaning using the pretrained model to generate embeddings for new data,
without any further training, much faster, more accessible

* UMAP of zero-shot embeddings on two disease datasets, compared to HVGs
* Considerable ability to distinguish cell types

* Note the pretraining process is not designed for mitigating technical batch effects
Batch Cell Type Cell Type
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neenaefglishot reference mapping

* We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from reference data set to label the query
set.

* The zero-shot workflow demonstrates competitive accuracy across comparisons.

Redarence and query

s - 2 ' | Evaluation Metrics
T 162 Dataset | Method Accuracy  Precision  Recall MacraF1
@ _ R <R COVID-10 | scGPT (fine-tuned) | 0.891  0.577  0.567  0.547
e % L, scGPT (zero-shot) | 0.867 0513 0476  0.468
- Azimuth 0878 0,515 0.418 0.444

v U ..'F A
& %‘; . 4’ A A expiMap | 0730 0441
- o - A -Ki seGPT (fine-tuned) 0.974 0.959

scGPT (zero-shot) 0.506G5 0.970
Azimuth 0,970 (L9567
trpi?\lap | 0.920 0,940

Faferenco &nd queny
& el




nesnaZeigishot ref map to cell atlas

» Zero-shot embeddings can further be used to map cells and propagate metainfo from
large cell atlas

* For this new feature, we generated the cell embeddings for millions of cells on
CellXGene, and build an index for efficient similarity search using the faiss toolbox.

* This can be used to query new cells super fast, https://github.com/bowang-
lab/scGPT/blob/main/tutorials/Tutorial Reference Mapping.ipynb

Th S2arch runs supér tas, edpeciaily on GRU. Fere the similatity search for 4,000 query oplls within the whole redernence ol millions
should take around 7 second on CPU and 0.1 second on GPU

satine
[; E1

¥ resT wEtE rhe Firar 109 cells

distances, ids = index.searchitest_eseba, Kkl

CPU tises: user 252 ms, sys: 493 ms, tetal: 745 ms
Wall vime: 133 &




"o of zero-shot application

* On google colab
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Demo of zero-shot application

* On google colab
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Demo of zero-shot application

= On google colab
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* We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from reference data set to label the query

’ set.
u -~ g "
5 * The zero-shot workflow demonstrates competitive accuracy across comparisons.
o2
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Zero-shot applications

* Zero-shot, rﬁeaning using the pretrained model to generate embeddings for new data,
s without any further training, much faster, more accessible

* UMAP of zero-shot embeddings on two disease datasets, compared to HVGs

Bl + Considerable ability to distinguish cell types
" + Note the pretraining process is not designed for mitigating technical batch effects
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neenaefglishot reference mapping

* We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from reference data set to label the query
set.

* The zero-shot workflow demonstrates competitive accuracy across comparisons.

[ | Evaluation Metrics

Dataset | Method Accuracy  Precision  Reeall MacroF'1
COVID-19 | seGPT (fine-tuned) 0.891 0577 0.567 0.547
seCiPT (zero-shot) 0.867 0.513 0476 0468
Azimuth 0.878 0.515 0.418 0.444
expiMap | 0730 0441 032 0335
Lung-Kim | scGPT (fine-tuned) | 0.974 0.959 0.967 0.962
scGPT (zero-ghot) 0. 5465 0.970 0.933 0,945
Azimuth 0.970 0.957 (.962 0.959
expiMap | 0.920 0,940 0.846 0.878
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r-.-icBRLazEf\iH‘-ishot applicationS

COVID-19

» Zero-shot, meaning using the pretrained model to generate embeddings for new data,
without any further training, much faster, more accessible

* UMAP of zero-shot embeddings on two disease datasets, compared to HVGs

* Considerable ability to distinguish cell types

» Note the pretraining process is not designed for mitigating technical batch effects
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Zero-shot reference mapping

: = * We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from‘reference data set to label the query
set.

* The zero-shot workflow demonstrates competitive accuracy across comparisons.
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« Zerg-shot reference mapping tutorial with scGPT
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« Zerc-shot reference mapping tutorial with scGP

= Introduction

This tutodal cowes the Deio-ehol reference mapping with pc0PT, This workfiow achicy
dalniats witheut s 1using (of 5% exbifshe irainkng) of 208 T. To further boost The |
e vl us COVED-19 dataset 1o demansirate the nem-shot refiefence mapping, You of
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dhrectory in the ouler level

Pasticularly, we use the 5o0PT_husan model 1 provide smbeddings oul of the box. Ye
Tha Devc-hat referencs mapping workfiow i3 a1 follows:

1. Load s pre-geocess the dalnset

2. Genavnte so0PT embadding bor aach cell in refiedence aed quary datasdets

3. Transler the annotations from ederence 1o goery dataset

Al the aopendi of this hitosial we will alss showcase e Dere-ahot relerence Fapping

‘We wse a smdarity-based method for tranadering The annotation, which imvodves comg
and tu reference ool ermbeddings. We us FAISS bo perform the simidanny search,
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« Zero-shot reference mapping tutorial with scGPT

= Introduction

This tulorial cowers the Zem-shol reference mapping with scGPT. This workfiow achieves accurabe and fast reference mapping lor scRNA-Seq
datasets withoet firse-tuning (or sny extenshe training) of scGET, To forther boost The periormance, wie recommand fine-fening scGPT

W will use COVED-19 dataset 1o demonstrate the Zerm-shof refenence mappeng. You can download the processed refenence and query datasets
e Tha COVID-19 dataset in derived frarm the work by Lotiellahi g1 al whics eontaing 18 di
nssues. The relecence dataset consists of 15,997 cells and the query dalasel con
ings

hid and diverie &

nins 4,003 cplls. You may place the dataset under 8314

it cutir ireed
Particularhy we use the sORFT_husan model to provide embesidings out of the box. You mary dewnload it from here
Tha zero-shot nefenence mapping workflow is as follows

1. Losd snd pre-peocess the datacet

L Genexate scGPT embeddings for each cell in reference and query datasets

3. Tranm(es the snnotatio e eodenence 1o quaty datatet

Al the sopendix of this uloeial, vwe will also showoass e Dero-shol reference mapping on Lung dataset. You can find the dataset here
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* We also use the embeddings in a reference mapping manner

* We split the data to simulate a setting that some of the patient cells, query set, were
not annotated. Cell types were propagated from reference data set to label the query
set.

* The zero-shot workflow demonstrates competitive accuracy across comparisons.

Evaluation Metrics
Dataset | Method | Accuracy Precision  Reeall MacraF
| COVID-19 | scGPT (fine-tuned) 0.891 0.677 0.667 0.547
seGPT (wero-shot) 0.867 0.513 0476 0468
Azimuth 0.878 0.515 0.418 0444
— | expiMap L S e
Lung-Kim | seGPT (fine-tuned) 0.974 0.959 0.967 0.962
scGPT (zero-shot) .906G5 0.970 0.933 0,945
Azimuth 0.970 0.957  « 0.962 0.959
| u_:v_:_p_il'.lap 1 0.920 0,940 0.846 0.878

Referancn and quony

/.98 088
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» Zero-shot can be promising, we are going to provide further updates for the scenario:
= Hierarchical cell type labeling of reference mapping from atlas
* Going to provide new checkpoint specifically for zero-shot cell embeddings
= Zero-shot applications using gene embeddings
* Others
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Thank youl!

scGPT codebase: https://github.com/bowang-lab/scGPT,

Sincere gratitude to collaborators: Chloe Wang, Hassaan Maan, Kuan Pang,
Fengning Luo, Dr. Lin Zhang, Dr. Nan Duan, and Dr. Bo Wang
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Zero-shot applications

« Zero-shot, meaning using the pretrained model to generate embeddings for new data,
without any further training, much faster, more accessible

_ * UMAP of zero-shot embeddings on two disease datasets, compared to HVGs
1 + Considerable ability to distinguish cell types

1. + MNote the pretraining process is not designed for mitigating technical batch effects
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