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Scalable single-cell multiomics and 
AI bridge cellular complexity to 
clinics 
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Personalized Cell Atlas 人人细胞图谱
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Patient stratification based on subpopulations/niches

Van de Sande B, Lee JS, Mutasa-Gottgens E, Naughton B, Bacon W, Manning J, Wang Y, Pollard J, Mendez M, Hill J, Kumar N, Cao X, Chen X, Khaladkar M, 

Wen J, Leach A, Ferran E: Applications of single-cell RNA sequencing in drug discovery and development. Nature Reviews Drug Discovery 2023, 22:496–520.
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LifeTime

Rajewsky N, Almouzni G, Gorski SA, Aerts S, Amit I, Bertero MG, Bock C, Bredenoord AL, Cavalli G, Chiocca S, Clevers H, De Strooper B, Eggert A, Ellenberg J, 

Fernández XM, Figlerowicz M, Gasser SM, Hubner N, Kjems J, Knoblich JA, Krabbe G, Lichter P, Linnarsson S, Marine JC, Marioni JC, Marti-Renom MA, Netea MG, 

Nickel D, Nollmann M, Novak HR, et al.: LifeTime and improving European healthcare through cell-based interceptive medicine. Nature 2020, 587:377–386.

Investigating the Origins of Disease and 
Promoting Early Detection and Intervention
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New trends: Single-Cell Sequencing to Population Levels

UK BioBank, Genes&Health cohorts
~10000 individuals.

Nicole Soranzo
Human Technopole

$27 million

TenK10K

Joseph Powell

Garvan-Weizmann Centre 5
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Droplet microfluidics+ Combinatorial Indexing

FIPRESCI FIve PRime End Single-cell Combinatorial Indexing RNA sequencing 

Y Li, … , L, Jiang, Genome Biology, 2023100 K cell/nuclei per channel
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Decoupling throughput and error rate via dual-round 
combinational indexing
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Y Li, … , L, Jiang, Nature Methods，2025100 K cell/nuclei per channel

UDA-seq: universal droplet microfluidics based combinatorial 

indexing for massive-scale single-cell multimodal sequencing
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RNA

ATAC

UDA-seq generate high quality single-cell data
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UDA-seq

SNP microarray

demuxlet

scrublet

Split UDA-seq data by donor UDA-seq data for each donor
Multi-sample 

Sample multiplexing with Genetic variant
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Disruptive technology dramatically slashes 
costs for large-scale projects.
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WGS DNA meth Olink UDA-seq scRNA-seq 10X scRNA-seq

Multimodality, 10K individuals, 50M Cells, 3M $

80%
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Aging cohorts 20y-84y
Donors n=230 

PBMC
isolation

RNA

VDJ
10 Channels of UDA-seq (RNA+VDJ) 

Cells n=1.18M

Multiomics
Aging Clock

clonalDiversity

Cell type proportions (%)

RNA
Analysis

VDJ
Analysis

PBMC Sample

Predict
Biological age

Unpublished work. 

Aging Immunity Single Cell Atlas Integrating RNA and VDJ Profiling
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In collocations with Profs. Weiqi Zhang, Guang-hui Liu, et al

Aging associated cell subpopulations
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ITGB1+PREX1Naive CD4+T subpopulation

Highlight： discovery of maker of key subpopulation
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RNA-seq ATAC-seq

10 Channels of UDA-multiome

Combined-analysis

Diagnostic Categories n=16

Donors n=213

Nephron Immue

Unpublished work. 

Multimodal Single-Cell Atlas of Pan-Renal Pathologies

~5000 cells/donor, cells n=1M
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Single-Cell Transcriptome and Chromatin Accessibility in Human 
Kidney Diseases
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Phenotype associated key subpopulation 

podocyte
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Key transcription regulator and target
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22 biopsy FFPE

Xenuim image

Sample multiplexing by spatial location
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Proximal Tubule Cell

Patient 1

Control

Patient 2

Podocyte Parietal Epithelial Cell Immune Cells

Cell type highlight

Cell type highlight

Cell type highlight

Spatial distribution of Renal important cell type
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Unpublished work. 

Donors n= 146
Cells n=0.67M

Control
• 14 donors
• 95, 205 cells 

Inflammation
• 25 donors
• 47, 595 cells 

cancer
• 104 donors
• 507, 001 cells 

*4500+ cells per donor

Neoplasia
• 3 donors
• 23, 010 cells 

Single-Cell Multiomics Decoding Inflammation-Driven 
Oncogenic Trajectory in Cholangiocarcinoma

8 Channels of UDA-seq (RNA+ATAC) 

22

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



UDA-Seq2: multiplexed  UDA-seq (RNA+ATAC)

300K cells per channel, sample multiplexing
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Mouse gonad development 

Application of UDA-Seq2 (RNA+ATAC)

1 channel 16 samples 

Capture ~300,000 cells

Median gene (~800)

Median fragments (~7000)

3 channel 51 samples 

Capture ~360,000 cells

Median gene (~1315)

Median fragments (~1300)

Quality control analysis of 

MSCs in IND applications

E13.5 
E16.5 

P0
3dpp
7dpp

14dpp

21dpp

30dpp

Hypothalamic pituitary aging

Aging 

UCMSCs

108 cells
MSCs

1010 cellsSampling every 24 h

3 channel 23 samples 

Capture ~450,000 cells

Median gene (~1100)

Median fragments (~1300)
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PBMC

donors:380 

cells: ~2,000,000

＞6.5M cells to date

＞16 primary tissues,  1150 donors

kidney disease

donors:251

cells: 1,260,000

Left anterior 

donors:94 

cells: ~500,000

Left ventricular

donors:104 

cells: ~500,000

Breast cancer

donors: 4

cells: 25,000

CCA

donors: 105

cells: 550,000

Small intestine

donors: 26

cells: ~150,000

Adrenal gland

donors: 28

cells: ~150,000

Liver

donors: 25

cells: ~150,000

Lung (cancer)

donors: 35(8)

cells: 278,978

Pancreas (cancer)

donors: 30(10)

cells: ~250,000

Lymph node

donors: 18

cells: ~150,000

Skin

donors: 25

cells: ~150,000

Biliary diseases

donors:44 

cells: 126,850

UDA-seq applied in real-world large scale studies
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Summary of UDA-seq
✓ UDA-seq Integrated Droplet Microfluidics to achieve ultra-high 

throughput multiomics
10-fold increase throughput (10⁴ → 10⁵ cells/channel)

20–40 scMultiome samples/channel

Gene median: 1k–3k (matches conventional), error rate <2%

Compatible modality:(RNA+VDJ, RNA+ATAC, RNA+CRISPR)

✓ Clinical compatibility: Frozen needle biopsies & PBMCs

✓ Cohorts' studies: Aging, renal diseases, cancer.

✓ Pheno-linked cell subpopulation discovered: 

ITGB1⁺PREX1⁺CD4⁺ Naive T, POD cells, EC-GCs

26
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Large-scale foundation model

Geneformer scFoundation
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UCE: The Universal Cell Embedding Model

Yanay Rosen, et al. bioRxiv, 2023

UCE is a 33 layer model consisting of over 650 million parameters
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Nicheformer: a foundation model for single-cell and spatial omics

Anna C. Schaar, et al. bioRxiv, 2024
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Charlotte Bunne, et al. Cell, 2024

AIVC application

药物响应预测 肿瘤微环境模拟

数字孪生诊断
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Healthy
disease 1

disease 2

disease 3

31

Latent space 1

La
te

n
t 

sp
ac

e
 2

Perturb A

Perturb B

Perturb C

Drug target screening based on digital 
representations of patients
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CellMemory deciphering OOD cell with hierarchical interpretation 

33

Interpretation level 1: Each cell is assigned an attention score across all features, highlighting those 

that are most critical for the model’s understanding of that cell. 

Interpretation level 2: For each cell, every memory slot within the model focuses on the subset of 

features (e.g., gene program), with the importance of these features represented by the memory score. 

Qifei Wang … , L, Jiang, Genome Biology，2025
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CellMemory is a Bottlenecked Transformer (Cross-Attention Architecture)

Storm JF et al. Neuron. 2024
Anirudh Goyal et al. ICLR. 2022

Global Workspace Theory: Consciousness arises when selected information enters a limitation space and is broadcast

a b

Bottlenecked Transformer exhibits superior 

Generalization and Computational Efficiency
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Reference mapping benchmark

CellMemory outperforms single-cell foundation models 

in generalization and speed.

a

c

b
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a b

Scalability test 

Reference: 26k cells
Query: 21k cells

In evaluations on small dataset, sc foundation models achieved higher Accuracy.

However, in scenarios characterized by imbalanced cell type proportions, 

CellMemory achieved superior F1-score.

Qifei Wang … , L, Jiang, Genome Biology，2025
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Interpreting human breast cancer Xenium data 

a

d

b

ec

Qifei Wang … , L, Jiang, Genome Biology，2025

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



38

Characterizing mouse whole-brain MERFISH atlas at granule-level

ba c

d e

Qifei Wang … , L, Jiang, Genome Biology，2025
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Characterizing human cortex Slide-tags data at granule-level

L2 (24 cell types) and L3 (131 cell states) annotated by CellMemory

a

c d

b

Micro-PVM_1:
3.4‰ in Slide-tags data
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Inferring founder cell of Mixed Phenotype Acute Leukemia (MPAL) 
Studying malignant cells and the heterogeneity among patients using normal cells (BMMC, PBMC ) as a baseline 

a b

c d

e
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Inferring founder cell of Medulloblastoma (MB) 

a

b c

Studying malignant cells and the heterogeneity among patients using normal cells 
(human embryonic cerebellar glutamatergic neuronal lineages ) as a baseline 
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Multi-omics Foundation Model for Organ-X

3 million cells from organ-X
a b

c d

Unpublished work. 
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AI Agent for automatic single-cell multi-omics data collection

Unpublished work. 

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



Summary of CellMemory

✓ CellMemory offers the advantages of computational efficiency, strong 

generalization capabilities, and interpretability

✓ It achieves state-of-the-art (SOTA) performance in cell type annotation 

and cross-technology platform integration

✓ Supports multi-modal data representation, enables cross-scale 

identification of phenotype-associated key cell subpopulations

✓ facilitates virtual target screening for cross-scale individual 

characterization.
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Thanks
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