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Keynote Speakers

Large scale single-cell multi-sample multi-condition data integration

Prof. Jean Yang KS

University of Sydney, Sydney, Australia
Advances such as large-scale single-cell profiling such as single-cell RNA-seq (scRNA-seq) haveexploded in recent years and enabled unprecedented insight into the identity and function ofindividual cells. The recent emergence of multiple individual cohort studies further allows re-searchers to investigate cells from different individuals. Effective integration of multiple collectionscohort studies promises further biological insights into cells under different conditions that cannot be uncovered with individual studies. Here, we present scMerge2, a scalable algorithm thatallows data integration of large-scale multi-sample multi-condition single-cell studies. We havegeneralised scMerge2 to enable the merging of millions of cells from single-cell studies. Using alarge COVID-19 data collection with over twomillion cells from over seven hundred individuals frommultiple studies globally, we demonstrate that scMerge2 enables multi-sample multi-conditionscRNA-seq data integration from multiple cohorts and reveals distinct cell states of COVID-19patients with varying degrees of severity. We further illustrate the extraction of interpretablecellular representation (scFeatures) for each individual and the potential of these signatures fordiscriminating between moderate and severe patients.
From genotype to phenotype with single-cell resolution

Prof. Oliver Stegle KS

The German Cancer Research Center, Heidelberg, GermanyEuropean Molecular Biology Laboratory
The study of genetic effects on gene expression and other molecular traits using bulk sequencinghas allowed for the functional annotation of disease variants in diverse human tissues. Advances insingle-cell RNA sequencing and multi-omics protocols provide for unprecedented opportunities togreatly increase the resolution of such genetic analyses, allowing to assess gene regulatory effectsat the resolution of cell types, cell states and even in individual cells in human tissues. In thistalk, I will present computational strategies for analyzing and integrating population-scale multi-omics dataset. I will then describe applications of these strategies to population-scale single-cellsequencing dataset from genetically diverse human iPSCs across differentiation towards a neuronalfate. Our data provide unprecedented opportunities to map regulatory variants and human diseasevariants both in major cell types but also in subtle subtypes and across cellular differentiation,revealing dynamic changes of regulatory variants. We describe novel disease-relevant linkagesof several of the regulatory variants identified, thereby illustrating how this technology can opennovel opportunities to study risk factors for human diseases.
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Wednesday 1st June

A comparison of computational methods for selecting marker genes in single-cell
RNA sequencing data

Dr. Davis McCarthy

St Vincent’s Institute of Medical Research, University of Melbourne, Melbourne, Australia
A common step in the analysis of scRNA-seq data is the selection of so-called marker genes, mostcommonly to enable the annotation of the biological cell types present in the sample. We bench-marked 41 computational methods for selecting marker genes in scRNA-seq data. The performanceof the methods was compared using 10 real scRNA-seq datasets and over 170 additional simulateddatasets. The methods were compared based on their ability to recover simulated and expert-annotated marker genes, the predictive performance of the gene sets they select, their memoryusage and speed, the quality of their implementations, and the characteristics of the marker genesthey select. In addition, various case studies were used to highlight issues and inconsistencies inthe most commonly used methods. Overall, we present a comprehensive evaluation of methodsfor selecting marker genes in scRNA-seq data. Our results highlight the efficacy of simple methods,especially the Wilcoxon rank-sum test, Student’s t-test and logistic regression.
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hECA: Human Ensemble Cell Atlas as a Virtual Body for “In Data” Cellular Experi-
ments

Prof. Xuegong Zhang

Tsinghua University, Beijing, China
Profiling the molecular features of all cells with their anatomical and functional attributes is es-sential for understanding the human body in health and diseases. In recent years, scientists havebeen enthusiastic in building such atlases of human cells using single-cell omics technologies, ledby consortiums and programs like HCA, HuBMAP and HDCA. In the meanwhile, the whole commu-nity has been more and more single-cell studies with the rapid development and popularizationsingle-cell RNA-sequencing and other technologies. Tremendous amount of single-cell data areaccumulating in the public domain. This suggests the possibility of an alternative approach forbuilding cell atlases by assembling such “shot-gun” data in scattered publications. We have beenstudying this possibility and the informatics solutions in recent years, and realized that the keychallenges in atlas assembly are not unique to scattered data, but also applies data generatedby consortium efforts. The task of cell atlas assembly will be of “shot-gun” manner in nature asthe spatial and temporal destiny of each cell is not deterministic at the microscopic level. Theinformation complexity and volume are many magnitudes larger than that of the human genomeproject. We proposed a unified information framework for assembling atlases from data of varioussources and built a human Ensemble Cell Atlas (hECA). It includes an infrastructure for storing andretrieving data that are large in both depth and width, and an information graph for unifying andrepresenting multifaceted annotations of cells. We developed an “in data” cell sorting scheme thatallows extracting cells using logic formula from the “virtual human body” to investigate scientificquestions involving multiple organs and cell types.
Differential Inference for Single-cell RNA-sequencing Data

Dr. Yingying Wei

The Chinese University of Hong Kong, HKSAR, China
With the wide-adoption of single-cell RNA-seq (scRNA-seq) technologies, scRNA-seq experimentsare becoming more and more complicated with multiple treatments or biological conditions. How-ever, despite the active research on batch effects correction, cell type clustering, and missingdata imputation for scRNA-seq data, rigorous statistical methods to compare scRNA-seq experi-ments under different conditions are still lacking. Here, we propose a Bayesian hierarchical model,DIFferential Inference for Single-cell RNA-sequencing Data (DIFseq), to rigorously quantify thetreatment effects on both cellular compositions and cell-type-specific gene expression levels forscRNA-seq data. We derive conditions for the model identifiability, which provides guidelineson the experimental design for comparative scRNA-seq studies. We implement a highly scalableMonte Carlo Expectation-Maximization algorithm to handle the large number of cells. Applicationof DIFseq to a pancreatic study demonstrates that considering the biological conditions of samplesin the analysis substantially boosts the clustering accuracy as compared to traditional analysispipeline for scRNA-seq data and identifies cell-type-specific and condition-specific differentiallyexpressed genes.
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Cell clustering for spatial transcriptomics data with graph neural network

Dr. Ye Yuan

Department of Automation, Shanghai Jiaotong University, Shanghai, China
Spatial transcriptomics data can provide high-throughput gene expression profiling and spatialstructure of tissues simultaneously. An essential question of its initial analysis is cell clustering.However, most existing studies rely on only gene expression information and cannot utilize spatialinformation efficiently. Taking advantages of two recent technical development, spatial transcrip-tomics and graph neural network, we thus introduce CCST, Cell Clustering for Spatial Transcriptomicsdata with graph neural network, an unsupervised cell clustering method based on graph convolu-tional network to improve ab initio cell clustering and discovering of novel sub cell types based oncurated cell category annotation. CCST is a general framework for dealing with various kinds ofspatially resolved transcriptomics. With application to five in vitro and in vivo spatial datasets, weshow that CCST outperforms other spatial cluster approaches on spatial transcriptomics datasets,and can clearly identify all four cell cycle phases from MERFISH data of cultured cells, and findnovel functional sub cell types with different micro-environments from seqFISH+ data of brain,which are all validated experimentally, inspiring novel biological hypotheses about the underlyinginteractions among cell state, cell type and micro-environment.
The Graphical R2D2 Estimator for the Biological Networks

Dr. Dora Zhang

The University of Hong Kong, HKSAR, China
Biological networks are important for the analysis of human diseases, which summarize the reg-ulatory interactions and other relationships between different molecules. Understanding andconstructing networks for molecules, such as DNA, RNA and proteins, can help elucidate themechanisms of complex biological systems. The Gaussian Graphical Models (GGMs) are populartools for the estimation of gene regulatory networks because of their biological interpretability.Nonetheless, reconstructing GGMs from high-dimensional datasets is still challenging and currentmethods cannot handle the sparsity and high-dimensionality issues arising from datasets very well.Here wewill talk about a newGGM, called the graphical R2D2 (R2-induced Dirichlet Decomposition),based on the R2D2 priors for linear models. When the true precision matrix is sparse and of highdimension, the graphical R2D2 provides the estimates with smallest information divergence fromthe sampling model. We will also provide breast cancer gene network analysis example using thegraphical R2D2 estimator.

5



Measuring Protein-DNA Interaction for Decoding Epigenome in Single Cells

Prof. Aibin He

Peking University, Beijing, China
Recent advances in single-cell epigenomic technologies are transforming our understanding ofgene regulation. Here I will talk about our current progresses on developing single-cell methodsfor measuring protein-DNA interaction for decoding epigenome during development, includingsc-itChIP-seq and CoBATECH, as well as multimodal omics in CoTECH. Further, a promising method,SoMUCH, to simultaneously profile multiple histone modifications in the same cell will be men-tioned.
scONE-seq: A one-tube single-cell multi-omics method enables simultaneous
dissection of molecular phenotype and genotype heterogeneity from frozen
tumors

Prof. Angela Wu

The Hong Kong University of Science and Technology, HKSAR, China
Genomic and transcriptomic heterogeneity both play important roles in normal cellular functionas well as in disease development. To be able to characterize these different forms of cellularheterogeneity in diverse sample types, we developed scONE-seq, which enables simultaneoustranscriptome and genome profiling in a one-tube reaction. Previous single-cell-whole-genome-RNA-sequencing (scWGS-RNA-seq) methods require physical separation of DNA and RNA, often byphysical separation of the nucleus from the cytoplasm. These methods are labor-intensive andtechnically demanding, time-consuming, or require special devices, and they are not applicableto frozen samples that cannot generate intact single-cell suspensions. scONE-seq is a one-tubereaction, thus is highly scalable and is the first scWGS-RNA-seq method compatible with frozenbiobanked tissue. We benchmarked scONE-seq against existing methods using cell lines andlymphocytes from a healthy donor, and we applied it to a 2-year-frozen astrocytoma sampleprofiling over 1,200 nuclei, subsequently identifying a unique transcriptionally normal-like tumorclone. scONE-seq makes it possible to perform large-scale single-cell multi-omics interrogationwith ease on the vast quantities of biobanked tissue, which could transform the scale of futuremulti-omics single-cell cancer profiling studies.
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ISSAAC-seq enables sensitive and flexible multimodal profiling of chromatin
accessibility and gene expression in single cells

Dr. Chen Xi

Southern University of Science And Technology, Shenzhen, China
Joint profiling of chromatin accessibility and gene expression from the same single cell/nucleusprovides critical information about cell types in a tissue and cell states during a dynamic process.These emerging multi-omics techniques help the investigation of cell-type resolved gene regulatorymechanisms. However, many methods are currently limited by low sensitivity, low throughputor complex workflow. Here, we developed in situ SHERRY after ATAC-seq (ISSAAC-seq), a highlysensitive and flexible single cell multi-omics method to interrogate chromatin accessibility andgene expression from the same single nucleus. We demonstrated that ISSAAC-seq is sensitive andprovides high quality data.
Inferring genetic models from cell landscapes

Dr. Guoji Guo

Zhejiang University, Hangzhou, China
Despite extensive efforts to sequence different genomes, genetic models to interpret gene regula-tion and cell fate decisions are lacking for most species. Here, we constructed cross-species celllandscapes covering representative metazoan species to study gene regulation through evolution.We developed a deep learning–based model, NvWA, to predict expression landscapes and decipherregulatory elements at the single-cell level. Although entirely derived from the genome sequences,NvWA recognizes global regulatory signals. We provide evidence that regulatory elements aremore conserved among vertebrates and invertebrates than the gene expression.
Cellular and microbial niches of the human intestinal tract

Dr. Kylie James

Garvan Institute of Medical Research, Sydney, Australia
The human intestinal cell landscape is dynamic, changing in response to functional requirementsand environmental exposures. Our recent work has comprehensively mapped cell lineages fromdistinct anatomical regions of the healthy human intestinal tract using single cell RNA-seq. Using asystems integrated analysis approach we have identified transcriptionally-distinct epithelial cellsacross the intestinal tract and an increasing gradient of plasma cell activation in response to achanging neighbouring microbiota. Together, this work provides an unprecedented catalogue ofintestinal cells, and new insights into the complexity of cellular programs in gut homeostasis.
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A human embryonic limb cell atlas resolved in space and time

Prof. Hongbo Zhang

Sun Yat-sen University, Guangzhou, China
Human limbs emerge during the fourth post-conception week as mesenchymal buds which developinto fully-formed limbs over the subsequent months. Limb development is orchestrated by numer-ous temporally and spatially restricted gene expression programmes, making congenital alterationsin phenotype common. Decades of work with model organisms has outlined the fundamentalprocesses underlying vertebrate limb development, but an in-depth characterisation of this processin humans has yet to be performed. Here we detail the development of the human embryoniclimb across space and time, using both single-cell and spatial transcriptomics. We demonstrateextensive diversification of cells, progressing from a restricted number of multipotent progeni-tors to myriad mature cell states, and identify several novel cell populations, including perineuralfibroblasts and multiple distinct mesenchymal states. We uncover two waves of human muscledevelopment, each characterised by different cell states regulated by separate gene expressionprogrammes. We identify musculin (MSC) as a key transcriptional repressor maintaining musclestem cell identity and validate this by performing MSC knock down in human embryonic myoblasts,which results in significant upregulation of late myogenic genes. Spatially mapping the cell types ofthe limb across a range of gestational ages demonstrates a clear anatomical segregation betweengenes linked to brachydactyly and polysyndactyly, and uncovers two transcriptionally and spatiallydistinct populations of the progress zone, which we term “outer” and “transitional” layers. Thelatter exhibits a transcriptomic profile similar to that of the chondrocyte lineage, but lacking thekey chondrogenic transcription factors SOX5,6 & 9. Finally, we perform scRNA-seq on murineembryonic limbs to facilitate cross-species developmental comparison at single-cell resolution,finding substantial homology between the two species.
Integrative Spatial Transcriptome Analysis for Embryo Development

Dr. Guangdun Peng

Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou,China
Single-cell sequencing has revolutionized biomedicine research in unprecedented scales. Howevercurrent single-cell sequencing has been limited by the loss of spatial information. Spatial omicsaim to survey the natural state of cells in native tissues, to identify the location-defined cell typesand to understand how the cells are communicating within their community. The integrativeanalysis for spatial transcriptome and single-cells will allow for studying cellular heterogeneity atdifferent scales and for discovering new layers of molecular connectivity between the genome andits functional output, and leading to many innovative discoveries. Here, we present a combinationof experimental and computational pipelines in uncovering spatial variances for embryonic tissueorganizations, particularly during gastrulation and mouse brain development.
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From one to many: the making of multi-ciliated cells

Dr. Mu He

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
The airway is a complex organ vital for all air breathing animals. Diseases of the respiratory systemare amongst the leading causes of morbidity and mortality worldwide. The early manifestation ofmany airway diseases raises the question of the cellular origins for diseases during embryonic andfetal development. In our recent study, we systematically characterized the developmental land-scape of the mouse airway using single-cell RNA sequencing and identified remarkably conservedcellular programs operating during human fetal development. In addition, trajectory analysescombined with lineage tracing experiments allowed us to uncover a unique cilia-secretory hybridcell state highly relevant in development and disease.
Cells of the developing human lung

Dr. Peng He

EMBL-EBI, Sanger Institute, University of Cambridge, Cambridge, UK
We present a multiomic cell atlas of human lung development that combines single cell RNAand ATAC sequencing, high throughput spatial transcriptomics and single cell imaging. Couplingsingle cell methods with spatial analysis has allowed a comprehensive cellular survey of theepithelial, mesenchymal, endothelial and erythrocyte/leukocyte compartments from 5-22 postconception weeks. We identify new cell states in all compartments. These include developmental-specific secretory progenitors that resemble cells in adult fibrotic lungs and a new subtype ofneuroendocrine cell related to human small cell lung cancer; observations which strengthen theconnections between development and disease/regeneration. Finally, to illustrate its general utility,we use our cell atlas to generate predictions about cell-cell signalling and transcription factorhierarchies which we test using organoid models.
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Sample demultiplexing, multiplet detection, cell-type classification and verifica-
tion in large-scale single cell sequencing

Dr. Lian Qiuyu

Shanghai Jiaotong University, Shanghai, China
Identifying and removing multiplets and the multiplet-induced artificial cell types are essential toimproving the scalability and the reliability of single cell RNA sequencing (scRNA-seq). Multipletscreate artificial cell types in scRNA-seq datasets and complicate the automation of cell surfacephenotyping. We propose a Gaussian mixture model-based multiplet identification method, GMM-Demux, and an artificial-cell-type aware surface marker clustering method, CITE-sort, to enableaccurate identification and removal of multiplets in large-scale scRNA-seq datasets, as well asaccurate cell type clustering by surface markers. Together, they accurately identify and removemultiplets and artificial cell types through joint RNA-and-protein sequencing (CITE-seq) and samplebarcoding technologies (cell hashing or MULTI-seq). We benchmarked GMM-Demux and CITE-sort on two in-house cell-hashing-enabled CITE-seq datasets. We showed that GMM-Demux ismore stable and accurate than existing state-of-the-art sample demultiplexing methods and canrecognize 9 multiplet-induced fake cell types in a PBMC dataset. We demonstrated that CITE-sortproduces the best clustering performance in large scale CITE-seq datasets with substantial multipletfootprints, when compared against a suite of canonical, multiplet-unaware clustering methods.Together, GMM-Demux and CITE-sort enable accurate identification and removal of multiplets andartificial cell types; hence increase the scale of scRNA-seq experiments from lower than 10K tobeyond 30K cells.
FlowGrid: A python package for fast clustering for millions of single cell transcrip-
tomic profiles

Ms. Fang Xiunan

University of Hong Kong, HKSAR, China
Recent technological advances have revolutionized the scale of single cell analyses where limitedsolutions exist. The number of reported cells in each single cell study increased from severalhundreds to several millions. The increasing scale of scRNA-seq analysis urges the need for ascalable and reliable clustering algorithm that can handle single cell data set on the scale of millions.FlowGrid combines the benefit of DBSCAN (a density-based clustering algorithm for large spatialdatabases) and a grid-based approach to achieve scalability. The key idea of FlowGrid algorithm isto replace the calculation of density from individual points to discrete bins as defined by a uniformgrid. This way, the clustering step of the algorithm will scale with the number of non-empty bins,which is significantly smaller than the number of points in lower dimensional data sets. FlowGridpackage is implemented in python and made compatible with Scanpy platform with the functionsincluding clustering, cluster result report and outlier detection.
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UniTVelo: temporally unified RNA velocity reinforces single-cell trajectory infer-
ence

Mr. Gao Mingze

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
The recent breakthrough of single-cell RNA velocity methods brings attractive promises to au-tomatically identify directed trajectory on cell differentiation, states transition and response toperturbations, which is uniquely demanded in in-vivo applications and abnormal conditions. How-ever, the existing RNA velocity methods, including scVelo, are often found to return erroneousresults, partly due to model violation of complex expression profiles or lack of temporal regu-larization. Here, we present UniTVelo, a statistical framework of RNA velocity that models theflexible transcription dynamics of spliced and unspliced RNAs via a spliced RNA oriented framework.Uniquely, it also supports the effective inference of unified latent time across genes and orders cellson individual genes in the phase portrait, especially for multiple-rate kinetics genes and those withstable and monotonic changes across the transcriptome. With ten datasets, we demonstrate thatUniTVelo returns the expected trajectory in different biological systems, including hematopoieticdifferentiation and those even with weak kinetics or complex branches. Specifically, UniTVelocorrectly identifies the differentiation trajectories of the human bone marrow development, fromhematopoietic stem cells to three distinct branches. This system is complex and cannot be fullyresolved by other currently available RNA velocity methods.
Differential composition analysis of single-cell data

Ms. Lin Xinyi

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
Single cell profiling technology such as single-cell RNA-seq (scRNA-seq) enables high throughputdiscovery and characterisation of diverse cell types or cell states in a population of cells. This abilityhas given rise to new statistical problems in robust quantification and comparison of cell-typeproportion.. It remains challenging to effectively detect differential compositions of cell typeswhen comparing samples coming from different conditions or along with continuous covariates,partly due to the small number of replicates and high uncertainty of cell clustering. Here, weintroduce a new statistical model, DCATS, for differential composition analysis in single cells ina framework of beta-binomial regression. It leverages a confusion matrix to correct the bias ofclustering and allows pre-estimated parameters across all cell types to account for its uncertainty. Italso allows us to regress out the influence of confounding covariates except for the condition factor.Through multiple simulated and experimental data sets, we demonstrate the high effectiveness ofDCATS in identifying variable cell types in various experiment designs. Combining the differentialgenes analysis, cell-cell interaction analysis, and other scRNA-seq analysis, DCATS deepens ourunderstanding of cell types differential composition and gain biological insight.
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Spatial-temporal transcriptomics analysis of Mesodermal Lineage Organoids
(MLOs) reveals human developmental hematopoiesis

Mr. Xiang Yang

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
Organoids are valuable tools in studying developmental biology and disease modeling. However,the lack of an organoid platform with vasculature and immune cells hinders the understanding ofdevelopmental hematopoiesis, the origin of the blood system in the embryo. Here we establishedmesodermal lineage organoids (MLOs) from human pluripotent stem cells by step-by-step exposureto morphogens and cytokines. We hypothesized that MLOs could recapitulate developmentalhematopoiesis. To validate that the MLOs followed the early hematopoiesis consistent with humanembryos, time-series single-cell RNA-seq combined with spatial transcriptomics revealed thesignatures of early hematopoiesis. To be specific, erythro-megakaryocyte commitment occurredfirst, followed by monocyte commitment and expansion. These observations reinforced previousknowledge of early hematopoiesis in human embryos, demonstrating that MLOs recapitulatedevelopmental hematopoiesis.
Single cell analysis reveals CHOP as an early marker for conventional chondrosar-
coma

Dr. Su Nelson, Zezhuo

University of Hong Kong, HKSAR, China
Chondrosarcoma consisting of cartilage producing cells is a relatively rare cancer. Conventionalchondrosarcoma (CCS) is the most common form of chondrosarcoma that can arise from benigntumour. Benign tumour is managed conservatively, while surgery is the main form of treatment forCCS. However, there is currently no clear diagnosticmarker formalignant transformation and clinicaldecision making. We used single-cell RNA sequencing (scRNA-seq) to characterize primary tumourtissues from five patients with CCS, one patient with benign tumour, as well as a chondroblasticosteosarcoma and a fetal femur as controls. This atlas of 25,739 single cells were analysed toidentify tumour heterogeneity, malignant transformation, and early markers of CCS. Based on inter-tumoral heterogeneity at single-cell resolution, we found that differentiated tumours containedfor two distinct neoplastic cell clusters. One cluster resembled normal resting chondrocytes fromfoetal femur while the other cluster, which was subjected to cellular reprograming and ER stress,indicated malignant transformation. Further single cell analysis on additional central, peripheral,dedifferentiated chondrosarcomas revalidated ER stress as a specific early marker for centralchondrosarcoma. In addition, we experimental revalidated the cancer development trajectorythat NFkB pathway regulated the survival of chondrosarcoma cells through alleviating ER stressinduced apoptosis. Importantly, coupled with bulk expression profiles of large cohort, we proposeda prognostic model and identified DNA Damage Inducible Transcript 3 (DDIT3), commonly knownas CHOP which mediates ER stress induced apoptosis, as an early marker for CCS. Overall, thesefindings deciphered tumour heterogeneity andmalignant transformationmechanisms and providedmolecular signature for diagnosis of malignant transformation and grading of CCS.
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Single-cell RNA sequencing of lung adenocarcinomapatients reveals age-dependent
tumour microenvironment alterations that facilitate response to immunother-
apy

Mr. Zhu Xiaoqiang

University of Hong Kong, HKSAR, China
Background: Immunotherapy has revolutionized the treatment of lung adenocarcinoma (LUAD).While the increase in cancer incidence with age and age-associated changes in immune functionhave been well characterized, age-related differences in the intratumoral immune populations andhow this affects immunotherapy response remain unknown.Methods: We collected clinical data from 3,544 samples treated with immune checkpoint block-ade (ICB) at the pan-cancer level. Single-cell RNA sequencing data from 19 LUAD samples wereintegrated and analyzed. Cell types were identified based on canonical marker gene expression.Results: Aged individuals responded more efficiently to ICB treatment at the pan-cancer level.By focusing on LUAD, we showed that patients aged above 46 responded better and had longerprogression-free survival than younger counterparts. Further, we presented a 58,031-cell cata-log of age-associated single-cell transcriptomes from LUAD patients. Our analysis revealed theaccumulation of immune response and chronic inflammation with increasing age. Aged tissues(> 60 years) displayed dominant exhausted natural killer (NK)/T cells and T regulatory cells andwere enriched with two subtypes of tumour-associated macrophages marked by SPP1 and CX3CR1expression, respectively. Furthermore, the ageing dynamics of stroma cells created a pro-tumormicroenvironment reflected by increased angiogenesis and collagen formation.Conclusions: These results revealed an increasing immune-suppressive tumour microenvironmentwith age, supporting an observation of improved ICB response in older LUAD patients. Our ex-tensive single-cell analysis enhances the understanding of age-dependent molecular and cellulardynamics in LUAD. Our results highlight the importance of considering age as a factor for ICBresponse and provide a rich resource for developing therapeutic targets in LUAD-microenvironmentinteractions.
Investigation of Thymic Nursing Cell Complexes by Single-Cell RNA Sequencing

Mr. Velayutham Sampath Kannan

Department of Pharmacology and Pharmacy, University of Hong Kong, HKSAR, China
Thymic nurse cell complexes (TNC) provide important microenvironment for T-cell developmentin thymus. However, there is little information on the composition of cells within TNC. Here, TNCwere isolated from thymus of 7-weeks old female wild type (WT) and adiponectin knock out (AKO)mice. Single-cell RNA sequencing was performed using the NovaSeq 6000 system in Centre forPanorOmic Sciences . Cell Ranger, Seurat, SingleR and ClusterMap algorithm were applied foridentifying and comparing the different types of cells based on Cell Marker and cellkb databases.The results demonstrated that the cellular composition of TNC was significantly different betweenWT and AKO. The latter contained significantly reduced percentages of T lymphocytes, epithelial,macrophage and dendritic cells, but increased number of B cell progenitors and gamma-delta Tcells, suggesting a role of adiponectin in TNC-mediated T cell development and selection.
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Thursday 2nd June

Population genetics meets cellular genomics

Prof. Joseph Powell

Garvan Institute of Medical Research, Sydney, AustraliaUniversity of New South Wales, Sydney, Australia
Common diseases are the most prevalent cause of disease burden. These diseases, which aresometimes referred to as complex diseases, are characterised by the underlying genetic architecturethat is highly polygenetic. There may be hundreds to thousands of independent risk loci for agiven disease. An essential feature of these diseases is that genetic loci predominately act bychanging how the genome is ‘regulated’ rather than changing protein sequences. A challenge inunderstanding the genetic mechanism underlying disease is that while DNA is the same in everycell, how genetic variation contributes to genome regulation is not the same in every cell. Thereare significant ‘cell-type’ specific effects. Our research is focused on studying this phenomenon atscale, utilising cellular genomics, cellular phenotyping, and population genetics.
CoSpar identifies early cell fate biases from single cell transcriptomic and lineage
information

Prof. Shuowen Wang

Westlake University, Hangzhou, ChinaHarvard University, Massachusetts, USA
A goal of single cell genome-wide profiling is to reconstruct dynamic transitions during cell dif-ferentiation, disease onset, and drug response. Single cell assays have recently been integratedwith lineage tracing, a set of methods that identify cells of common ancestry to establish bonafide dynamic relationships between cell states. These integrated methods have revealed unappre-ciated cell dynamics, but their analysis faces recurrent challenges arising from noisy, dispersedlineage data. Here, we develop coherent, sparse optimization (CoSpar) as a robust computationalapproach to infer cell dynamics from single-cell transcriptomics integrated with lineage tracing.Built on assumptions of coherence and sparsity of transition maps, CoSpar is robust to severedown-sampling and dispersion of lineage data, which enables simpler experimental designs andrequires less calibration. In datasets representing hematopoiesis, reprogramming, and directeddifferentiation, CoSpar identifies early fate biases not previously detected, predicting transcriptionfactors and receptors implicated in fate choice. Documentation and detailed examples for commonexperimental designs are available at https://cospar.readthedocs.io/.
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Adversarial domain translation networks for integrating large-scale atlas-level
single-cell datasets

Prof. Can Yang

Hong Kong University of Science & Technology, HKSAR, China
The rapid emergence of large-scale atlas-level single-cell RNA-seq datasets presents remarkableopportunities for broad and deep biological investigations through integrative analyses. However,harmonizing such datasets requires integration approaches to be not only computationally scalable,but also capable of preserving a wide range of fine-grained cell populations. We created Portal,a unified framework of adversarial domain translation to learn harmonized representations ofdatasets. When compared to other state-of-the-art methods, Portal achieves better performancefor preserving biological variation during integration, while achieving the integration of millionsof cells in minutes with low memory consumption. We show that Portal is widely applicable tointegrating datasets across different samples, platforms and data types. We also apply Portal tothe integration of cross-species datasets with limited shared information among them, elucidatingbiological insights into the similarities and divergences in the spermatogenesis process amongmouse, macaque and human.
Profiling of transcribed cis-regulatory elements in single cells

Dr. Chung-chau Hon

RIKEN IMS Center for Integrative Medical Sciences, Japan
Profiling of cis-regulatory elements (CREs, mostly promoters and enhancers) in single cells allowsthe interrogation of the cell-type and cell-state-specific contexts of gene regulation and geneticpredisposition to diseases. Here we demonstrate single-cell RNA-5’end-sequencing (sc-end5-seq) methods can detect transcribed CREs (tCREs), enabling simultaneous quantification of geneexpression and enhancer activities in a single assay at no extra cost. We showed enhancer RNAs canbe detected using sc-end5-seq methods with either random or oligo(dT) priming. To analyze tCREsin single cells, we developed SCAFE (Single Cell Analysis of Five-prime Ends) to identify genuinetCREs and analyze their activities (https://github.com/chung-lab/scafe). As compared toaccessible CRE (aCRE, based on chromatin accessibility), tCREs are more accurate in predictingCRE interactions by co-activity, more sensitive in detecting shifts in alternative promoter usageand more enriched in diseases heritability. Our results highlight additional dimensions withinsc-end5-seq data which can be used for interrogating gene regulation and disease heritability.
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Tracing T cell development and T cell activation using single cell RNA-seq

Dr. Wenfei Jin

Southern University of science and Technology, Shenzhen, China
T cells are lymphocyte immune cells that protect us from pathogens and cancer cells. Tracing itsdevelopment and activation could significantly facilitate our understanding of its function. Weanalyzed single-cell RNA-seq data of human CD34+ cells that represent hematopoietic stem andprogenitor cells (HSPCs), from multiple tissues. We found most HSPCs subsets in bone marrowhave counterparts in peripheral blood except B cell lineages, indicating that the HSPCs migrationbetween bonemarrow and bloodmight be very dynamics. We further interrogated 6 bead-enrichedT cell subsets from peripheral blood and re-clustered them into 9 single cell clustered population(scCPops) using scRNA-seq. We found that Naïve T showed the highest similarity to its scCPopcounterpart among all T cell subsets. Interestingly, we discovered a T cell subpopulation thathighly expressed Interferon Signaling Associated Genes (ISAGs), which is named ISAGhi T and maycontribute to quick T cell activation. After T cell activation, There is a fraction of stimulated T cellsexpressing some activated T cell markers, but their expression profile was similar to that of resting Tcells, and we called them inert T cells. Compared with resting T cells, inert T cells showed increasedactivity, cell proliferation, and cytokine expression.
Identification and characterization of pathogen-specific T cells in paired single-
cell RNA and TCR sequencing data

Dr. David Shih

University of Hong Kong, HKSAR, China
Investigating the phenotypic profiles of pathogen-specific T cells is critical to understanding Tcell responses against pathogens as well as improving the efficacy of therapeutics and vaccines.However, current methodologies for identifying pathogen-reactive T cells are limited in scope,throughput, or specificity. We have developed an integrative approach to identify pathogen-specificT cells in blood samples and characterize their single-cell transcriptomes. Our approach involves firstidentifying pathogen-specific T cells bymodeling the temporal expansion trajectories in longitudinalbulk TCR-seq data, and then using TCR sequences as barcodes to label the identified pathogen-specific T cells in the matching single-cell data. Applying our approach to a clinical study of anexperimental vaccine against human cytomegalovirus, we are able to characterize the single-celltranscriptomes of vaccine-specific T cells and discover transcriptional signatures of transient anddurable T cell response to cytomegalovirus. Accordingly, our methodology can greatly facilitate thestudy of T cell responses to vaccines and pathogens.
Tumor-associated monocytes promote glioma progression via EGFR signaling

Prof. Jiguang Wang

Hong Kong University of Science & Technology, HKSAR, China
TBD
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Microfluidics for single-cell printing and live-cell elasticity measurement

Dr. Huaying Chen

Harbin Institute of Technology, Shenzhen, China
Microfluidic chips are of unique advantages in single-cell manipulation and have been extensivelyemployed in single-cell analysis. This article mainly introduces single-cell printing and elasticitymeasurement using microfluidics. A microfluidic chip integrating two pneumatic microvalves wasdeveloped to print single cells with the ability of dynamic size screening. The microvalves weredesigned to regulate the clearance of the flow channel by air pressure, and then achieve the sizeselection of single cells. The front and rear valves respectively defined the upper and lower limitsof the cell size. Individual cells that meet the size requirements were quickly printed into a 384-wellplate to achieve one cell per well. The viability of cells after printing was 97.2%. The printingprocess did not affect cell viability in comparison to the control group without size selection orprinting.Besides, our team has also developed amicrofluidic chip that integrates particle separationand pressure sensors for the precise measurement of live-cell elasticity. The chip can effectivelyseparate the large and long particles in the cell suspension to avoid the blockage of the celldeformation channel. When a cell was driven into the microchannel, it deformed and finally passthrough. Meanwhile, the protrusion of cells and pressure inducing cell deformation were recordedsimultaneously. Finally, the elastic modulus and viscosity of each cell can be calculated using thecell protrusion length and the corresponding pressure in combination with a power-law rheologicalmodel. The elasticity of K562 and human umbilical vein cells were measured as 64.2 ± 33.3 Pa and383.4 ± 226.7 Pa, respectively. The microfluidic chips introduced in this talk will be of significantapplication in stem cell studies.
Massive single-cell image-based profiling and analytics: Expect the unexpected

Prof. Kevin KM Tsia

Department of Electrical & Electronic Engineering, University of Hong Kong, HKSAR, China
Recent advances in optical microscopy have revolutionized our ability to visualize multifacetedmorphological signatures (biophysical & molecular) of cells without the onerous and destructivesample handling commonly used in molecular profiling. This talk will cover our latest develop-ments in combining ultrahigh-throughput microfluidic single-cell imaging (at a throughput up to100,000 cells/sec) with different supervised/unsupervised image analytic strategies for craftinglarge-scale morphological “fingerprints” (profiles) of single cells. The talk will further discuss thenew opportunities and challenges of how to integrate this rapidly growing image-based repertoirewith the single-cell multi-omics data - altogether formulating holistic and integrative single-cellanalysis strategies for dissecting the complex biological system.
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Live single-cell imaging reveals a polyploid tumour cell subset upon bidirectional
tumour-macrophage interaction

Prof. Alice Wong

University of Hong Kong, HKSAR, China
Macrophages closely associate with cancer progression and promote metastatic spread However,how macrophages interact with and are functionally altered by different cancer cell subsets in aheterogeneous cancer cell population is unknown. Here, using both an isogenic ovarian cancer cellline model with opposite metastatic abilities and humanized mice, we show that highly metastatic(HM) cells, but not non-metastatic (NM) cells, have a selective advantage in skewing the interactingmacrophages to tumour-associated macrophages (TAM). Live single-cell imaging reveals that theseTAMs subsequently induce failed cytokinesis in a significant subset of HM, leading to the formationof polyploid tumour cells that are pivotal for tumour aggressiveness. This bidirectional interactionbetween HM and macrophages are mediated by metadherin expression induced by β-cateninon HM via trans-acting CEACAM1 expressed on macrophages. Using the orthotopic humanizedmice model, we confirm that knockdown of β-catenin or metadherin in HM cells reduced tumourburden and the number of tumor-infiltrating CD163+ TAMs. Expression of β-catenin is also foundto be positively correlate with expression of metadherin in clinical samples. The induced polyploidmetastatic subset represents a previously underappreciated therapeutic target.
Histology image-based spatial characterizations of tumor microenvironment for
cancer diagnosis, prognosis and molecular subtyping

Dr. Xin Wang

Chinese University of Hong Kong, HKSAR, China
Histopathological images derived from tissue slides contain rich information about cell morpholo-gies and tissue structures, providing a cost-efficient and easily accessible tool to dissect the tumormicroenvironment for clinical decision-making. Recently, deep learning based on convolutionalneural networks (CNNs) has been widely adopted as a powerful tool to delineate the cell morpholo-gies, tissue architecture, and develop novel image-based biomarkers. More strikingly, H&E-stainedhistology images can be used to directly predict the status of molecular characteristics such asgene mutations, microsatellite instability, and even molecular subtypes. In this talk, I will introducedeep learning frameworks we recently developed for automated tissue classification of routineH&E stained whole-slide images. We employed a multi-scale quantification approach to calculatespatial organization features (SOFs) at different magnification levels, resulting in "tissue-omics"profiles including hundreds of morphometric and subvisual morphometric features. Using severalcase studies, I will demonstrate the clinical relevance of SOFs and their potential applications incancer diagnosis, prognosis, and molecular subtyping.
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Decitabine response in acute myeloid leukemia

Dr. Asif Javed

University of Hong Kong, HKSAR, China
Decitabine is a hypomethylation agent which can induce strong albeit transient remission inmyeloidmalignancies. Patient response to decitabine varies considerably with mutations in P53 gene beinga key positive prognostic indicator. Over time, even the responsive patients acquire resistance tothe treatment. The mechanism of de novo or acquired decitabine resistance remains elusive. Weleverage the power of single cell omics to analyze the ebbs and flows of decitabine treatment. Tothis end, treatment sensitive and resistant patients in a decitabine clinical trial were recruited. Serialsamples from these patients at prognostically relevant timepoints were evaluated. Single cell RNAsequencing analysis guided by clinical and genomic features highlighted molecular characteristicsof drug response in leukemic and immune compartments. Through this analysis we aim to identifyearly prognostic markers of decitabine treatment and unearth possibilities for a more long termremission.
Multiomic single-cell analysis of the differentiation trajectories of acute myeloid
leukemia

Prof. Feng Liu

Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China
Cancer differentiation therapy aims to induce the maturation of neoplastic cells, yet it is unclearhow cell fate is determined in an oncogenic cellular context. Recently, we have applied multiomicsingle-cell analysis the differentiation trajectories of acute myeloid leukemia in vitro. We showthat, under the induction of all-trans retinoid acid (ATRA), the NB-4 (PML-RARA+ APL/AML-M3-subtype cell line) cells navigate through a cell fate bifurcation point, with only one branch leadingto mature granulocytes. Co-cis-accessibility network analyses, coupled with CRISPR- and CRISPRi-genome editing experiments, indicate that SPI1 and CEBPE, two hematopoietic lineage-determiningtranscription factors, are directly activated by ATRA signaling via discrete PML-RARA-targetingenhancers to promote terminal granulopoiesis. By contrast, in HL-60 cells, a cell line with AML-M2-subtype features, ATRA fails to activate strong SPI1 and CEBPE expression, and ATRA-induceddifferentiation is not only incomplete but also promiscuous, which is characterized by weak coin-duction of both granulopoiesis and lymphopoiesis gene expression programs. Together, our studyuncovers significant heterogeneity in the differentiation trajectories of AML cells and suggests thatthe therapeutic efficacy of ATRA in certain AML-subtypes may be compromised by therapy-inducedlineage promiscuity.
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Mutational landscapes to identify the origin of cancers at single cell resolution

Dr. Jason Wong

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
One of the major determinants of cancer cell phenotype is its cell type of origin. Recently, it wasshown that the somatic mutational landscape of cancers could be used to infer cell type of originas chromatin structure has a significant influence on the distribution of somatic mutations acrosscancer genomes. In this presentation, I will describe our efforts to integrate single-cell RNA-seqdata and cancer somatic mutations to infer the cell type of origin of hepatocellular carcinoma andother cancers.
Clustering single-cell RNA sequencing data using copy number alterationswithout
an healthy reference

Mr. Salvatore Milite

Human Technopole, Milano, Italy
Cancers are constituted by heterogeneous populations of cells that show complex genotypesand phenotypes which we can read out by sequencing. Many attempts at deciphering the clonalprocess that drives these populations are focusing on single-cell technologies to resolve geneticand phenotypic intra-tumor heterogeneity. While the ideal technologies for these investigationsare multi-omics assays, unfortunately, these types of data are still too expensive and have limitedscalability. We can resort to single-molecule assays, which are cheaper and scalable, and statisticallyemulate a joint assay, only if we can integrate measurements collected from independent cellsof the same sample. In this work we follow this intuition and construct a new Bayesian methodto genotype copy number alterations on single-cell RNA sequencing data, therefore integratingDNA and RNA measurements. Our method is unsupervised and leverages a segmentation of theinput DNA to determine the sample subclonal composition at the copy number level, togetherwith clone-specific phenotypes defined from RNA counts. By design our probabilistic methodworks without a reference RNA expression profile, and therefore can be applied in cases where thisinformation may not be accessible. We implement and test our model on both simulated and realdata, showing its ability to determine copy number associated clones and their RNA phenotypes intumour data from 10x and Smart-Seq assays.
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Single cell mitochondrial DNA mutations enable clonal tracking in osteosar-
coma

Dr. Xue Yan Sharon

University of Hong Kong, HKSAR, China
Cancer progression from early oncogenic transformation to distant metastasis is driven by a processof clonal evolution. Reconstructing clonal dynamics is critical to understand cancer biology andimplement effective therapies. MAESTER (Mitochondrial Alteration Enrichment from Single-cellTranscriptomes to Establish Relatedness) has been shown as a powerful technology to resolveclonal population through mitochondrial variant enrichment. Here, we explored the osteosarcomaclonality by adapting MAESTER in high-throughput single-cell RNA sequencing. The results showedthat osteosarcoma mitochondrial transcripts were successfully enriched from full length cDNAbarcoded scRNA-seq libraries generated by the 10X Genomics platform. The higher and moreeven coverage of mitochondrial transcript reads significantly enhanced the ability to detect clone-specific somatic mtDNA mutations at the single cell level, thus increased the feasibility to inferclonal dynamics in osteosarcoma progression. In conclusion, we have established the platform toenable discoveries in cancer biology by expanding the use of naturally occurring barcodes createdby mtDNA alterations.
Single-cell computational analysis of CRISPR/Cas9-based cellular lineage tracing
system

Ms. Chao Yiming

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
The fundamental question in developmental biology is when and how the cells acquire a functionalstate. Single-cell lineage tracing reveals the stage of cells accruing functionality. The recentlyestablished molecular barcoding systems generated robust datasets of lineage tracing. However,the computational pipeline to simultaneously annotate cell-type and lineage trajectory has beenchallenging. Here, we analyzed one of the molecular barcoding systems, the CARLIN (CRISPR ArrayRepair LINeage tracing) system established in 2020, and developed a computational pipeline todeconvolute lineage tracing of murine hematopoiesis in vivo. Based on CellRanger for sequencingreads pre-processing and Seurat package for normal downstream analysis to annotate cell-type,we developed a new computational pipeline for sequence alignment, indel calling, and barcodegenotyping. The barcode information defines cell clonality and lineage trajectory. Our pipelineunbiasedly identified and clustered the CARLIN barcodes, revealing the multi-lineage contributionof hematopoietic stem cells. In summary, we have developed a computational analysis pipeline ata single-cell level with user-friendly tools. We foresee that the new computational pipeline willaddress fundamental mechanisms in functional cell type specification.
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XClone: Statistical modelling of copy number variations in single cells

Ms. Huang Rongting

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
Somatic copy number variation (CNVs) aremajormutations in various cancers for their developmentand clonal evolution. Analysing CNV in single-cell RNA-seq data is of critical importance for bothdetecting the CNV states in tumour cells and revealing its impact on transcriptional phenotypes.However, the intrinsic low coverage and high noise properties in scRNA-seq make it difficultto call the CNVs accurately. A few computational methods (inferCNV, CopyKAT, HoneyBADGER,CaSpER) have been recently proposed to analyse CNV from scRNA-seq data, but their accuracyand computational efficiency have not been well benchmarked. Here we present a statisticalmethod, XClone, that integrates expression levels and allelic balance to enhance the detection ofhaplotype-aware CNVs from scRNA-seq data and the reconstruction of tumour clonal phylogeny.Compared to commonly used methods, XClone is found to be a promising tool for accurate CNVanalysis across multiple data sets, including a well-characterized and verified gastric cancer samplethat covers copy loss, gain, and loss of heterozygosity.
MQuad enables clonal substructure discovery using single cell mitochondrial
variants

Mr. Kwok Aaron Wing Cheung

School of Biomedical Sciences, University of Hong Kong, HKSAR, China
Mitochondrial mutations are increasingly recognised as informative endogenous genetic markersthat can be used to reconstruct cellular clonal structure using single-cell RNA or DNA sequencingdata. However, identifying informative mtDNA variants in noisy and sparse single-cell sequencingdata is still challenging with few computation methods available. Here we present an open sourcecomputational toolMQuad that accurately calls clonally informativemtDNA variants in a populationof single cells, and an analysis suite for complete clonality inference, based on single cell RNA, DNAor ATAC sequencing data. Through a variety of simulated and experimental single cell sequencingdata, we showed that MQuad can identify mitochondrial variants with both high sensitivity andspecificity, outperforming existing methods by a large extent. Furthermore, we demonstrateits wide applicability in different single cell sequencing protocols, particularly in complementingsingle-nucleotide and copy-number variations to extract finer clonal resolution.
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