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Organoids are 3D structures derived from adult (ASCs) or pluripotent (PSCs) stem-cells. They are cultured in vitro and

display architectures and functionalities similar to organs in vivo. At a much smaller scale, the multicellular repertoire of

target organs is expected to validate organoid maturation.

Organoids model organs development  
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Definition  

Therapeutic Application 

Rossi et al., 2018, Nature Review.

Ethical implication

De Kanter et al., 2023, Tissue Engineering.

Animal experimentations 

Tissue collection
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Organoid maturation limits/challenges

Limits 

Challenges

• Improve organoid specificity to the target organ. 

• Define organ specific cells vs off target cells for quality control.

• Vascularization by bioengineering or transplantation.

Cell differentiation in organoids is closer to fetal than adult target organ.

 Restricted lifespan limits ability to reach latter stages.

 In vitro environment lacks specific in vivo factors to diffuse nutrients.

Rossi et al., 2018, Nature Review.

Picollet-D’hahan et al., 2017, Trends in Biotechnology. 

The Organoid Cell Atlas, 2021, Nature Biotechnology.

The single-cell RNA-seq is widely used to control the cell composition of organoids. 
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Available resources on kidney organoids  
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• Kidney cell fate, targeted and off target cell types in kidney tissues.

• Single-cell RNA-seq data available and analyzed. 
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Available resources on kidney organoids  
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Can we assess the tissue specificity and the variation of cell 

composition of kidney organoids from single-cell RNA-seq data? 

• Kidney cell fate, targeted and off target cell types in kidney tissues.

• Single-cell RNA-seq data available and analyzed. 
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• Freely available datasets.

• Alstem(AS) human induced pluripotent stem cell line.

• 4 time points of maturation (D0, D7, D15 and D29).

Public datasets used of kidney organoids
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scRNA-seq scRNA-seq scRNA-seq scRNA-seq

Day of maturation Number of cells 

D0 16786

D7 16072

D15 50976

D29 47799

Takasato et al, 2016, Nature Protocols

Protocol  

Single-cell RNA-seq datasets  
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Single-cell RNA-seq workflow adapted for organoids
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Trajectory 

•Monocle3

Variability 

•Jensen Shannon 
Divergence (JSD)

Seurat v3 

Integration 

•Multiple sample analysis

•CCA

Public datasets

•10X Genomics
•CellRanger

Quality filters

•<5% Ribosomal genes
•>5% Mitochondrial genes

Normalization

•Scaling factor = 10000
•Log transformation

Find Variable Genes

•2000 genes

Scaling

•Centered

Dimension reduction

•PCA: 30 PCs

Find Neighbors 

•SNN

Find Clusters 

•Resolution = 0.6
•Louvain algorithm

Visualization

•UMAP/T-SNE
•Proportions

Remove doublets 

•DoubletFinder
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Seurat
Stuart and Butler et al. Comprehensive Integration of Single-Cell 

Data. Cell (2019) [Seurat V3]

Georges Seurat, 1889

• Transcriptome of each cell. 

• 1 point = 1 cell
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1 Integration

• Canonical Correlation Analysis (CCA)

Stuart and Butler et al, 2019. Cell 

Single-cell RNA-seq workflow adapted for organoids
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2 Trajectory

• Monocle3

• Order cell by pseudo-time from graph approach 

depending on cell distances. 

• Visualization of cell differentiation

Trapnell et al., 2014. Nature Biotechnology.  

Single-cell RNA-seq workflow adapted for organoids
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3 Jensen Shannon Divergence

The Jensen Shannon Divergence (JSD) statistical 

approach that compare object frequencies in groups. 

Score comprised between 0 and 1:

• 0: identical classifications. 

• 1: high level of divergence between the 2  

classifications.  

Single-cell RNA-seq workflow adapted for organoids

Lin., 1991,IEEE Transaction on Information Theory.  
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Integration and cluster identification

Cluster identificationSamples before CCA Samples after CCA

D7

D15

D0

D29
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• Distinguish clusters that are common to all the maturation days from those specific to one level with the

percentage of cells belonging to each maturation day for every cluster.

Heterogeneity of cell proportions in clusters
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• Distinguish clusters that are common to all the maturation days from those specific to one level with the

percentage of cells belonging to each maturation day for every cluster.

Heterogeneity of cell proportion in clusters
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• Distinguish clusters that are common to all the maturation days from those specific to one level with the

percentage of cells belonging to each maturation day for every cluster.

Heterogeneity of cell proportion in clusters
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• Distinguish clusters that are common to all the maturation days from those specific to one level with the

percentage of cells belonging to each maturation day for every cluster.

Heterogeneity of cell proportion in clusters

D29 specific
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 Observation of early and more 

advanced maturation stages. 
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Cell labeling of clusters
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• Assigning cell types to clusters identified by Seurat.

• Based on knowledge of the transcriptome specificity of cell populations. 

Definition  

• Marker genes differentially expressed in clusters: 

 Known marker genes of cell populations (Schumacher et al., 2021).

 Human Protein Atlas.

 marker gene expression in cell/clusters.

Different methods used and aggregated

• Automated labeling with Seurat: 

 Comparison of a labelled reference with the 

query dataset. 

 References: D29 and adult kidney datasets from 

Subramanian et al. paper. 
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 The D29 specific clusters are well separated.

 We also visualize the maturation and the cell differentiation from D0 to D29.

Cell trajectories

Nephron progenitor

Proliferating

Fibroblast

Stromal

Neural

Interstitial

Collecting duct

Proximal tubule

Distal nephron

Muscle-like

Podocyte

D0

D7

D15

D29
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• The JSD (Jensen Shannon Divergence) was applied on AS integrated datasets of all the days of

maturation (D0, D7, D15 and D29).

• It compared the proportion of cells in each cluster between 2 samples.

 As observed previously D0vsD7 and D15vsD29 

showed more similar classifications. 

Variability score between maturation ages

D0 vs D7

D7 vs D15

D15 vs D29

D0 vs D15

D7 vs D29

D0 vs D29

Maturation date (nb days) 

D0D7D15D29
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• 3 single-cell RNA-seq datasets from the same organoid. 

• 24 days of maturation.

• Same protocol (M. Little)

Validation of the method with a new dataset 
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A new organoid dataset
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• Comparison of clusters of Combes et al. with previous AS line organoids. 

Validation of the method with a new dataset 
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AS line Combes et al. vs AS  

D0 vs D7

D7 vs D15

D15 vs D29

D0 vs D15

D7 vs D29

D0 vs D29

Maturation date (nb days) 

D0

D7

D15

D29

• Comparison of clusters of Combes et al. with previous AS line organoids. 

 Combes et al. organoid profile closer to

D15 and D29 organoids of AS line.

 Consistent with the truth corresponding

to a maturation at D24.

Validation of the method with a new dataset 

Combes

et al.
D29 D15 D7 D0
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• Kidney organoids could be characterized at different maturation stages. 

• The observation of 2 early and later maturation levels (D0-D7 and D15-D29) is consistent with Subramanian et al. 

future protocol improvements focused on this interval. 

• The integration of another dataset validated the method with a correct estimation of the number of maturation days.

Main messages
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Perspectives… 

• Apply the same method on organoids of different protocols and source cells to study the reproducibility.  

• Test the method on organoids of another targeted organ (example: skin – Lee et al., 2020, Nature)  

• Use machine leaning based approach to estimate the age of the organoid.
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Thank you for your attention 

Questions? 


