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Figure S1. Structure of CytoTree package
The table headers describe the available modules: preprocessing, trajectory, analysis, visualization and set operations. A short description (black font) and the corresponding function (blue font) are provided for each module. The CytoTree workflow begins with the reading of the FCS data. Compensation, filtration, concatenation and normalization are included in the preprocessing module. A clean matrix after preprocessing is required to build an CYT object, and the analysis workflows of all other modules are all based on the CYT object. The trajectory module contains functions used to perform clustering and dimensionality reduction for cells. The analysis module is based on calculation results from the trajectory module. The visualization module includes functions to generate publication-quality plots from the CYT object. The set operations module includes a function for subsetting an CYT object based on user-defined cells or fetching meta information for clusters and cells during the analysis.
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Figure S2. Comparison of scatter plot of FlowJo and CytoTree
(A) Scatter plot when opened raw FCS file using FlowJo. (B) Scatter plot when opened raw FCS file using CytoTree. (C) Scatter plot using FlowJo after manual gating. (D) Scatter plot using CytoTree after manual gating using CytoTree. 
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Figure S3. Visualization of trajectory constructed based on different clustering methods and dimensionality reduction methods
(A) The visuality of the four dimensionality reduction methods using the 13-panel mass cytometry data, namely PCA, tSNE, diffusion maps and UMAP. PC_1 and PC_2 represented the first two principal components calculated by PCA, tSNE_1 and tSNE_2 represented the two components calculated by tSNE, DC_1 and DC_2 represented the first two diffusion components calculated by diffusion maps, and UMAP_1 and UMAP_2 represented the two components calculated by UMAP. Color in each point revealed the expression level of CD3. Red color represented a higher expression. (B) The trajectory tree constructed using MST based on PCA, tSNE, diffusion maps and UMAP coordinates, and the raw expression matrix, separately. Cluster color was scaled to the mean intensity of the marker expression of the cells within each cluster. Cluster size was scaled based on the cell number of each cluster.
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Figure S4. tSNE visualization of marker expression of the 13-panel mass cytometry data
tSNE plot of the expression level of CD3, CD4, CD8, CD11b, CD19, CD20, CD33, CD34, CD38, CD45, CD45RA and CD123. Color in each point revealed the expression level of each marker. Red color represented a higher expression.
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Figure S5. Marker density plot of time-course flow cytometry data
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Figure S6. Dimensionality reduction and UMAP visualization of marker expression of the time-course flow cytometry data
(A) The visuality of the first two components calculated by the four dimensionality reduction methods using time-course flow cytometry data: PCA, tSNE, diffusion maps and UMAP. Cells were colored by time point from D0 to D10, separately. (B) UMAP plot of the expression level of CD31, CD34, CD43, CD45RA, CD49f, CD73, CD90 and FLK1.
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Figure S7. Branch analysis of differentiation trajectory using the time-course flow cytometry data
(A) Branches identified by CytoTree and putative populations were annotated manually according to marker expression. (B) Violin plot of the expression level of CD31, CD34, CD38, CD43, CD45, CD45RA, CD49f, CD73, CD90 and FLK1. Each branch was colored different. 
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Figure S8. Correlation between markers expression and pseudotime in different time points
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