:;,0.'4 ELife TOOLS AND RESOURCES a @

Figures and figure supplements

ImmCellTyper facilitates systematic mass cytometry data analysis for deep
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Figure 1. Schematic diagram of BinaryClust framework. Semi-supervised classification is first performed on selected markers in the user-defined marker

expression matrix to classify and annotate major cell types. Population-of-interest can be further extracted and explored using unsupervised clustering
methods followed by differential analysis. Created with BioRender.com.
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Figure 1—figure supplement 1. Manual hierarchical gating strategy for main cell linages from human peripheral blood mononuclear cell (PBMC)
samples (myeloproliferative neoplasm [MPN] dataset, n = 9). All FCS files were cleaned up to remove doublets, normalisation beads and debris (please
refer to the methods for standard clean-up procedure), and pre-gated for CD45" leukocytes. (A) Serial bi-axial scatter plots representing the gating
diagram for T cell subsets (CD4 T cells, CD8 T cells, and gamma delta T cells), NK cells and dendritic cells based on the indicated phenotypic markers.

(B) Serial bi-axial scatter plot indicating the gating strategy to isolate monocytes and B cells from leukocytes. All manual gating was done using

Cytobank platform (https://premium.cytobank.org/cytobank/).

Sun, Choy et al. eLife 2024;13:RP95494. DOI: https://doi.org/10.7554/eLife.95494

30f15


https://doi.org/10.7554/eLife.95494
https://premium.cytobank.org/cytobank/

ELlfe Tools and resources Computational and Systems Biology | Immunology and Inflammation

98.45%
%

Ever_length

3
Residual
3

S R R e TR TR T RO
1911r_DNA 103Rn_ Viabilty offset

Figure 1—figure supplement 2. Clean-up procedure of cytometry by time-of-flight (CyTOF) data using Cytobank.
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Figure 2. Agreement evaluation comparing manual gating and BinaryClust in myeloproliferative neoplasm (MPN) cohort (n = 9). Manual gating of
B cells, CD4 T cells, CD8 T cells, dendritic cells, NK cells, monocytes, and gamma delta T cells were performed by two independent experts using

Cytobank, and mean values of the population percentages were calculated to compare with BinaryClust results. Each dot represents one patient

sample. (A) Scatter plot showing the correlation between the two methods, with the red line indicating perfect agreement (correlation coefficient = 1).
(B) Bland-Altman plots of the two measurement methods among all the cell populations, with the black line suggesting the mean observed difference
and red dotted lines indicating limits of agreement (1.96x standard deviations).
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Figure 2—figure supplement 1. Agreement evaluation between ImmCellTyper and manual gating in influenza dataset (n = 11). Manual gating

was performed using Cytobank and exported manually. (A) Correlation plots between ImmCellTyper results and manual gating results concerning
percentages in CD4 T cells, gamma delta T cells, dendritic cells, NK cells, CD8 T cells, and B cells, with red line indicating perfect agreement (correlation
coefficient = 1). (B) Bland-Altman plots of the two measurements in the indicated populations, with black line suggesting mean difference between
measurements and dotted red line indicating limits of agreement (1.96x standard deviations). (C) Calculation of precision, recall, F-measure for
ImmCellTyper method in comparison to manual gating in the indicated cell populations.

Sun, Choy et al. eLife 2024;13:RP95494. DOI: https://doi.org/10.7554/eLife.95494 6 of 15


https://doi.org/10.7554/eLife.95494

ELlfe Tools and resources

Computational and Systems Biology | Immunology and Inflammation

Beells CD8 T cells Gamma Delta T cells NK cells
—— /\\ HHK
s
£ g g g
2 g g g
H . — . i —_ g i,
£ e — — i i §
& : € 2 S
;’Q
o
| I S | _,,/-\\
BinaryClust flowSOM manual1 manual2 BinaryClust flowSOM manuall manual2 BinaryClust flowSOM ‘manuall manual2 BinaryClust flowSOM manuall manual2
Dendritic cells Monocytes CD4T cells
*x
“ .
sample_id
. —_————, - e
- .- 19004227
S S——"
- - = 1sa0satt
A L 5 /\ 19004332
£so -
i i i b
B H /\\ £ *\/\‘ = 20000740
&2 H
= w70
&\‘ B ~ o
BinaryClust flowsoM manuall manual2 BinaryClust flowsOM ‘manuall manual2 BinaryClust flowsom manuall manual2

Figure 3. Comparison of manual gating (manual1 and manual2), BinaryClust, and flowSOM clustering results in myeloproliferative neoplasm (MPN)
cohort (n = 9). Interaction plots showing the individual measurement (percentage) of each study participant with indicated colours by different methods
across main cell lineages (B cells, CD8 T cells, gamma delta T cells, NK cells, dendritic cells, monocytes, and CD4 T cells); analysis of variance (ANOVA)
was used for statistical testing, and significance was marked by asterisk. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 3—figure supplement 1. Boxplots of the indicated cell percentages generated by different methods. Statistical significance was marked by
asterisk. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Cell type characterisation and visualisation using ImmCellTyper pipeline in myeloproliferative neoplasm (MPN) dataset (n = 9). (A) Intensity
distribution of selected phenotypic markers used for BinaryClust classification, coloured by sample_id. (B) Pre-defined expression classification
matrix for the MPN dataset, '+’ indicates positive, '-" indicates negative, and ‘A’ suggests ‘any’. (C) Proportion of the main cell lineages of all cells in
the concatenated FCS files after classification. (D) Median marker expression heatmap of BinaryClust classification results. (E) UMAP plot of random
downsample of 2000 cells per patient coloured by main cell types based on BinaryClust classification (left) and manual gating results (right). (F) UMAP
plots coloured by normalised expression of indicated markers (CD3, CD4, CD8a, CD20, CD19, CD14, and CD56) across 2000 cells per sample.
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Figure 5—figure supplement 1. Comparison of different clustering methods in MPN cohort. (A) UMAP plots of normalised expression of indicated
markers (CDé6b, HLADR, TCRgd, CD20, CD16, and CD161) across 2000 cells per sample in myeloproliferative neoplasm (MPN) dataset. (B) FlowSOM
clustering was performed on the same dataset to compare with BinarClust, k = 20 was chosen followed by manual annotation of each cluster. UMAP
plot was projected with merged flowSOM clusters with biological annotation (downsample 2000 cells per sample). (C) The corresponding median
marker expression heatmap after flowSOM clustering and annotation.

Sun, Choy et al. eLife 2024;13:RP95494. DOI: https://doi.org/10.7554/eLife.95494 11 of 15


https://doi.org/10.7554/eLife.95494

ELlfe Tools and resources Computational and Systems Biology | Immunology and Inflammation

A co14 cD16 cp20 B

1.00

075

0.50

o Cell Type  CD14 CD1
0.0 5 50 75 o 2 4 6 o 1 2 3 4 5

6 CD20 CD3 CD4 CDsa HLA-DR CD123 CDiic CD7 CDeéace CD38 CD15 CDI1b
2 NKCells |- A A - A A A A A + A A A A
co3 cb4 CDsa |
a gg Monocytes | + A A A A A A A A A A A
g;ggi s é ‘% s — | BCells -] e A A A A A A A A A A
0.00
» 0 2 3 6 0 2 3 0 2 4 [ | TCells, CD4 | - A A+ A A A A A A A
% cp4s HLA-DR cp123 condition | TCells, CD8 | - A A N - + A A A A A A A
8100
k-1 Healtny Basophils |- A A A A A A A A A A
No2s Mild
® 0.00 Neutrophils | - + A A A A A A A + A + +
E 0 3 6 9 0 2 4 6 0 2 4 6 Severe |
5 R
g biie you P ~eDCs A A A A + + A A A A A
o ' pDCs - A A A A + A A A A A
0.50
028 ' Plasma cells | - - A A A A A A A + A A
: 0 2 4 6 8 0 2 4 6 00 25 5.0 75 | DN T cells A A + A A A A A A A
DPTcells |- A A+ s s A A A A A A A
C D B0 EEE CEE Encces
Healthy Mild Severe l Plasma cells
I l DN T cells
s Il 7 cets, co¢
. DP T cells 6
cluster_id
0 ! T Cells, CD8 '
® BCells ® NKCelis I l " 4
~ ® Basophis @ pDCs — Neutrophils
£, ® coocs ® Plasma cells 2
b ® DNTcels ® TCells,CD4 Monocytes l
2] @® DPTcels @ TCells, CD8 .
o ° ° Basophils
: .

Monocytes Unclassified
Neutrophils

Figure 6. Applying ImmCellTyper pipeline on COVID-19 patient dataset (n = 82) published by Chevrier et al., 2021. (A) Marker intensity distribution
of selected phenotypic markers used for BinaryClust classification, coloured by disease severity (n = 22 healthy individuals, 28 mild COVID-19 patients,
and 38 severe COVID-19 patients). (B) Pre-defined marker expression classification matrix used for BinaryClust. (C) t-Distributed stochastic neighbour
embedding (t-SNE) plots, with 1000 cells per sample, were coloured by the main cell types generated by BinaryClust and faceted by different study
groups. (D) The corresponding median marker expression heatmap of BinaryClust results for the COVID-19 dataset.
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Figure 7. Quantification and statistical analysis comparing the study conditions in COVID-19 dataset (n = 82). (A) Stacked histogram of main cell type
composition per individual generated by BinaryClust, and grouped by study conditions (healthy, mild, and severe). (B) Boxplots representing cell
abundance frequencies among the study conditions, faceted by different main cell types. (C) State marker expression intensities with comparison of the
study groups across the main cell types. (D) Clusters of monocytes and neutrophils were extracted from the whole cells for downstream interrogation.
t-Distributed stochastic neighbour embedding (t-SNE) plots with random downsample of 1000 monocyte cells and (E) neutrophils per sample were
coloured by study conditions and Phenograph clustering results (k = 60), respectively. Statistical significance was marked by asterisk. *p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001.
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Figure 7—figure supplement 1. Expression heatmaps of monocytes and neotrophils in COVID-19 dataset. Marker expression heatmap of (A)
monocytes and (B) neutrophils generated by Phenograph clustering.
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Workflow steps Description

Bead normalisation is first performed on the raw FCS files to correct signal

Data clea n-up a nd pre-processing fluctuation of the CyTOF instrument, then FCS files are imported to cytobank for
clean-up to exclude doublets and debris etc.

and clustering level for batch effects; If needed, batch correction will be performed

Batch effect evaluation and correction using function batchNorm, which provides two well-performing algorithms

[ Data transformation and SCE object construction ] FCS files and relevant metadata for(samples and panel) will be integrated into one
sce object, and FCS data will be transformed using co-factor 5.

] BinaryClust will be subsequently performed based on the classification matrix

[ Binary classification designed by the user.

Differential cell abundance analysis and statistical comparison will be conducted.
Then the user can quickly gate certain population of interest for down-stream in-
depth analysis.

Differential analysis and population extraction

|n_depth interrogation of population of interest Unsupervised clustering such as flowSOM and Phenograph can be implemented for
the extracted population for further clustering.

[ Differential analysis and statistical com parison ] In this pipeline we support multiple study group statistical analysis(n>2) with
multiple testing correction and post hoc analysis.

Figure 8. Overall schematic outline of the ImmCellTyper workflow with description for each step.
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