
Expanded View Figures

Figure EV1. Expanded view for Fig. 1.

Comparison of MFIs with other estimators of dependence. Different causal dynamics lead to different association metrics, and only MFIs can distinguish all 6 scenarios
and reveal the combinatorial effect of a multiplicative interaction. Green edges denote positive values, red edges denote negative values, circles denote a 3-point quantity,
and dashed lines show edges that show marginal significance that depends on the level of simulated noise. Correlations and mutual information cannot distinguish
between most dynamics, and while partial correlation can, for certain noise levels, identify the correct pairwise relationships, it falls short of distinguishing additive from
multiplicative dynamics. See Appendix Fig. S1 for the simulation parameters and precise values. Reproduced from (Jansma, 2023a) with permission from the author.
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Figure EV2. Expanded view for Fig. 2.

Disjoint RP dataset tested for reproducibility. (A) Stator identifies 27 states for a disjoint set of N ¼ 11; 950 embryonic radial glial precursor-like cells (set RP2) at
maximum modularity, annotated on the basis of d-tuple and s2o-DE genes as markers for cell types or cell cycle phases. (B) Dot plot illustrating differential expression of
astrocytogenesis marker genes across all 27 Stator states. The size of the dots represents the -log10ðSeurat p-val-adjÞ from differential gene expression testing between a
state and all other states. Colour intensity reflects the log2ðFCÞ of gene expression. (C) The x axis shows the states obtained by running Stator on the RP2 dataset, while the
y axis shows states obtained by running Stator on the dataset from Fig. 2 (set RP1). The RP1 states, obtained by running Stator on RP1 cells, are projected onto RP2 cells.
The enrichment of these projected RP1 states in RP2 Stator states is computed using a hypergeometric test followed by the BH procedure to control the FDR at 5%. (D) As
(C), but for RP1 cells. The y axis shows the RP1 states, while the x axis shows states obtained by running Stator on RP2 cells. The RP2 states are projected onto RP1 cells,
and their enrichment in each RP1 cells’ state is computed using a hypergeometric test followed by the BH procedure to control the FDR at 5%. These panels demonstrate
the reproducibility of Stator states on two disjoint sets of cells in the same biological condition.
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Figure EV3. Expanded view for Fig. 3.

s2s-DEG analysis for 5 cell cycle states. Numbers of cells labelled with any one of 5 cell cycle states (#57, 51, 55, 58, and 59) in embryonic RPs and neurons; areas of
circles are proportional to their number (see legend). Filled circles indicate numbers of cells labelled with only of these single cell cycle states. Grey circles’ areas indicate
numbers of cells labelled with two cell cycle states, those indicated by lines. Numbers of significantly differentially expressed genes between cell cycle state pairs (i.e., s2s-
DEGs) are provided between the two states being compared; their colours refer to the state showing higher expression. For clarity, state pairs with � 25 cells are shown.
DEGs between any two states, including state pairs with fewer than 25 co-labelled cells, are provided in Dataset EV12. Appendix Fig. S8B additionally provides the number
of co-labelled cells between any two states. Right: s2s-DEGs are indicated by “>“ or “<“ symbols; for example, Hells mRNA expression is significantly higher in State #51
over States #57, 55, 58 and 59. Early/late G1/S or G2/M cell cycle phase labels (top) were assigned using these mRNAs’ cell cycle phases known from high-throughput
(top right; (Giotti et al, 2018)) and targeted experiments (Ung mRNA in late G1/S (Slupphaug et al, 1991) and Cenpa in G2 (Shelby et al, 1997)).
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Figure EV4. Expanded view for Fig. 3.

Minus gene expression is required to specify cell cycle sub-phases. Left: External cell cycle annotations of a merged mouse brain dataset sourced from five different
experiments (Schmitz et al, 2022), with the cells from dataset GSE93421 removed. Right: In contrast to Fig. 3B, highlighting cells (in blue) based only on the expression of
all but one of the marker genes, leaving the gene indicated above each plot (the ‘minus’ gene) unrestricted, results in more diffuse cell cycle specificity, and simply marks
cells in G1/S or G2/M phases.
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Figure EV5. Expanded view for Fig. 4.

A second dataset of developmental neurons testing for reproducibility. Disjoint neurons dataset for reproducibility. (A) Stator identifies 29 states for a disjoint set of
N ¼ 19;000 developmental neurons (set N2) at a Dice dissimilarity of 0.94, annotated when d-tuple and/or s2o-DEGs are marker genes for cell (sub)types or states. (B)
Dot plot illustrating differential expression of neurogenesis marker genes across all Stator states. The size of the dots represents the -log10ðSeurat p-val-adjÞ from
differential expression testing between a state and all other states. Colour intensity represents the log2ðFCÞ of gene expression. (C) The x axis shows the states obtained by
running Stator on the Fig. 4 dataset (set N1), while the y axis shows states obtained by running Stator on the dataset in panel A (set N2). The N1 states, obtained by
running Stator on N1 cells, are projected onto N2 cells. The enrichment of these projected states in N2 Stator states is computed using a hypergeometric test followed by
the BH procedure to control the FDR at 5%. (D) As (C), but for N1 cells. The y axis shows the N2 states, while the x axis shows states obtained by running Stator on
N1 cells. The N2 states are projected onto N1 cells, and their enrichment in each N1 cells’ state is computed using a hypergeometric test followed by the BH procedure to
control the FDR at 5%. These panels demonstrate reproducibility of Stator states on two disjoint sets of cells in the same biological condition.
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Figure EV6. Expanded view for Fig. 6.

Stator states (columns) that are significantly enriched in HCC cells previously doubly-annotated by cell type (right) and cell state (left) inferred using singleR and NMF,
respectively.
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