Supplementary material

Separation score interpreted in terms of a distance metric
The separation scored used for all experiments described in the main text is defined as

s(X,Y) = —10g10(ml.inP(Xi7yl‘))

and quantifies how different the N1 x M population X is from the N, x M population Y. For notational simplicity, we let
X =[x} ... Xy| where Xx; is the N;-dimensional vector of counts for gene i in population X. We use similar notation for Y.
p(x;,y;) represents the p-value achieved using some differential expression test for gene i. Although we used Welch’s 7-test in
the main text (unequal variances, N| # N;), we can gain some insight for this separation score if we consider what would the
score would look like with the Student’s ¢-test (equal variances, N; # N,). For gene i, a Student’s ¢-test starts by computing the

t-statistic: o
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where X;, y; are the sample means of the gene in each population, and s; is an estimator for the pooled standard deviation for the
gene across both populations. To compute a p-value, we compute the area under a 7-distribution with Ny + N, — 2 degrees of
freedom above |t;|. This area can only decrease as |1;| increases, and hence p(x;,y;) = f (%|X, — i|) where f is a monotonically
decreasing function. Furthermore, because N; and N, are constant across genes, the ¢-distribution and consequentially f are
identical across genes.

We can interpret this score using a distance metric between X and Y after each population is mapped to a M-dimensional
feature vector ¢@:
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We see that the separation score can be rewritten as

s(X,Y) = ~logminp(x;.y:)
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We see now that, for the Student’s ¢-test, the separation score is a monotonically increasing function of the L., distance (or the
Chebyshev distance) between the feature vectors ¢(X) and ¢(Y).
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Supplementary Figure 1. Exploratory analysis on Yan et al. dataset. During analysis of the
124 cells in the' dataset (Figure 3 in the main text), DendroSplit generated labels after the split step
that disagreed with the ground truth labels. (a) The ground truth labels provided by' are shown. (b)
We see that some cell types, such as the hESCs, were oversplit. (¢) Other splits were correct, yielding
clusters that are consistent with true labels.
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Supplementary Figure 2. Exploratory analysis on PBMC dataset continued. This Figure
supplements Figure 6 in the main text, providing exploratory analysis for the splits not visualized in
Figure 6B. The dataset consists of 17426 cells, 908 features (genes) from fresh peripheral blood
mononuclear cells (PBMCs)?.
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Supplementary Figure 3. Exploratory analysis on unfiltered PBMC dataset. The experiment
visualized in Figure 6 in the main text is repeated without any filtering of genes and cells. The dataset
consists of 68579 cells, 20374 features (genes) from fresh peripheral blood mononuclear cells
(PBMCs)?. Gene expression is quantified using UMI counts. (a) The labels generated by DendroSplit
after the split and merge steps are visualized using a tSNE embedding of the data points. The split and
merge thresholds are 400 and 200, respectively. Generating the distance matrix takes 2672.96 seconds,
and performing the split and merge steps takes 7059.34 seconds. (b) 9 of the 26 recorded valid splits
are shown along with the expression levels of the top 4 genes used for validating each split.
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