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Figure 1: Venn diagram showing the different possible observations and illustrating that it is not
possible to distinguish between singlets and self-doublets.

Doublets occur when multiple cells get encapsulated in the same drop and acquire the same
barcode. In microfluidic experiments the doublet rate δ, expected proportion of doublets in the
data, depends on the rate at which the cells flow through the nozzle and time-interval in which
a droplet is formed. When these quantities are small, the probability a doublet occurring can be
approximated by a Binomial distribution [1–3] with a success probability δ.

We start with two cell lines A and B with unknown proportions x and y, respectively. Since there
are only two cell lines in the mixture, we have x+ y = 1. Let n be the total number of observations,
out of which a contain mutations from cell line A, b contain mutation from cell line B and c contain
mutations from both cell line A and B (see Fig. 1). As such, a+ b+ c = n. Our goal is to compute
the doublet rate δ for given values of a, b and c.

We assume that the number of observation is much smaller than the size of the initial mixture
from which the cells are sampled. The expected total number of singlets is n(1− δ), with number of
singlets of cell line A is x(1− δ)n and the number of singlets of cell line B is y(1− δ)n. Moreover,
we assume that each cell in the doublet is picked independently from the mixture. A doublet can
either be a neotypic A-B doublet, comprising of one cell from cell line A and one cell from cell line
B, or a self-doublet A-A or B-B comprising of two cells from the cell line A or B, respectively. The
expected number of A-A doublets is x2δn, the expected number of B-B doublets is y2δn and the
expected number of A-B doublets is 2xyδn. Note that the expected total number of doublets is nδ.
We need to solve the following set of nonlinear equations

xn(1− δ) + x2δn = a

yn(1− δ) + y2δn = b

2xyδn = c,

a+ b+ c = n.

We solve these nonlinear equations numerically using the open-source package scipy.
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