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Method

Improved detection of differentially represented DNA
barcodes for high-throughput clonal phenomics
Yevhen Akimov1 , Daria Bulanova1,2, Sanna Timonen1, Krister Wennerberg1,2 &
Tero Aittokallio1,3,4,5,*

Abstract

Cellular DNA barcoding has become a popular approach to study
heterogeneity of cell populations and to identify clones with dif-
ferential response to cellular stimuli. However, there is a lack of
reliable methods for statistical inference of differentially respond-
ing clones. Here, we used mixtures of DNA-barcoded cell pools to
generate a realistic benchmark read count dataset for modelling a
range of outcomes of clone-tracing experiments. By accounting for
the statistical properties intrinsic to the DNA barcode read count
data, we implemented an improved algorithm that results in a
significantly lower false-positive rate, compared to current RNA-
seq data analysis algorithms, especially when detecting differen-
tially responding clones in experiments with strong selection pres-
sure. Building on the reliable statistical methodology, we illustrate
how multidimensional phenotypic profiling enables one to decon-
volute phenotypically distinct clonal subpopulations within a
cancer cell line. The mixture control dataset and our analysis
results provide a foundation for benchmarking and improving
algorithms for clone-tracing experiments.
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Introduction

Cellular DNA barcoding was originally developed to trace clonal
growth dynamics in vivo or in vitro (Gerrits et al, 2010; Nguyen
et al, 2014, 2015; Porteret al, 2014; Simons, 2016). More recently,
however, cellular DNA barcoding has been applied as an effective
means to detect clone-specific differences in the phenotypes other
than growth, including drug response (Bhang et al, 2015; Hataet al,
2016; Lan et al, 2017; preprint: Acar et al, 2019; Bell et al, 2019;

Caiado et al, 2019; Echeverriaet al, 2019; Merino et al, 2019; Seth
et al, 2019), postsurgical recurrence (Rohet al, 2018), reprogram-
ming capacity (Biddy et al, 2018; Shakibaet al, 2019), phenotypic
plasticity (Lan et al, 2017; Mathis et al, 2017) and metastatic poten-
tial (Wagenblast et al, 2015; Echeverria et al, 2018; Merino et al,
2019). Generally, cellular DNA barcoding can be widely applied to
quantify and trace in time clone-specific differences in virtually any
phenotype for which a phenotype-based cell selection method
exists.

Unlike single-cell RNA transcriptomics-based reconstruction of
cell lineage trees from the RNA expression profiles, the DNA
barcoding-based clone tracing provides an unambiguous way to
trace the identity of a particular clone over time and accurately
quantify the changes in the clone sizes in response to a perturba-
tion. Therefore, emerging methodologies seek to integrate DNA
barcoding-based clone tracing with single-cell technologies, such as
scRNA-seq (Biddy et al, 2018; Fletcher et al, 2018; Kester & van
Oudenaarden, 2018; Rajet al, 2018; preprint: Weinreb et al, 2018),
or even isolate clones carrying a barcode of interest for in-depth
cellular profiling (Al’Khafaji et al, 2018; preprint: Rebbeck et al,
2018; preprint: Akimov et al, 2019). These developments are
expected to provide even more high-resolution insights into the biol-
ogy of heterogeneous cellular systems. However, to our knowledge,
there have been no systematic efforts to benchmark the accuracy of
clonal phenotype quantification via DNA barcoding.

In a typical clone-tracing experiment (Fig 1A), cells are infected
with virus particles carrying a short semi-random DNA sequence—a
“barcode”. The infection is performed in a very low multiplicity of
infection (MOI) to ensure that each cell receives only one barcode.
After that, the cells are expanded to achieve a sufficient representa-
tion of individual clones and divided into samples, typically
“control” and “treatment” pools, where the control pool determines
a background barcode representation, whereas the treatment pool
(s) are subjected to a phenotype-based selection (e.g. drug treat-
ment, immunophenotyping or xenografting). Finally, the barcodes
are PCR-amplified from genomic DNA, and the barcode frequencies
are estimated within each pool with next-generation sequencing
(NGS). In the quantification phase, clone sizes are assumed to be
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