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CRISPR-Cas9 gene editing is a powerful approach to improve our ability

to treat specific diseases with an unmet medical need. Engineering cell §§§§§§§§§§é§ i Wi Wi ) |
therapies requires accurate assessment of allelism as editing patterns esesssssses| —P —_— L g 2o
can vary across cells and cause phenotypic heterogeneity in a sample. clestroporation 38883888328 HMAOEAMEOKYM ol ..
Bulk sequencing is the current standard for assessing editing frequenCy Single cell dispense Genotype edited Expand clones Mix clones at pre-defined ratios
bUt iS not always Sufficient for quantifying the diversity Of bl- and Mono- and expand monoclonal cell lines of interest to run single cell DNAseq
allelic knockout events in a cell population. This limitation can delay B - C
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development of more complex cell therapies involving multigenic editing. |
Recently, droplet-based targeted single cell DNA sequencing :
(scDNAseq) has been used to genotype select loci across thousands of :
cells enabling high-throughput assessment of gene editing efficiency at |
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unprecedented resolution. However, to systematically analyze these data
we must address technical artifacts that could arise including low
coverage over the editing site, PCR amplification bias, and multiplets; all
of which confound accurate genotyping and quantification of edited and
unedited cells in a sample. In this study, we introduce a "ground truth”
single cell gene editing data resource (>20,000 cells) to explore these
artifacts in a controlled setting and develop computational solutions to

circumvent issues that may arise when applying this technology to gene

Hom edit

+1Ins Observed AF: I Observed AF: .
85% -8Del v v ' @ . 55% Compound Heterozygous edit (-8, -9)

50% +1Ins
................................................ f ] 35% Bla"ellc edlt (+1)

0o . o -
I I WT 50% WT Ambiguous 15% -9Del : : . .
; : (Trans | :  10% Wildtype
multiplet

.................................................

Figure 1) Construction of a gene editing scDNAseq resource and automated single cell genotyping approach A. We used CRISPR-Cas9 to create edited
HL-60 cells and expanded clones with distinct homozygous and compound heterozygous indel profiles. Clones were mixed at pre-defined ratios to create artificial cocktails that mimic

the potential editing diversity of a CRISPR-Cas9 experiment. Three unique cocktails were sequenced to generate an atlas containing single cell readout for more than 20,000 cells. B.
Diagram illustrating potential artifacts that can confound interpretation of gene editing. C. Overview of computational analysis workflow that applies a series of Gaussian mixture models
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sequencing of monoclonal cell lines show distinct alleles of target gene exclusive to each clone. B. Pseudobulk quantification of clonal alleles in scDNAseq data from

three artificial cocktails. C. Single cell read alignment profiles (genome browser) and allele read counts (table) of clone-specific genotypes observed in data.
Homozygous cells have a +1 insertion and heterozygous cells have a -8 and -9 compound deletion at the editing site. Transparent multiplets display a triploid profile

, , e _ ) | | Figure 3) Application of Gaussian mixture models to automate single cell genotyping
and opaque multiplets display a diploid profile of a non-existent genotype. Heterozygous dropouts are falsely “homozygous” for either the -8 or -9 deletion allele.

A. Distribution of the dominant allele frequency across all cells. A skewed GMM was used to identify
homozygous edited or homozygous WT cells in a probabilistic fashion B. A GMM model was fit to the

editing. (GMM) to identify homozygous cells, true compound heterozygous cells (Het edit), transparent multiplets (triploid), and opaque multiplets (diploid). The workflow begins with allele read
counts quantified by CRISPResso02' and automates the cell genotyping process to output cell-level genotype predictions and sample-level composition estimates.
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Moving forward, additional scDNAseq data from HL-60 clones edited at multiple
genes will be included in our atlas. This comprehensive data resource can be used to
establish how future cell therapy products involving CRISPR-Cas9 editing are
analyzed through sequencing. Our study provides both a rich data resource and novel
bioinformatic solution for researchers in the gene editing community looking to

Figure 4) Automated genotyping enables accurate estimation of original clonal mixture composition A. Heatmap showing scaled frequencies
for the four possible allele combinations in cocktail. Top annotation bar shows cell genotype predicted by Gaussian mixture modeling. Predicted genotypes correlate

well with expected allele frequencies. Heterozygous dropouts cannot be detected by this method B. Estimated frequencies of homozygous, heterozygous, and WT
cells in cocktail after genotype prediction with Gaussian mixture models. Composition estimate strongly correlates with true mixing ratios after removing or splitting

ek e 1: distribution of log, ratios of the second and noise (third) alleles computed across non-homozygous cells.
A 557 Hom, 5% e, 10% W1 B. Mixture [l GUMM predicted ratio [ True ratio ' 1 Cells with small ratios (left peak) are labeled as transparent multiplets C. A multivariate GMM model was

! y R : used to discriminate true heterozygous cells from diploid cells with rare allele combinations.
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