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Methods FIGURE 1: TAPESTRI SINGLE-CELL GENE EDITING WORKFLOW
INtroduction

The Tapestri® single cell Gene Editing workflow utilizes droplet microfluidic ‘Uﬁ % BH m ‘
Despite advancements in precise gene editing technologies Fechrjology torapidly ehcapsulate, pro;ess, and profile up to 20,000 :

individual cells for multi-analyte detection. The platform is enabled by a Target Cells N population Zygosity ~ On-target& Multiplex  Chromosome
such as CRISPR-Cas9, TALENSs, and ZFNs, the fundamental . L . . Off-target Edits Aberrations

T , , novel two-step microfluidic workflow and a high multiplex PCR

editing process yields heterogeneous populations where biochemistry scheme. The two-step microfluidics allows for efficient access Sample Input Data Output
some cells may have undesired outcomes that bear the risk of to DNA for downstream genomic reactions and provides flexibility to adapt
genome toxicity. Notably, these adverse outcomes include the for additional applications and multi-omics (with oligo conjugated antibody | | D 3 <<
introduction of structural variants, copy number alterations, or during cell preparation). The multiplex PCR chemistry is developed and co- -apestr — = AR —
chromosomal translocations. Therefore, the development of optimized with an Al-powered panel design pipeline and enables direct and ol i s | usmmzsesce
efficacious gene therapies hinges on the ability to accurately efficient amplification of targeted genomic regions within barcoded
mMeasure and understand these events. Furthermore, since individual cells for NGS readout. A P
“cells” are the functional units of gene editing products, it is L
prudent to measure the co-occurrences of editing results and N the context of genome editing, the custom PCR panel targets both :=m_' - - =
potential genotoxicity events in a single-cell context. intended on-target sites and potential off-target sites. The single-cell data oesse e

are evaluated using the Tapestri Genome Editing (GE) Pipeline. This L' S i
Here, we demonstrate a microfluidics and multiplex PCR pipeline provides insights into the co-occurrence and frequency of on- Eten s Release DA Th Sten3: Bateote vith mUltBleres
based single-cell technology that, in once assay, target and off-target editing, editing zygosity, precise editing activity each cell PCR
simultaneously measures the co-occurrence and zygosity of per cell and per allele, and cell clonality (Figure 1).
on-target edit, off-target edits, translocations between and/or T cell receptor a constant (TRAC). Each clonal cell line's editing

The performance of the Tapestri Genome Editing pipeline for detecting on-
target and off-target edits was assessed using isogenic clonal Jurkat cell
lines modified with CRISPR-Cas9 targeting programmed cell death (PDCDI)

profile was confirmed through bulk NGS, followed by individual processing
through Tapestri, with each run including 100% of the cells from a single
clone. We used a custom 49-plex amplicon panel targeting both on-target

predicted edit sites, as well as the genomic CNV landscape
(including focal CNV) in over thousands of cells in parallel. This
single-cell technology offers a comprehensive view of the

heterogeneous editing profile of gene edited products for a TABLE 1: TAPESTRI GENOME EDITING (GE) PIPELINE PERFORMANCE and predicted off-target sites. This setup allowed us to assume that all cells
oroper and fast evaluation of editing outcome and potential from the isogenic clone contain the identified co-occurring edits. The
malignant events. S e — oR ENR Limit of performance ofthe .pipelir.we vva; assessed by comparing the editing status
detection of each potential editing site (either on target or off target), as called by the
'"de's(mr;;"?a"ce 99.77% | 99.93% | 99.92% | 0.07% | 0.23% | 0.10% pipeline, with the known truth for that site. Since the pipeline is capable of
cvV 0.55% 0.06% 0.08% | 62.26% | 129.79% _ calling editing zygosity at each potential editing site, the editing status of

each copy of the DNA (allele) was compared. The performance metric is
show in table 1.

Results
ON-TARGET AND OFF-TARGET CO-OCCURRENCE, ZYGOSITY, AND PROTEIN EXPRESSION SINGLE-CELL TRANSLOCATION DETECTION
FIGURE 4: TRANSLOCATION DETECTION SCHEMA
Tapestri's single-cell Genome Editing (GE) workflow analysis of FIGURE 3: EDITING CO-OCCURRENCE. ZYGOSITY
: : : : ’ ’ Amplicon based translocation detection : r——— :
edited genomes alongside cell-surface protein expression, AND PROTEIN EXPRESSION R __IGV.viswof single=cell tansiccation
confirming protein-level knockouts in edited cells. In this study, { [ — | "" _

we evaluated a mixture of PDCD1 and TRAC -edited Jurkat cells Total cells analyzed: 22,025 colis | | . R
and unedited peripheral blood mononuclear cells (PBMCs) using : | A ‘ e
the Tapestri DNA + Protein workflow. For the on-target analysis, by
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looking at the allele level analysis, we see both PDCDI1 (guide T)and S
TRAC (guide 2) produces heterogeneous edits with various indel B allelic
lengths (Figure 2). A separate loci that does not have a guide was g TABLE 2: TAPESTRI (SINGLE CELL) VS. RHAMPSEQ (BULK) PERFORMANCE
, >y
: : i i i : : NS Mono-allelic
mcluded N the analyS|S as d WT for unedlted COﬂtl’Ol (gL“de 3)7 Gufde 3_Unedited g Translocation pairs Single cell translocation call cell number (% representation in sample)
\/\/here Wwe see No iﬂde|5 From Siﬂg|e-Ce|| |e\/e| analySiS in ﬁgure 3 Guide 2_TRAC o WT Target1 Target2 Tapestri replicate 1 | Tapestri replicate 2 | Tapestri replicate 3 Mock sample
, . ' . . o ’ Guide 1_PDCD1 - Guide 1_ON target1 Guide 2_ON target 4 (0.09%) 6 (0.14%) 2 (0.05%) 0
each cell's SNV, indel and zygosity were determined individually o Guide 1_ON target!  Guide 3_OFF target-40 0 2 (0.05%) 0 0
with the sample wide information reconstructed. From the report cD90 - Gulde { ONfarget1 _ Guide 3 ON target-1 28 (0.54%) 22 (0:53%) 27 (0.64%) 0
. o o ' CD71 ‘ Guide 2_OFF target-38 Guide 3_ON target-1 0 0 1 (0.02%) 0
we can appreciate the full extent of the mosaicism of editing or Guide 2_ON target _Guide 3_OFF target-51 2 (0.05%) 3(0.07%) 2 (0.05%) 0
outcome.Furthermore, the Tapestri GE DNA + Protein pipeline cs S i A - - °_ .
| . . _ oic Guide 3_ON target-1 Guide 2_ON target 17 (0.4%) 9 (0.22%) 10 (0.24%) 0
reports a sample's edit co-occurrence and zygosity, along with oo s s Guide 3_ON target-1 | Guide 3_OFF target-40 0 0 1(0.02%) 0
their corresponding quantitative surface protein expressions. D33 a
CD49d E
: e : Per-cell translocations between multiple edited sites can be identified
FIGURE 2: ON-TARGET INDEL LENGTH —— a e
cD38 8 using the PCR amplicon schema shown in Figure 4, which generates
Guide 1 PDCD1 Guide 2 TRAC Guide 3 (unedited) CS;Z 2 chimeric (fusion) reads for translocations. In this analysis, we evaluate
CD141 translocation detection performance using a sample edited with three
30.0% . . . . .
HLACS§ guides (1, 2, and 3) in primary T cells. The translocation detection was
Y _
3 20.0% D13 compared to rhAMP-seqg on the same samples analyzed by CRISPECTOR?Z.
; 00 The Tapestri single-cell assay proves to be more sensitive than bulk

10.0%

detection methods due to mutually exclusive droplet amplification of fusion

oo This comprehensive approach allows for direct assessment amplicons (table 2: green highlights shows translocations detected by both
EEh oA CBRE Lhlkaaab O CBRR Llilaaab T 7PERR of gene editing outcomes, immunotyping of samples, and Tapestri and rhAMP seq, whereas blue highlighted indicates translocation
Indel length (bp) Indel length (bp) Indel length (bp) quantitative functional validation of protein expression. detected by only Tapestri; IGV view demonstrated in Figure 4) and offers a

detailed assessment of the frequency of translocation events in the sample.

GENOME INTEGRITY: GENOME WIDE COPY NUMBER ANALYSIS IDENTIFIES BOTH SNV AND CNV SUB-CLONAL POPULATION

Beyond translocations, gene editing can also cause unwarranted FIGURE 6: SUBCLONAL IDENTIFICATION WITH COﬂCl USiOn

copy number changes, leading to large structural alterations at GENOME-WIDE CNV PROFILE

the chromosomal level. To evaluate the genome integrity of Bulk average CNV

genomg-edited cells, we deyelqped a genome-wide CNV panel raibaen 1 @) The Tapestri single cell Gene Editing DNA + Protein workflow

to mgmtor copy number variations (CNV) ahd ensure the sa.fety Rall batch 2 O simultaneously measures over thousands of cells in parallel the co-
of edﬁed cell products. The base panel consists of SOO.amphcons Cr 39...;th~\/ ‘ e s occurrence and zygosity of on-target edit, off-target edits,
distributed acrqss thg genome, with an averagg spacing of e — translocations, protein expressions between predicted edit sites in
58Mb and a uniformity of 96.7%. The panel also includes a probe ) IW'T individual cells, as well as the genomic CNV landscape (both focal
on the Chr20q.locus, and other recurrent NPSC CN\/ oc (ASSOU —_— 1 and genome wide). This single-cell technology offers a powerful and
et al, 2020). This 5OQ‘P|GX CNV panel can be combined with St RIS comprehensive view of the heterogeneous editing profile of gene
custom genome editing, DNA, or protein panels to assess Com AR e o IRHE b R AT j edited products for a proper and fast evaluation of editing outcome
editing co-occurrence, zygosity, translocations, protein Clone 6-100% H929 | 1 I s | } I I and potential malignant events.

expression validation, and gene editing-related focal and/or

large CNV events.

In Figure 6, a mixture of GM12878 (diploid reference), two o CoNVgan . el bk bk sk SmeCal References

batches of Raji cell lines with different CNV profiles (determined ) I PoPABSC | Nomal | Nomel | g | cwq | O

oy bulk whole genome sequencing), and a myeloma cell line PG::?PSC :plmdl :plmdl | NGml NGml S

NCI-H929 were analyzed using Tapestri with the Genome ;f diploid o | TR e e e o 1. Performance of the Tapestri Platform for single-cell targeted DNA
Integrity panel. The Tapestri CNV pipeline identifies subclones ) | sequencing

based on distinct CNV profiles, revealing five clusters. Verification e e e e 2. Amit, |, et al. Nat Commun 12, 3042 (2021). https://doi.org/10.1038/s41467-
with cell line-specific SNVs (Raji and H929) confirms the high @ & 021-22417-4

accuracy of CNV sub-clonal identification. Notably, in the Raji cell

ines, single-cell CNV analysis identifies three distinct subclones Applying the wgCNV + hPSC panel, we validated iPSC cell lines with aberrant Scan QR code for information on the Tapestri Gene Editing Solutions.
(red, blue, and vellow), which are indistinguishable by SNVs. CNV gains as well as the clonality (top table). Interestingly, conventional

These subclones are distributed differently across the two techniques such as G-banding failed to detect the CNV gain due to low

batches: batch 1 consists of a mix of red and blue clones, while throughput and lack of proper resolution. Furthermore, by looking at the

batch 2 contains a mix of red and yellow clones. This contrasts individual amplicons (CNV probes), we can identify the exact location of the

with bulk CNV data, which only reports an average CNV profile chromosomal duplication break point. Left graph shows the CNV difference

across the sample (Figure 6). between the abnormal vs normal sample.



