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Capturing Ultra-Rare CRISPR-Cas9 Oft-Target -
Editing Events in Single Cells

Fabrizio Malatesta, Brad Balderson, Graham McVicker -

Salk Institute For Biological Sciences | Unmiversity of California San Diego

Standard Pipelines Miss Ultra-Rare Edits Identification of 11 Novel Oft-Targets on Chr 1 Deep Safety Profiling at Single-Cell Resolution
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) ;rhf ERISPR Ofif-Tartget (;hfll((ein(gle: Pow§rful e se?‘uanc;sg * Discovery of Novel Off-Targets: We 1dentified 11 new ultra-rare off-target sites on
ool, however, often cuts unintended genomic L . : . T
. . . . Distribution of # of Cells Edited per Site Chromosome 1 that were missed by the standard Sheriff pipeline.
sites (off-targets). gRNA Sheriff SEttlllg # Edits Detected (Log Scale) P
| * Validation of Single-Cell Events: We manually validated a specific off-target edit in the FCGR2C
* The Technology (Supgrb-seq): R S ot — ematen w2000 gene. This event occurred 1 only one cell and lacked bidirectional sequencing support, proving
at IzNA Ereellk sf1;ets 0 ilnzigstanleouslpcfl cetzﬁture + 3= that biologically real edits exist below standard detection thresholds.
on-target and off-target edits alongside the - -
single-cell transcriptome. l Strict (default) 6 3 1500 : . : : o
—_— 7T - * Methodological Success: The adaptive permutation strategy successfully distinguished true
donor sy — —§ biological signal from sequencing noise without the computational cost of running millions of
‘ CasIRNP B p\p 77 promoter Oftareet ecting Relaxed (mine) 2562 —é 1000 permutations for every candidate site.
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edits. Standard pipelines detect minimal off-target activity. Relaxing

I_> mRNA , s _ e
e — Potential Outcomes
editste  —=  cleavage —=  repair 0 ! 4 N g Figure 1: Relaxed filtering reveals a hidden population of single-cell 500 Slgnlﬁcance & ImpaCt

* The Gap: Standard analysis filters out edits ﬁ erqet maton i ana ot orget mtation i s filters reveals thousands of candidate sites (x-axis) occurring in only 1-2 0 " * Thgrapeutic Safgty: Standard pipelines filter out s.ingle.-cell e\./ents to reduce noise. Howwer, in
found in >3 cells, potentially missing rare cells (y-axis), necessitating a sensitive statistical approach to distinguish clinical contexts like gene therapy or stem cell engineering, a s.1ngle off-target mutation in a pro-
: : ’ o B | signal from noise 1 10 100 oncogene could theoretically lead to clonal expansion and malignancy.
biological events. o : e ' '
% " N # Cells Edited (logl0) UCSanDi
(@i Sree Develan o ineline et dhernor i e Tumorcells  Tumors n;;i Abnormalgens Abnormal phynotyplc s * Deep Safety Profiling: This pipeline establishes a new framework for "deep safety profiling" of
L ' . . P ) o sY ) = funtion expression gene editing tools, demonstrating that it is possible to monitor genotoxicity at the single-cell
S : - y . ; . . . QQ Plot: Real vs Scrambled (-log10 p) (Adaptive Empirical P-Values) . : resolution.
An Adaptive Statistical Pipeline to Filter Noise § veeee o o . |Significant Sites Count

Step 1: Candidate Discovery Confirmed (prior work) | 3 Future Directions

* Action: Relaxed "Sheriff" pipeline filters. : . :
: . o PIDEHE . . » New (this study) 11 e Genome-Wide Expansion: The current analysis was restricted to Chromosome 1 (approx. 8% of
* Detail: Retained candidate edit sites appearing in 1 cell (vs. standard 3) without requiring ] : .
St sugst A the genome). We plan to scale the adaptive permutation pipeline to the full human genome, where
> Canll Carpiie imree shigle-esll aififing cres gj o000 ’ we expect to uncover hundreds of additional rare off-target sites.
?D » . e ® Confirmed (prior)
. ,£|2 * el Real (other) * Functional Consequences: Since Superb-seq simultaneously captures the transcriptome, our next
Step 2: Homology Scorlng 3 Pt ied el e ’ 252;}%;3'00” step 1s to link these rare off-target edits to differential gene expression in the affected single cells
* Action: Sequence Alignment. > ’ " to assess phenotypic impact.
* Detail: Scored candidate sites against the intended gRNA using global alignment (Match +1, g 2 1
Mismatch -1, Gap -2). @)
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AATGTGGAACAGGACCGAGT GGG~ chr4:14359411 (-) ] null distribution. Points marked in dark blue represent significant off-target events (p < 0.001). We identified 11 new ultra-
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rare sites (blue) missed by standard analysis.
Step 3: Null Model Construction References

* Action: Scrambled Permutations. chrl: 161,509,517-101,509,508
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Step 4: Adaptive Statistical Testing

> AYSTR LEmpaieal VRIS Calsltem G G G A G G T § [2] Nacem M, Majeed S, Hoque MZ, Ahmad I. Latest Developed Strategies to Minimize the Off-
* Detail: Compared observed scores to the null distribution. Used adaptive permutations (increasing G 6 G A G A G T A T Target Effects in CRISPR-Cas-Mediated Genome Editing. Cells. 2020; 9(7):1608
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from 10~ to 10° iterations) to refine p-values for high-significance candidates. R https://doi.org/10.3390/cells9071608
Null Distribution of Alignment Scores | - Clearly not ) o
On-target edit significant _ 1 1 '
400 01 stop testing Not significant Connect on Linkedin! - -
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200 Candidate Sites p> 0_001/
? Sequence - T T 66 GG 66 CTTCCTT CTTTCTCTZ CACACTMA ACTCTTCT CTT CTT CTT CTITGT CTCSOC
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| permutations ———p s Figure 3: Validation of a Single-Cell Off-Target Edit. A confirmed edit in the FCGR2C gene. This event was present in . ' F n
ol M I ol p<01 permuting just 1 cell but excluded by standard pipelines due falling under the 3-cell minimum filter. Our pipeline successfully E m - .
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