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• Is the edit in or near a cancer gene? For example, in the COSMIC database, etc.

• Does the edit affect a genomic site that is likely to have functional impact, whether 
coding or non-coding? Ensembl variant effector predictor, CADD score, etc.

• Is the edit likely to affect gene expression in the target tissue or other tissues in which 
on-target editing is evident? 

• Is the edit likely to occur at pharmacological doses of a drug product administered to 
patients, rather than the supersaturating doses used in off-target assays?

• Does genome sequencing, karyotyping, optical genome mapping, etc., demonstrate 
any structural variants involving the site? (most relevant to nuclease editing)

Framework for evaluating biological risk of verified site of off-target editing



Is the edit in or near a cancer gene? For example, in the COSMIC database, etc.

• Example 1: corrective base-editing therapy targeting the liver

• One verified site of off-target editing: intronic sequence, several kb from nearest exon

• Located in PTEN gene

• Well-established tumor suppressor gene, documented as causal gene in COSMIC

• Plays a significant role in liver cancer, particularly hepatocellular carcinoma

Examples



Does the edit affect a genomic site that is likely to have functional impact, whether 
coding or non-coding? Ensembl variant effector predictor, CADD score, etc.

Is the edit likely to affect gene expression in the target tissue or other tissues in which on-
target editing is evident? 

• Example 2: (different) corrective base-editing therapy targeting the liver

• One verified site of off-target editing: intronic sequence, ≈400 bp from nearest exon

• Located in ATP7B gene; not a COSMIC gene, but expressed in liver and involved in 
Wilson disease (loss of function of copper transporter)

• Highest CADD score for any local adenine base edit = 1.2 (high CADD score is >20)

Examples



Is the edit likely to occur at pharmacological doses of a drug product administered to 
patients, rather than the supersaturating doses used in off-target assays?

• Example 3: nexiguran ziclumeran
 (liver-directed nuclease for
 transthyretin amyloidosis) – 
 off-target analysis verified 7 sites
 of off-target editing in hepatocytes

• Unlikely to have off-target editing
 at pharmacological doses

Examples
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Does genome sequencing, karyotyping, optical genome mapping, etc., demonstrate any 
structural variants involving the site? (most relevant to nuclease editing)

• Example 4: exa-cel (ex vivo HSC-directed nuclease for sickle cell disease and beta 
thalassemia) – variant-aware off-target analysis verified site of off-target editing on 
same chromosome as on-target site

• ≈0.3% of edited cells
 (if they have the off-target
 site) have chromosomal
 abnormalities

• CPS1 not a COSMIC gene

Examples
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Fig. 1 | CRISPRme provides web-based analysis of CRISPR-Cas gene editing 
off-target potential reflecting population genetic diversity. a, CRISPRme 
software takes as input a reference genome, genetic variants, PAM sequence, Cas 
protein type, spacer sequence, homology threshold and genomic annotations 
and provides comprehensive, target-focused and individual-focused analyses 
of off-target potential. The software is available as an online webtool and can 
be deployed locally or used offline as command-line software. b, Analysis of 
the BCL11A-1617 spacer targeting the +58 erythroid enhancer with SpCas9, NNN 
PAM, 1000 G variants, up to six mismatches and up to two bulges. c, Top 1,000 
predicted off-target sites ranked by CFD score, indicating the CFD score of the 

reference and alternative allele if applicable, with allele frequency indicated 
by circle size. d, The off-target site with the highest CFD score is created by the 
minor allele of rs114518452. Coordinates are for hg38 and 0-start for the potential 
off-target and 1-start for the variant-ID. MAF is based on 1000 G. e, The top 
predicted off-target site from CRISPRme is an allele-specific off-target with three 
mismatches to the BCL11A-1617 spacer sequence, where the rs114518452-C minor 
allele produces a de novo NGG PAM sequence. PAM sequence shown in bold and 
mismatches to BCL11A-1617 shown as lowercase. Coordinates are for hg38 and 
1-start. f, rs114518452 allele frequencies based on gnomAD v3.1. Coordinates are 
for hg38 and 1-start. Spacer shown as DNA sequence for ease of visual alignment.
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• Is the edit in or near a cancer gene? For example, in the COSMIC database, etc.

• Does the edit affect a genomic site that is likely to have functional impact, whether 
coding or non-coding? Ensembl variant effector predictor, CADD score, etc.

• Is the edit likely to affect gene expression in the target tissue or other tissues in which 
on-target editing is evident? 

• Is the edit likely to occur at pharmacological doses of a drug product administered to 
patients, rather than the supersaturating doses used in off-target assays?

• Does genome sequencing, karyotyping, optical genome mapping, etc., demonstrate 
any structural variants involving the site? (most relevant to nuclease editing)

Framework for evaluating biological risk of candidate off-target sites


