
Your Base Editor Might Be Flirting with Single
(Stranded) DNA: Faithful On-Target CRISPR

Base Editing without Promiscuous Deamination.

Item Type Article; Other

Authors Collins, Scott P; Beisel, Chase L

Citation Mol Cell. 2020 Sep 3;79(5):703-704. doi: 10.1016/
j.molcel.2020.07.030.

DOI 10.1016/j.molcel.2020.07.030

Publisher Elsevier

Journal Molecular cell

Rights Attribution-NonCommercial-ShareAlike 4.0 International

Download date 26/05/2023 10:15:52

Item License http://creativecommons.org/licenses/by-nc-sa/4.0/

Link to Item http://hdl.handle.net/10033/622492

http://dx.doi.org/10.1016/j.molcel.2020.07.030
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://hdl.handle.net/10033/622492


Your base editor might be flirting with single (stranded) DNA: faithful on-target 

CRISPR base editing without promiscuous deamination

Scott P. Collins1 and Chase L. Beisel1,2,3*

1Department of Chemical & Biomolecular Engineering, North Carolina State University, 

Raleigh, NC 27695-7905 USA

2Helmholtz Institute for RNA-based Infection Research (HIRI) / Helmholtz Centre for 

Infection Research (HZI), 97080 Würzburg, Germany

3Medical Faculty, University of Würzburg, 97080 Würzburg, Germany

*Correspondence to chase.beisel@helmholtz-hiri.de (C.L.B.)

ABSTRACT

Jin  et  al.  (2020)  engineered  new  variants  of  CRISPR  base  editors  that  make  precise 

genomic edits in rice protoplasts while minimizing untargeted mutagenesis.

CRISPR  technologies  have  been  widely  adopted  in  research  labs,  medical  clinics, 

biomanufacturing facilities,  and agricultural  fields,  particularly  for  their  ability  to introduce 

precise edits into DNA. Their precision is not perfect though, as these technologies remain 

prone to editing outside of their intended target. Off-targeting is normally associated with the 

sgRNA guiding CRISPR nucleases to sequences similar to the intended target--call  them 

cases of mistaken identity. However, newer CRISPR technologies called base editors exhibit 

another type of off-target effect:  DNA editing independent  of nuclease binding.  Jin et al. 
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(2020) tackle this issue of off-targeting by rationally engineering base editors that exhibit 

minimal target-independent editing in rice protoplasts.

Base  editors  introduce  precise  edits  by  enzymatically  modifying  (as  opposed  to 

cutting  and replacing)  target  DNA  (Komor  et  al.,  2016;  Nishida  et  al.,  2016).  The most 

common base editors include a Cas9 nuclease that binds target DNA and a fused cytidine 

deaminase that converts a cytosine base to uracil (Fig. 1A). Uracil is hard-coded as thymine 

during DNA synthesis. A key step is the deaminase modifying cytosines on the displaced, 

and now single-stranded, DNA strand complementary to the sgRNA target. Single-stranded 

DNA and RNA represent the natural substrates of these deaminases, and Cas9 conveniently 

localizes the deaminase next to the displaced strand after Cas9 binds to its complementary 

DNA target. Unfortunately, any single-stranded DNA or RNA in the cell could also serve as a 

substrate--and thus a source of errant deamination and subsequent editing independent of 

the intended target (Grünewald et al., 2019; Jin et al., 2019). 

Off-target effects are measured most accurately by whole genome sequencing. As 

sequencing is costly and time consuming, Jin and coworkers employed a recently reported 

assay in which a single site is targeted with a separate catalytically-dead Cas9 nuclease 

(Doman  et  al.,  2020).  The  DNA  strand  displaced  by  this  second  nuclease  becomes 

tantalizing bait for the base editor’s deaminase. Interestingly, while this assay proved robust 

in mammalian cells, Jin et al. found that it did not record any measurable off-target editing in 

rice protoplasts. However, by switching the second nuclease from a catalytically-dead Cas9 

to a nickase Cas9, the assay recorded high levels of off-target editing. Presumably, nicking 

was important for engaging mismatch repair implicated in efficient base editing. Importantly, 

the editing frequency in the off-target assay paralleled measurements from whole genome 

sequencing.

Jin and coworkers utilized this revised off-target  assay to engineer  high-precision 

versions of  base editors.  They started by assessing on-target  base editing with different 

cytidine  deaminases  fused  to  Cas9.  A  truncated  version  of  the  APOBEC3B deaminase 

called A3Bctd stood out because it exhibited a narrower base-editing window (the section of 
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the target sequence that can be efficiently edited) than some of its cousins. The authors 

reasoned that this deaminase may be less prone to off-targeting and thus a good starting 

point for engineering.

The  authors  then  adopted  a  rational-design  approach,  leveraging  structural 

information on the A3Bctd deaminase.  By focusing on residues linked to single-stranded 

DNA binding, the authors were able to generate base editors that displayed reduced off-

target editing without substantially compromising on-target activity (Fig. 1B). Furthermore, 

combining these individual mutations into single variants (dubbed A3Bctd-RM, A3Bctd-VHM, 

and A3Bctd-KKR) reduced off-target editing to the point of being indistinguishable from the 

background mutation rate. 

Jin et al. finally evaluated on-target editing by the engineered variants and made a 

few interesting observations (Fig. 1B). First, base editing by the engineered variants was 

less  dependent  on  the  identity  of  neighboring  bases.  Many  base  editors  prefer  to  edit 

cytosines immediately flanked by a thymine (Komor et al., 2016). In contrast, the engineered 

editors did not exhibit any obvious bias, effectively discarding one consideration in target 

selection. Second, these new variants exhibited an editing window that was narrower than 

the original A3Bctd base editor. A narrower editing window can be particularly advantageous 

when, for example, attempting to convert specific cytosines in one codon without mutating 

cytosines in neighboring codons. However, the narrowed editing window can also limit the 

number of targetable cytosines based on which sequences can be accessed by the CRISPR 

nuclease.  One  solution  is  to  incorporate  newly  characterized  CRISPR  nucleases  with 

broader PAM recognition  (Nishimasu et al., 2018). Broader PAM recognition enables ideal 

positioning of the deaminase over the target cytosine, even with a narrow editing window. 

Separately,  further  engineering  efforts  could  aim to  shift,  rather  than  shrink,  the  editing 

window.  Shifting  the  window  could  accurately  position  the  deaminase  over  a  desired 

cytosine while avoiding nearby cytosines. In support of this approach, using a different Cas9 

nuclease, mutating the deaminase linker domain, and altering sgRNA length have all been 
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associated with shifted editing windows  (Banno et al.,  2018; Kim et al., 2017; Tan et al., 

2019). 

Insights from this work raise multiple questions for engineering and applying base 

editors in the future. First, given the observed link between the propensity for off-targeting, 

dinucleotide preferences, and the size of the editing window, are these features inherently 

coupled or can they be independently  modulated? The publication first  reporting the off-

target  assay  found  that  engineered  base  editors  with  a  narrower  editing  window  or  a 

stringent  dinucleotide preference exhibited reduced target-independent  editing  (Doman et 

al., 2020), suggesting that window size and this mode of off-targeting are coupled. However, 

further  screens  could  incorporate  steps  to  evaluate  each  feature  to  ensure  that  no 

unnecessary trade-offs are being made. Second, as the off-target assay from human cells 

had to be altered to function in rice protoplasts, how will base editors perform in different 

organisms and cell  types? More thorough characterization will  be required to see which 

features change and which cellular properties account for these differences. Finally, while 

the  authors  successfully  improved  the  base  editors  by  focusing  on  one  region  of  the 

deaminase, could improvements be made by separate or coordinated engineering of other 

domains within the base editor? In the future, we envision holistic engineering of CRISPR 

effectors and deaminases, instead of treating each domain independently. 

Undoubtedly, we will see more clever designs and extensive protein engineering to 

address trade-offs in on-target and off-target activities of CRISPR base editors. The authors 

of this work have made important contributions towards this end by easing the assessment 

of  off-target  effects  and adding  new high-precision  deaminases for  site-specific  genome 

editing.
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Figure 1. Enhanced CRISPR base editors with reduced off-target  editing.  (A)  The base 

editors comprise fusions of a nicking Cas9, a truncated APOBEC3B cytidine deaminase, and 

a uracil glycosylase inhibitor. The editors drive conversion of C to T within the DNA target 

sequence dictated by the Cas9 sgRNA. As part of this work, Jin and coworkers identified 

mutations  within  the  single-stranded  DNA  binding  loop  of  the  cytidine  deaminase  that 

enhance  the  precision  of  base  editing.  (B)  The  mutations  conferred  reduced  off-target 

editing, presumably mediated by a reduced propensity to bind single-stranded DNA in the 

cell.  As a likely  consequence,  the deaminase variants also exhibited a narrowed editing 

window within the target sequence.
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