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Referee #1 Review
Report for Author:

McCann et al. demonstrate the development of a conceptually novel approach (on a timely
subject) for cytosine base editing by fusing the nicking Cas9 (Cas9n:D10A) to various proteins
that "attract" the endogenous nuclear DNA deaminase, APOBEC3B (A3B) for site-specific
cytosine base editing.

After testing various constructs, the authors showed that the Cas9n fused to hnRNPK achieved
the greatest degree of site-specific cytosine base editing in A3B-specific manner, as shown by
use with A3B inhibitors.

Importantly, it appears to out-perform the direct fusion counterpart (A3B-Cas9n), which is
thought to be even less promiscuous than the original cytosine base editor (BE3). Overall, the
manuscript is straightforward and shows a proof-of-concept that a transient or "hit-and-run"
approach may decrease the residence time of the DNA deaminase at the targeted site, thus
decreasing the propensity to deaminate adjacent cytosine nucleotides. However, there are a few
points regarding targeting/base editing efficiency that needs to be addressed before publication.



Major Points:

1. The MiSeq read is rather short, knowing that there must be additional sequence information for
the surrounding positions. Granted, the deamination reaction (including unwanted adjacent
mutations) is thought to occur to nucleotides within the R-loop caused by Cas9 binding DNA.
However, this observation has only been shown for the covalently fused base editors in which the
distance from the deaminase and the binding position is fixed. In the original BE3 paperl, the
authors tested the effect of changing linker length and composition on the base-editing window,
demonstrating an optimal linker. It may be the case that the non-covalent approach impacts
(extends/reduces) the base editing window. Therefore, it would be reassuring to see more of the
surrounding sequencing data near the editing site.

2.The lack of sites tested is concerning. The eGFP reporter is a nice assay, but constrains the
possible target sites Cas9 can bind as well as the nucleotide composition at any one site within the
eGFP gene. It is highly desirable to show multiple targeted sequences for a comparison of on-target
base editing efficiencies between their MagnEdit system and other cytosine base editors.

Minor points:

1. Even though the actual DNA deaminase enzyme is "untethered" the "attractant" is still a direct
fusion, and any insight into their linker construction may be valuable information.

2.Including a target sequence that is rich in cytosine nucleotides within the base editing window
would be quite convincing if the MagnEdit system outperforms other cytosine base editors. For
example, Extended Data Figure 3 from Konor et al 2016.

Referee #2 Review

Report for Author:

General summary: The central premise of this manuscript is to use a non-covalent method,
MagnEdit, to attract APOBEC3B (A3B) for precise single cytosine base editing. T his study explores
multiple potential A3B-interacting proteins, and demonstrates that one of these interactors,
hnRNPUL1, recruits A3B to edit target cytosine. The data further suggest that the MagnEdit
system may lower the frequency of target-adjacent mutations. However, one of the major concerns
of this study is that the data also show that the editing efficiency of MagnEdit is significantly lower
than the CBE. Though authors claim that the "hit-and-run" kinetics of the MagnEdit system serve
as an advantage over covalent fusion variants, they have not convincingly demonstrated that
these kinetics are responsible for the study's observed effect, and the method's relatively low
efficiency minimizes the added benefits of improved on-target base specificity. In addition, it is
somewhat disappointing that testing the editing capability and efficiency of MagnEdit system to
any endogenous target is lacking in this study.

Major points

» The data are not sufficient to show that the hnRNAPUL1-Cas9n can efficiently track and increase
the occupancy of A3B to the target site. This raises another question whether the hnRNPUL1-
Cas9n specifically tracks solely A3B or if it is able to attract other proteins to the target site which
may cause unexpected effects to the target site.

» Even though the authors claim that the MagnEdit system can track endogenous A3B for base



editing, there are no data to support this idea. The results in Fig. 2b suggests that this system
might not work without co-overexpression of exogenous A3B. If this is due to the expression level
of endogenous A3B in 293T cells, the application of MagnEdit may be restricted by cell types if
reliant on the co-overexpression of A3B. Also, ectopic expression of A3B might cause unwanted
mutation to the genome.

» The authors examine the on-target and target-adjacent editing by using deep sequencing in
eGFP-positive pools. However, to better monitor the target-adjacent editing, | would suggest the
authors to examine the eGFP-negative pools as well. In addition to this, the design of MagnEdit
(hnRNAPUL1L-Cas9n) is comprised of the A3B-interactor to Cas9 nickase to attract A3B for editing,
which means the targeting range would be wider compared to the A3B-Cas9n. This is probably why
the target-adjacent editing of MagnEdit at the -7 position (3.6%) is higher than that at the -5
position (0.9%), whereas the target-adjacent editing of A3B-Cas9n at the -7 (16%) position is lower
than at the -5 position (27%). Therefore, the authors should consider examining a broader range for
the target-adjacent editing of MagnEdit, as well as any potential off-target editing events genome-
wide through sequencing. This would give authors some sense about the promiscuity of the
MagnEdit system, as well as consequences potentially introduced by A3B overexpression.

* Since the authors are overexpressing A3B (and not merely recruiting endogenous A3B), how is
this approach any better than directed evolution or rational mutagenesis of an A3B-Cas9n fusion to
be more specific in editing while maintaining on-target editing levels?

Minor points

* In this study, FACS sorting is used to determine the percentage of editing. It would be good to also
include the FACS sorting data and gating strategy employed to isolate the e GFP+ populations, not
just the percentage bar graph.

 Could the authors explain why the "empty" and "BFP" fusion with Cas9n have higher editing
percentage with gRNA than without gRNA in Fig. 1c?

» Recent publications have detailed transcriptome-wide, off-target deamination of cytosines at the
RNA level that may occur with use of CBEs. Do authors have a means to show that this
phenomenon is not also occurring in their MagnEdit system, and that this is not also contributing to
eGFP signal restoration?

Referee #3 Review

Report for Author:

McCann et al. propose an alternate strategy for C base editing: instead of directly fusing a deainase
to Cas9, they fuse Cas9 to hnRNPULL, which recruits APOBEC3B. They demonstrate the activity of
their construct using a fluorescent C>T reporter, both episomally and chromosomally integrated, in
mammalian cells. Finally, they perform HT S to confirm editing. The concept of recruiting a
deaminase by fusing Cas9 to a natural deaminase binding partner is interesting and novel; and the
data shows that the system works at a low level. However, there is not enough data to support
many key claims. The authors speculate about off-target editing but never actually measure it, and
they have not conducted sufficient experiments to support their claim of reduced target-adjacent
editing. The utility and novelty of the editor are also decreased by the need to overexpress a



deaminase in trans, instead of using endogenous A3B. If MagnEdit worked (1) at a higher efficiency
and (2) without requiring overexpression of a deaminase, it would be much more impactful.

Major issues

1. The authors claim that MagnEdit reduces target-adjacent editing. However, they only test one
protospacer, in which only their target cytosine is in a 5T C context, which is the preferred sequence
context of A3B. To claim that reduced editing of other C's in the window is from their proposed "hit
and run" mechanism as opposed to a more stringent 5' TC substrate requirement of their system,
the authors absolutely must test other sites with multiple 5T C substrates in the editing window
and show that only single C's are edited in those protospacers as well.

2.The authors speculate that MagnEdit will have lower off-target editing of DNA and RNA, but
never test these major claims. The MagnEdit system still requires the overexpression of a
deaminase, so there is no reason to assume that it would have fewer off-target effects than
deaminase fusions. Proper experiments should be done to assess these claims. To test this, the
authors should minimally:

a. Examine DNA off-targets: use an on-target gRNA that has been previously characterized, and
sequence off-target loci.

b. Generate cDNA from cells treated with different editors, then amplicon sequence highly
expressed genes to search for off-target RNA editing.

3. The authors do not include all the components of proper C base editors, or use current forms of
CBEs, which results in extremely low (<10%, often <2%) editing. This is a major problem, as it
creates a misleading straw-man comparison with a "current CBE"-which is apparently not a current
CBE but rather one that is missing a critical component, the UGI-and likely greatly reduces the
editing efficiency of their MagnEdit system as well. Why is a UGI not used, as it is for nearly all other
cytosine base editors? The authors should try repeating their experiments using proper UGI-
containing constructs and improved-expression constructs generated by the Dow or Liu labs.

Minor criticisms:

4.1In figures 1c and 2a-d, the y axes are incorrectly labeled as "% editing.” They should be relabeled
as "% GFP positive cells." This is important because % editing could be much lower than the %
GFP positive cells, especially for the episomal reporter in which correcting of only a small fraction of
reporter would lead to a GFP positive cell.

5. The authors should discuss potential side effects of overexpressing hnRNPUL1 in cells.

6. Recruiting a deaminase through accessory proteins tethered to Cas9 is not as novel as the
authors imply. Bassik and coworkers and Huang and coworkers have recruited in trans deaminases
through MS2 fusions and SunTagging. T he difference here is that the recruitment partner binds to
the deaminase itself, so recruitment does not rely on tagging the deaminase. However, this novelty
is dampened because MagnEdit does not work with endogenous A3B and still requires A3B
overexpression from a separate cassette. If an exogenous A3B cassette needs to be introduced
anyways, there is not much benefit to overexpressing A3B as opposed to an MS2-tagged or
SunTagged deaminase.



1st Editorial Decision November 18,2019

November 18,2019
Re: Life Science Alliance manuscript #LSA-2019-00606-T

Dr. Reuben S Hatrris

University of Minnesota

Biochemistry, Molecular Biology and Biophysics
321 Church St. SE

6-155 Jackson Halll

Minneapolis, MN 55455

Dear Dr. Harris,

Thank you for transferring your manuscript entitled "MagnEdit - Interacting Factors that Recruit
DNA Editing Enzymes to Single Base Targets" to Life Science Alliance. The manuscript was
assessed by expert reviewers at another journal before, and the editors transferred those reports
to us with your permission.

The reviewers who evaluated your study elsewhere raised some technical issues and thought that
the advantage of the method over existing ones is somewhat limited. You already provided a
response to the concerns raised upfront and a revision outline, and we concluded that such a
revised version is suitable for publication here, pending that the revision indeed addresses the
technical concerns. We would thus like to invite you to submit the revised manuscript to Life
Science Alliance.

To upload the revised version of your manuscript, please log in to your account:
https://lsa.msubmit.net/cgi-bin/main.plex

You will be guided to complete the submission of your revised manuscript and to fill in all necessary
information. Please get in touch in case you do not know or remember your login name.

We would be happy to discuss the individual revision points further with you should this be helpful.
While you are revising your manuscript, please also attend to the below editorial points to help
expedite the publication of your manuscript. Please direct any editorial questions to the journal
office.

The typical timeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support from the referees on the revised

version is needed for acceptance.

When submitting the revision, please include a letter addressing the reviewers' comments point by
point.

Thank you for this interesting contribution to Life Science Alliance. We are looking forward to
receiving your revised manuscript.

Sincerely,



Andrea Leibfried, PhD

Executive Editor

Life Science Alliance

Meyerhofstr. 1

69117 Heidelberg, Germany

t +49 6221 8891 502

e aleibfried@life-science-alliance.org
www life-science-alliance.org

A.THESE ITEMS ARE REQUIRED FOR REVISIONS
-- A letter addressing the reviewers' comments point by point.
-- An editable version of the final text (DOC or .DOCX) is needed for copyediting (no PDFs).

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your production-ready images, http/www life-science-
alliance.org/authors

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the
study (max. 200 characters including spaces). This text is used in conjunction with the titles of
papers, hence should be informative and complementary to the title and running title. it should
describe the context and significance of the findings for a general readership; it should be written in
the present tense and refer to the work in the third person. Author names should not be mentioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, http/www life-science-
alliance.org/authors

We encourage our authors to provide original source data, particularly uncropped/-processed
electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this information. These files
will be linked online as supplementary "Source Data" files.

***IMPORTANT : It is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result in unavoidable delays in
publication. Please ensure that you have access to all original microscopy and blot data images
before submitting your revision ***



1st Authors' Response to Reviewers January 23, 2020

Responses to Referee’s Comments

Referee #1

“McCann et al. demonstrate the development of a conceptually novel approach (on a timely
subject) for cytosine base editing by fusing the nicking Cas9 (Cas9n:D10A) to various proteins
that "attract" the endogenous nuclear DNA deaminase, APOBEC3B (A3B) for site-specific
cytosine base editing.

After testing various constructs, the authors showed that the Cas9n fused to hnRNPK achieved
the greatest degree of site-specific cytosine base editing in A3B-specific manner, as shown by use
with A3B inhibitors.

Importantly, it appears to out-perform the direct fusion counterpart (A3B-Cas9n), which is
thought to be even less promiscuous than the original cytosine base editor (BE3). Overall, the
manuscript is straightforward and shows a proof-of-concept that a transient or "hit-and-run"
approach may decrease the residence time of the DNA deaminase at the targeted site, thus
decreasing the propensity to deaminate adjacent cytosine nucleotides.

Response: Thank you for appreciating our main points and the novelty of our non-covalent
approach. Please note that hnRNPULI1 (not K) achieved the greatest degree of site-specific
cytosine base editing, which is an easy mistake to make given the large number of hnRNPs.

However, there are a few points regarding targeting/base editing efficiency that needs to be
addressed before publication.

Major Points:

1. The MiSeq read is rather short, knowing that there must be additional sequence information for
the surrounding positions. Granted, the deamination reaction (including unwanted adjacent
mutations) is thought to occur to nucleotides within the R-loop caused by Cas9 binding DNA.
However, this observation has only been shown for the covalently fused base editors in which the
distance from the deaminase and the binding position is fixed. In the original BE3 paperl, the
authors tested the effect of changing linker length and composition on the base-editing window,
demonstrating an optimal linker. It may be the case that the non-covalent approach impacts
(extends/reduces) the base editing window. Therefore, it would be reassuring to see more of the
surrounding sequencing data near the editing site.

Response: As recommended, we have revised Fig. 3 to include increased MiSeq read lengths
spanning from the -22 position to the +22 position, relative to the target “C”. Please note that
nucleobases beyond this length are not well resolved and fail quality control.

2. The lack of sites tested is concerning. The eGFP reporter is a nice assay, but constrains the
possible target sites Cas9 can bind as well as the nucleotide composition at any one site within
the eGFP gene. It is highly desirable to show multiple targeted sequences for a comparison of on-
target base editing efficiencies between their MagnEdit system and other cytosine base editors.

Response: As recommended, we now include a new Fig. 4, which uses two different
chromosomal loci - FANCF and EMX1I - to further demonstrate the specificity of the MagnEdit
system. These particular chromosomal targets were chosen to facilitate comparisons with prior
studies that used the same sites and have shown, as reproduced here, high frequencies of adjacent



off-target editing by covalent base editing constructs such as BE3 (PMID 27096365, 28585549,
29746667).

Minor points:

1. Even though the actual DNA deaminase enzyme is "untethered" the "attractant" is still a direct
fusion, and any insight into their linker construction may be valuable information.

Response: We have revised the methods to include this information.

2. Including a target sequence that is rich in cytosine nucleotides within the base editing window
would be quite convincing if the MagnEdit system outperforms other cytosine base editors. For
example, Extended Data Figure 3 from Komor et al 2016.

Response: Please see response #2 above.

Referee #2

General summary: The central premise of this manuscript is to use a non-covalent method,
MagnEdit, to attract APOBEC3B (A3B) for precise single cytosine base editing. This study
explores multiple potential A3B-interacting proteins, and demonstrates that one of these
interactors, nRNPUL1, recruits A3B to edit target cytosine. The data further suggest that the
MagnEdit system may lower the frequency of target-adjacent mutations. However, one of the
major concerns of this study is that the data also show that the editing efficiency of MagnEdit is
significantly lower than the CBE. Though authors claim that the "hit-and-run" kinetics of the
MagnEdit system serve as an advantage over covalent fusion variants, they have not convincingly
demonstrated that these kinetics are responsible for the study's observed effect, and the method's
relatively low efficiency minimizes the added benefits of improved on-target base specificity. In
addition, it is somewhat disappointing that testing the editing capability and efficiency of
MagnEdit system to any endogenous target is lacking in this study.

Response: We agree that this initial version of MagnEdit partly compromises efficiency for
fidelity. We also fully agree that efficiency and fidelity are challenges for the whole field. There
are two general approaches to tackle these problems — try to provide efficient editors with higher
fidelity (as many groups appear to be doing) or try to make higher fidelity editors more efficient.
Now that we have achieved a higher fidelity proof-of-concept with MagnEdit, we are hopeful that
we and others will be able to advance this concept and make it more efficient with future studies.
We are confident that our novel concept and system should be shared with the community
through publication so that our group and many others can work on future improvements.

In addition and as recommended, we now include a new Fig. 4, which uses two different
chromosomal loci - FANCF and EMX]I - to further demonstrate the improved specificity of the
MagnEdit system. These particular chromosomal targets were chosen to facilitate comparisons
with prior studies with covalent CBEs including BE3 that used the same sites and shown, as
reproduced here with A3B-Cas9n/gRNA, high frequencies of adjacent off-target editing by
covalent base editing constructs (PMID 27096365, 28585549, 29746667). In contrast, the
MagnEdit system yielded significantly higher rates of on-target editing (desired single C-to-T
mutations) than the covalent A3B-Cas9n complex, as well as correspondingly lower rates of



target-adjacent editing.

Major points

* The data are not sufficient to show that the hnRNAPUL1-Cas9n can efficiently track and
increase the occupancy of A3B to the target site. This raises another question whether the
hnRNPUL1-Cas9n specifically tracks solely A3B or if it is able to attract other proteins to the
target site which may cause unexpected effects to the target site.

Response: Please see the control experiments in our manuscript and particularly in Fig. 2A, B &
C. The results in Fig. 2A indicate that hrnRNPUL1 uniquely attracts A3B to the editing site. The
results in Fig. 2B show that reporter-specific gRNA, the hnRNPUL1-Cas9n complex, and A3B
are all essential for eGFP Leu202 editing. The results in Fig. 2C show that only catalytically
active (not inactive) A3B is capable of activating the reporter. Taken together, these data indicate
that hnRNPUL1-Cas9n specifically attracts A3B and that other cellular proteins are not an issue.

* Even though the authors claim that the MagnEdit system can track endogenous A3B for base
editing, there are no data to support this idea. The results in Fig. 2b suggests that this system
might not work without co-overexpression of exogenous A3B. If this is due to the expression
level of endogenous A3B in 293T cells, the application of MagnEdit may be restricted by cell
types if reliant on the co-overexpression of A3B. Also, ectopic expression of A3B might cause
unwanted mutation to the genome.

Response: This is a fair point because not all cells express endogenous A3B (ex. PMID
20308164, 23389445). However, most cells in the human body express one or more related
APOBEC3 enzymes capable of DNA deaminase activity. We are confident that the proof-of-
concept studies here will encourage future studies to optimize the system for endogenous A3B as
well as design similar MagnEdit systems for related APOBEC enzymes that are more broadly
expressed (such as A3C), thus circumventing the need to provide an active DNA deaminase in
trans.

* The authors examine the on-target and target-adjacent editing by using deep sequencing in
eGFP-positive pools. However, to better monitor the target-adjacent editing, I would suggest the
authors to examine the eGFP-negative pools as well. In addition to this, the design of MagnEdit
(hnRNAPUI1L-Cas9n) is comprised of the A3B-interactor to Cas9 nickase to attract A3B for
editing, which means the targeting range would be wider compared to the A3B-Cas9n. This is
probably why the target-adjacent editing of MagnEdit at the -7 position (3.6%) is higher than that
at the -5 position (0.9%), whereas the target-adjacent editing of A3B-Cas9n at the -7 (16%)
position is lower than at the -5 position (27%). Therefore, the authors should consider examining
a broader range for the target-adjacent editing of MagnEdit, as well as any potential off-target
editing events genome-wide through sequencing. This would give authors some sense about the
promiscuity of the MagnEdit system, as well as consequences potentially introduced by A3B
overexpression.

Response: These are good points and we have addressed them three different ways. First, we
show results from full MiSeq reactions in a revised Fig. 3B. These sequences span the entire cis-
region surrounding the eGFP editing site and show very low (near/at background) frequencies of
editing at other positions in MagnEdit reactions. Second, as shown in a new Fig. 4, FANCF and
EMX]I are used as representative chromosomal editing sites and, again, MagnEdit elicits high



frequencies of on-target editing and lower frequencies of adjacent off-target events and no
detectable off-target events (outside gRNA editing window) compared to current CBE methods.
Third, as recommended, we also sequenced the FANCF and EMX]I editing sites in GFP-negative
pools (i.e. non-editing enriched pools) and found no differences from sequencing the GFP-
positive pools. At present we are not showing these large data sets but can add them to the paper
if you still feel it is necessary.

» Since the authors are overexpressing A3B (and not merely recruiting endogenous A3B), how is
this approach any better than directed evolution or rational mutagenesis of an A3B-Cas9n fusion
to be more specific in editing while maintaining on-target editing levels?

Response: As discussed in our opening response to your comments, we think it is fair to say that
both approaches are encouraging and much more work will be necessary to determine the “best”
methodology for highly specific and efficient editing of single cytosine bases. In the long-term, it
is possible that both approaches will evolve to be more advantageous in different applications.

Minor points

* In this study, FACS sorting is used to determine the percentage of editing. It would be good to
also include the FACS sorting data and gating strategy employed to isolate the eGFP+
populations, not just the percentage bar graph.

Response: We now include a workflow and representative dot plots in the composite figure on the
next page. We feel that most labs (all labs with a little consultation) should be capable of FACS
purification of eGFP-positive cells from an mCherry-positive pool and therefore we would prefer
not to include these data in the manuscript. However, if you and the editor still feel they should
be included, we can add them as Supplementary Fig. S1.
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* Could the authors explain why the "empty" and "BFP" fusion with Cas9n have higher editing
percentage with gRNA than without gRNA in Fig. 1¢?

Response: These data indicate that single-stranded DNA in R-loops created by gRNA annealing
is targeted by A3B (even without non-covalent MagnEdit or covalent guiding to the target).
Indeed, in a recent manuscript from our lab, the synthetic lethal combination of A3B expression
and uracil DNA glycosylase ablation (knockout or inhibition) led us to infer that R-loops are
substrates for endogenous A3B deamination (PMID 31611371). Fig. 1C is further evidence that
R-loops are naturally preferred substrates for A3B and we are currently working to elaborate on
this idea.

* Recent publications have detailed transcriptome-wide, off-target deamination of cytosines at the
RNA level that may occur with use of CBEs. Do authors have a means to show that this
phenomenon is not also occurring in their MagnEdit system, and that this is not also contributing
to eGFP signal restoration?

Response: This is a great point but beyond the scope of the present manuscript. In other studies in
our lab we have been able to show that A3B is not capable of RNA editing in part due to a low
catalytic efficiency and in part to an active site that will not accommodate an RNA cytosine
nucleobase (PMID 30130104 and studies in process). Moreover, in a cellular system, we have
been able to demonstrate that A3A is unique amongst human APOBEC3 family members with
respect to RNA editing activity (Levin-Klein et al., manuscript in process). We apologize for not
being able to provide more information here but we hope that you appreciate that the focus of the
current study is DNA (not RNA) editing.

Referee #3:

McCann et al. propose an alternate strategy for C base editing: instead of directly fusing a
deaminase to Cas9, they fuse Cas9 to hnRNPUL1, which recruits APOBEC3B. They demonstrate
the activity of their construct using a fluorescent C>T reporter, both episomally and
chromosomally integrated, in mammalian cells. Finally, they perform HTS to confirm editing.
The concept of recruiting a deaminase by fusing Cas9 to a natural deaminase binding partner is
interesting and novel; and the data shows that the system works at a low level. However, there is
not enough data to support many key claims. The authors speculate about off-target editing but
never actually measure it, and they have not conducted sufficient experiments to support their
claim of reduced target-adjacent editing. The utility and novelty of the editor are also decreased
by the need to overexpress a deaminase in trans, instead of using endogenous A3B. If MagnEdit
worked (1) at a higher efficiency and (2) without requiring overexpression of a deaminase, it
would be much more impactful.

Response: These are all fantastic points and thank you very much for noting that our work is
“interesting and novel”. We hope you also appreciate that this study is a proof-of-concept. Much
like “base editing” started with low efficiencies and rapidly evolved into more efficient versions
(BEL, 2, 3, 4, etc), we are confident that MagnEdit has similar potential for growth.
Improvements in efficiency and in attracting endogenous deaminases are clearly important topics
for future studies.



Major issues

1. The authors claim that MagnEdit reduces target-adjacent editing. However, they only test one
protospacer, in which only their target cytosine is in a 5'TC context, which is the preferred
sequence context of A3B. To claim that reduced editing of other C's in the window is from their
proposed "hit and run" mechanism as opposed to a more stringent 5' TC substrate requirement of
their system, the authors absolutely must test other sites with multiple 5'TC substrates in the
editing window and show that only single C's are edited in those protospacers as well.

Response: To address this point, we have performed studies with MagnEditing of endogenous
FANCF and EMX1, which have multiple potentially editable cytosine bases within the gRNA-
targeted region described in prior studies (PMID 27096365, 28585549, 29746667). As shown in a
new Fig. 4, MagnEdit is more specific at these chromosomal loci in comparison to the covalently
tethered A3B-Cas9n editing complex. It is also remarkably efficient at these chromosomal sites in
comparison to eGFP, which are observations we will follow-up in future studies.

2. The authors speculate that MagnEdit will have lower off-target editing of DNA and RNA, but
never test these major claims. The MagnEdit system still requires the overexpression of a
deaminase, so there is no reason to assume that it would have fewer off-target effects than
deaminase fusions. Proper experiments should be done to assess these claims. To test this, the
authors should minimally:

a. Examine DNA off-targets: use an on-target gRNA that has been previously characterized, and
sequence off-target loci.

b. Generate cDNA from cells treated with different editors, then amplicon sequence highly
expressed genes to search for off-target RNA editing.

Response: Please see our responses above as well as our response to the final comment by
Reviewer #2.

3. The authors do not include all the components of proper C base editors, or use current forms of
CBEs, which results in extremely low (<10%, often <2%) editing. This is a major problem, as it
creates a misleading straw-man comparison with a "current CBE"-which is apparently not a
current CBE but rather one that is missing a critical component, the UGI-and likely greatly
reduces the editing efficiency of their MagnEdit system as well. Why is a UGI not used, as it is
for nearly all other cytosine base editors? The authors should try repeating their experiments
using proper UGI-containing constructs and improved-expression constructs generated by the
Dow or Liu labs.

Response: We apologize for not describing our constructs clearly. All of our constructs do indeed
have UGI covalently fused to the C-terminus of the Cas9 nickase (i.e., all are derived directly
from BE3 and are therefore isogenic apart from whatever is fused to the N-terminus of the Cas9
nickase-UGI complex). We have revised our methods accordingly and trust that the details are
now clear and fully reproducible.

Minor criticisms:

4. In figures 1c and 2a-d, the y axes are incorrectly labeled as "% editing." They should be
relabeled as "% GFP positive cells." This is important because % editing could be much lower
than the % GFP positive cells, especially for the episomal reporter in which correcting of only a



small fraction of reporter would lead to a GFP positive cell.

Response: We have relabeled the y-axes accordingly (but note that the %editing and %eGFP+ are
likely the same for the single-copy chromosomal reporter editing experiments).

5. The authors should discuss potential side effects of overexpressing hnRNPUL1 in cells.

Response: We could not find any literature indicating potential side effects of overexpressing
hnRNPULT1 in cells and have included the following sentence in the first paragraph of discussion:
“... Although we have not observed nor found literature indicating potential side effects of
overexpressing hnRNPULL in cells, heterologous attractants such as single-chain antibodies may
be even better for promoting the non-covalent editing of single target cytosine bases.”

6. Recruiting a deaminase through accessory proteins tethered to Cas9 is not as novel as the
authors imply. Bassik and coworkers and Huang and coworkers have recruited in trans
deaminases through MS2 fusions and SunTagging. The difference here is that the recruitment
partner binds to the deaminase itself, so recruitment does not rely on tagging the deaminase.
However, this novelty is dampened because MagnEdit does not work with endogenous A3B and
still requires A3B overexpression from a separate cassette. If an exogenous A3B cassette needs to
be introduced anyways, there is not much benefit to overexpressing A3B as opposed to an MS2-
tagged or SunTagged deaminase.

Response: These are fair points and we have revised our discussion to include this alterntive
technologies.



1st Revision - Editorial Decision February 11,2020

February 11,2020
RE: Life Science Alliance Manuscript #LSA-2019-00606-TR

Dr. Reuben S Harris

University of Minnesota

Biochemistry, Molecular Biology and Biophysics
321 Church St. SE

6-155 Jackson Hall

Minneapolis, MN 55455

Dear Dr. Harris,

Thank you for submitting your revised manuscript entitled "MagnEdit - Interacting factors that
recruit DNA editing enzymes to single base targets". We have now assessed your revised
manuscript and point-by-point response to the concerns of the reviewers. We appreciate the
introduced changes and, importantly, the inclusion of endogenous targets in the analysis. One
reviewer asked you to check off-target effects in GFP-negative cells (ie, where on-target editing
obviously failed). Should your sequencing results that you are mentioning in your point-by-point
response include those data on the GFPLeu202 adjacent region, we'd appreciate inclusion of this
control as a supplementary file. Additionally, please pay attention to the following when preparing
the final files of your manuscript:

- Please also enter the middle initials for all co-authors in our submission system

- Please add a callout in the manuscript text to Fig 4G

- Please provide the source data for the blots shown in Figure 1C

- Please make sure that others can use your method - you can use as much space as needed in
the material & methods section to allow others to apply the method easily

Once we receive the final files upon this minor revision, we can swiftly move to acceptance and
publication of your work. Congratulations on this very nice method!

If you are planning a press release on your work, please inform us immediately to allow informing our
production team and scheduling a release date.

To upload the final version of your manuscript, please log in to your account:
https://lIsa.msubmit.net/cgi-bin/main.plex

You will be guided to complete the submission of your revised manuscript and to fill in all necessary
information. Please get in touch in case you do not know or remember your login name.

To avoid unnecessary delays in the acceptance and publication of your paper, please read the
following information carefully.

A.FINAL FILES:
These items are required for acceptance.

-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).



-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your production-ready images, http//www life-science-
alliance.org/authors

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the
study (max. 200 characters including spaces). This text is used in conjunction with the titles of
papers, hence should be informative and complementary to the title. It should describe the context
and significance of the findings for a general readership; it should be written in the present tense
and refer to the work in the third person. Author names should not be mentioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, http//www life-science-
alliance.org/authors

We encourage our authors to provide original source data, particularly uncropped/-processed
electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this information. These files
will be linked online as supplementary "Source Data" files.

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript **

**It is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result in unavoidable delays in
publication. Please ensure that you have access to all original data images prior to final
submission **

**The license to publish form must be signed before your manuscript can be sent to production. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.**

**Reviews, decision letters, and point-by-point responses associated with peer-review at Life
Science Alliance will be published online, alongside the manuscript. If you do want to opt out of
having the reviewer reports and your point-by-point responses displayed, please let us know
immediately **

Thank you for your attention to these final processing requirements. Please revise and format the
manuscript and upload materials within 7 days.

Thank you for this interesting contribution, we look forward to publishing your paper in Life Science
Alliance.

Sincerely,

Andrea Leibfried, PhD
Executive Editor

Life Science Alliance
Meyerhofstr. 1



69117 Heidelberg, Germany

t +49 6221 8891 502

e aleibfried@life-science-alliance.org
www life-science-alliance.org



2nd Authors' Response to Reviewers February 14, 2020

Subject: Minor Revisions for manuscript #L.SA-2019-00606-T
Dear Dr. Leibfried,

Thank you for the positive decision on our manuscript titled “MagnEdit — Interacting Factors
that Recruit DNA Editing Enzymes to Single Base Targets”. We have completed the
following requested minor revisions:

- One reviewer asked you to check off-target effects in GFP-negative cells (ie, where on-target
editing obviously failed). Should your sequencing results that you are mentioning in your
point-by-point response include those data on the GFPLeu202 adjacent region, we'd
appreciate inclusion of this control as a supplementary file.” Response: As recommended, we
now include these results as Supplementary Figure S1 and have added the following text to
the end of the results section: “... In addition, higher FANCF and EMXI on-target editing
frequencies and similar adjacent off-target trends were evident for MagnEdit versus the
covalently tethered A3B-Cas9n-CBE in eGFP-negative pools (Supplementary Fig. S1).
These additional results from sequencing the “dark” population suggested that on-target
chromosomal editing events may far exceed those that yield functional correction of the
eGFP Leu202 reporter.”

- Please also enter the middle initials for all co-authors in our submission system. Response:
added as requested.

- Please add a callout in the manuscript text to Fig 4G. Response: added as requested.

- Please provide the source data for the blots shown in Figure 1C. Response: These blots have
been included in an eps file for editorial review. As you can see the boxed regions have been
used for the composite in Figure 1C and, apart from cropping for presentation, are
unmodified. We are happy to provide these data in any format you wish but we do not see any
reason to include them as supplementary material.

- Please make sure that others can use your method - you can use as much space as needed in the
material & methods section to allow others to apply the method easily. Response: We have
reviewed our methods and feel they are sufficiently detailed for use by other labs.

We trust that you will now find our manuscript ready for publication in LS4.



2nd Revision - Editorial Decision February 17,2020

February 17,2020
RE: Life Science Alliance Manuscript #LSA-2019-00606-TRR

Dr. Reuben S Harris

University of Minnesota

Biochemistry, Molecular Biology and Biophysics
321 Church St. SE

6-155 Jackson Hall

Minneapolis, MN 55455

Dear Dr. Harris,

Thank you for submitting your Methods entitled "MagnEdit - Interacting factors that recruit DNA
editing enzymes to single base targets". It is a pleasure to let you know that your manuscript is now
accepted for publication in Life Science Alliance. Congratulations on this interesting work.

The final published version of your manuscript will be deposited by us to PubMed Central upon
online publication.

Your manuscript will now progress through copyediting and proofing. It is journal policy that authors
provide original data upon request.

Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science
Alliance will be published online, alongside the manuscript. If you do want to opt out of having the
reviewer reports and your point-by-point responses displayed, please let us know immediately.

***IMPORTANT : If you will be unreachable at any time, please provide us with the email address of
an alternate author. Failure to respond to routine queries may lead to unavoidable delays in
publication . ***

Scheduling details will be available from our production department. You will receive proofs shortly
before the publication date. Only essential corrections can be made at the proof stage so if there
are any minor final changes you wish to make to the manuscript, please let the journal office know
now.

DISTRIBUTION OF MATERIALS:

Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit materials used in their studies to the appropriate
repositories for distribution to researchers.

You can contact the journal office with any questions, contact @life-science-alliance.org
Again, congratulations on a very nice paper. | hope you found the review process to be constructive

and are pleased with how the manuscript was handled editorially. We look forward to future exciting
submissions from your lab.



Sincerely,

Andrea Leibfried, PhD

Executive Editor

Life Science Alliance

Meyerhofstr. 1

69117 Heidelberg, Germany

t +49 6221 8891 502

e aleibfried@life-science-alliance.org
www life-science-alliance.org
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