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eviewers' Comments:
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Reviewer #1:

Remarks to the Author:

Researchers should consider a variety of criteria while designing CRISPR guide RNAs, including
location, the number of on/off-target alignments, and the presence of polyT and the enzyme cut
site. Hoberecht et al. demonstrated a complete and all-encompassing R workflow for designing
CRISPR guide RNA. The pipeline can provide important information collected from multiple
algorithms developed previously for various Cas nucleases, which is improved from previous
efforts such as CRISPRseek and multicrispr. Furthermore, utilizing basilisk, this pipeline used not
only R libraries but also python packages, allowing for an integrated analysis on a single R code.
However, apart from giving useful additional information, it is uncertain whether it gives a better
list of gRNAs of known nucleases than existing databases or algorithms. Overall, this well-designed
and improved pipeline would be useful for researchers looking for the guide RNAs of novel
nucleases, but authors should address the concerns below before publication.

Major comments

1. The crisprDesign pipeline provided a complete set of data gathered from several methods that
had not been included in earlier algorithms. However, in terms of the rank of gRNAs, it is unclear
that how they improved from previous databases or pipelines such as CRISPick (Broad) and results
from CRISPRseek and multicrispr. A benchmark between the ranks of the current pipeline and
previous pipelines should be included in this paper

2. Precalculated datasets for model organisms such as Human and Mouse should be provided as
plain text file (through supplementary files or figshare) For those who are not familiar with R-
based programming.

3. The best practices (i.e. whole genome search starting from a new type of a Cas nuclease or for
new organisms) should be provided on crisprDesign Github for users who want to identify gRNAs
for their Cas proteins. Also, in the demo, gRNAs were aligned to chr 12 only (the chromosome
where IQSEC3 is located) for off-target search. However, the off-target search should be done
across whole genome, so users may misinterpret the step.

4. The MIT off-target score formula seems based on a 20-bp gRNA. Should it be changed if the
gRNA is 23 bp long?

Minor comments
1. Is the link the details of each APIs? https://rdrr.io/github/Jfortinl/crisprDesign/man/ . I think it
is good idea that the github page provide the url.

2. In my opinion, it is better to combine the R libraries (crisprDesign, crisprBase, crisprBowtie,
cripsrBwa, crisprScore) into one library since all of them were needed for the pipeline and
eventually installed together.

3. The tutorial link is broken on the cripsrScore github page.

4. Please specify version of bowtie, bwa, and other software.

5. guideSet <- addOnTargetScores(guideSet) was unsuccessful with an error below on mac R
;rgo(: in checkForRemoteErrors(lapply(cl, recvResult)) : one node produced an error:

PyException_SetTraceback - dlsym(0x7fde7d45a1b0, PyException_SetTraceback): symbol not
found

Reviewer #2:



Remarks to the Author:

The manuscript from Hobrecht et al introduces a R-based framework for gRNA design, with a core
package named crisprDesign (I will refer to the complete framework as crisprDesign). The
framework is intended to efficiently desigh gRNAs and annotations for given targets, and provides
functionality to consider a multitude of CRISPR technologies (CRISPRko, CRISPRa, CRISPRI,
CRISPRbe). crisprDesign is implemented in a modular fashion, which allows to incorporate several
alignment methods, annotations as well as on- and off-target activity scores. In order to rate the
functionality of the packages, the authors compare it to two published methods. Further, they
demonstrate usability by showing three use cases, nhamely CRISPRbe for BRCA1 gene, tiling
targeting for CD46/CD55, and CRISPRa for MMP7, for which they design gRNAs taking advantage
from different enzymes and PAMs.

Major:

Unfortunately, I was not able to install the crisprDesign framework on a fresh R 4.2 as suggested,
as well as on an older R version (I used docker containers to exclude interference with existing
packages). While with an older R version I was able to install most sub packages directly from
github as given in the documentation (up to crisprdesign), I finally ended with an error that told
me to use R 4.2. When using 4.2, I had already a large number of package errors when trying to
install, that I was not able to solve within an appropriate time frame. Further, the manuscript and
demo indicates the package to be deployed via Bioconductor, however, I was either able to install
the package from there (demo on git: first command indicates availability on bioconductor), nor I
was able to find the package at the bioconductor web page. I strongly suggest to either provide a
functional docker container or to describe users how to use a suitable conda environment to
simplify installation process.

Along this line, crisprDesign is for sure an interesting framework for the community dealing with
CRISPR based screens. However, most features introduced are already implemented by individual
tools or packages in R or python. The authors argue that crisprDesign will now streamline all these
individual packages and will provide an overarching interface, an idea that I highly appreciate.
They claim that the usage of their tool will simplify workflows and will come with higher usability.
However, when looking at git and trying to use it, the authors do not further follow their best
argument. They did not take into account who is the audience of their framework. Such
overarching “wrapper and bridging” frameworks are complex by design, and potential users need a
lot of help to start using it, which means a detailed documentation and various examples are of
high importance. It also means that such frameworks will just become important for the CRISPR
community, if people that not necessarily are fulltime bioinformaticians, find an entry point.
Therefore, I highly suggest to significantly improve the documentation, tool usage, and example
page in order to make the framework attractive for its potential audience. The authors might think
about using the git wiki pages or readthedocs. I feel https://scanpy.readthedocs.io is a good
example, how such a framework documentation should look like.

In the introduction, the authors introduce four key qualities for an ideal gRNA design framework
that I fully agree with. However, from the manuscript I cannot derive sufficient evidence that the
new crisprDesign tool is the only tool that fulfills these qualities, and comparison to existing tools
should include core parameters that reflect these key qualities (see also next comment regarding
quality (4)). The authors claim to solve these issues now, but lack to compare their tool to most
other tools in the field often used (just two tools in their comparison). In the introduction, the
authors name a whole bunch of tools, please include at least the later developed and/or often used
ones such as Flashfry, CHOPCHOP, CRISPOR and CCTOP. For example, the Cas-Designer and Cas-
OFFinder and its webpage (rgentools) provides a lot of functionality in terms of Cas-PAM selection,
supported organisms and result filtering, one would like to take into account for comparison. Other
examples are E_CRISP, GUIDES and CRISPick.

Especially for the last listed key quality (4: large scale gRNA design) the manuscript completely
lack any evidence crisprDesign can handle such tasks. In my understanding, large scale gRNA
libraries go for thousands of targets (e.g. all protein coding first exons etc.), and a key feature for
such gRNA design tasks, among others, is runtime. Even the authors provide an iterative bowtie
and bwa package and a speed comparison for a small design task on single genes (Figure S1), I
did not find a hint that crisprDesign can provide acceptable runtimes on large scale designs.

In line with the prior critic, it lacks a speed comparison to other tools that are specialized on large
scale designs, such as FlashFry or multicrispr.

Visualization of gRNAs in context of genomic loci as e.g nicely shown in figure 2c and 5b are of
high importance to choose the “best” gRNAs for single/few loci experiments. As one of the key



features of the given framework is to join data from multiple sources (SNPs, various annotations),
I suggest to add functionality to visualize all this data. As far as I got it from git, there is no
plotting functionality given yet.

Minor:

The last part of the discussion is interesting to read, and brings up a lot of good ideas that would
greatly improve the functionality and usability of crisprDesign, however, I do not feel such future
developing plans at that extend should be part of a discussion section.

Reviewer #3:
Remarks to the Author:
General comments

CRISPRdesign and its associated software packages provide tools for the design of various
CRISPR-based editors and gene expression regulators, with useful features such as access to many
published scoring matrices and SNP aware design. While these functions are available in existing
web-based or command line (including Bioconductor) software packages, the availability of these
tools in uniform environment and access to a variety of different published scoring matrices may
benefit users who choose to invest in a new software package.

Detailed comments

1. The text is well written and the figures are nicely constructed. However, the manuscript does
not provide the most important information - clear examples of input commands/files and the
resulting output. Such vignettes are required components of analysis software packages in
Bioconductor and should be provided as a supplemental file for the publication. These vignettes
should include examples of all the major functions described in the publication. An example of
gRNA design for genome-wide screens could be limited to a single technology applied to a subset
of genes (e.g. annotated DNA repair or cell cycle genes).

2. Related to this comment, the software used to generate images in the figures should be clearly
indicated so that the reader can decern which were generated directly with the described software
packages.

3. A little more information about included gRNA ranking systems would be helpful. It appears that
many options are available, but it is not clear if the package provides default or recommended
ranking options for specific applications. Modification of gRNA ranking should be described as one
of the vignettes.

4. The authors may wish to consider a different name than CRISPRdesign given a related package,
also written in R, with a nearly identical name (crispRdesignR, PMID: 32494309.)

5. It seems that CRISPRdesign is not available in Bioconductor yet.

6. There are no examples in the Vignettes of crisprScore for three on-target scoring methods listed
in Table 1, i.e., CRISPRai, CasRx-RF, and PAM scoring.



Response to referees for
A comprehensive Bioconductor ecosystem for the design of CRISPR
guide RNAs across nucleases and technologies

Authors: Luke Hoberecht, Pirunthan Perampalam, Aaron Lun, Jean-Philippe Fortin*

We thank the reviewers for their careful reading of our work and their thoughtful comments, which have led
to a much improved manuscript. We have substantially revised the manuscript and have added several sections
and figures in the Appendix to detail additional analyses. In particular, we added the following components to
our manuscript:

* Comparison of gRNA design functionalities across 11 gRNA design tools.

* New section on gRNA rankings, and benchmarking across state-of-the-art tools using 5 public genome-
wide screening datasets.

* Speed comparison of the off-target alignment methods.

 Unification of the R packages into an ecosystem called crisprVerse, and creation of a website: https:
//github.com/crisprVerse.

* Creation of two new R packages, accepted by Bioconductor: crisprVerse and crisprViz for easy load-
ing/installation of the ecosystem, and gRNA visualization functionalities, respectively.

* Creation of 16 comprehensive tutorials, available in the supplementary material and here.

* Creation of a Docker image available on Docker Hub.

We’ve attached a revised copy of our manuscript with changes highlighted in a light purple color. We address
below each of the reviewers’ comments.

Reviewer 1

Researchers should consider a variety of criteria while designing CRISPR guide RNAs, including location,
the number of on/off-target alignments, and the presence of polyT and the enzyme cut site. Hoberecht et al.
demonstrated a complete and all-encompassing R workflow for designing CRISPR guide RNA. The pipeline
can provide important information collected from multiple algorithms developed previously for various Cas
nucleases, which is improved from previous efforts such as CRISPRseek and multicrispr. Furthermore, utilizing
basilisk, this pipeline used not only R libraries but also python packages, allowing for an integrated analysis
on a single R code. However, apart from giving useful additional information, it is uncertain whether it gives a
better list of gRNAs of known nucleases than existing databases or algorithms. Overall, this well-designed and
improved pipeline would be useful for researchers looking for the guide RNAs of novel nucleases, but authors
should address the concerns below before publication.


https://github.com/crisprVerse
https://github.com/crisprVerse
https://github.com/crisprVerse/crisprVerse
https://github.com/crisprVerse/crisprViz
https://github.com/crisprVerse/Tutorials
https://hub.docker.com/r/fortin946/crisprverse

Major comments:

1. The crisprDesign pipeline provides a complete set of data gathered from several methods that had not been
included in earlier algorithms. However, in terms of the rank of gRNAs, it is unclear that how they improved
from previous databases or pipelines such as CRISPick (Broad) and results from CRISPRseek and multicrispr.
A benchmark between the ranks of the current pipeline and previous pipelines should be included in this paper.

Response: This is a great suggestion. We have now performed a comprehensive benchmarking of
gRNA rankings for pipelines that do provide rankings: CCTop, CHOPCHOP, CRISPick, FlashFry
and our software crisprDesign. We note that CRISPRseek and multicrispr do not provide gRNA
rankings. We focused our comparison on the set of all human protein-coding genes, and using
the SpCas9 nuclease given the large amount of data for this nuclease that allow us to perform
benchmarking across datasets, cell lines and studies. We downloaded and reprocessed 5 large-scale
CRISPRko dropout screening datasets, performed with independent gRNA libraries, to perform the
benchmarking. The results from our benchmarking analysis support that crisprDesign generates
2RNA rankings lead to more optimized gRNAs in comparison to existing pipelines, as evidenced
by its high performance across 5 independent large-scale screening studies. We have now added
the following new section in the Results together with a new figure (Figure 1 below) and a new
table (Table 1 below):

gRNA ranking from crisprDesign returns optimized gRNAs

To complement gRNA annotation and assist in library design, crisprDesign provides a gRNA rank-
ing function called rankSpacers. The function implements our recommended ranking parameters
for the nucleases SpCas9, enCasl2a, and CasRx, effectively enabling library design automation
across targets. It is designed to optimize both on-target activity and minimize off-targeting effects,
and includes the functional annotations described in the previous section. Details are provided in
the Methods section.

We compared our default gRNA ranking procedure to other tools that provide gRNA rankings:
CHOPCHOP, CCTop, FlashFry and CRISPick. To perform the evaluation, we designed and ranked
SpCas9 gRNAs for all human protein-coding genes (Ensembl release 104) using each tool sep-
arately (see Methods). Next, we obtained and processed 5 human genome-wide fitness screen
datasets from published studies (Table 1), each performed using a different gRNA library. For each
dataset and gRNA, a LFC between later and earlier time point samples was calculated to quantify
gRNA dropout over time.

gRNAs targeting essential genes are expected to drop out and can be used for benchmarking pur-
poses. To investigate the relationship between gRNA activity and gRNA ranking, we considered for
each gRNA library the subset of gRNAs targeting a common reference set of essential genes [Hart
et al., 2014]. For each gene and tool, we identified the top 15 ranked gRNAs based on the tool-
specific in silico ranking. In Figure 1a, we show the distributions of LFCs in the Hart2015 dataset
based on two groups: red lines show the distributions of the top 15 ranked gRNAs across genes,
and green lines show the distributions of remaining gRNAs. Top ranked gRNAs from CRISPick
and crisprDesign show greater activity than lower ranked gRNAs, as indicated by a negative shift
in the red distributions with respect to the green distributions.

We repeated the analysis for each dataset, and summarized the performance of the top ranked
2RNAs at discriminating active gRNAs by calculating the difference in means between the green
and red distributions (A LFC). Results are shown in Figure 1b. Higher A LFCs indicate better



Dataset gRNA library | Cell Line | Number of gRNAs Reference
Achilles Avana (many) 67,816 Meyers et al. [2017]
Hart2015 TKOv1 HCTI116 164,576 Hart et al. [2015]
Hart2017 TKOv3 HAP1 81,967 Hart et al. [2017]
Wang2015 Sabatini K562 166, 855 Wang et al. [2015]
Tzelepis2016 Yusa HL60 85,192 Tzelepis et al. [2016]

Table 1: Genome-wide human CRISPRko screen datasets used for comparing SpCas9 gRNA rankings

performance, and results indicate that both CRISPick and crisprDesign perform well across all
datasets.

We also added the two following sections in Methods:

Processing of genome-wide screen datasets

Achilles dataset: CRISPRko fitness screening gRNA-level LFCs from Project Achilles (22Q2 re-
lease) were downloaded from the DepMap portal https://depmap.org/portal/download/
all/. Processed LFCs representing changes in gRNA abundances between the last time point of
the fitness screen and the plasmid DNA were available for 957 human cell lines. Reference lists
of essential and non-essential genes were downloaded from Hart et al. [2014]. For each cell line,
we first centered LFCs using the median value of the set of non-essential genes, and then scaled
LFCs using the median value of the set of essential genes. This enables normalized LFCs to be
comparable across cell lines. For each gRNA, we then summarized gRNA activity by averaging
LFCs across cell lines.

Hart2015 dataset: Processed data from a genome-wide screen performed in HCT116 cells using
the Toronto Knockout vl (TKOvl) library [Hart et al., 2015] were downloaded from http://
tko.ccbr.utoronto.ca/. We computed LFCs between Day 18 and Day 0.

Hart2017 dataset: Processed data from a genome-wide screen performed in HAP1 cells using the
Toronto Knockout v3 (TKOv3) library [Hart et al., 2017] were downloaded from http://tko.
ccbr.utoronto.ca/. We obtained available LFCs between Day 18 and Day 0.

Wang2015 dataset: Processed data from a genome-wide screen performed in K562 cells were
obtained from the supplementary material of Wang et al. [2015]. LFCs were calculated between
the final and initial timepoints.

Tzelepis2016 dataset: Processed LFCs from a genome-wide screen performed in HL60 cells were
obtained from the supplementary material of Tzelepis et al. [2016].

LFECs for the Hart2015, Hart2017, Wang2015 and Tzelepis2016 were further standardized using
the approach used for the Achilles dataset, with the same sets of non-essential and essential genes.
For each dataset, gRNAs were mapped to the set of human protein-coding genes found in the
Ensembl release 104, and unmapped gRNAs were filtered out. Given that gRNAs with multiple
on- and off-targets can confound the analysis of fitness screens [Fortin et al., 2019], we removed
gRNAs that map to multiple loci in the GRCh38 genome, as well as gRNAs with 1- and 2-mismatch
off-targets located in coding regions other than the intended target. The final numbers of gRNAs
further considered for analysis are presented in Table 1.


https://depmap.org/portal/download/all/
https://depmap.org/portal/download/all/
http://tko.ccbr.utoronto.ca/
http://tko.ccbr.utoronto.ca/
http://tko.ccbr.utoronto.ca/
http://tko.ccbr.utoronto.ca/
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Figure 1: Comparison of CRISPRko Cas9 gRNA rankings for protein-coding human genes. We designed
and ranked gRNAs targeting all protein-coding human genes (Ensembl release 104) using tools that provide
gRNA rankings: CCTop, CHOPCHOP, FlashFry, CRISPick and crisprDesign. To compare gRNA ranking
performance across tools, we obtained gRNA LFCs from 5 genome-wide CRISPRko fitness screening datasets,
listed in Table 1. In these fitness screens, active gRNAs targeting essential genes are expected to drop out and
show negative LFCs. To investigate the relationship between gRNA activity and gRNA ranking, we consid-
ered for each gRNA library the subset of gRNAs targeting a common reference set of essential genes [Hart
et al., 2014]. For each gene and tool, we identified the top 15 ranked gRNAs based on the tool-specific in
silico ranking. a LFC distributions in the Hart2015 dataset for gRNAs targeting essential genes (solid lines)
and gRNAs targeting non-essential genes (dotted lines). Red lines show the distributions of the top 15 ranked
gRNAs across genes, and green lines show the distributions of remaining gRNAs. For essential genes, top
ranked gRNAs from CRISPick and crisprDesign show greater activity than lower ranked gRNAs (red distribu-
tions are negatively skewed). As expected, there are no differences for gRNAs targeting non-essential genes.
b We repeated the analysis described in a for each dataset. We summarized the performance of the top ranked
gRNAs by calculating the difference in means between the green and red distributions (A LFC), for essential
genes only. A higher A LFC indicates better performance. For each method and dataset, a t-test was performed
to quantify the difference in LFCs between the top ranked gRNAs and the remaining gRNAs. Corresponding

p-values are reported above the bars (x: p-value < 0.0% sk p-value < 0.01; % % x: p-value < 0.001.)



Default gRNA rankings implemented in crisprDesign

For each nuclease, we rank gRNAs based on several rounds of priority. For SpCas9, gRNAs with
unique target sequences and without one- or two-mismatch off-targets located in coding regions
are placed into the first round. Then, gRNAs with a small number of one- or two-mismatch off-
targets (less than 5) are placed into the second round. Remaining gRNAs are placed into the
third round. Finally, any gRNAs overlapping a common SNP (human only), containing a polyT
stretch, or with extreme GC content (below 20% or above 80%) are placed into the fourth round.
For CRISPRko applications, within each round of selection, gRNAs targeting the first 85% of the
coding sequence of the canonical Ensembl isoform, as well as gRNAs targeting conserved regions
(phyloP conservation score greater than 0), are prioritized first. gRNAs with the same priority
are then ranked by a composite on-target activity rank to further prioritize active gRNAs. Based
on the consistently reliable performance performance and generalization of the methods DeepHF
and DeepSpCas9 shown in Konstantakos et al. [2022], Wang et al. [2019], Kim et al. [2019], the
composite on-target activity rank is calculated by taking the average rank across the DeepHF and
DeepSpCas9 scores. For CRISPRa and CRISPRIi applications, the CRISPRai on-target score is
used instead of the composite score.

The process is identical for enAsCas12a, with the exception that the enPAM+GB method is used
as the composite score given that it is the only method available for the enAsCasl2a nuclease.
For CasRx, gRNAs targeting at least 75% of the isoforms of a given gene, with no one- or two-
mismatch off-targets, are placed into the first round. gRNAs targeting at least 50% of the isoforms
of a given gene, with no one- or two-mismatch off-targets, are placed into the second round, and
remaining gRNAs are placed into the third round. Finally, any gRNAs containing a polyT stretch,
or with extreme GC content (below 20% or above 80%) are placed into the fourth round. Within
each round of selection, gRNAs are further ranked by the CasRxRF on-target score, using the
canonical Ensembl isoform for scoring.

Generation of gRNA rankings from other tools

In addition to crisprDesign, we designed and ranked SpCas9 gRNAs for all human protein-coding
(Ensembl release 104) using four additional tools. For CHOPCHOP (v3), we used the command
line interface (CLI) available at https://bitbucket.org/valenlab/chopchop with
default parameters. For CCTop (v1.0.0), we used the CLI available at https://bitbucket.
org/Jjuanlmateo/cctop_standalone with default parameters. For FlashFry (v1.15), we
used the CLI available at https://github.com/mckennalab/FlashFry with default
parameters. For CRISPick, due to the lack of a CLI, we submitted batch query jobs through
the portal https://portals.broadinstitute.org/gppx/crispick/public (ac-
cessed on July 27 2022) with default parameters for the Hsu (2013) tracrRNA sequence using the
Rule Set 3.

2. Pre-calculated datasets for model organisms such as Human and Mouse should be provided as plain text file
(through supplementary files or figshare) For those who are not familiar with R-based programming.

Response: This is a great suggestion, and we have now deposited fully-annotated and ranked
gRNAs to Zenodo (doi: 10.5281/zenodo.7042164). We used the following configurations, using
our recommended parameters:

* Human, SpCas9 (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)


https://bitbucket.org/valenlab/chopchop
https://bitbucket.org/juanlmateo/cctop_standalone
https://bitbucket.org/juanlmateo/cctop_standalone
https://github.com/mckennalab/FlashFry
https://portals.broadinstitute.org/gppx/crispick/public

* Human, enAsCas12a (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)
* Human, CasRx (1 file corresponding to CRISPRkd)

* Mouse, SpCas9 (3 files corresponding to CRISPRko, CRISPRa, and CRISPR1)

* Mouse, enAsCas12a (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)
* Mouse, CasRx (1 file corresponding to CRISPRkd)

We used GRCh38 with Ensembl Release 104 for human, and GRCm38 with Ensembl Release 102
for mouse. We have now added the following section in Data Availability:

We precomputed and fully annotated gRNAs for human and mouse protein-coding genes using
crisprDesign for the following nucleases: SpCas9, enAsCasl2a, and CasRx. Ensembl release
104 and Ensembl release102. were used for human and mouse, respectively. Separate datasets
were generated for the CRISPRko, CRISPRa, CRISPRi, and CRISPRkd modalities. All files are
available on Zenodo (doi: 10.5281/zenodo.7042164)

3. The best practices (i.e. whole genome search starting from a new type of a Cas nuclease or for new organ-
isms) should be provided on crisprDesign Github for users who want to identify gRNAs for their Cas proteins.
Also, in the demo, gRNAs were aligned to chr12 only (the chromosome where IQSEC3 is located) for off-target
search. However, the off-target search should be done across whole genome, so users may misinterpret the step.

Response: We completely agree with the reviewer, and we have now created a set of 17 re-
producible and comprehensive tutorials so that crisprVerse users can generate their own gRNA
database using our best practices: crisprVerse tutorials. We have also included PDF copies of the
tutorials in the Supplementary Material. For the crisprDesign vignette, a peculiarity of Bioconduc-
tor is that packages (including running and regenerating vignettes) have to be built under 5 minutes,
which limits what we can do in complex vignettes such as the one in crisprDesign. This motivated
us to create comprehensive tutorials that are not restricted by time. We have now changed the text
in the crisprDesign vignette to the following to avoid misinterpretation, and redirected the user to
the tutorial for more details re. how to perform an off-target search:

For the sake of time here, we will search only for on- and off-targets located in the beginning of
human chr12 where IQSEC3 is located. We note note that users should always perform a genome-
wide search as shown in the CRISPRko design tutorial.

4. The MIT off-target score formula seems based on a 20-bp gRNA. Should it be changed if the gRNA is 23 bp
long?

Response:

We thank the reviewer for pointing that out. While the MIT score has not been used for longer
spacer sequences, their formula easily generalizes to other spacer lengths. We have now rewritten
the formula to generalize for any spacer length:

The exact formula that we use to calculate the MIT score in crisprScore was obtained from the
MIT design website (crispr.mit.edu):

1 1
MIT = (H u},,) X e X — (1)
pEM x4+l om


https://github.com/crisprVerse/Tutorials
https://github.com/crisprVerse/Tutorials/tree/master/Design_CRISPRko_Cas9
crispr.mit.edu

where M is the set of positions for which there is a mismatch between the gRNA spacer sequence
and the off-target sequence, wy, is an experimentally-derived mismatch tolerance weight at position
p, d is the average distance between mismatches, m is the total number of mismatches, and L is
the spacer length. The spacer length used in Hsu et al. [2013] is 19. As the number of mismatches
increases, the cutting likelihood decreases.

Minor comments:

1. Is the link the details of each APIs? https://rdrr.io/github/Jfortinl/crisprDesign/
man/ . I think it is good idea that the GitHub page provide the url.

Response: This is a good idea. We have now added a link to the manual page of each package
(generated by Bioconductor) to the corresponding package GitHub page. As an example, we have
added the following text to the crisprDesign GitHub page:

The complete documentation for the package can be found here.

2. In my opinion, it is better to combine the R libraries (crisprDesign, crisprBase, crisprBowtie, cripsrBwa,
crisprScore) into one library since all of them were needed for the pipeline and eventually installed together.

Response: This is a great suggestion, and we have now renamed our ecosystem to be called “crispr-
Verse” (in reference to the popular tidyverse ecosystem). We have created a GitHub organization
to better organize our packages (crisprVerse website) as well as a package called crisprVerse to
easily install and load all necessary packages in one line, now accepted at Bioconductor and also
available here.

3. The tutorial link is broken on the crisprScore GitHub page.
Response: Sorry about that — we have now fixed the link.
4. Please specify version of Bowtie, BWA, and other software.

Response: We have now added the following versions in the Methods section:
AnnotationHub (v3.5)
crisprDesign (v0.99.134)
crisprScore (v1.1.14)
crisprScoreData (v1.1.3)
crisprBowtie (v1.1.1)
crisprBase v(1.1.5)
crisprVerse v(0.99.8)
crisprBwa (v1.1.3)

Rbwa (v1.1.0)
crisprDesignData (0.99.17)
crisprViz (0.99.18)


https://rdrr.io/github/Jfortin1/crisprDesign/man/
https://rdrr.io/github/Jfortin1/crisprDesign/man/
https://bioconductor.org/packages/devel/bioc/manuals/crisprDesign/man/crisprDesign.pdf
https://www.tidyverse.org
https://github.com/crisprVerse
https://github.com/crisprVerse/crisprVerse

GenomicFeatures (v1.49.6)
rtracklayer (v1.57)
CHOPCHOP (v3)

CCTop (v1.0.0)

FlashFry (v1.15)
CRISPick (accessed on July 27 2022)
Bowtie (v1.3)

BWA (Release 0.7.17)
multicrispr (v1.7.0)
CRISPRseek (v1.37.2)
CRISPOR (v5.01)

Guides (v1.0)
Cas-Designer (v3.0)
E-CRISP (v5.4)

5. guideSet <- addOnTargetScores (guideSet) was unsuccessful with an error below on mac R
4.2.0

Error in checkForRemoteErrors (lapply(cl, recvResult)) : one node produced
an error: PyException SetTraceback

Response: We thank the reviewer for bringing this to our attention, we have now fixed the error,
which was due to a recent change in the reticulate package.

Reviewer 2

The manuscript from Hobrecht et al introduces a R-based framework for gRNA design, with a core package
named crisprDesign (I will refer to the complete framework as crisprDesign). The framework is intended to
efficiently design gRNAs and annotations for given targets, and provides functionality to consider a multitude
of CRISPR technologies (CRISPRko, CRISPRa, CRISPRi, CRISPRbe). crisprDesign is implemented in a
modular fashion, which allows to incorporate several alignment methods, annotations as well as on- and off-
target activity scores. In order to rate the functionality of the packages, the authors compare it to two published
methods. Further, they demonstrate usability by showing three use cases, namely CRISPRbe for BRCA1 gene,
tiling targeting for CD46/CD55, and CRISPRa for MMP7, for which they design gRNAs taking advantage from
different enzymes and PAMs.

Major comments:

(1) Unfortunately, I was not able to install the crisprDesign framework on a fresh R 4.2 as suggested, as well as
on an older R version (I used docker containers to exclude interference with existing packages). While with an
older R version I was able to install most sub packages directly from GitHub as given in the documentation (up
to crisprDesign), 1 finally ended with an error that told me to use R 4.2. When using 4.2, I had already a large
number of package errors when trying to install, that I was not able to solve within an appropriate time frame.



Further, the manuscript and demo indicates the package to be deployed via Bioconductor, however, I was either
able to install the package from there (demo on git: first command indicates availability on Bioconductor), nor
I was able to find the package at the Bioconductor web page. 1 strongly suggest to either provide a functional
Docker container or to describe users how to use a suitable conda environment to simplify installation process.

Response: We thank the reviewer for thoroughly testing the installation of our software and pro-
viding this valuable feedback. We also apologize for the installation failure and the lack of instruc-
tions. To address this, we have taken several steps that should substantially facilitate the installation
and improve the user experience.

First, we created a GitHub organization called “crisprVerse” (in reference to the popular tidyverse
ecosystem) that locates all of our ecosystem packages in one place, together with extensive docu-
mentation and tutorials: (crisprVerse website).

Second, we created a new R package called crisprVerse to easily install and load all necessary
packages in a couple of command lines (link). The package is accepted at Bioconductor and
available on its devel branch.

Third, the crisprVerse website landing page describes the few steps necessary to install the crispr-
Verse packages. In addition, each package landing page also now contains an updated installation
section (see the crisprBase page as an example).

Finally, following the reviewer’s suggestion, we also created a ready-to-use Docker image con-
taining all necessary components for using the ecosystem: R (v4.2.1), the crisprVerse R packages
and their dependencies, the ViennaRNA and RNAhybrid binaries necessary for some of the scoring
functions, as well as the conda environments needed for running all of the scoring algorithms from
in crisrpScore. The Docker image is hosted on Docker Hub in this repository. We’ve also added
the Dockerfile and documentation to our crisprVerse website here.

We believe those additions will significantly lower the bar for installation and usability of our
ecosystem.

(2) Along this line, crisprDesign is for sure an interesting framework for the community dealing with CRISPR
based screens. However, most features introduced are already implemented by individual tools or packages in
R or python. The authors argue that crisprDesign will now streamline all these individual packages and will
provide an overarching interface, an idea that I highly appreciate. They claim that the usage of their tool will
simplify workflows and will come with higher usability. However, when looking at git and trying to use it,
the authors do not further follow their best argument. They did not take into account who is the audience of
their framework. Such overarching wrapper and bridging frameworks are complex by design, and potential
users need a lot of help to start using it, which means a detailed documentation and various examples are of
high importance. It also means that such frameworks will just become important for the CRISPR community,
if people that not necessarily are full-time bioinformaticians, find an entry point. Therefore, I highly suggest
to significantly improve the documentation, tool usage, and example page in order to make the framework
attractive for its potential audience. The authors might think about using the git wiki pages or readthedocs. 1
feel https://scanpy.readthedocs.io is a good example, how such a framework documentation should look like.

Response: We absolutely agree with the reviewer, and our improvements described in response to
comment (1) above are also in line with this comment. The crisprVerse website should facilitate
usage and documentation by centralizing all of the components in one location.

We also created a markdown vignette for each package and made them available on the package
landing pages, see the crisprBase page as an example. Those vignettes are also available on the


https://www.tidyverse.org
https://www.tidyverse.org
https://github.com/crisprVerse
https://github.com/crisprVerse/crisprVerse
https://github.com/crisprVerse/.github/blob/main/profile/README.md
https://github.com/crisprVerse/crisprBase
https://hub.docker.com/repository/docker/fortin946/crisprverse
https://github.com/crisprVerse/Docker
https://github.com/crisprVerse
https://github.com/crisprVerse/crisprBase

corresponding Bioconductor pages: see https://www.bioconductor.org/packages/
devel/bioc/vignettes/crisprBase/inst/doc/crisprBase.html forcrisprBase,
for instance. Those vignettes are meant to show examples of the main features for each of the pack-
ages. We’ve included all vignettes (8 pdf documents) in the Supplementary Material.

We also created a series of 17 extensive and reproducible tutorials that we host on the crisprVerse
website: see crisprVerse tutorials. Those tutorials were designed so that users can follow line by
line how to design gRNAs for common applications. We also included PDFs of those tutorials in
the Supplementary Material. Our hope is that the vignettes and tutorials should make our ecosystem
more accessible to a broader audience.

Following Reviewer 1’s suggestion, we also generated and annotated all possible gRNAs targeting
human and mouse protein-coding genes for the following configurations:

* Human, SpCas9 (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)

* Human, enAsCas12a (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)
* Human, CasRx (1 file corresponding to CRISPRkd)

* Mouse, SpCas9 (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)

* Mouse, enAsCas12a (3 files corresponding to CRISPRko, CRISPRa, and CRISPRi)
* Mouse, CasRx (1 file corresponding to CRISPRkd)

We used GRCh38 with Ensembl Release 104 for human, and GRCm38 with Ensembl Release 102
for mouse. We have now added the following section in Data Availability:

We precomputed and fully annotated gRNAs for human and mouse protein-coding genes using
crisprDesign for the following nucleases: SpCas9, enAsCasl2a, and CasRx. Ensembl release
104 and Ensembl release102. were used for human and mouse, respectively. Separate datasets
were generated for the CRISPRko, CRISPRa, CRISPRi, and CRISPRkd modalities. All files are
available on Zenodo (doi: 10.5281/zenodo.7042164).

(3) In the introduction, the authors introduce four key qualities for an ideal gRNA design framework that I fully
agree with. However, from the manuscript I cannot derive sufficient evidence that the new crisprDesign tool
is the only tool that fulfills these qualities, and comparison to existing tools should include core parameters
that reflect these key qualities (see also next comment regarding quality (4)). The authors claim to solve these
issues now, but lack to compare their tool to most other tools in the field often used (just two tools in their
comparison). In the introduction, the authors name a whole bunch of tools, please include at least the later
developed and/or often used ones such as Flashfry, CHOPCHOP, CRISPOR and CCTOP. For example, the
Cas-Designer and Cas-OFFinder and its webpage (rgentools) provides a lot of functionality in terms of Cas-
PAM selection, supported organisms and result filtering, one would like to take into account for comparison.
Other examples are E-CRISP, GUIDES and CRISPick.

Response: That was a real oversight from our part. While we knew that most tools lacked several
important features in one area or the other (which motivated the development of our ecosystem),
we had indeed not provided any evidence of it in our original manuscript. We have now performed
a comprehensive survey of gRNA design functionalities across our tool and 10 popular tools, in-
cluding the ones mentioned by the reviewer (see Table 2 on the next page, now included in the
manuscript). We believe this new comparison considerably strengthens our manuscript as it shows
that each existing tools lack several important features in one or many of the 4 qualities mentioned
above.
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https://www.bioconductor.org/packages/devel/bioc/vignettes/crisprBase/inst/doc/crisprBase.html
https://www.bioconductor.org/packages/devel/bioc/vignettes/crisprBase/inst/doc/crisprBase.html
https://github.com/crisprVerse/Tutorials

We have now included the following section in Results:

Table 2 includes a comparison to ten commonly-used gRNA design softwares: multicrispr [Bhag-
wat et al., 2020], CRISPRseek [Zhu et al., 2014], CHOPCHOP [Montague et al., 2014], CRISPOR
[Concordet and Haeussler, 2018], CCTop [Stemmer et al., 2015], GUIDES [Meier et al., 2017],
Cas-Designer [Park et al., 2015], FlashFry [McKenna and Shendure, 2018], E-CRISP [Heigwer
et al., 2014] and CRISPick; see the Methods section for a detailed description of the criteria used
for benchmarking. While several of the features implemented in crisprDesign are also available
in other tools, crisprDesign provides the most complete gRNA design solution across nucleases
and modalities. Unlike crisprDesign, many of the other tools do not provide informative on- and
off-target annotations, limiting their use for optimal gRNA selection. In the following sections, we
describe each of the gRNA design components and functionalities that are available in crisprDe-
sign.

as well as the following section in Methods:

Criteria used to compare feature availability across gRNA design tools

The following gRNA design tools were used for comparison in Table 2: multicrispr (v1.7.0),
CRISPRseek (v1.37.2), CHOPCHOP (v3), CRISPOR (website v5.01), CCTop (v1.0.0), Guides
(v1.0), Cas-Designer (v3.0), FlashFry (v1.15), E-CRISP (v5.4) and CRISPick (no version, ac-
cessed on July 27 2022). The criteria listed below were used for assessing feature availability.

Nuclease section: a check mark indicates support for the corresponding nuclease, and Limited
indicates that only a subset of custom nucleases are available. Modalities section: a check mark
indicates that the software offers at least one specific functionality for that modality. Target space
section: for the Reference genomes row, a check mark indicates that the software supports gRNA
design against reference genomes; for this row, Limited indicates that the versions of the reference
genomes are outdated. For the Custom sequences row, a check mark indicates that the software
supports the design of gRNAs targeting custom DNA sequences.

The Off-target aligner section indicates which alignment methods are available in each tool. The
Off-target options section describes which off-target alignment functionalities are implemented:
genomic coordinates of the off-targets are available to the user (Genomic coordinates row), off-
target alignment to custom sequences (Custom sequences row), concurrent off-target alignment
to multiple organisms (cross-reactivity row), and alignment to major or minor allele genomes (Mi-
nor/major alleles row). The On-target and Off-target scoring sections indicate which scoring meth-
ods are implemented in the software.

The Annotations section indicates whether or not users have access to several annotations in the
gRNA outputs. Off-target annotation refers to gene context annotation of the off-targets; Iso-
Jorm specification refers to information about which gene isoforms are targeted by a given gRNA;
Reinitiation sites refers to gRNAs annotated as being upstream of potential reinitiation sites; Pfam
domains refers to information about which Pfam domains are targeted by a given gRNA; SNP an-
notation refers to an annotation of gRNAs overlapping common SNPs; 7SS annotation refers to
whether or not gRNAs are annotated to fall into the promoter region of knows TSSs; Conservation
refers to evolutionary conservation annotation.

The Library design section indicates which library design features are available in each of the
tools. Restriction sites indicates whether or not gRNAs can be filtered for restriction sites of com-
mon enzymes. PolyT signal indicates if PolyT stretch filtering is available. GC content indicates
filtering based on percentage GC content. Hairpin loops indicates filtering based on potential
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https://portals.broadinstitute.org/gppx/crispick/public

self-complementarity. Paired gRNAs indicates whether or not design of paired gRNAs is enabled.
Ranking indicates if the software returns a gRNA rank for user selection.

(4) Especially for the last listed key quality (4: large scale gRNA design) the manuscript completely lack any
evidence crisprDesign can handle such tasks. In my understanding, large scale gRNA libraries go for thousands
of targets (e.g. all protein coding, first exon, etc.), and a key feature for such gRNA design tasks, among others,
is runtime. Even the authors provide an iterative bowtie and bwa package and a speed comparison for a small
design task on single genes (Figure S1), I did not find a hint that crisprDesign can provide acceptable runtimes
on large scale designs. In line with the prior critic, it lacks a speed comparison to other tools that are specialized
on large scale designs, such as FlashFry or multicrispr.

Response: We completely agree with the reviewer, and we have now performed a comparison
to FlashFry and multicrispr, as well as CHOPCHOP and CCTop. We found that both the Flash-
fry and the crisprDesign bowtie iterative alignment methods perform well in comparison to other
softwares. We have now added the following results section

Finally, we compared run times for designing SpCas9 gRNAs and performing a genome-wide off-
target search for the following tools: CCTop, CHOPCHOP, multicrispr, FlashFry, and crisprDe-
sign. Other tools were not included for reasons discussed in the Methods section. To perform the
evaluation, we generated six random subsets of protein-coding exons located on chromosome 1
with the following sizes: 100, 200, 400, 800, 1600 and 3200 exons. For each tool and each subset,
we ran the off-target alignment against the human reference genome (GRCh38 build) using a max-
imum of 2 mismatches. We included the alignment parameters used for each tool in the Methods
section. Both FlashFry and the iterative Bowtie alignment implemented in crisprDesign show a
substantial speed gain in comparison to other methods (Figure S2).

as well as the following text in the Methods section:

Comparison of off-target alignments across tools

We compared computing times for designing SpCas9 gRNAs and performing a genome-wide off-
target search for the following tools: CCTop, CHOPCHOP, multicrispr, FlashFry, and crisprDe-
sign. The following tools were excluded from the comparison: CRISPick as it does not provide a
standalone software; CRISPRseek as we were not able to complete the search within a reasonable
time; Cas-Designer due to its requirement for specialized software that we were not able to install
on our machines; E-CRISP as it was not possible to run their command line interface on customs
DNA sequences or exons.

To perform the comparison, we generated six random subsets of protein-coding exons located on
chrl with the following sizes:100, 200, 400, 800, 1600 and 3200 exons. Off-target alignment
was performed against the human reference genome (GRCh38 build) using a maximum of 2 mis-
matches for all methods. Run times were collected on a Macbook Pro with an Intel Core i7 CPU
(2.6GHz, 6 cores, 16 GB memory). For each tool, parameters optimized for speed were chosen
based on available documentation. In particular, the following parameters were used. For CC-
Top, we used ——totalMM 2 —-coreMM 2 —-maxOT 100000. For CHOPCHOP, we used:
-—-fasta -G HG38 -t WHOLE -v 2. For FlashFry, we used: ——maximumOffTargets
100000 —--forcelLinear —-maxMismatch 2. For multicrispr, we used Bowtie with 2
mismatches, with no on-target scoring. For crisprDesign, we used the function addSpacerAlign-
mentslterative with the Bowtie and BWA aligners with 2 mismatches.

We also added a new Supplementary figure (see Figure S2 below).
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Supplementary Figure S2: Comparison of computing times for subsets of human protein-coding exons.
We compared computing times across tools to design gRNAs and perform a genome-wide off-target search
in the human genome. Six random subsets of protein-coding exons located on chrl were used to perform the
comparison. The sizes of the subsets were 100, 200, 400, 800, 1600 and 3200 exons. The x-axis shows the total
size in nucleotides of the DNA target space formed by each subset, and the y-axis shows computing times in
seconds. Details about the alignment parameters for each method can be found in the Methods section.

(5) Visualization of gRNAs in context of genomic loci as e.g nicely shown in figure 2c and 5b are of high
importance to choose the best gRNAs for single/few loci experiments. As one of the key features of the given
framework is to join data from multiple sources (SNPs, various annotations), I suggest to add functionality to
visualize all this data. As far as I got it from git, there is no plotting functionality given yet.

Response: This is a great suggestion, and we have now added a package called crisprViz to our
ecosystem, which enables users to visualize gRNAs within a genomic tracks together with data
coming from multiple sources. We have added the following sentences to the manuscript:

To help with the design of complex libraries, we developed the package crisprViz to visualize
GuideSet objects. The package builds on the Bioconductor package Gviz [Hahne and Ivanek,
2016] to offer a flexible and integrated visualization of gRNAs along genomic coordinates. Users
can visually inspect gRNAs on a genomic track with the option of adding annotation tracks such
as transcript models, SNP annotations, repeat elements, and nucleotide sequences.
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https://github.com/crisprVerse/crisprViz

Minor comments:

(1) The last part of the discussion is interesting to read, and brings up a lot of good ideas that would greatly
improve the functionality and usability of crisprDesign, however, I do not feel such future developing plans at
that extend should be part of a discussion section.

Response: We agree with the reviewer, and we have now replaced the following paragraph

We are continuously extending our suite of tools to make available the latest developments for
gRNA design. We are currently extending our work to include design for prime editing [Anzalone
etal., 2019]. Prime editing requires the design of template sequences in addition to the usual gRNA
spacer sequences. Prime editing tools are rapidly evolving, and our infrastructure provides a robust
framework to facilitate the complex design of a variety of prime editing constructs. In addition, we
will implement more convenience functions to streamline the design of complex gRNA libraries,
such as multiplexing libraries that combine multiple gRNA sequences within one construct. Such
libraries can be used to increase on-target efficiency [Replogle et al., 2020], or to simultaneously
target pairs of loci in the genome [Han et al., 2017]. We are also committed in making available
new scoring algorithms by implemented them in crisprScore as they become available. Finally, to
make access to our rich ecosystem accessible to all users, we are working on developing an inter-
active graphical user interface (GUI) using Shiny [Chang et al., 2015]. The Shiny application will
combine user-friendly characteristics of existing web-based tools with the advanced capabilities of
our R-based ecosystem.

by the following sentence:

We are continuously extending our suite of tools to make available the latest developments for
gRNA design, such as prime editing [Anzalone et al., 2019] and combinatorial libraries [Replogle
et al., 2020]

Reviewer 3

crisprDesign and its associated software packages provide tools for the design of various CRISPR-based editors
and gene expression regulators, with useful features such as access to many published scoring matrices and
SNP aware design. While these functions are available in existing web-based or command line (including
Bioconductor) software packages, the availability of these tools in uniform environment and access to a variety
of different published scoring matrices may benefit users who choose to invest in a new software package.

General comments:

1. The text is well written and the figures are nicely constructed. However, the manuscript does not provide the
most important information — clear examples of input commands/files and the resulting output. Such vignettes
are required components of analysis software packages in Bioconductor and should be provided as a supple-
mental file for the publication. These vignettes should include examples of all the major functions described in
the publication. An example of gRNA design for genome-wide screens could be limited to a single technology
applied to a subset of genes (e.g. annotated DNA repair or cell cycle genes).

Response: We absolutely agree with the reviewer, and thank them for the suggestion. We have
extensively improved on the documentation of our ecosystem (now called crisprVerse) by doing
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the following. First, we created a GitHub organization with one landing page: crisprVerse website
to centralize all packages and facilitate usage and documentation.

Second, we created a markdown vignette for each package and made them available on the package
landing pages, see the crisprBase page as an example. Those vignettes are also available on the
corresponding Bioconductor pages: see https://www.bioconductor.org/packages/
devel/bioc/vignettes/crisprBase/inst/doc/crisprBase.html forcrisprBase,
for instance. We’ve included all vignettes (8 pdf documents) in the Supplementary Material.

Finally, because the Bioconductor build system has strict time limits, which limits the scope of
the package vignettes, we developed 17 extensive and reproducible tutorials that we host on our
crisprVerse GitHub page: crisprVerse tutorials. PDFs of those tutorials are also included in the
Supplementary Material.

2. Related to this comment, the software used to generate images in the figures should be clearly indicated so
that the reader can discern which were generated directly with the described software packages.

Response: We have now added the following subsection in the Sections method:

Figure generation

All figures were made in R (4.2.1), with the exception of the following figures that were made in
Microsoft PowerPoint (v16.64): Figure 1, Figure 2a-b, and the workflow diagrams of Figure 4,
Figure 5 and Figure 6. Figure 2¢ and Figure 6b were made using the R package Gviz (v1.41.1).
Figure 3, Figure 4, Figure 5, Figure S1, Figure S2, Figure S3 and Figure S4 were made using
base plotting functions in R. Reproducible code to generate all figures can be found in our GitHub
manuscript repository.

3. A little more information about included gRNA ranking systems would be helpful. It appears that many
options are available, but it is not clear if the package provides default or recommended ranking options for
specific applications. Modification of gRNA ranking should be described as one of the vignettes.

Response: We thank the reviewer for the great idea. We have refactored the rankSpacers function
in crisprDesign to provide default and recommended ranking criteria, now discussed in the gRNA
ranking section of the crisprDesign vignette, as well as in the crisprDesign package documentation.
We have also added the following subsection in the Methods section of the manuscript:

Default gRNA rankings implemented in crisprDesign

For each nuclease, we rank gRNAs based on several rounds of priority. For SpCas9, gRNAs with
unique target sequences and without one- or two-mismatch off-targets located in coding regions
are placed into the first round. Then, gRNAs with a small number of one- or two-mismatch off-
targets (less than 5) are placed into the second round. Remaining gRNAs are placed into the
third round. Finally, any gRNAs overlapping a common SNP (human only), containing a polyT
stretch, or with extreme GC content (below 20% or above 80%) are placed into the fourth round.
For CRISPRko applications, within each round of selection, gRNAs targeting the first 85% of the
coding sequence of the canonical Ensembl isoform, as well as gRNAs targeting conserved regions
(phyloP conservation score greater than 0), are prioritized first. gRNAs with the same priority
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https://bioconductor.org/packages/devel/bioc/manuals/crisprDesign/man/crisprDesign.pdf

are then ranked by a composite on-target activity rank to further prioritize active gRNAs. Based
on the consistently reliable performance performance and generalization of the methods DeepHF
and DeepSpCas9 shown in Konstantakos et al. [2022], Wang et al. [2019], Kim et al. [2019], the
composite on-target activity rank is calculated by taking the average rank across the DeepHF and
DeepSpCas9 scores. For CRISPRa and CRISPRi applications, the CRISPRai on-target score is
used instead of the composite score.

The process is identical for enAsCas12a, with the exception that the enPAM+GB method is used
as the composite score given that it is the only method available for the enAsCasl2a nuclease.
For CasRx, gRNAs targeting at least 75% of the isoforms of a given gene, with no one- or two-
mismatch off-targets, are placed into the first round. gRNAs targeting at least 50% of the isoforms
of a given gene, with no one- or two-mismatch off-targets, are placed into the second round, and
remaining gRNAs are placed into the third round. Finally, any gRNAs containing a polyT stretch,
or with extreme GC content (below 20% or above 80%) are placed into the fourth round. Within
each round of selection, gRNAs are further ranked by the CasRxRF on-target score, using the
canonical Ensembl isoform for scoring.

4. The authors may wish to consider a different name than crisprDesign given a related package, also written
in R, with a nearly identical name (crispRdesignR, PMID: 32494309.)

Response: We must admit that this is indeed a rather unfortunate situation. We had chosen the
name of our package a few years ago and we were completely unaware of this other package. At
this time, both the extensive use of our package within our organization and its availability on
Bioconductor preclude us to change its name.

5. It seems that crisprDesign is not available in Bioconductor yet.

Response: We apologize for this; crisprDesign was being reviewed by the Bioconductor team.
All packages, including crisprDesign, are now accepted and available on the Bioconductor Devel
branch, and will be available on the Production branch after their next release cycle (November
2022).

6. There are no examples in the Vignettes of crisprScore for three on-target scoring methods listed in Table 1,
i.e., CRISPRai, CasRx-RF, and PAM scoring.

Response: We thank the reviewer for pointing this out. We have now fixed the crisprScore vignette
to include examples for all scoring methods.
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Reviewer #1:

Remarks to the Author:

The authors have substantially revised the paper, and have addressed all raised concerns.
Additionally, biologists who are not familiar with R/linux will benefit from the pre-computed results
that have been deposited via Zenodo.

Reviewer #2:

Remarks to the Author:

The authors answered and addressed all my critiques adequately and the manuscript was
substantially improved by the additional analysis, edits, and manuals newly introduced. I suggest
the editor to publish the manuscript in NC

Reviewer #3:

Remarks to the Author:

In this revision, the authors have addressed a number of concerns raised by the reviewers. The
packages, tutorials, and vignettes are now available in Bioconductor. However, the features and
documentation may not convince a large user base to switch from existing tools.

Given the large number of overlapping web-based and command line tools, the motivation to
invest in this tool may be limited.



Response to referees for
The crisprVerse: a comprehensive Bioconductor ecosystem for the
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Reviewer 1

“The authors have substantially revised the paper, and have addressed all raised concerns. Additionally, biolo-
gists who are not familiar with R/linux will benefit from the pre-computed results that have been deposited via
Zenodo.”

Response: We thank the reviewer for their great suggestions and reviewing our manuscript for a
second time.

Reviewer 2

“The authors answered and addressed all my critiques adequately and the manuscript was substantially im-
proved by the additional analysis, edits, and manuals newly introduced. I suggest the editor to publish the
manuscript in NC.”

Response: We thank the reviewer for their great suggestions and reviewing our manuscript for a
second time.

Reviewer 3

“In this revision, the authors have addressed a number of concerns raised by the reviewers. The packages,
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convince a large user base to switch from existing tools. Given the large number of overlapping web-based and
command line tools, the motivation to invest in this tool may be limited.”

Response: Given the extensive array of features implemented in our software and absent in existing
tools (see Table 1 in the manuscript), we believe our tools has competitive and unique advantages.
In particular, users who need to design gRNAs for emerging nucleases (e.g. Cas13d) and CRISPR
modalities (e.g. CRISPR base editing) have limited options with current tools, and therefore will
benefit from using our ecosystem. In addition, we show that our gRNA annotation features can in-
form better gRNA selection; we benchmarked our Cas9 gRNA ranking algorithm for human genes
against existing tools, and we found that our gRNA ranking leads to the best performance across all



benchmarking datasets. Finally, our open-source and modular platform allows the community to
reuse our components into their own softwares and tools, alleviating the need for other researchers
to reimplement from scratch a large number of routinely needed algorithms such as the Bowtie and
BWA-based off-target search. For instance, our crisprScore standalone package offers maintained
and consistent implementations of a large number of on- and off-target algorithms written in differ-
ent languages, many of which are not readily available in other tools. This enables other software
developers to integrate state-of-the-art scoring algorithms into their own ecosystem without the
burden of maintaining the several underlying Python conda environments.
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