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An Introduction to 
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Genomics and genome editing have gone through 
a revolution in the past decade, brought on by the 
discovery of clustered regularly interspaced short 
palindromic repeats (CRISPR)-Cas systems.1 These 
RNA-guided DNA endonucleases have made gene 
editing in prokaryotic and eukaryotic cells simple 
and accessible, empowering pre-clinical and clinical 
researchers to apply them in various areas, including 
genomics, imaging, diagnostics, and therapeutics.2-5

But, since the landmark Science paper by Jinek et al., 
CRISPR-mediated genetic engineering has evolved 
and changed.6 New techniques have expanded 
the genetic engineer’s toolkit. Designing an ex-
perimental system that effectively implements the 
correct mutations or gene insertions to the proper 
genetic locus can be challenging. Here, we look at 
the general concept behind CRISPR-mediated gene 
editing, the three major types of editing that are 
used, and a robust tool, CRISPRank, for determining 
the best CRISPR genome editing technique to use 
for your specific needs. 

GENOME EDITING is a rapidly growing method used in research and clinical applications.  Several differ-
ent editing techniques have emerged that facilitate various types of genome editing, each with its unique 
parameters, capabilities, and restrictions. 
 
Currently, no methods are available to guide researchers on the best technique for their specific needs. To 
address this gap, we developed CRISPRank, a novel computational tool that offers an end-to-end solution 
for designing genome editing experiments and selecting the most appropriate strategy for a desired out-
come. By entering your locus-of-interest (or loci-of-interest), CRISPRank determines the sgRNAs required 
for each editing strategy and ranks them based on several criteria. This tool streamlines genome editing 
workflows, enabling scientists to quickly find a genome engineering solution that works for them.

https://www.formbio.com/
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General Concept of Gene Editing

While there are many old and new tools for gene editing, 
the concept is the same: A guide RNA targets a particular 
site so that an enzyme, such as a DNA endonuclease, 
can generate a downstream change in the 
target sequence.7

In the case of CRISPR-Cas nucleases, DNA sequences 
are targeted by a complementary, target-specific, single 
guide RNA (sgRNA) flanked by a short protospacer 
adjacent motif (PAM).8,9 Several different CRISPR-Cas 
nucleases and fusion proteins enable researchers to 
employ their desired gene editing strategy.

Non-Homologous End Joining and 
Homology-Directed Repair

The most widely used CRISPR-Cas system, CRIS-
PR-Cas9, creates double-stranded breaks (DSBs) in ge-
nomes.8,9 A cell’s endogenous DNA repair pathways 
then take over to repair the break. 

There are two distinct repair pathways, non-homolo-
gous end joining (NHEJ) or homology-directed repair 
(HDR), which introduce different types of mutations.8,9

NHEJ is an imperfect process that can generate small 
insertion or deletion mutations, collectively called in-
dels.10 These indels can mutate a gene by introducing 
a missense mutation or knock-out a gene by  
introducing a frameshift or stop codon mutation. 

HDR, by contrast, is accomplished by inducing a 
CRISPR-mediated DSB in a target sequence, which 
then gets repaired with an exogenous piece of DNA that 
has homology to the target DNA sequence.11 Through 
homologous recombination, this DNA is used as 
a template to repair the DSB, thus creating a gene 
knock-in. Short, single-stranded DNA can be used,  
but double-stranded DNA is required for larger 
insertions. Researchers can use this to introduce a 
new gene into the genome or a functional version of a 
defective gene.12 

There is a vast selection of CRISPR-Cas systems 
available for NHEJ and HDR gene editing strategies. 
Some introduce DSBs, but others are nickases, which 
cleave only a single strand of the target DNA. In some 
experimental situations, using a nickase can be more 
robust and result in less off-target gene editing.6,13,14

Correcting Certain Point Mutations 
with Base Editing

Base editing is a newer form of genome editing 
that can alter specific point nucleotides without 
inducing DSBs. CRISPR-Cas base editing systems 
were designed and developed by using a nicking or 
cleavage-deficient version of Cas9 (called dCas9), 
fused to a 

• Escherichia coli–derived uracil DNA 
N-glycosylase or rat APOBEC1, which can induce 
C→G transversions,15,16

• cytidine deaminase, which can induce C→T 
transitions,17 or 

• adenine deaminase, which can induce A→G 
transitions.18

The cytidine base editors (CBEs) and adenine base 
editors (ABEs) expand the therapeutic potential of 
CRISPR-Cas systems by enabling researchers to 
efficiently correct many of the disease-associated 
single nucleotide polymorphisms (SNPs) without the 
risk of introducing DSBs.17,18 In addition, CBEs and 
ABEs have very low rates of introducing unwanted, 
off-target edits (<0.1%). The recent development of 
optimized C-to-G base editors further expands the 
scope of SNPs that can be introduced or corrected.15,16

Changing Any DNA Base to Another 
Using Prime Editing

Prime editing is conceptually similar to base editing 
but expands its scope to all four possible transition and 
eight transversion mutations.19 This capability makes it 
possible for genome editing to correct up to 89% of 
disease-associated SNPs.19

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5131771/?report=reader
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1462166/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1462166/


3

white paper

The system uses a Cas9 nickase fused to reverse 
transcriptase (RT) enzyme. Instead of a sgRNA, the 
enzyme uses a prime editing guide RNA (pegRNA), 
which contains a complementary targeting  
sequence and the desired edit.19 After nicking the tar-
get strand, the Cas9-RT fusion uses the pegRNA as a 
template for reverse transcription, incorporating the 
desired mutation directly into the nicked strand. The 
mismatch in the unedited strand is then corrected 
by a distinct Cas9 nickase, sgRNA, and endogenous 
DNA repair systems that use the edited strand as a 
template for repair.19

This method can also insert DNA sequences 
of up to 50 nucleotides and deletions of up to 
80 nucleotides.19

Ranking and Selecting Gene Editing 
Methods with CRISPRank

Each gene editing technique has capabilities and 
restrictions. Deciding which technique to use will de-
pend on the type of edit and location in the genome. 
To save you the time of designing, comparing, and 
testing sgRNAs for each technique or using multiple 
tools to select the best sgRNA, we have developed 
CRISPRank. This tool determines the sgRNAs re-
quired for each gene editing strategy and ranks them 
based on efficiency and CFD score, cut-to-edit distance, 
and off-target information.20 

In base editing strategies, sgRNAs are ranked based 
on PAM efficiency score, the number of bystand-
er edits, Doench Efficiency Score, and off-target 
information.20 Similarly, with prime editing approach-
es, nicking distance, cut-to-edit distance, extension 
sequence lengths, and potential PAM mutations are 
used in ranking sgRNAs.20 CRISPRank also allows 
users to sort and filter results based on the attributes 
used for ranking.

Methods

CRISPRank is used to complement a biologist's work-
flow in the wet lab (Figure 1).  This method is used to rank 
CRISPR guide RNA across multiple genome editing 
strategies to determine the best method to make a 
specific edit in a genome (Figure 2). Homology Directed 
Repair(HDR) guides are predicted using crispRdesignR 
21 which scores efficiency using the Doench et al. 
algorithm 20.  HDR sequences are pulled upstream and 
downstream based on the input length. Prime editing 
guides are predicted using PrimeDesign 22 and deter-
mines if PE3 or PE3b should be used.  Base Editing 
guides are predicted using our new proprietary scoring 
metric named the Chatterjee score. The Chatterjee 
score is an experimentally derived value to calculate the 
effectiveness of an enzyme binding to a desired PAM 
sequence.  Possible off-target effects and scores are 
predicted using CRISPRitz23. 

FIGURE 1. Where CRISPRank fits in the wet lab workflow: The 

white box indicates the step where Form Bio is employed. The blue 

boxes represent the steps a biologist would perform in the wet lab.

https://www.formbio.com/workflow-catalog
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 STRICT SPECIFICATIONS LENIENT SPECIFICATIONS

Base-editing A>G No bystander edits
Efficiency Score >= 0.6 (if applicable)
Ranked by Chatterjee Score
Ranked by Efficiency Score

Bystander Edits <= 2
Efficiency Score >= 0.5 (if applicable)
Ranked by Chatterjee Score
Ranked by Efficiency Score 

Base-editing C>G   No bystander edits
Efficiency Score >= 0.6 (if applicable)
Ranked by Chatterjee Score
Ranked by Efficiency Score

Bystander Edits <= 2
Efficiency Score >= 0.5 (if applicable)
Ranked by Chatterjee Score
Ranked by Efficiency Score 

Base-editing C>T No bystander edits
Efficiency Score >= 0.6 (if applicable)
Ranked by Chatterjee Score 
Ranked by Efficiency Score

Bystander Edits <= 2
Efficiency Score >= 0.5 (if applicable)
Ranked by Chatterjee Score
Ranked by Efficiency Score 

Prime-editing  PAM disrupted w/ silent mutation
pegRNA to Edit distance <= 20
Nicking distance <= 30
Min PBS length 
Min RTT length
Ranked by Distances
Ranked by Length
Ranked by Annotation

PAM disrupted
Min PBS length
RTT length <= 35
Ranked by Distances
Ranked by Length
Ranked by Annotation

Homology Directed 
Repair 

Efficiency Score >= 0.60
CFD Score >= 0.80
Cut to Edit Distance <= 25
Ranked by Efficiency Score + Number of 
mismatches

Efficiency Score >= 0.50
CFD Score >= 0.50
Cut to Edit Distance <= 50
Ranked by Efficiency Score 
+ Number of mismatches

FIGURE 2. Specifications of CRISPRank decision tree The CRISPRank decision tree has been designed to predict and design the best 

guides for making a desired edit to a genome by employing differing filters, with strict rules having a more stringent set of filters, and lenient 

one is more relaxed 21, 22, 23.  
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TABLE 1 Genome Engineering Tool Comparison

Comparing CRISPRank to Other Tools

There are many tools available for planning and executing the gene edit you want. Below, we compare the 
features of each to CRISPRank.

FEATURE CRISPRank Synthego Easy-Prime
Prime Editing 
Design Tool

IDT

Homology Directed Repair

Base-Editing

Prime-Editing

Multiple Editing Strategies

Efficiency Scoring

CFD Scoring

Experimental Scoring

Any PAM sequence

Custom Reference Genome

Any Input Edit

Use Case: Designing sgRNAs for Editing Mutations in TP53

A research lab at a leading academic research institute needed to make specific edits in a well-known on-
cogene, the TP53 region of the GRCh38, to test and potentially reduce the prevalence of cancer in human 
tissue. They used FormBio’s Genomics Variant Analysis Workflow to identify potential mutation sites in the tumor 
samples collected.

The researchers used the Mutation Annotation Format (MAF) file output from the Genomics pipeline to easily 
filter for any mutations found in the TP53 gene. The lab has established protocols to implement different types 
of genome editing, yet they were interested in finding the most efficient method for generating the necessary 
mutations-of-interest. Using CRISPRank, they were able to identify the best editing strategy to use and also the 
sgRNAs needed for the experiment.
 
Below are examples of output tables showing the rankings of different guides. 

https://www.synthego.com/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-021-02458-0
https://primeedit.nygenome.org/
https://primeedit.nygenome.org/
https://www.idtdna.com/pages
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FIGURE 4. CRISPRank Guide Prediction Page using lenient filtering rules  

If the filtration system is too strict for your experiment, we offer a more lenient version of the tool that will recommend guides with lower 

predicted efficiencies.

FIGURE 3. CRISPRank Guide Prediction Page using strict filtering rules  

Using our proprietary ranking algorithm, CRISPRank outputs rank predicted guides in order of priority.
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FIGURE 5. CRISPR HDR Guide Design Output 

The HDR tab gives the user a deep dive into the metrics of the predicted guides specifically for HDR or knock-in experiments. This allows 

the user to see first hand why we predict the guides we do and compare our recommended guides against the others. The tab includes an 

embedded genome browser (5a), information about the guides (5b), and information about off targets for each guide (5c) to assist a biologist 

in deciding which guide to select.

5a

5b

5c
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FIGURE 6. CRISPR Base Editing Guide Design Output 

The Base Editing tab displays all potential base editing guides that can be used to accomplish the experiment in question. This is dependent 

on many criteria and our proprietary algorithm is able to rank guides using a series of biological rules and considerations. The genome brows-

er makes viewing the edits very simple and intuitive (6a).  We separate guides by the Base Editing strategy (6b) and each guide also comes 

with Offtarget information (6b).

6a

6b
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FIGURE 7. CRISPR Prime Editing Guide Design Output for pegRNA

The Prime Editing page is great for the extended process of ordering prime editing guides. After selecting the desired pegRNA (7a), the tool 

automatically displays the extension sequences and nicking guides needed to complete your order and your experiment (7b).

7a

7b
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Conclusion

In order to make the desired edit at location chr17:7676111, the CRISPRank 
tool predicts that using the AGBE guide CCCCTGCACCAGCCCCCTCC 
along with targeted PAM sequence TGGC (found in row 1 of Figure 3) will 
provide the highest efficiency and yield. 

Appropriate sgRNAs for each target edit in TP53 are ordered.  Using 
the output from the CRISPRank tool, the lab ordered the appropriate 
oligonucleotide sequences and they were also able to order primers for 
amplifying donor DNA for HDR. This novel tool allows scientists to meet 
their genome engineering needs by integrating all tools in the pipeline and 
prioritizing the ones that work best and are more multiplexable.

Get Your CRISPRank Demo today https://formbio.com/Interested in 
streamlining your 
genome editing 
strategy?

https://www.formbio.com/get-demo
https://formbio.com/
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