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In silico CRISPR-based sgRNA design
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Abstract: CRISPR-based genome editing has been widely implemented in various cell types. In-silico single guide RNA
(sgRNA) design is a key step for successful gene editing using CRISPR system. Continuing efforts are made to refine in-silico
sgRNA design with high on-target efficacy and reduced off-target effects. In this paper, we summarize the present sgRNA
design tools, and show that efficient in-silico models can be built that integrate current heterogeneous genome-editing data to
derive unbiased sgRNA design rules and identify key features for improving sgRNA design. Our review shows that systematic
comparisons and evaluation of on-target and off-target effects of sgRNA will allow more precise genome editing and gene
therapies using the CRISPR system.
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Table 1 Descriptions of 36 on-target sgRNA design tools and seven posterior genome-editing analysis tools

URL PAM
sgRNAcas9 http://mww.biootools.com/ NGG Perl script/ / [53]
Jack Lin's http://spot.colorado.edu/~slin/ NGG Web/  / [54]
CRISPR/Cas9 cas9.html
gRNA finder
GT-Scan http://gt-scan.braembl.org.au/gt-scan/ NGG Web/ / [55]
CRISPRdirect http://crispr.dbcls.jp/ NGG, NRG Web/ / [56]
CRISPR RNA http://dharmacon.gelifesciences. NGG Web/ /
Configurator com/ch/gene-editing/crispr-rna-
configurator/
CRISPRseek http://ww.bioconductor.org/ NGG, NRG, R package/ / [20]
and extendable
CCTop http://crispr.cos.uni-heidelberg.de/ NGG Web/ / [57]
Cas-OFFinder http://casoffinder.snu.ac.kr/ NGG, NAG, C++/ / [21]
NNAGAAW,
NNNNGMTT
SSFinder https://code.google.com/p/ssfinder/ NGG Python script/ |/ [58]
CasFinder http://arep.med.harvard.edu/CasFinder/ NGG, NAG, Python script/ [/ [59]
NNAGAAW,
NNNNGMTT
CRISPR-P http://cbi.hzau.edu.cn/crispr/ NGG Web/ / [26]
CRISPRer http://jstacs.de/index.php/CRISPRer NGG and Web/ /
extendable
CRISPRTarget http://bioanalysis.otago.ac.nz/ NGG Web/ / [60]
CRISPRTarget
CRISPRfinder http://crispr.u-psud.fr/Server/ NGG and Web/ / [61]
extendable
flyCRISPR http://tools.flycrispr.molbio.wisc. NGG Web/ / [27]
edu/targetFinder/
CRISPR gRNA https://www.dna20.com/eCommerce/ NGGNAG Web/  /
Design tool cas9/input
WGE http://www.sanger.ac.uk/htgt/wge/ NGG Web/ / [62]
COD (Cas9 http://cas9.wicp.net/ NGG, NAG Web/ /
Online Designer)
CRISPOR http://crispor.tefor.net/crispor.cgi NGG Web/ /
Protospacer WWW.protospacer.com NGG Mac OS X/ / [25]
Workbench e
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E-CRISP http://ww.e-crisp.org/E-CRISP/index. NGG Web/ / [24]
html
CRISPR http://crispr.mit.edu/ NGG Web/  / [63]
CRISPR-ERA http://CRISPR-ERA .stanford.edu NGG Web/ / [19]
CHOPCHOP https://chopchop.rc.fas.harvard.edu/ NGG Web/ / [64]
Cas9 design http://cas9.cbi.pku.edu.cn/ NGG Web/  / [65]
EuPaGDT http://grna.ctegd.uga.edu/index.html NGG NAG Web/  / [28]
CROP-IT http://cheetah.bioch.virginia.edu/ NGG NNG Web/  / [39]
AdliLab/CROP-1T/homepage.html
Cas-designer http://www.rgenome.net/cas- NGG NRG, Web/  / [66]
designer/ NNAGAAW,
NNNNGMTT,
NNGRRT
sgRNA Designer http://www.broadinstitute.org/rnai/ NGG Web/  / [10]
(Rule Set 2) public/analysis-tools/sgrna-design
SSC http://crispr.dfci.harvard.edu/SSC/ NGG Web/  / [11]
SgRNA Scorer http://crispr.med.harvard.edu/ NGG NAG Web/  / [16]
SgRNAScorer NNAGAAW,
NNNNGMTT
CRISPR http:/iMmww.multicrispr.net/ NGG and Web/  / [22]
multitargeter extendable
CRISPRscan http://Anww.crisprscan.org/ NGG Web/ / [52]
WU-CRISPR http://crispr.wustl.edu/ NGG Web/ / [23]
CRISPR Library https://github.com/boutroslab/cld NGG, NRG, Web/ /
Designer (CLD) NNAGAAW,
NNNNGMTT,
NNGRRT
CRISPR-GA http://crispr-ga.net Web/  / [43]
Microhomology http://www.rgenome.net/mich- Web/  / [12]
Predictor calculator/
caRpools http://github.com/boutroslab/ R package/ [41]
caRpools
MAGeCK http://liulab.dfci.harvard.edu/ Python/ [40]
Mageck
CRISPResso http://crispresso.rocks/ Web/  / [44]
MAGeCK- https://bitbucket.org/liulab/mageck- Web/  / [67]
VISPR vispr/
CrispRVariants https://github.com/markrobinsonuzh/ R package/ [68]
CrispRVariants
& 010-64807509 L cjb@im.ac.cn
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Fig. 1 In silico sgRNA design based on computational techniques. There are three main in silico sgRNA design systems:
(1) alignment-based; (2) hypothesis-driven; (3) learning-based systems. The distinct types of protospacer adjacent motif
(PAM) sequences identified for different Cas9 species or variants are listed in the upper part of the figure!®®.
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