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Main text

Genome-scale CRISPR-Cas9 knockout libraries have emerged as powerful tools for 

unbiased, phenotypic screens1. These libraries contain a fixed number of Cas9 single-guide 

RNAs (sgRNAs) targeting each gene in the genome and typically require large numbers of 

cells (>108) to maintain genome-scale representation. However, there are many applications 

where it would be preferable to design a custom library targeting specific genes sets (e.g. 

kinases, transcription factors, chromatin modifiers, the druggable genome) with higher 

coverage for these specific genes. To address this need, we developed Graphical User 

Interface for DNA Editing Screens (GUIDES), a web application that designs CRISPR 

knock-out libraries to target custom subsets of genes in the human or mouse genome 

(available at http://guides.sanjanalab.org/ and https://github.com/sanjanalab/GUIDES).

After providing a list of genes (as gene symbols, Ensembl IDs, or Entrez IDs), GUIDES 

creates a library with multiple sgRNAs to target each gene (Fig. 1). To pick optimal 

sgRNAs, GUIDES integrates tissue-specific RNA expression, protein structure prediction, 

Cas9 off-target prediction/avoidance, and Cas9 on-target local sequence preferences in an 

integrated multi-stage pipeline.

For each gene, GUIDES first identifies coding regions using the Consensus CoDing 

Sequence (CCDS) database. For the human genome, GUIDES can use tissue-specific RNA-

sequencing gene expression data from the GTEx Consortium (v6, 8,555 tissue samples from 
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544 donors) to target Cas9 preferentially to exons with higher expression2 (Supplementary 

Fig. 1). Targeting sgRNAs to exons constitutively expressed in the target cell type/tissue can 

be important, as mutations in alternatively-spliced exons may not result in protein knock-

out3.

For each exon, GUIDES first prioritizes potential Cas9 target sites using the established 

cutting frequency determination (CFD) score4. For each 20 bp target site, GUIDES identifies 

all sequences with 1, 2 or 3 base mismatches present in the exome and assigns an off-target 

score by summing individual CFD scores. Target sites with perfect matches elsewhere in the 

exome are selected only in cases where no other sgRNAs exist to target the gene. By using 

exome-wide CFD scoring during design of a library with ~2,000 genes, the percentage of 

designed sgRNAs with predicted off-targets decreases from ~43% to ~4% (Supplementary 

Fig. 2).

Saturation mutagenesis screens tiling over entire genes have shown increased knock-out 

efficiency when targeting protein functional domains5, presumably due to in-frame 

mutations in regions tolerant to mutations. To take advantage of this, GUIDES includes an 

option to preferentially choose sgRNAs that target functional protein domains identified in 

the Protein Family (Pfam) database (v30, 16,306 protein families)6. This can have a 

significant impact on library design since 90% of protein-coding genes in the human 

genome contain at least one Pfam-annotated domain6.

After identifying exons and protein domains to target, GUIDES uses a previously validated 

boosted regression tree classifier to score Cas9 target sites based on local sequence 

preferences learned from saturation mutagenesis screens and adds the highest-scoring 

sgRNAs to the library4. When targeting the same sets of genes, sgRNAs designed with this 

criterion have a ~30% higher on-target efficiency score (Supplementary Fig. 3). Other 

CRISPR library design tools have also used on-target efficiency scoring to help automate 

sgRNA design, but do not include RNA expression or protein domain identification to 

sgRNA targeting (Supplementary Table 1). Some existing library design tools use a 

command-line interface, whereas GUIDES is a graphical, web-based tool that allows fine-

tuning of sgRNA selection directly in the web browser (Fig. 1).

To benchmark the performance of GUIDES-selected sgRNAs in genome-scale screens, we 

tested whether sgRNAs designed by GUIDES have consistently higher/lower activity using a 

meta-analysis of 77 pooled CRISPR screens from the GenomeCRISPR database7. By 

examining sgRNAs targeting essential genes, we found that GUIDES-generated sgRNAs 

were more depleted by approximately one 10%-quantile (with sgRNAs given a percentage 

rank within each pooled screen) than a size-matched control set of sgRNAs targeting the 

same gene (Supplementary Fig. 4) (n = 403 genes with 8 ± 6 sgRNAs per gene, p = 5x10−7, 

t = -5.1, df = 409, two-sample paired t-test).

GUIDES also manages several practical aspects of library design, including eliminating 

sgRNAs with homopolymer repeats that are difficult to synthesize, alerting the user when 

the sgRNA targets the last exon which may escape nonsense-mediate decay of mRNA8, 

eliminating sgRNAs with Pol3 transcriptional terminators, creating synthesis-ready 
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oligonucleotides with flanking sequences for PCR-based cloning and adding in non-

targeting sgRNAs for calculating false-discovery rates in pooled CRISPR screens. By taking 

advantage of several algorithmic optimizations, run time is linear with respect to gene count 

(Supplementary Fig. 5). For example, GUIDES takes ~15 seconds to design a library 

targeting 500 genes involved in chromatin regulation with 6 sgRNAs per gene (Intel i7 

3Ghz, 16 GB RAM).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. GUIDES design environment
Screenshot of interactive designer for adding and deleting genes and sgRNAs.
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