
Picking the best CRISPR-Cas9 targets for functional gene knockout: a machine learning algorithm  
based on both specificity and functionality
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Introduction

A perfect alignment is not required for off-targeting

Machine learning
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 Rigorous analysis of potential off-targets
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Rapid functional readout

VCP siGENOME poolPSMD7 VCPPPIB negative control

Cas9 stable cells transfected with crRNA:tracrRNA siRNA-treated

Simple + Rapid
Large amounts 
of quality data=

Trained functionality algorithm

Functionality & Specificity are used to select the optimal picks

Good measure of algorithm fit

AND

is 0.78.

Tool
% Alignments found by Flaw Count

Alignment Time (s)
0 1 2 3

Dharmacon Alignment 100 100 100 100 2.30

# Alignments found

0 flaws 1 flaws 2 flaws 3 flaws 4 flaws

NR NR

Dharmacon 
Alignment 1 0 4 169 3732

# Alignments found

0 flaws 1 flaws 2 flaws 3 flaws 4 flaws

NR NR
NR NR NR NR NR

Dharmacon 
Alignment 2 0 1 72 1915

The effect of incomplete alignment

Complete and fast alignment

«

«

  NR

Comparison of number of possible off-target alignments

It is essential to verify that algorithm designs are 
tested in an assay with genes that are unrelated 
to the ones used to generate the training data. We 
used the ApoONE assay with algorithm-derived 
crRNA to new target genes known to further 
validate the functionality algorithm.
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Validation of algorithm in other phenotypic assays

Using two targets, we used multiple publicly available alignment tools to look at the predicted off-targets and sorted them 
by the total number of flaws. Results below show that the Dharmacon alignment strategy can identify potential off-targets 
with much more rigor than other tools.

Dharmacon’s new alignment strategy finds all possible alignments (including alignments containing gaps) and allows us to 
design targets that are less likely to cause off-targets.

Features examined include: 
• nucleotide composition
•  nearest neighbor effects

•  PAM sequence 
•  position in exons 
• distance from the start codon
Data was used to select features and multi-dimensional 
features that were highest predictors

An algorithm is important because crRNAs vary widely in their ability to cause functional gene disruption. 

cut site distance from CDS start in transcript (nts)
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Gene
Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

CDS region of exon

Exon 1 Exon 2 Exon 3

Transcript A

Transcript B

CRISPR targets

CRISPR ‘B’CRISPR ‘A’

POOR

AVERAGE

GOOD

Specificity Rating

Functionality Rating

CRISPR target ‘A’ – May function, but poor specificity

CRISPR target ‘B’ – OPTIMAL PICK, scores well in both functionality & specificity

Conclusion


