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Evaluation of off-target and on-target scoring algorithms:
Integration into crispor.org and the UCSC Genome Browser
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The optimal guide? Publlshed off-target data Publlshed on-target data

We all want Crispr/SpCas9 guides with: Hsu et al. Nat Biot 2013 targeted PCR Wang et al, Science 2014, 2077 guides, human cells
. ah specificity = few off-targets in genome * Cho et al. Gen Res 2014 targeted PCR « Gagnon et al, Plos One 2014, 118 guides, zebrafish
.9 P . y ) 9 9 * Frock et al. Nat Biot 2015 Translocation sequencing * Doench et al, Nat Biot. 2014, 881 guides, human cells,
* '9h efﬂuency = h'9h on-target Cleavage rate + Tsai et al. Nat Biot 2015 GuideSeq * Ren et al, Cell Rep 2014, 39 guides, fruitfly embryos
* Kim et al. Nat Meth 2015 DiGenome-Seq + PCR * Chari et al, Nat Meth 2015, 1235 guides, human cells
Many studies have identified off-ta rgets genome—wide * Wang et al. Nat Biot 2015 Lentiviral integration site seq. « Farboud et al, Genetics 2015, 50 guides, C. elegans
. « Ran et al. Nat 2015 BLESS * Moreno-Mateos et al, Nat Meth 2015, 1021 guides, zebrafish

and quantlfled on-target CleaveaQe' Some have * Kim et al. Gen Res. 2016 DiGenome-Seg2 + PCR « Hart et al, Cell 2015, 8276 guides, human cells

presented algorithms that predict the “best” guides. > 650 off-targets and cleaveage frequencies for 31 guides « Gandhi et al, BioRxiv 2016, 72 guides, C. intestinali

>19.000 on-target cleavage frequencies

What are the best off-target What are the most appropriate on-target Are the different

prediction algorithms? algorithms, do they save time in practice? studies consistent?

Off-target counts relatively Off-targets: Allow up to four Use the CFD Off-target score to reduce
consistent, except two Tsai guides mismatches when searching the screen, avoid crispr.mit.edu

50 ' ' ] ' | VEGFA site2 i . 6 mismatches: < e Cho Kim/Hap1 v Ran
gg | - * A 2333159 genome hits p x  Frock 4 Kim/K562 Tsai El::g=0.43, TP(;(;%QS:
5 . + 0 H Kim16 W score = 0.
30 1 £ disofterges e )| o | t Hu > Kmis o Wong] o Geemoon ROC plot
~ pmeicaex — .
> 10¢ o b 5 mismatches: * [nstances: 25,332 potentlal off-
O e Cho CICJ 408331 genome hits | » . .
5 || & Frock & 22 / 225 offtargets (9.9 %) . targets for 26 guides with <=4
VEGFA _site3 C | °r ] . .
g g|| * Hsu o o | Jocc sox x x50 x mismatches, Crispor or
= » Kim/Hapl P 4 mismatches: : K )
] < Kim/K562 S w 84040 genome hits p = CoL CasOﬁFlnder
o ® Ran © £ 52 / 225 offtargets (23.3 %) = . .
s ol T e £ 0 | g 3 o6r -  True positives: 152 off-targets with a
= wn _ X X XXX X X X X © e[ .
5 e Wang VEGFA £ 9 3 mismatches: E% ’ o S modification frequency > 0.1%
~ U= Y= 5419 genome hits p =z : .
] o o 87 / 225 offtargets (39.0 %) g ¥ * True negatives: all other off-targets
hud 41 QL) QL) ’ ----------------------------------------------------------------------------------------- ) 0.4rp
$ WAS-%%' VEGFA sitel QO O _ P xxd x X X X N X E ;
5 £ £ 2 mismatches: .
35 35 its b S .
° 2 3 355 genome hits . . D score AUC 061 Very low CFD scores: unlikely to be
© 47 [ 225 offtargets (21.1 %) | 0.2l ]
S . e T . u — MIT score, AUC 0.87 detectable off-targets
o _ X MIT Website, AUC 0.73
% ° " . EMX1-sg2 1 mismatches: --- Cropit score, AUC 0.81
o o e o0 © ¢ w 8 B SN0 19 genome hits CCTop score, AUC 0.77
L l L L l . L 11 / 225 offtargets (4.9 %) 0.0 . .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1 , , 1 0.0 0.2 0.4 0.6 0.8 1.0
GC content of guide sequence 0% 5% 10% 15% 20% 25% 30% False positive rate (FPR)

Modification frequency

MIT Guide Specificity score should On-target rates mostly consistent  Algorithms can reduce mouse/
be > 50, but studies favor < 50 But in-vitro guides are different. zebrafish screening work by ~1/3
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Sum of Guides transcribed in cells from a U6 promoter

60l off-target Some datasets show almost no New efficiency data from our labs:
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Crispor.org: 127 genomes, all Genome-test.soe.ucsc.edu: pre- More information
scores, fast runtime calculated scores for six organisms + Webtool: crispor.org

Homo sapiens (hg19) sequence found at chr7:5569219 9415 ¢ AFtICle (Genome BIOl. 201 6) blt.lV/CrISporPaper

Found 40 possible guide sequences in input (196 bp). Click on a PAM NGG match to show its guide sequence. Scale 500 basesI I hg38 d . h b . - . | . H . l b .

e et mo e et ot e AN s oo 1 he genome chr21: 31,664,000) 31,664,500| * Source code: github.co m/maximiliann/ crisporWepsite
: GENCODE v24 Comprehensive Transcript Set (only Basic displayed by default '
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Repeating Elements by RepeatMasker
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* Moreno-Mateos scores currently only on mouse-over



