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Functional screens using CRISPR-Cas9 techniques facilitate the identification of essential genes on a

genome-wide scale.
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To fully define the function of protein-coding essential genes, it is necessary to distinguish essential

protein domains that directly contribute to cellular phenotypes.

Typical CRISPR screen

sgRNAs library targeting all the genes within the genome

CRISPR tiling screen

sgRNASs sub-library targeting regions within a gene or several genes



IN-FRAME VS OUT-OF-FRAME MUTATIONS
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A CRISPR-Cas9 "tiling" screening strategy against encoding protein domains:

Nominate individual essential domains
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Identitying the cellular target of a chemical hit is a crucial step in drug

discovery and development

Unraveling the molecular target of a small molecule drug still remains a challenging, laborious,
and complex process

Deconvolution methods such as chemical proteomics mm)  Often ambiguous

Typical genetic screens | =) Miss gain-of-function mutations and drug-targeted essential proteins




Rapid generation of drug-resistant variants with CRISPR-Cas9
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Cell viability
(Relative to untreated)

Rapid generation of drug-resistant variants with CRISPR-Cas9
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Targeting unknown drug resistances by sgRNA tiling of multiple genes
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Targeting unknown drug resistances by sgRNA tiling of multiple genes

HAP1 Cas9+
Enriched sgRNAs after bortezomib treatment 20 nM bortezomib
sgRNA ID Cut site Fold change Frequency AAVS1 4
PSMBS5_78 PSMB5A7 24,881 12.1% ;i’;‘g%gg 3
RXRB_360 RXRB'® 4955 23.7% PSMBS 94 |
PSMB5_94 PSMB5*1% 1761 23.6% PSMBS_?W :-_‘
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PSMB5_85 PSMB5™° 156 0.3% JAK1_255 -
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JAK1_255 JAK 1SS 121 1.1% —_—_—
PSMB5_91 PSMB5"104 66 1.1% 0  5x10° 1x10° 1.5x10° 2x10°
Cell viability (total cells)
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PSMB5 mutation Type Associated sgRNA Frequency 5x10% - [——
A108T SNV PSMB5_94 36.2% >, [1I£ _
) £3 mm Baseline
Intron1-del8 Deletion PSMB5 117 34.0% = E':l mm +Bortezomib
A79G, T80A MNV PSMB5_78; PSMB5_85 9.9% i 2
R78_A79insS*LQLT Insertion PSMB5_78; PSMB5_85 9.0% ié %
A108fs Frameshift PSMB5_94 2.3% ; g
C111F SNV PSMB5_94 2.0% s g
M1041 SNV PSMB5_91 0.9% E. g
T80del Deletion = PSMB5_78; PSMB5_85 0.6% o=
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Cell viability
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Identitying unknown drug cellular targets by sgRNA tiling of multiple
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Identitying unknown drug cellular targets by sgRNA tiling of multiple

genes

HAP1 (averages) K-562 (averages)

sgRNA ID Cut site Log,(FC) Frequency Log,(FC) Frequency
NAMPT_34 NAMPTS* 11.66 35.65% 12.53 24.60%
NAMPT_71  NAMPT™* 1175 2.86% 8.63 0.06%
NAMPT_70 NAMPT"™% 6.81 0.48% 9.98 1.08%
NAMPT_33 NAMPT>* 6.70 0.02% 9.71 0.70%
NAMPT_145 NAMPT"* 8.46 6.72% 5.06 1.18%
NAMPT_62 NAMPT*7 10.29 1.20% -2.36 0.00%
NAMPT_137 NAMPT*" —4.04 0.00% 9.89 16.25%
Most prevalent NAMPT mutations detected in HAP1 replicate #1
NAMPT mutation Type Associated sgRNAs Frequency
G383del Deletion NAMPT_33; NAMPT_34 51.90%
P238_Y240ins AAEHS Insertion NAMPT_70;NAMPT_71 2.53%
G217V SNV - 1.91%
P236_V237del Deletion NAMPT_70; NAMPT_71 1.64%
P236fs Frameshift NAMPT_70; NAMPT_71 1.02%
G239V SNV NAMPT_70; NAMPT_71 0.26%
G239_Y240insY Insertion NAMPT_70; NAMPT_71 0.24%
S275fs Frameshift NAMPT_62 0.17%
G239D SNV NAMPT_70;NAMPT_71 0.15%
S301S Silent SNV - 100.00%
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Conclusions

Genetic variation introduced by targeted CRISPR-Cas-mediated NHEJ facilitates rapid selection of in-

frame drug resistance mutations in cancer cells;

This method can be applied as a genetic screening strategy using large tiling libraries to identify the

direct cellular target protein of a small molecule.

The sgRNA sequences directly annotate the genomic sequence containing the drug resistance
conferring mutations, avoiding the need for large whole-exome sequencing to uncover the relevant

resistance mutations.

dCas9-cytidine deaminase (CRISPR X) induces site-specific mutagenesis not driving deletions or

insertions with lower power in the detection of drug resistance mutations in non-haploid models.
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DOTI1L: a H3K79 methyltransferase in leukemia
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Single-cell CRISPR gene tiling strategy: "sc-Tiling"
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UMAP of DOT1L dependent-genes
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Structural and transcriptomic profiling of sc-Tiling

DOTI1L peptide position
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Structural and transcriptomic profiling of sc-Tiling

CRISPR scan score
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sc-Tiling predicts sub-elements functional interactions
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Conclusions

* sc-Tiling integrates a CRISPR gene-tiling screen with single-cell transcriptomic and protein structural

analyses.

* Sc-Tiling enables the dissection and the individual functional characterization of domains and sub-

domains of a protein.

* sc-Tiling may complement the rapidly growing multi-omics databases to provide additional insights

that bridge functional genomics, structural biology, and clinical investigation.
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