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1 Inducible spCas9 (iCas9) Cell Line Generation
As the generation of OPS cell libraries after lentiviral transduction, antibiotic selection, and expansion takes around 7 days, it is recommended to work with a clonal inducible spCas9 cell line to control for genetic perturbation timing and avoid the negative selection and loss of gene knock-outs that are lethal (Funk, Cell 2021).
1.1 PiggyBac-based Plasmid Transfection and Selection
For the generation of a stable iCas9 cell line we use the PiggyBac transposon system due to its high efficiency and large cargo capacity. The cell line of interest is co-transfected with the plasmid HP138-neo (McKinley, Mol Cell 2015), a piggyBac transposon expressing spCas9 under the control of Tet-On promoter and neomycin resistance, and a plasmid containing the transposase.
Reference: SOP_001
1.2 Clonal Cell Lines Isolation
It is recommended to isolate clonal cell lines to assure consistent and reproducible results.
Reference: SOP_002
1.3 Cas9 Efficiency and Doxycycline Concentration Testing
To select the best clonal cell line to work with, the cutting efficiency of Cas9 is measured by transducing several clonal cell lines with the lentiviral vector pXPR-011 (Doench, Nat Biotechnol 2014), which expresses the EGFP gene and an sgRNA targeting EGFP at a MOI=0.1 and measuring the decrease in EGFP signal after doxycycline treatment.
Steps:
Lentivirus production (SOP_003)
Lentivirus titration (SOP_004)
Lentivirus transduction (SOP_005)
Cas9 efficiency measurement (SOP_006)
2 In Situ Sequencing (ISS) and Phenotyping Workflow Validation
The goal here is to make sure the In Situ Sequencing (ISS) workflow and phenotyping assay are compatible and the phenotype can be detected using low MOI lentiviral transduction.
2.1 Generate an OPS-testing Cell Line
Transduce iCas9 target cell line with a plasmid library containing a mix of ~ 10-20 targeting and ~ 10-20 non-targeting control sgRNA using the CROPseq-U6T7-V2 lentiviral vector and a MOI=0.1. Then, perform proper antibiotic selection to generate the corresponding OPS-testing cell line.
2.2 ISS Validation
Find the seeding density that results in 80% confluency 48h after seeding your cells in a glass-bottom 6-well plates. Then, perform OPS workflow using OPS-testing cell line and calculate sequencing efficiency (percentage of cells with sequencing signal).
Steps:
Library preparation (SOP_009b)
SBS Sequencing + Imaging (SOP_010, SOP_011)
Image analysis (HiTiF)
2.3 ISS and Phenotyping Validation
Perform the phenotyping assay followed by OPS workflow and verify that both methods are working as expected when combined. Then, determine whether the expected phenotype is observed when control genes are targeted by measuring genotype to phenotype associations.
Steps:
Phenotype imaging
Library preparation (SOP_009b)
SBS Sequencing + Imaging (SOP_010, SOP_011)
Image analysis (HiTiF)
3 OPS Execution
After previous steps are completed, OPS using a larger library can be performed:
Generation of OPS cell library (SOP_007)
Cell library validation (SOP_008)
Phenotype imaging
Library preparation (SOP_009b)
SBS Sequencing + Imaging (SOP_010, SOP_011)
Image analysis (HiTiF)
