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Further information on experimental design and reagents is available in the Life Sciences Reporting Summary.

Data availability.
Sequencing data from CRISPRa screen and RNAseq are available at Sequence Read Archive accession number SRP127017 under BioProject ID PRJNA422995. All relevant additional data have been published with the manuscript, either as part of the main text or in the supplement. Plasmids and their sequences are deposited at Addgene.
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Supplementary Figures 1–15
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3. Supplementary Table 8 (nbt.4062-S10.pdf)
Individual relative fitness values (τ) from arrayed validation of selected gene:gene interactions. Shown are enrichment values of cells expressing the indicated combination of sgRNAs in the absence (no drug) or presence of imatinib (IM)
4. Supplementary Table 9 (nbt.4062-S11.pdf)
GIv scores for each gene:gene combination and time point were calculated based on τ values in Extended Table 8. Correlation between GIv scores from each arrayed validation time point and the orthogonal screen in clonal replicate 2 are shown. For day 14 of the arrayed validation in the presence of imatinib, Ψ scores are shown which are also indicated in the genetic interaction network model in Figure 4c.

CSV files
1. Supplementary Table 1 (nbt.4062-S3.csv)
Read count values for each separate sgRNAs from primary CRISPRa screen together with sgRNA nucleotide sequences.
2. Supplementary Table 2 (nbt.4062-S4.csv)
Transcript level analysis of primary CRISPRa screen with τ and p-values as well as expression levels (FPKM) for each transcript are shown. Mann-Whitney U test was used to calculate p-values as described previously44. To correct for multiple hypothesis testing, we first performed random sampling with replacement among the set of values for nontargeting control sgRNAs and calculated p-values for each sampling. A total of 300 million cells and 26,718 transcripts were analysed.
3. Supplementary Table 3 (nbt.4062-S5.csv)
Arrayed validation of 20 candidate genes from primary CRISPRa screen are shown.
4. Supplementary Table 4 (nbt.4062-S6.csv)
Nucleotide sequences of sgRNAs used in the CRISPRa position of the orthogonal library are shown together with numbers of potential off-target sites as determined by CasOFFinder.
5. Supplementary Table 5 (nbt.4062-S7.csv)
Nucleotide sequences for sgRNAs used in the SaCas9nuclease (knockout) position of the orthogonal library are shown.
6. Supplementary Table 6 (nbt.4062-S8.csv)
For gene:gene combinations from the orthogonal screensingle activation and knockout τ values, expected andmeasured double perturbation τ values as well as calculated GI and Ψ scores are shown from each clonal replicate separately.
7. Supplementary Table 7 (nbt.4062-S9.csv)
Reproducible gene:gene combinations that passed the filter criteria and that were used to construct the genetic interaction network in Figure 3h are shown.
Excel files
1. Supplementary Table 10 (nbt.4062-S12.xls)
Orthogonal screen raw read counts from baseline and Day19 (imatinib treated) of clonal replicates 1 and 2. Dual sgRNA construct names are in the format: CRISPRa target gene symbol (two sgRNA per gene labelled gene-A and gene-B) followed by SaCas9 nuclease target gene symbol, RefSeq accession number and sgRNA sequence. All CRISPRa sgRNA sequences are shown in Extended Table 4. All SaCas9 nuclease sequences are shown in Extended Table 5.
Text files
1. Supplementary Data 1 (nbt.4062-S13.txt)
Map of sgLenti vector for CRISPRa screen sgRNAexpression.
2. Supplementary Data 2 (nbt.4062-S14.txt)
Map sgLenti orthogonal vector for orthogonal screen sgRNA expression.
3. Supplementary Data 3 (nbt.4062-S15.txt)
Map of S.aureus Cas9 nuclease vector.

[bookmark: _GoBack]Note: For arrayed validation experiments, genetic interaction scores (GIv) were calculated as: GIv = (τactivation+knockout) – (τactivation + τknockout). Ψ scores from arrayed validation data (Ψv) were calculated as: Ψv = τactivation x τknockout x (GIv)2.
