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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Perturb-seq functionally defines drug resistant cell 
states. a) Differential expression analysis of pathways from MAYA or PROGENy 
for HT-29 CBE and ABE perturb-seq screens. Heatmaps display log-fold changes 
for a given pathway-gRNA comparison, and statistical significance is denoted 
with a dot (significance at FDR < 0.1). b) Differential expression at the level of 
PROGENy pathway scores for drug addiction versus canonical drug resistance. 
For each gRNA the same number of iBARs was sampled to avoid biases resulting 
from an over-representation of individual gRNAs. c) Comparison of z-scores from 
proliferation read-out base editing screens to energy distance scores derived 
from perturb-seq screens. Variant classes based on the HT-29 proliferation 

screens in dabrafenib and cetuximab are indicated. Intermediate variants 
discussed in the text are labelled. d) Diffusion scores illustrate progressive 
levels of mutational impact for the CBE and ABE data set, with drug addiction 
variants having the highest scores and a range of different impact levels across 
the gRNAs conferring drug resistance. The intermediate variants KRAS E62K/
E63K and KRAS K117R/E/D119G are highlighted. e) Volcano plots of significantly 
differentially expressed genes (vs NT control gRNA cells) from representative 
drug resistance gRNAs. B2M is downregulated by both variants. Significant down- 
and upregulation at FDR < 0.1 (Benjamini-Bogomolov correction) are indicated in 
blue and red respectively.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Effect of MAPK signalling and drug addiction 
variants on antigen presentation and sensitivity to T cell killing. a) 
Flow cytometry assessment of B2M and HLA-A,B,C expression in HT-29 ABE 
cells harbouring drug addiction variants. Data represent the mean ± SD of 
biological triplicates. IFN-gamma treatment serves as a positive control (48 h, 
400 U/ml). ****P-value < 0.0001; ***P-value = 0.0003 (HLA) or 0.0005 (B2M); 
**P-value = 0.002; *P-value = 0.037; unpaired, two-tailed Student’s t-test 
comparing to non-targeting gRNA (NT) condition. Genotyped variants are 
shown. b) Flow cytometry assessment of B2M and HLA-A,B,C expression in 
CRC-9 ABE tumour organoid cells harbouring drug addiction variants. Cells 
were treated with DMSO (control) or the MEK inhibitor trametinib (25 nM) 
for 48 h before analysis. Data represent the mean ± SD of two independent 
experiments. IFN-g treatment serves as a positive control (48 h, 400 U/ml). 
****P-value < 0.0001; ***P-value = 0.0015; **P-value = 0.0066 (B2M or 0.0012 
(HLA); *P-value = 0.031; unpaired, two-tailed Student’s t-test comparing non-
targeting gRNA (NT) condition. Genotyped variants are shown. c) Representative 
flow cytometry gating used for CRC-9 tumour organoids to assess HLA-A,B,C 

and B2M cell surface protein expression. Single, live cells with mApple (ABE) 
and BFP (gRNA) expression were gated for analysis. d) Co-competition flow 
cytometry assays of WT (GFP – NT gRNA expressing cells) and drug resistant 
CRC-9 tumour organoids (BFP – gRNA expressing) at 72 h. Data represent the 
mean ± SD of biological triplicates. ****P-value < 0.0001; ***P-value = 0.0001; 
**P-value = 0.0018; *P-value = 0.031; unpaired, two-tailed Student’s t-test 
comparing to non-targeting gRNA (NT) condition. Genotyped variants are 
shown. e) Co-culture assay of primary, autologous, anti-tumour T cells with 
CRC-9 tumour organoids harbouring different drug addiction variants. Cancer 
cells were pre-treated with the MEK inhibitor trametinib (25 nM) for 48 h before 
washing and plating the co-culture assay plate. Flow cytometry assessment of 
absolute cell numbers (measured by counting beads) following 72 h co-culture. 
Data are expressed as the percentage of live cells remaining as compared to 
the relevant condition in the absence of T cells and represent the mean ± SD 
of biological triplicates. ***P-value = 0.013, **P-value = 0.025, *P-value = 0.037; 
unpaired, two-tailed Student’s t-test. Genotyped variants are shown.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Next-generation sequencing of base edits across  
45 variants modulating drug sensitivity. a) Base editing efficiency and 
precision mapped across 45 endogenous loci in HT-29 CBE and ABE cells. Average 
VAFs for exact edits for hit gRNAs are shown for each variant from amplicon 
sequencing data that were absent in unedited samples. Dashed lines represent 
the predicted base editing activity window. Data represent the mean of two 
independent experiments performed on separate days. VAF, variant allele 

frequency. b) Editing efficiency and precision of CBE and ABE base editors 
are shown by amplicon sequencing of endogenous DNA loci. Base editing was 
performed by doxycycline-induced expression of ABE (top panel) or CBE (bottom 
panel) for three days. Rare transversion mutations and their sequence context 
within the gRNA are highlighted by a red box. VAF, variant allele frequency from 
amplicon sequencing and represent the mean of two independent experiments.
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