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Sample size

Sample sizes were determined by technical restrictions of the experiments, and experiments were replicated to ensure statistical validity.

Data exclusions

No data was excluded from analysis, unless experimental control samples indicated technical deficiency of the experiment.

Replication

All experiments were performed at least twice, with most experiments including at least two technical replicates. Most key experiments were
performed at least three times, as indicated in figure legends. One replicate of the TRAPP experiment was discarded as it failed to enrich for
RNA binding proteins, probably due to incorrect measurement of initial nucleic acid concentration causing indiscriminate protein precipitation
on the column. A subsequent repeat was successful. For the SHAPE-MaP experiments, one treated/untreated sample pair failed to meet the
QC requirements for the SHAPE-Mapper software. This pair is not included in the analysis although the data is available on GEO.

Randomization

Samples were not randomised. For all experiments, covariants were controlled by comparing samples which were genetically identical other
than the mutation or genetic perturbation of interest, and processing these in parallel. For mice experiments, cells from all animals in the
experiment were pooled and then this pool split evenly between experimental samples or controls.

Blinding

The investigator was not blinded for experiments, due to practical requirements of experimental procedures. For mouse T cell CRISPR
experiments, the order of sample electroporation (negative control and guide samples) was varied between experiments to reduce the
chance of technical artifacts.
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Policy information about cell lines
Cell line source(s)

K562 cells were obtained from ATCC (cat. CCL-243). Patient and control fibroblasts were sourced from the Great North
Biobank (REC number 16-NE-0002).

Authentication

Cell lines were not authenticated but were obtained from verified sources at the start of the project.

Mycoplasma contamination

Cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines

No commonly misidentified cell lines were used.

(See ICLAC register)

Animals and other organisms
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Laboratory animals

All mice used were Rag1 KO, C57BL6/J animals which were homozygous for the OT-1 allele. All animals were aged between 2 and
months at the time of experiment. Both male and female animals were used. Cells from all animals in the experiment were pooled
and then split evenly between experimental samples. Animal facilities were maintained at a temperature of 21°C, and a humidity of
50 - 60%. Light was varied on a 12 hour cycle (dark from 7 pm to 7 am, and light from 7 am to 7 pm).

Wild animals

No wild animals used.

Field-collected samples

No field-collected samples were used.

Ethics oversight

All experimental procedures were approved by a current project license under the authority of the Animals (Scientific Procedures)
Act 1986, and additionally followed the University of Edinburgh's ethical guidance as overseen by its AWERB committee.
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For mouse experiments: Peripheral lymph nodes were dissected from Rag1 knockout mice homozygous for the OT1 allele.
Lymph nodes were massaged through a 70 µM cell strainer. Cells were washed once with IMDM (Gibco; cat. 12440053)
supplemented with 2mM L-glutamine, counted, and resuspended at 5 x 106 cells/mL in PBS supplemented with 2.5 µM
CellTrace Violet (Invitrogen; cat. C34557). After 20 minutes at 37 oC, cells were washed with complete T Cell media (TCM;
IMDM supplemented with 10% FCS, 2 mM L-glutamine, 100 U/mL penicillin, 100 U/mL streptomycin, and 50 µM 2mercaptoethanol), counted, and resuspended at 250,000 cells/mL in TCM supplemented with 10 nM N4 peptide (peptide
sequence SIINFEKL). After 24 hours of stimulation, cells were counted, pelleted, and resuspended for transfection at 1.5
million cells per transfection in 80 µL Neon Transfection System Buffer T (Invitrogen; cat. MPK10096). CRISPR guide RNAs
were purchased from IDT (Table 1), and resuspended at 100 µM in Nuclease-Free Duplex Buffer (IDT; cat. 11-01-03-01). For
each transfection, 2.5 µL of guide RNA was mixed with 2.5 µL of tracrRNA and 20 µL of Nuclease-Free Duplex Buffer. The mix
was heated at 95 oC for 5 minutes and then allowed to cool. Once at room temperature, 23 µL of Buffer T and 2 µL of
TrueCut Cas9 Protein v2 (5 mg/mL stock; Invitrogen; cat A36496) was added, and the combined mix heated to 37 oC for 10
minutes before electroporation using a Neon Transfection System with 3x 1600 V pulses of width 10 ms. Electroporated cells
were then cultured for 48 hours at either 250,000 (for flow cytometry) or 1 x 106 cells per ml (for Northern blotting) in TCM
supplemented with recombinant IL-2 (20 ng/mL). For flow cytometry, cells were first washed once with PBS before live/dead
staining with Zombie Red Fixable Viability Kit (1:100 in PBS for 20 mins at room temperature; BioLegend; cat. 423109). Cells
were then washed twice with FACS buffer before sample acquisition.
For FlowFISH experiments: 0.5 x 106 K562 cells were used. Cells were pelleted at 500 g for 5 minutes at room temperature,
and washed once with 0.5 mL of PBS. After pelleting, cells were resuspended in 0.5 mL of PBS, and 0.5 mL of 8%
paraformaldehyde added. Cells were left to fix for 30 minutes at room temperature, after which they were washed twice
with 1 mL of PBS and resuspended in 0.5 mL PBS. 0.5 mL of 70% ethanol was then added dropwise, and cells pelleted again
before resuspension in 1 mL of 70% ethanol and permeabilization overnight at 4oC. FlowFISH wash buffer (FFWB) was
prepared by supplementing 2x SSC with 10% formamide and 0.25 mg/mL Bovine Serum Albumin fraction V (BSA; Sigma; cat.
05482). FlowFISH solution A (FFSA) was prepared by combining, per sample: 5 µL of formamide; 2.5 µL of 2x SSC; 2.5 µL of 10
mg/mL E. coli tRNA (Sigma; cat. R1753); 2.5 µL of FISH probes diluted to 50 ng/µL; and 8.75 µL of MQ. FFSA was then heated
to 95 oC and allowed to cool. Meanwhile, FlowFISH solution B (FFSB) was prepared by combining, per sample: 25 µL of 20%
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