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The raw RNA sequencing data are available on NCBI Gene Expression Omnibus under the following accession numbers: GSE162124 [https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE162124] (MEFs) or GSE197841 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE197841] (tumor samples). The raw whole
exome sequencing data are available on NCBI Sequencing Read Archive under bioproject number: PRJNA812398 [https://www.ncbi.nlm.nih.gov/bioproject/
PRJNA812398/]. RNA sequencing and whole exome sequencing data were aligned to build 38 of the mouse genome (mm10). Data from Supplementary Fig. 4 were
obtained from cBioPortal MSKCC Melanoma (cBioPortal for Cancer Genomics: NRAS in Melanoma (MSKCC, Clin Cancer Res 2021)), TCGA PanCancer Atlas
(cBioPortal for Cancer Genomics: NRAS in Pan-cancer analysis of whole genomes (ICGC/TCGA, Nature 2020)), and TCGA Cancer Cell Line datasets (cBioPortal for
Cancer Genomics: NRAS in Cancer Cell Line Encyclopedia (Novartis/Broad, Nature 2012) and 2 other studies) 37, 38. Data for Supplementary Fig. 6 were obtained
from the UCSC Xena platform (https://doi.org/10.1038/s41587-020-0546-8) (UCSC Xena (xenabrowser.net)). The remaining data are available within the Article,
Supplementary Information or Source Data file.

For in vivo studies, power calculations prior to initiating the study determined that a sample size of 15 mice per group would provide 80%
power to detect a hazard ratio of 0.28 between TN61R and any single TN61X allele (! = 0.01, adjusting for 5 comparisons, two-sided). For in
vitro studies, no sample size calculation was performed prior to the analyses. Using the variability in initial biological replicates from MEF and
melanocyte cell lines, we determined that a sample size greater than or equal to 3 would provide enough data points to visualize any trends if
present.

For the in vivo and in vitro dot plots, outliers were detected using a two-sided Grubbs' test in PRISM version 8.4.3.

All data points in the dot plots from this paper depict biological replicates. Samples sizes for the in vivo studies represent individual mice and
the sample sizes for the in vitro studies represent MEF cell lines isolated from separate embryos. All replicates were used unless the data
point fulfilled the outlier test. These experiments were replicated in at least 3 independent experiments. All attempts to replicate the data
were successful.

Mice from each cohort were randomly numbered and blindly monitored three times a week for tumor formation. Internal control (NRAS
Q61R/R) mice within each cohort ensured the absence of treatment- or litter-specific biases. Randomization and blinding did not occur when
performing in vitro experiments.

Mice from each cohort were randomly numbered and blindly monitored three times a week for tumor formation. Investigators were blinded
during group allocation, tumor monitoring tumor, data collection and analysis. No randomization or blinding was used for in vitro
experiments.
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Materials & experimental systems
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Antibodies

Eukaryotic cell lines

Palaeontology and archaeology
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Human research participants

Clinical data
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Methods
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Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

p44/42 MAPK (Erk1/2) [clone #L34F12] Mouse monoclonal antibody (CST #4696, lot #23) (1:1000), Phospho-p44/42 MAPK (Erk1/2)
(Thr202/Tyr204) Rabbit antibody (CST #9101, lot #28) (1:1000), Akt (pan) [clone #40D4] Mouse monoclonal antibody (CST #2920, lot
#8) (1:1000), Phospho-Akt (Ser473) Rabbit antibody (CST #9271, lot #14) (1:1000), GTPase HRAS [clone #Y132] Rabbit monoclonal
antibody (Abcam #ab32417, lot #GR301687-2) (1:1000), KRAS [clone #3B10-2F2] Mouse monoclonal antibody (Sigma
#WH0003845M1, lot #I7121-S2) (1:1000), NRAS Goat polyclonal antibody (Abcam #ab77392) (1:250), SOS1 Rabbit polyclonal
antibody (CST #5890, lot #2) (1:1000), ARAF Rabbit polyclonal antibody (CST #4432, lot #2) (1:1000), BRAF [clone #F-7] Mouse
monoclonal antibody (Santa Cruz #sc-5284, lot #L0919) (1:500), CRAF [clone #D5X6R] Mouse monoclonal antibody (CST #12552, lot
#1) (1:500), Melanoma gp100 [clone #EP4863(2)] Rabbit monoclonal antibody (Abcam #ab137078) (1:100), IRDye 800CW Donkey
anti-Goat IgG secondary antibody (LI-COR #926-32214, lot #C80717-07) (1:15000), IRDye 680RD Goat anti-Mouse IgG secondary
antibody (LI-COR #926-68070, lot #C70613-15) (1:15000), IRDye 800CW Goat anti-Mouse IgG secondary antibody (LI-COR
#926-32210, lot #C60405-05) (1:15000), IRDye 680RD Goat anti-Rabbit IgG secondary antibody (LI-COR #926-68071, lot #C80605-15)
(1:15000), IRDye 800CW Goat anti-Rabbit IgG secondary antibody (LI-COR #926-32211, lot #C80426-08) (1:15000), Alexa Fluor 555
(Thermo Fisher #A-21428, lot #1858260) (4 µg/mL), Cre Recombinase (D7L7L) Rabbit monoclonal antibody (CST #15036, lot #2)
(1:125), Ki67 Rabbit polyclonal antibody (Abcam #264429, lot #GR-275729-1) (1:1000), CD45 (D3F8Q) Rabbit monoclonal antibody
(CST #70257S, lot #1) (1:200), Cleaved-Caspase-3 (D3E9) Rabbit monoclonal antibody (CST #9579S, lot #1) (1:250), IHC Select
Secondary Goat Anti-Rabbit IgG antibody prediluted and biotinylated (Millipore #21537, lot #3604852), ImmPRESS-AP Horse anti-
Rabbit IgG (ready-to-use) reagent (Vector Laboratories #MP-5401, lot #ZH0309)

The Cell signaling technologies (CST) antibody performance guarantee states that they validate all of their antibodies in-house in
multiple research applications. We further confirmed the specificity of the ARAF, CRAF, and SOS1 antibodies by showing the loss of
protein expression when cells were treated with shRNA specific for each target (see Figure 5). The phospho-p44/42 MAPK (ERK1/2),
p44/42 MAPK (Erk1/2), Akt (pan), phospho-Akt (Ser473), SOS1, ARAF, and CRAF have been validated by CST to recognize both human
and mouse homologs via immunoblot. Furthermore, the employed antibodies against Cre recombinase, CD45, and cleaved-
Caspase-3 were validated by CST for the detection of murine proteins via immunohistochemical staining.

The Abcam antibodies used in this study are covered by Abcam’s Abpromise guarantee, indicating that they have been tested and
approved for the target species and application. Our results further validate the specificity of the NRAS and HRAS antibodies by
demonstrating the loss of protein expression when each mRNA is depleted by shRNA (See Figure 5). Abcam antibodies used in this
study have been validated for use in human and mouse samples. Specifically, the N-and HRAS antibodies are approved to recognize
their respective human and mouse homologs via immunoblot. The gp100 and Ki67 antibodies are approved to recognize their murine
homologs in murine tissues and tumors.

The Sigma KRAS antibody has been used for immunoblot analyses in other publications (PMID: 24351425). Our results further
validate the specificity of this antibody by demonstrating the specific loss of KRAS protein detection upon the use of a KRAS-specific
shRNA (see Figure 5). Sigma has validated that the KRAS antibody is effective in recognizing mouse KRAS by immunoblot.

The Santa Cruz BRAF antibody has been cited in over 200 publications. Our result further validated the specificity of this antibody by
demonstrating loss of the protein following the treatment of cells with a BRAF-specific shRNA (See Figure 5). Santa Cruz has validated
that the BRAF antibody is capable of recognizing mouse BRAF by immunoblot.

HEK 293T cells (ATCC #CRL-3216), HEK 293AD cells (Agilent #240085), mouse embryonic fibroblasts (MEFs) and primary
melanocytes isolated from TN mice were used in this study.

STR analysis was performed on HEK 293T and HEK 293AD cell lines. Standard isolation techniques were used to generate
MEFs from day E13.5 embryos and primary melanocytes from the skin of neonatal mice. However, formal authentication
procedures were not performed on these cells because STR standards are not available. The genotype of all MEF and primary
melanocyte cell lines was verified by PCR and/or immunoblot.

HEK 293T and HEK 293AD cells routinely tested negative for mycoplasma contamination. The MEF and primary melanocyte
cell lines were not tested for mycoplasma contamination.




