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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Signaling by MRAS-complex mutants ↗

Stable identifier: R-HSA-9660537

Diseases: esophageal carcinoma, Noonan syndrome

MRAS PP1 MAPK1,3

MAPK1,3 MAPK1,3

MAPK1,3 MAPK1,3

MAPK1,3

MAP2K1,2

RAF
RAS

GTP

YWHAB

YWHAB
RAF

SHOC2

SHOC2 M1731 MUTANT ABOLISHES
MRAS COMPLEX FUNCTION

MRAS,
SHOC2,

PP1

GAIN-OF-FUNCTION
MRAS COMPLEXES

ACTIVATE RAF SIGNALING

A complex of MRAS, SHOC2 and the phosphatase PP1 contributes to the activation of RAF proteins by removing 
an inhibitory phosphorylation that mediates binding to 14-3-3 (also known as YWHAB) proteins (Rodriguez-
Viciano et al, 2006; Young et al, 2013;reviewed in Simanshu et al, 2017; Lavoie and Therrien, 2015). Activating and 
inactivating mutations in each of the components of this dephosphorylating complex have been identified in 
RASopathies as well as at low frequency in some cancers (Cordeddu et al, 2009; Hannig et al, 2014; Gripp et al, 
2016; Higgin et al, 2017; Motta et al, 2016; Motta et al, 2019a,b).
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SHOC2 M1731 mutant abolishes MRAS complex function ↗

Location: Signaling by MRAS-complex mutants

Stable identifier: R-HSA-9726840

Diseases: Noonan syndrome

This pathway describes the effect of a loss-of-function mutation in SHOC2 on RAF activation (Rodriguez-Viciano et 
al, 2006; Hannig et al, 2014). How both loss- and gain-of-function SHOC2 mutants can contribute to RAF pathway 
activation remains to be elucidated.
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Gain-of-function MRAS complexes activate RAF signaling ↗

Location: Signaling by MRAS-complex mutants

Stable identifier: R-HSA-9726842

Diseases: esophageal carcinoma, Noonan syndrome

This pathway describes the effect of activating mutations of MRAS-complex components on RAF activation 
(reivewed in Simanshu et al, 2017).
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