Table S1. Mutations and model parameters associated with neuro-cardio-facial-cutaneous syndrome
	Protein
	Mutationa
	Phenotype
	References
	Impact Type b
	Corresponding parameter
	∆∆G (kcal/mol) c
	CSpi d
	SIF

	
	
	
	
	
	
	
	Peak difference
	Duration change
	Peak time change
	Peak difference
	Duration change
	Peak time change

	H-Ras
	G12A
	CS
	1


[ ADDIN EN.CITE ,2,3]
 
	F
	k2
	2.28
	0.013
	0.85
	0.04
	0.030
	1.938
	0.091

	
	G12E
	CS
	2[]

	     F
	     k2
	2.52
	0.013
	    0.85
	0.04
	0.033
	2.142
	0.101

	
	G12C
	CS
	2


[ ADDIN EN.CITE ,4]

	F
	k2
	1.89
	0.013
	0.85
	0.04
	0.025
	1.607
	0.076

	
	G12S
	CS
	1


[ ADDIN EN.CITE ,2,3,5]

	F
	k2
	3.11
	0.013
	0.85
	0.04
	0.040
	2.644
	0.124

	
	G12V
	CS
	1[]

	F
	     k2
	2.78
	0.013
	     0.85
	0.04
	0.036
	2.363
	0.111

	
	G12D
	CS
	3[,4]

	F
	k2
	4.69
	0.013
	0.85
	0.04
	0.061
	3.987
	0.188

	
	G13C
	CS
	1[]

	F
	k2
	3.51
	0.013
	0.85
	0.04
	0.046
	2.984
	0.140

	
	G13D
	CS
	1[]

	F
	     k2
	4.93
	0.013
	    0.85
	0.04
	0.064
	4.191
	0.197

	
	T58I
	CS
	[6]
	F
	k2
	-2.36
	0.013
	0.85
	0.04
	-0.031
	-2.006
	-0.094

	
	K117R
	CS
	2[]

	S
	[RasGDP]0 e
	0.76
	-0.02
	-0.83
	-0.03
	-0.015
	-0.631
	-0.023

	
	A146T
	CS
	[5]
	S
	[RasGDP]0
	4.16
	-0.02
	-0.83
	-0.03
	-0.083
	-3.453
	-0.125

	
	A146V
	CS
	[6]
	S
	[RasGDP]0
	1.58
	-0.02
	-0.83
	-0.03
	-0.032
	-1.311
	-0.047

	Raf-1
	D486N
	NS
	[7]
	F
	k4
	-1.43
	0.06
	0.38
	-0.55
	-0.086
	-0.543
	0.787

	
	D486G
	NS
	[7]
	F
	k4
	0.02
	-0.08
	-0.42
	0.71
	-0.002
	-0.008
	0.014

	
	T491I
	NS
	[7]
	F
	k4
	-0.23
	-0.08
	-0.42
	0.71
	0.018
	0.097
	-0.163

	
	T491R
	NS
	[7]
	F
	k4
	1.41
	-0.08
	-0.42
	0.71
	-0.113
	-0.592
	1.001

	
	S612T
	NS
	[7]
	S
	[Raf-1]0
	0.12
	-0.08
	-0.42
	0.71
	-0.010
	-0.050
	0.085

	
	L613V
	NS
	[7]
	S
	[Raf-1]0
	0.68
	-0.08
	-0.42
	0.71
	-0.054
	-0.286
	0.483

	B-Raf
	S466A
	CFCS
	[8]
	F
	k4
	0.43
	-0.08
	-0.42
	0.71
	-0.034
	-0.181
	0.305

	
	F467S
	CFCS
	[8]
	F
	k4
	2.04
	-0.08
	-0.42
	0.71
	-0.163
	-0.857
	1.448

	
	G468E
	CFCS
	0


[8,9,1 ADDIN EN.CITE ]

	F
	k4
	13.99
	-0.08
	-0.42
	0.71
	-1.119
	-5.876
	9.933

	
	L484F
	CFCS
	0


[8,9,1 ADDIN EN.CITE ]

	F
	k4
	0.79
	-0.08
	-0.42
	0.71
	-0.063
	-0.332
	0.561

	
	K498E
	CFCS
	


[8,9] ADDIN EN.CITE 
	S
	[B-Raf]0
	0.28
	-0.08
	-0.42
	0.71
	-0.022
	-0.118
	0.199

	
	K498N
	CFCS
	0[]

	S
	[B-Raf]0
	0.52
	-0.08
	-0.42
	0.71
	-0.042
	-0.218
	0.369

	
	E500G
	CFCS
	


[8,9] ADDIN EN.CITE 
	F
	k4
	2.11
	-0.08
	-0.42
	0.71
	-0.169
	-0.886
	1.498

	
	E500K
	CFCS
	


[8,9,10] ADDIN EN.CITE 
	F
	k4
	2.53
	-0.08
	-0.42
	0.71
	-0.202
	-1.063
	1.796

	
	L524P
	CFCS
	0[1]

	S
	[B-Raf]0
	1.05
	-0.08
	-0.42
	0.71
	-0.084
	-0.441
	0.746

	
	W530C
	NS
	[10]
	S
	[B-Raf]0
	2.98
	-0.08
	-0.42
	0.71
	-0.238
	-1.252
	2.116

	
	N580D
	CFCS
	


[8,9] ADDIN EN.CITE 
	F
	k4
	3.59
	-0.08
	-0.42
	0.71
	-0.287
	-1.508
	2.549

	
	F594L
	CFCS
	0


[8,1 ADDIN EN.CITE ]

	F
	k4
	1.58
	-0.08
	-0.42
	0.71
	-0.126
	-0.664
	1.122

	
	G595V
	CFCS
	[8]
	F
	k4
	3.55
	-0.08
	-0.42
	0.71
	-0.284
	-1.491
	2.521

	
	L596V
	NS
	1[0]

	F
	k4
	1.48
	-0.08
	-0.42
	0.71
	-0.118
	-0.622
	1.051

	
	T598R
	CFCS
	1[0]

	F
	k4
	0.07
	-0.08
	-0.42
	0.71
	-0.006
	-0.029
	0.050

	
	D637E
	CFCS
	1[0]

	F
	k4
	4.25
	-0.08
	-0.42
	0.71
	-0.340
	-1.785
	3.018

	
	Q708R
	CFCS
	1[0]

	S
	[B-Raf]0
	0.95
	-0.08
	-0.42
	0.71
	-0.076
	-0.399
	0.675

	Mek-1
	F53S
	CFCS
	[8]
	S
	[Mek]0
	2.79
	0.0001
	0.0001
	0.0001
	0.0003
	0.0003
	0.0003

	
	P124Q
	CFCS
	1[1]

	S
	[Mek]0
	3.13
	0.0001
	0.0001
	0.0001
	0.0003
	0.0003
	0.0003

	
	Y130C
	CFCS
	[8]
	S
	[Mek]0
	3.84
	0.0001
	0.0001
	0.0001
	0.0004
	0.0004
	0.0004

	
	Y130H
	CFCS
	1[2]

	S
	[Mek]0
	2.23
	0.0001
	0.0001
	0.0001
	0.0002
	0.0002
	0.0002

	
	E203Q
	CFCS
	1[3]

	S
	[Mek]0
	0.92
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001
	0.0001


a The residue number is shown as it is in the crystal structures – H-Ras: 121P (PDB code); Raf-1: 3LB7; B-Raf: 1UWH; Mek-1: 3EQC   

b Each mutation is considered to have mainly functional (F) or structural (F) impact according to their locations in its target protein.
c For H-Ras, both the uncomplexed and complexed form (SOS-Ras) are available for evaluating the ∆∆G of missense mutations. For the two ∆∆G values calculated in the complexed and uncomplexed states, the one with the maximum absolute value is used for calculating the SIF score. For Raf-1, B-Raf and Mek-1, only their monomeric structures are used to calculate ∆∆G (the interaction between HRas-Raf1, Raf1-Mek1 and BRaf-Mek1 kinase domains are so transient and it is difficult to solve or model the complexed form). All the uncomplexed form are monomeric structure except BRaf, which exists as a homodimer. 

d For mutations that are considered to cause mainly functional impacts, their 
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 ​was calculated as perturbation of rate constants that is associated with the activation of downstream proteins – that is, k2, k4 and k6 in the case of H-Ras, Raf-1 and Mek mutations, respectively. For mutations that are considered to cause mainly structural impacts, their 
[image: image2.emf]
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 ​was calculated as perturbation of the initial conditions of the target protein. 
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 was calculated by increasing or reducing the target parameter based on the ∆∆G value by 10%. For example, if a mutation is likely to cause structural impacts and its ∆∆G suggests a reduced stability, then its 
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 was calculated by reducing the initial condition of the target protein by 10%.

e [A]0 represents the initial concentration of protein A.

Notes: 

1. This is not a comprehensive list of the NCFC mutations identified so far; mutations located in regions without structures are not discussed here.

2. ∆∆G of B-raf is estimated according to the 
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 values of Raf-1 since the endogenous concentration of B-Raf is nearly four times lower than that of Raf-1 (0.0035 and 0.013 µM, respectively 1[]
), and the expression amount of Raf-1 is already very low compared to that of Ras (0.4), Mek (1.4) and Erk (0.96) (Figure S3). A lower expression curve of B-raf is not likely to change much the parameters of the model hence we gauged the impact of B-raf by the curve and 
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 of Raf-1.
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