Supplemental Table 1  ADI-R variables used to develop motor speech phenotypes: NVMSD:ALL and NVMSD:C.
	Definition of ADI-R Variables

	Name
	Description

	LEVELL (Level of language)
	Caregiver-based description of how much language child uses on a daily basis.

	CARTIC (Current level of articulation)
	Specifies the level of speech intelligibility at time of assessment (age 4+) on scale from 0-3.

	ARTIC5 (Level of articulation at age 5)
	Snapshot of intelligibility at age 5 - with CARTIC, used to determine temporal changes in articulation.

	CCOMPSL (Comprehension of simple language)
	Measures spoken language comprehension in absence of visual cues (e.g., pointing or gesturing).


Supplemental Table 2  Sample demographics







	
	NVMSD:ALL
	NVMSD:C

	Individuals with ADI-R and  550K data
	1146
	778

	Number of participating families
	203
	135

	Number with autistic disorder/number of families
	383/202
	249/133

	Number affected for phenotype
	427
	281

	% Male/Female
	79/21
	80/20

	Age at ADI-R assessment 

(s.d.)
	98.83

(63.18)
	107.02

(52.40)


Supplemental Tables 3a and 3b. NVMSD:ALL and NVMSD:C genes of interest identified by IPA core analysis. Each gene of interest was found to be significant by at least one of our 3 core analyses in IPA.  Each analysis (narrow, intermediate, or broad) is independent of the others and is dependent solely on the list of genes specific to that definition and their functions.  As more genes are added by each definition, the number of functions increases and their frequency fluctuates between definitions.  This is why some genes may appear significant in one analysis, but not all three.

Supplemental Table 3a

	NVMSD:ALL

	Chromosome
	Gene
	CM
	PPL
	Narrow
	Intermediate
	Broad

	1
	PBX1
	173
	5
	 
	 
	B

	1
	LMX1A
	173-174
	15
	 
	I
	B

	1
	RXRG
	174
	15
	 
	 
	B

	1
	ATB1P1
	179
	73
	N
	I
	B

	1
	SELE
	180
	63
	 
	I
	B

	1
	MIR214
	182
	45
	N 
	 
	 

	1
	FASLG
	182-183
	37
	N
	I
	B

	1
	SERPINC1
	183-184
	18
	 
	I
	B

	1
	TNR
	184
	18
	 
	I
	B

	1
	ABL2
	188
	8
	 
	 
	B

	1
	LHX4
	188
	8
	 
	 
	B

	1
	LAMC1
	191-192
	14
	 
	I
	B

	1
	NCF2
	192
	20
	 
	I
	B

	1
	PLA2G4A
	194
	8
	 
	 
	B

	1
	PTGS2
	194
	8
	 
	 
	B

	3
	MME
	165
	15
	 
	I
	B

	3
	KCNAB1
	165
	19
	 
	I
	B

	3
	PPM1L
	168
	8
	 
	 
	B

	4
	HPSE
	96
	11
	 
	 
	B

	4
	NKX6-1
	98
	15
	 
	I
	B

	4
	MAPK10
	99
	23
	 
	I
	B

	4
	SPP1
	101
	24
	 
	I
	 

	4
	SNCA
	103-104
	13
	 
	I
	B

	4
	GRID2
	105
	9
	 
	I
	B

	4
	ATOH1
	106
	11
	 
	I
	B

	4
	HPGDS
	106
	13
	 
	I
	B

	4
	UNC5C
	107
	19
	 
	I
	 

	4
	NFKB1
	112
	9
	 
	I
	B

	4
	CISD2
	112-113
	11
	 
	I
	 

	5
	GDNF
	61
	5
	 
	 
	B

	5
	SLC1A3
	61
	5
	 
	 
	B

	5
	C9
	64
	30
	N
	I
	 

	5
	PRKAA1
	65
	36
	N
	I
	 

	5
	C7
	65
	36
	N
	I
	 

	5
	C6
	65
	36
	N
	I
	B

	5
	PTGER4
	65
	36
	N
	 
	B

	5
	GHR
	66
	41
	N
	I
	B

	5
	HCN1
	67
	25
	 
	 
	B

	5
	ISL1
	67
	16
	 
	 
	B

	5
	ITGA2
	68
	10
	 
	I
	B

	5
	GZMK
	70
	12
	 
	I
	B

	5
	GZMA
	70
	12
	 
	I
	B

	5
	MAP3K1
	72
	8
	 
	 
	B

	5
	DPYSL3
	153-154
	21
	 
	I
	 

	5
	SPINK5
	154
	24
	 
	 
	B

	5
	HTR4
	154-155
	24
	 
	I
	B

	5
	MIR143
	155-156
	24
	N
	 
	 

	5
	MIR145
	155-156
	24
	N
	 
	 

	5
	PDGFRB
	157
	12
	 
	I
	B

	5
	CDX1
	157
	12
	 
	I
	B

	5
	CAMK2A
	157
	12
	 
	I
	B

	5
	GLRA1
	159
	9
	 
	 
	B

	5
	SYNPO
	159
	9
	 
	 
	B

	5
	LIFR
	62-63
	10
	 
	I
	B

	5
	ITGA1
	67-68
	12
	 
	I
	B

	5
	IL6ST
	70-71
	13
	 
	I
	B

	6
	POU4F3
	152
	6
	 
	 
	B

	16
	NTN3
	7
	5
	 
	 
	B

	16
	CREBBP
	9
	6
	 
	 
	B

	16
	TRAP1
	9
	6
	 
	 
	B

	16
	HMOX2
	10
	7
	 
	 
	B

	16
	GRIN2A
	25-26
	9
	 
	I
	B

	17
	MAP2K4
	35
	33
	 
	 
	B

	17
	PMP22
	46-47
	77
	N
	I
	B

	17
	UBB
	47-48
	79
	N
	I
	B

	17
	TRPV2
	48
	79
	N
	 
	 

	17
	MPRIP
	48-49
	70
	 
	I
	 

	17
	LLGL1
	50
	33
	N
	 
	 

	17
	FLII
	50
	33
	N
	 
	 

	17
	ALDH3A2
	50-51
	25
	N
	I
	B

	17
	ULK2
	50-51
	25
	N
	 
	 

	17
	MAPK7
	50-51
	25
	 
	 
	B

	17
	ALDH3A1
	51
	25
	 
	 
	B

	17
	KSR1
	52-53
	18
	 
	I
	B

	17
	NOS2
	52-53
	18
	 
	I
	B

	17
	VTN
	53
	21
	 
	I
	B

	17
	SLC6A4
	54
	25
	N
	I
	B

	17
	NF1
	54
	34
	N
	I
	B

	17
	GIT2
	54
	25
	N
	 
	 

	17
	SSH2
	54
	25
	N
	 
	 

	17
	OMG
	54
	34
	N
	 
	 

	17
	RAB11FIP4
	54-55
	42
	 
	I
	 

	17
	CDK5R1
	55-56
	39
	N
	I
	B

	17
	ACCN1
	57
	21
	 
	I
	B

	17
	ERBB2
	67
	5
	 
	 
	B

	17
	NEUROD2
	67
	5
	 
	 
	B

	17
	PPP1R1B
	67-68
	5
	 
	 
	B

	17
	CCR7
	68
	5
	 
	 
	B

	17
	RARA
	68
	5
	 
	 
	B

	17
	THRA
	68
	5
	 
	 
	B

	17
	CSF4
	68
	5
	 
	 
	B

	17
	BECN1
	71
	7
	 
	 
	B

	17
	HDAC1
	71
	7
	 
	 
	B

	17
	PPY
	71
	7
	 
	 
	B

	17
	PYY
	71
	7
	 
	 
	B

	17
	NSF
	72
	7
	 
	 
	B

	17
	CRHR1
	72
	7
	 
	 
	B

	17
	WNT3
	72
	7
	 
	 
	B

	17
	WNT9B
	72
	7
	 
	 
	B

	17
	MAPT
	72
	7
	 
	 
	B

	17
	GFAP
	72
	8
	 
	 
	B

	17
	ITGB3
	72-73
	10
	 
	I
	B

	17
	NPEPPS
	73
	8
	 
	 
	B

	17
	HOXB1
	73
	8
	 
	 
	B

	17
	HOXB2
	73-74
	8
	 
	 
	B

	17
	HOXB8
	73-74
	8
	 
	 
	B

	17
	NGFR
	74-75
	7
	 
	 
	B

	17
	NME1
	78
	18
	 
	I
	 

	17
	NOG
	84
	7
	 
	 
	B

	17
	DGKE
	85
	12
	 
	I
	B

	17
	MPO
	88-89
	6
	 
	 
	B

	17
	RPS6KB1
	89
	6
	 
	 
	B

	17
	ACE
	93
	8
	 
	 
	B

	17
	GH1
	93
	8
	 
	 
	B

	17
	PECAM1
	93-94
	8
	 
	 
	B

	17
	RGS9
	94
	6
	 
	 
	B


Supplemental Table 3b

	NVMSD:C

	Chromosome
	Gene
	Position (cM)
	PPL
	Narrow
	Intermediate
	Broad

	4
	FGFR3
	1
	5
	 
	 
	B

	4
	NAT8L
	1-2
	5
	 
	 
	B

	4
	HTT
	3
	6
	 
	 
	B

	4
	ADRA2C
	4-5
	7
	 
	 
	B

	4
	OTOP
	5
	7
	 
	 
	B

	4
	MSX1
	6-7
	5
	 
	 
	B

	4
	EVC2
	8-9
	9
	 
	I
	B

	4
	CRMP1
	9
	18
	N
	I
	B

	4
	WFS1
	11
	9
	 
	 
	B

	4
	PPP2R2C
	11
	8
	 
	 
	B

	4
	SORCS2
	15
	6
	 
	 
	B

	4
	DRD5
	22
	6
	 
	 
	B

	4
	SLC2A9
	22
	6
	 
	 
	B

	4
	RAB28
	25-26
	10
	 
	 
	B

	4
	BST1
	29
	21
	N
	I
	B

	4
	CD38
	29-30
	21
	N
	 
	B

	4
	PROM1
	30
	23
	N
	 
	B

	4
	FAM184B
	33
	52
	N
	I
	B

	4
	SLIT2
	35
	35
	N
	 
	B

	4
	PPARGC1A
	38
	19
	N
	 
	B

	4
	SOD3
	40
	15
	 
	 
	B

	4
	LGI1
	40
	13
	 
	I
	B

	4
	ZCCHC4
	41
	15
	 
	 
	B

	4
	RBPJ
	41-42
	35
	N
	 
	B

	4
	CCKAR
	44-45
	83
	 
	 
	B

	4
	STIM2
	45
	78
	N
	 
	B

	4
	PGM2
	55-56
	19
	 
	 
	B

	4
	TLR10
	57
	6
	 
	 
	B

	4
	TLR6
	58
	6
	 
	 
	B

	4
	FAM114A1
	58
	6
	 
	 
	B

	4
	IL2
	129
	5
	 
	 
	B

	4
	FGF2
	129
	5
	 
	 
	B

	21
	DSCAM
	51
	10
	N
	I
	B

	21
	BACE2
	55
	19
	N
	I
	B

	21
	MX2
	56
	22
	N
	 
	 

	21
	MX1
	56-57
	22
	N
	 
	 

	21
	ABCG1
	60-61
	6
	 
	 
	B

	21
	PKNOX1
	62
	8
	 
	 
	B

	21
	CBS
	62-63
	7
	 
	 
	B

	21
	TRPM2
	65
	9
	 
	 
	B

	21
	ITGB2
	65-66
	12
	 
	 
	B

	21
	COL18A1
	67
	12
	 
	 
	B

	21
	PCBP3
	68
	7
	 
	 
	B


Supplemental Tables 4 a, b, and c: IPA Analysis Results. The number of genes analyzed for each analysis is dependent upon the number of genes that can be mapped to the IPA knowledge base.  Each core analysis produced a list of biological functions/diseases that are unique to the dataset.  From the list of significant functions and diseases, we identified functions that were related to nervous system development and function, psychological disorders, genetic disorders, and neurological disorders. The total number of relevant functions and candidate genes obtained for each analysis are listed in each table.  The most prevalent relevant functions were tallied and the functions with more than 5 contributing genes are listed with the number of genes in parentheses.  The candidate genes identified in each analysis and the number of their relevant significant functions was tallied and the genes with more than 5 relevant functions are listed with the number of their significant functions in parentheses.

Supplemental Table 4a: NVMSD:ALL IPA Results.  Results from the core analysis of 645 genes located within the Intermediate definition of linkage regions in NVMSD:ALL.  

	NVMSD:ALL IPA Results

	Number of Genes in 
IPA Knowledge Base
	Number of Relevant 
Significant Functions
	Number of Candidate
 Genes Identified
	Most Prevalent Functions
	Genes with Most Functions

	607
	83
	52
	Neurological Process of Cells (13)
	FASLG (5), MAPK10 (5),

	 
	 
	 
	Cell Death of Neuroglia (9)
	 NKX6-1 (5), PMP22 (5)

	 
	 
	 
	Neurological Process of Axons (9)
	 

	 
	 
	 
	Cell Death of Oligodendrocytes (8)
	 

	 
	 
	 
	Cognition by Mice (8)
	 

	 
	 
	 
	Learning by Mice (7)
	 

	 
	 
	 
	Synaptic Plasticity (6)
	 

	 
	 
	 
	Apoptosis of Neuroglia (6)
	 

	 
	 
	 
	Apoptosis of Oligodendrocytes (5)
	 


Supplemental Table 4b. Control Analysis: Gene Number (C:GN) results. Each C:GN analysis mimicked the intermediate definition of the NVMSD:ALL linkage regions by containing 645 genes selected at random from the NVMSD:ALL control regions.  From the 645 genes input into the core analysis of IPA, an average of 610 genes were mapped in the IPA knowledge base and were included in the core analysis. 

	C:GN Results

	Analysis
	Number of Genes in 
IPA Knowledge Base
	Number of Relevant 
Significant Functions
	Number of Candidate Genes Identified
	Most Prevalent Functions
	Genes with Most Functions

	1
	612
	50
	75
	Progressive Motor Neuropathy (51)
	GAP43 (9), GLI2 (8), 

	 
	 
	 
	 
	Branching of Neurites (6)
	RTN4 (8), NFIA (7)

	 
	 
	 
	 
	Quantity of Brain Cells (6)
	 

	2
	608
	55
	44
	Neurogenesis (22)
	NTF3 (15), NTRK2 (12), GAP43 (8),

	 
	 
	 
	 
	Outgrowth of Neurites (16)
	 BMP4 (7), CD9 (5)

	 
	 
	 
	 
	Growth of Neurites (14)
	 

	3
	614
	28
	37
	Neurogenesis (21)
	NTF3 (7), GAP43 (6), 

	 
	 
	 
	 
	Guidance of Axons (10)
	GFRA3 (6), IL18 (5)

	4
	613
	35
	87
	Progressive Motor Neuropathy (49)
	GAP43 (6), CD9 (5), 

	 
	 
	 
	 
	Parkinsons's (29)
	GFRA3 (5), IL18 (5)

	 
	 
	 
	 
	Neurogenesis (23)
	 

	5
	606
	41
	69
	Huntington's disease (28)
	DRD2 (11), ZIC1 (10), EN1 (8),

	 
	 
	 
	 
	Development of Nervous System (22)
	 DRD1 (6), CASP3 (6), FGFR3 (6),

	 
	 
	 
	 
	Development of CNS (21)
	GFRA3 (5), IFT88 (5),

	 
	 
	 
	 
	Development of Brain (16)
	 SMAD9 (5), SMAD1 (5)

	 
	 
	 
	 
	Synaptic Transmission (16)
	 

	6
	614
	46
	81
	Huntington's Disease (31)
	NTF3 (32), NTRK2 (19), HTT (13), 

	 
	 
	 
	 
	Neurogenesis (22)
	 BMP4 (9), ERBB3 (6), 

	 
	 
	 
	 
	Neurotransmission (17)
	GJD2 (6), P2RX7 (6), CCL21 (5),

	 
	 
	 
	 
	Synaptic Transmission (16)
	 GDF11 (5), IFNG (5)

	 
	 
	 
	 
	Quantity of Neurons (10)
	 

	7
	614
	60
	52
	Huntington's Disease (29)
	NTF3 (9), BMP4 (7), ZIC1 (5)

	 
	 
	 
	 
	Synaptic Transmission (17)
	 

	8
	608
	28
	32
	Synaptic Transmission (14)
	NCAM1 (5), SRC (5)

	9
	604
	25
	40
	Development of Nervous System (17)
	NTF3 (17), NTRK2 (12), OTX1 (7)

	 
	 
	 
	 
	Development of CNS (16)
	 

	 
	 
	 
	 
	Development of Brain (12)
	 

	10
	609
	39
	54
	Schizophrenia (23)
	DRD1 (5), GLI2 (5)

	 
	 
	 
	 
	Developmental Process of Neurons (15)
	 

	 
	 
	 
	 
	Neurotransmission (14)
	 

	 
	 
	 
	 
	Synaptic Transmission (13)
	 


Supplemental Table 4c: Control Analysis: Gene Number Genome (C:GNG) results.  Each C:GNG analysis mimicked the intermediate definition of the NVMSD:ALL linkage regions by containing 645 genes selected at random from the genome.  Similar to the C:GN analyses, an average of 610 genes were mapped in the IPA knowledge base and were used for each core analysis.
	C:GNG Results

	Analysis
	Number of Genes in 
IPA Knowledge Base
	Number of Relevant 
Significant Functions
	Number of Candidate Genes Identified
	Most Prevalent Functions
	Genes with Most Functions

	1
	610
	95
	77
	Bipolar Affective Disorder (46)
	BDNF (59), NTF3 (37), NRP2 (18),

	 
	 
	 
	 
	Survival of Neurons (8)
	LIF(13), SKI (8), OTX1 (6)

	 
	 
	 
	 
	Myelination (6)
	 

	 
	 
	 
	 
	Development of Nervous Tissue (6)
	 

	 
	 
	 
	 
	Survival of Motor Neurons (6)
	 

	 
	 
	 
	 
	Obsessive-Compulsive Disorder (5)
	 

	 
	 
	 
	 
	Learning by Mice (5)
	 

	 
	 
	 
	 
	Neurological Process of Tissue (5)
	 

	 
	 
	 
	 
	Cell Death of Neuroglia (5)
	 

	2
	606
	42
	75
	Neurodegenerative disorder (40)
	NTF3 (13), TP53 (13), BCL2 (10), EN1 (8),

	 
	 
	 
	 
	Alzheimer's disease (38)
	IL8RB (7), GRIN2B (7), ESR2 (6)

	 
	 
	 
	 
	Cell Death of Neurons (17)
	 

	 
	 
	 
	 
	Development of Central Nervous System (15)
	 

	 
	 
	 
	 
	Apoptosis of Neurons (13)
	 

	 
	 
	 
	 
	Cell Death of Sympathetic Neuron (5)
	 

	3
	624
	78
	49
	Development of Nervous System (17)
	NRP1 (11), NEFL (10), POU4F3 (9), OTX2 (8),

	 
	 
	 
	 
	Growth of Neurites (15)
	SEMA5A (7), ULK1 (6), ACTR3 (5)

	 
	 
	 
	 
	Outgrowth of Neurites (14)
	 

	 
	 
	 
	 
	Development of Neurites (11)
	 

	 
	 
	 
	 
	Morphogenesis of Neurites (9)
	 

	 
	 
	 
	 
	Guidance of Axons (8)
	 

	 
	 
	 
	 
	Development of Cerebral Cortex (6)
	 

	 
	 
	 
	 
	Extension of Neurites (6)
	 

	 
	 
	 
	 
	Growth of Axons (6)
	 

	 
	 
	 
	 
	Morphogenesis of Dendrites (6)
	 

	 
	 
	 
	 
	Branching of Neurites (5)
	 

	4
	608
	42
	30
	Survival of Motor Neurons (5)
	ASCL1 (6), AGRN (5), HGF (5), KCNJ10 (5), NTF4 (5)

	 
	 
	 
	 
	Down's Syndrome (5)
	 

	5
	612
	31
	104
	Psychological Disorder (72)
	IGF1 (17), NRP2 (9), SLIT2 (9), TP53 (7),

	 
	 
	 
	 
	Bipolar Affective Disorder (54)
	CAMK2A (5), CTF1 (5)

	 
	 
	 
	 
	Neurogenesis (21)
	 

	 
	 
	 
	 
	Developmental Process of Neurons (17)
	 

	 
	 
	 
	 
	Developmental Process of Neuroglia (8)
	 

	6
	616
	21
	178
	Neurological Disorder (155)
	BCL2 (8), NGFR (8), SLC1A3 (7), BAX (6),

	 
	 
	 
	 
	Mood Disorder (53)
	GABRA1 (6), GABRAG2 (6), 

	 
	 
	 
	 
	Huntington's disease (32)
	TGFB1 (5), FOXG1 (5)

	 
	 
	 
	 
	Neurogenesis (24)
	 

	 
	 
	 
	 
	Survival of Neurons (9)
	 

	 
	 
	 
	 
	Development of Neurons (8)
	 

	 
	 
	 
	 
	Cell Death of Nervous Tissue Cell Lines (5)
	 

	7
	609
	18
	24
	Neurological Process of Brain Cells (5)
	-

	8
	613
	48
	27
	-
	BDNF (26), CHRM2 (7), GRIK2 (7)

	9
	612
	15
	20
	-
	-

	10
	618
	39
	54
	Schizophrenia (23)
	NGFR (10), PSAP (6), NRP1 (6), GDF7 (5),

	 
	 
	 
	 
	Neurological Disorder of Humans (14)
	PNPO 95), VAX1 (5)

	 
	 
	 
	 
	Psychological Disorder of Humans (14)
	 

	 
	 
	 
	 
	Differentiation of Neurons (11)
	 

	 
	 
	 
	 
	Schizophrenia in Humans (11)
	 

	 
	 
	 
	 
	Seizures (8)
	 

	 
	 
	 
	 
	Guidance of Axons (8)
	 


Supplemental Figure 1  Genome-wide PPLD results for (a) NVMSD:ALL and (b) NVMSD:C
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Supplemental Figure 2 PPL allowing for imprinting across chromosome 7.
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