Supplemental Table 1. Medications and co-morbidities in ASD group
	Participant 
	Stimulants
	Mood Stabilizers1
	SSRI/
Antidepressants
	Anxiolytics/ Other2
	Co-morbidities
	List of medications / co-morbidities

	1
	
	
	
	
	
	

	2
	+
	
	
	
	+
	Amphetamine / ADHD

	3
	
	+
	
	+
	
	Risperidone, Aripiprazole, Alprazolam, Hydroxyzine

	4
	+
	
	+
	
	+
	Methylphenidate, Sertraline / ADHD

	5
	
	
	+
	
	+
	Citalopram / Depression

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	+
	
	+
	Fluoxetine / Depression

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	

	11
	
	
	
	
	
	

	12
	+
	+
	+
	
	
	Risperidone, Sertraline, Methylphenidate

	13
	
	
	
	
	
	

	14
	
	
	+  
	
	+
	Depression, Anxiety

	15
	
	
	
	
	+
	Anxiety

	16
	
	        +
	        +
	
	
	Risperidone, Fluoxetine

	17
	
	
	
	
	
	

	18
	
	
	
	
	+
	ADHD

	19
	+
	
	
	+
	
	Amphetamine, Guanfacine

	20
	
	
	
	
	
	

	21
	
	
	
	
	
	

	22
	
	
	
	
	
	

	23
	
	
	
	
	
	

	24
	+
	+
	+
	
	+
	Risperidone, Methylphenidate, Citalopram / ADHD

	25
	+
	
	+
	
	
	Amphetamine, Sertraline

	26
	
	
	
	
	
	

	27
	
	
	
	
	
	

	28
	
	
	
	
	
	

	29
	
	+
	+
	+
	
	Aripiprazole, Oxcarbazepine, Clonidine, Fluoxetine

	30
	
	
	+
	
	
	

	31
	+
	+
	+
	+
	
	Amphetamine, Lamotrigine, Alprazolam, Sertraline

	32
	
	+
	
	+
	+
	Ziprasidone, Guanfacine / Anxiety

	33
	+
	
	
	+
	
	Lisdexamfetamine, Guanfacine

	34
	+
	
	+
	
	+
	Lisdexamfetamine, Venlafaxine / ADHD, Depression, Anxiety

	35
	
	
	
	
	
	

	36
	
	
	+
	
	+
	Fluvoxamine / ADHD, OCD

	37
	
	
	
	
	
	

	38
	+
	+
	+
	+
	+
	Divalproex sodium, Methylphenidate, Fluoxetine, Lamotrigine / ADHD, Depression, Anxiety

	39
	
	
	
	
	
	

	40
	
	
	
	
	
	

	41
	
	
	
	
	
	

	42
	+
	+
	+
	+
	+
	ADHD

	43
	
	
	+
	
	+
	Escitalopram / ADHD

	 Total
	11
	9
	16
	8
	14
	


1 Mood Stabilizers include antipsychotics and anticonvulsants
2 Other include sympatholytics and an antihistamine (used as an anxiolytic)

Supplemental Table 2. RB subsample demographics
	
	

	RB Subsample

	
	Group
	Group Matching

	
	TD (n=34)
	ASD low (n=19)
	ASD high (n=17)
	df
	t or x2
	p

	
	
	
	
	

	Age
	13.5 (2.4)         8-17
	14.2 (2.5)        10-17
	13.7 (3.2)        8-17
	69
	1.00
	0.32

	Sex (Male:Female)
	28:6
	17:2
	15:2
	69
	0.62
	0.73

	Handedness (Right:Left)
	31:3
	16:3
	14:3
	69
	0.99
	0.61

	Verbal IQ
	107.6 (10.4) 75-127
	108.0 (22.1) 70-147
	98.3 (16.0) 59-127
	69
	0.09
	0.93

	Nonverbal IQ
	105.3 (14.3) 62-129
	110.6 (13.8) 84-140
	102.6 (17.7) 67-136
	69
	1.29
	0.20

	Root Mean Square of Displacement (RMSD)
	0.065 (0.043) 0.017-0.215
	0.057 (0.028) 0.019-0.104
	0.065 (0.027) 0.017-0.109
	69
	0.66
	0.51

	RBS-R Total Score
	1.3 (2.0)       0-7
	13.4 (6.6)         1-22
	46.5 (20.0)         26-97
	69
	12.95
	<.001

	RBS-R Motor Subtotal
	0.2 (0.8)
0-4
	2.9 (3.0)
0-12
	12.5 (7.4)
4-31
	69
	9.35
	<.001

	RBS-R Self-Injurious
	0.0 (0.0)
0-0
	0.9 (1.6)
0-5
	4.2 (4.6)
0-15
	69
	5.51
	<.001

	RBS-R Stereotypic 
	0.3 (0.8)
0-3
	1.9 (2.1)
0-8
	8.4 (4.6)
2-16
	69
	9.42
	<.001

	RBS-R Cognitive Subtotal
	1.0 (1.7)
0-6
	8.9 (4.9)
0-18
	27.1 (12.0)
14-53
	69
	12.60
	<.001

	RBS-R Ritualistic/ Sameness
	0.2 (0.8)
0-3
	4.7 (3.4)
0-12
	15.4 (8.4)
5-29
	69
	10.42
	<.001

	RBS-R Compulsive
	0.4 (0.8)
0-4
	1.5 (1.7)
0-7
	5.8 (5.1)
1-16
	69
	6.27
	<.001

	RBS-R Restricted
	0.3 (0.6)
0-2
	2.7 (2.1)
0-8
	5.9 (2.1)
1-9
	69
	12.17
	<.001

	ADOS-2: Social Affect
	-
	9.7 (4.3)         5-17
	12.38 (4.18)   5-20
	35
	1.75
	.09

	ADOS-2: RRB
	-
	4.2 (4.5)         0-15
	4.88 (4.24)     1-19
	35
	0.43
	.67

	ADI-R: Social
	-
	18.4 (5.5)       6-26
	19.4 (3.8)      13-28
	35
	0.67
	.51

	ADI-R: Comm
	-
	13.4 (4.7)       2-19
	14.0 (5.3)       4-24
	35
	0.37
	.71

	ADI-R: RRB
	-
	4.7 (2.0)         1-9
	7.1 (1.9)         5-12
	35
	3.60
	.001

	Psychiatric Medications
	-
	8 with; 11 without
	10 with; 7 without
	35
	.84
	.32

	Co-morbidities
	-
	5 with; 14 without
	7 with; 10 without
	35
	.89
	.35


[bookmark: _GoBack]* p values calculated using Chi-square for sex and handedness; ANOVA used for 3-group comparisons; t-tests used for 2-group comparisons; RBS-R: Repetitive Behavior Scale- Revised, ADOS-2: Autism Diagnostic Observation Schedule, ADI-R: Autism Diagnostic Interview-Revised.


	



Supplemental Table 3. Medications and co-morbidities by ASD subgroup

	RB Subgroup
	Participant 
	Stimulants
	Mood Stabilizers1
	SSRI/
Antidepressants
	Anxiolytics/ Other1
	Co-morbidities
	List of medications / co-morbidities

	High
	2
	+
	
	
	
	+
	Amphetamine / ADHD

	
	8
	
	
	+
	
	+
	Fluoxetine / Depression

	
	19
	+
	
	
	+
	
	Amphetamine, Guanfacine

	
	20
	
	
	
	
	
	

	
	21
	
	
	
	
	
	

	
	23
	
	
	
	
	
	

	
	24
	+
	+
	+
	
	+
	Risperidone, Methylphenidate, Citalopram / ADHD

	
	26
	
	
	
	
	
	

	
	27
	
	
	
	
	
	

	
	28
	
	
	
	
	
	

	
	29
	
	+
	+
	+
	
	Aripiprazole, Oxcarbazepine, Clonidine, Fluoxetine

	
	30
	
	
	+
	
	
	

	
	32
	
	+
	
	+
	+
	Ziprasidone, Guanfacine / Anxiety

	
	34
	+
	
	+
	
	+
	Lisdexamfetamine, Venlafaxine / ADHD, Depression, Anxiety

	
	36
	
	
	+
	
	+
	Fluvoxamine / ADHD, OCD

	
	38
	+
	+
	+
	+
	+
	Divalproex sodium,  Methylphenidate,  Fluoxetine, Lamotrigine / ADHD, Depression, Anxiety

	
	41
	
	
	
	
	
	

	
	 Total
	5
	4
	7
	4
	7
	

	
	
	
	
	
	
	
	

	Low
	1
	
	
	
	
	
	

	
	5
	
	
	+
	
	+
	Citalopram / Depression

	
	6
	
	
	
	
	
	

	
	9
	
	
	
	
	
	

	
	11
	
	
	
	
	
	

	
	12
	+
	+
	+
	
	
	Risperidone, Sertraline, Methylphenidate

	
	15
	
	
	
	
	+
	Anxiety

	
	16
	
	        +
	        +
	
	
	Risperidone, Fluoxetine

	
	18
	
	
	
	
	+
	ADHD

	
	22
	
	
	
	
	
	

	
	25
	+
	
	+
	
	
	Amphetamine, Sertraline

	
	31
	+
	+
	+
	+
	
	Amphetamine, Lamotrigine, Alprazolam,  Sertraline

	
	33
	+
	
	
	+
	
	Lisdexamfetamine, Guanfacine

	
	35
	
	
	
	
	
	

	
	37
	
	
	
	
	
	

	
	39
	
	
	
	
	
	

	
	40
	
	
	
	
	
	

	
	42
	+
	+
	+
	+
	+
	ADHD

	
	43
	
	
	+
	
	+
	Escitalopram / ADHD

	
	 Total
	5
	4
	7
	3
	5
	


1 Mood Stabilizers include antipsychotics and anticonvulsants
2 Other include sympatholytics and an antihistamine (used as an anxiolytic)





Supplemental Figure 1. Parcellation of corticostriatal circuits into limbic (red), frontoparietal (yellow), and motor (blue) for A) striatal seeds from Choi et al. (2012) and for B) surface renderings of group-level ‘search masks’ for each cortical ROI.
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Supplemental Table 4. Cluster listings for group differences in whole-brain analysis for striatal seeds; Correlations between functional connectivity (mean z’ across all voxels within cluster) and RBS-R Total score in ASD group (n=36), controlling for age and RMSD. 
	
	
	 
	 
	 
	MNI Coordinates 
	RBS-R Correlations

	Striatal Seeds
	Direction
	Cluster 
	Cluster size (voxels) 
	Peak t [Cohen’s d]
	x 
	y 
	z 
	Total Score

	R Limbic
	ASD > TD
	Medial pre- and postcentral gyrus
	450**
	3.47 [.89]
	-15
	45
	70
	r(33)= -.10,  p=.59

	L Limbic
	ASD > TD
	Right angular gyrus
	246*
	2.97 [.84]
	-42
	60
	28
	r(33)= -.14,  p=.44

	
	
	Left middle cingulate cortex to supplementary motor area
	224*
	3.89 [1.03]
	10
	27
	49
	r(33)= .03,  p=.89

	R FP
	ASD > TD
	Medial pre- and postcentral gyrus
	217†
	3.20 [.70]
	-3
	39
	61
	r(33)= -.19,  p=.29

	R Motor
	ASD < TD
	Left ventral pre- and postcentral gyrus, left posterior insula, left posterior putamen
	415**
	-3.72 [.87]
	-63
	-15
	33
	r(33)= -.50,  p=.0025

	
	
	Right ventral pre- and postcentral gyrus
	214†
	-3.97 [.92]
	60
	6
	33
	r(33)= -.44,  p=.0088


** p<.001 corr.; * p<.01 corr. †Two clusters of marginal significance (p<.02 corr.) are additionally listed. Pearson’s r and p values in bold represent p < .05, uncorrected; Cohen’s d reported for effect size; clusters correlated with RBS-R Total were correlated with additional RBS-R measures (below).




Supplemental Table 5. Comparisons among TD, ASDlow, and ASDhigh subgroups for corticostriatal circuit connectivity indices (z’).

	
	Limbic
	Frontoparietal
	Motor

	
	L
	R
	L
	R
	L
	R

	TD (n=34)
	.55 (.13)
[.26  .80]
	.54 (.14)
[.21  .77]
	.60 (.11)
[.38  .85]
	.62 (.10)
[.44  .80]
	.59 (.14)
[.12  .78]
	.54 (.14)
[.18  .78]

	ASDlow (n=19)
	.59 (.12)
[.33  .76]
	.57 (.11)
[.33  .81]
	.63 (.16)
[.23  .81]
	.65 (.10)
[.48  .81]
	.56 (.12)
[.31  .75]
	.56 (.10)
[.39  .72]

	ASDhigh (n=17)
	.60 (.15)
[.32  .87]
	.62 (.13)
[.36  .86]
	.57 (.10)
[.38  .76]
	.56 (.10)
[.39  .72]
	.51 (.10)
[.34  .66]
	.45 (.14)
[.14  .70]

	
	df
	t
	p
	df
	t
	p
	df
	t
	p
	df
	t
	p
	df
	t
	p
	df
	t
	p

	TD vs. ASDlow
	50
	1.36
	.18
	50
	1.03
	.31
	50
	.98
	.33
	50
	1.09
	.28
	50
	.50
	.62
	50
	1.85
	.07

	TD vs. ASDhigh
	49
	1.46
	.15
	49
	2.26
	.028
	49
	.89
	.38
	49
	2.19
	.033
	49
	2.13
	.038
	49
	2.10
	.041

	ASDlow vs. ASDhigh
	33
	.08
	.94
	33
	1.08
	.29
	33
	1.44
	.16
	33
	3.09
	.004
	33
	1.64
	.11
	33
	2.78
	.009


     * Group statistics are mean (standard deviation) and range. All two-sample t-tests controlled for age and root mean square displacement












Supplemental Table 6. Comparisons among TD, ASDlow, and ASDhigh subgroups for corticostriatal circuit connectivity ratios (z’).

	
	Frontoparietal / Limbic
	Motor / Limbic

	
	L
	R
	L
	R

	TD (n=34)
	.04 (.13)
[-.25  .38]
	.08 (.13)
[-.17  .34]
	.03 (.13)
[-.38  .32]
	.01 (.14)
[-.43  .28]

	ASDlow (n=19)
	.02 (.13)
[-.32  .33]
	.06 (.07)
[-.04  .17]
	-.02 (.10)
[-.25  .13]
	-.01 (.09)
[-.15  .14]

	ASDhigh (n=17)
	-.02 (.12)
[-.18  .26]
	-.04 (.09)
[-.18  .26]
	-.06 (.11)
[-.27  .12]
	-.15 (.15)
[-.46  .12]

	
	df
	t
	p
	df
	t
	p
	df
	t
	p
	df
	t
	p

	TD vs. ASDlow
	50
	.68
	.50
	50
	.62
	.54
	50
	1.27
	.21
	50
	.39
	.70

	TD vs. ASDhigh
	49
	1.63
	.11
	49
	3.73
	.0005
	49
	2.40
	.020
	49
	3.57
	.0008

	ASDlow vs. ASDhigh
	33
	.63
	.53
	33
	3.69
	.0008
	33
	1.03
	.31
	33
	3.36
	.0020


     * All two-sample t-tests controlled for age and root mean square displacement. Values are mean (standard deviation) and [range].









Supplemental Figure 2. Surface renderings of functional connectivity between TD, ASDlow, and ASDhigh RB subgroups for three striatal seeds per hemisphere in (A) limbic, (B) frontoparietal, and (C) motor parcels.
[image: Macintosh HD:Users:ralph-axelmuller:Desktop:RB brains- subgroups.pdf]
Supplemental Table 7. Follow-up correlations with RBS-R Subtotals and Subscales, controlling for age and RMSD, for 2 clusters showing significant underconnectivity with the right motor seed in ASD.

	
	
	Left ventral pericentral cluster
	Right ventral pericentral cluster

	
	 
	r(33)
	p
	r(33)
	p

	
	RB Motor Subtotal
	-.39
	.023
	-.39
	.024

	
	Self-Injurious RB
	-.19
	.30
	-.16
	.36

	
	Stereotypic RB
	-.46
	.006
	-.47
	.005

	
	RB Cognitive Subtotal
	-.51
	.002
	-.43
	.010

	
	Ritualistic/      Sameness RB
	-.42
	.013
	-.32
	.06

	
	Compulsive RB
	-.41
	.016
	-.40
	.019

	
	Restricted RB
	-.45
	.007
	-.43
	.012


* Pearson’s r and p values in bold represent p < .05, uncorrected.



Supplemental Table 8. Correlations between corticostriatal circuit indices and Total RBS-R score
	
	Limbic
	Frontoparietal
	Motor

	
	L
	R
	L
	R
	L
	R

	 
	r(33)
	p
	r(33)
	p
	r(33)
	p
	r(33)
	p
	r(33)
	p
	r(33)
	p

	RBS-R Total
	-0.02
	0.90
	0.19
	0.26
	-0.22
	0.21
	-0.32
	0.06
	-0.14
	0.44
	-0.31
	0.08


* Pearson’s r were used for correlations and controlled for age and root mean square displacement.
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