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Supplementary Figure 1. Nucleus accumbens (NAcc) whole-brain connectivity in males with and without ASD. Red/yellow indicate positive connectivity with the NAcc seed; blue/cyan indicate negative connectivity with the NAcc seed. Maps are shown at z>3.1, corrected for multiple comparisons at p<0.05. NT, neurotypical; ASD, autism spectrum disorder.
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Supplementary Figure 2. Effects of OXTR genetic risk on connectivity of the NAcc in males with and without ASD. Brain regions showing greater connectivity with the NAcc as a function of increased OXTR genetic risk are shown in red/yellow. Areas showing reduced functional connectivity with the NAcc as a function of increased OXTR genetic risk are shown in blue/cyan. Areas in which OXTR risk-allele dosage differentially modulates NAcc connectivity in NT males vs. ASD males are shown in maroon. Maps are shown at z>3.1, corrected for multiple comparisons at p<0.05. NT, neurotypical; ASD, autism spectrum disorder.
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Supplementary Figure 3. Group by sex by OXTR interactions showing brain regions where the effects of OXTR in NT males vs. females differed from those observed in ASD males vs. females. Graphs are for illustrative purposes and show the relationship between NAcc connectivity and number of OXTR risk alleles for each participant. Maps are shown at z>3.1, corrected for multiple comparisons at p<0.05. NT, neurotypical; ASD, autism spectrum disorder.
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Supplementary Figure 4. OXTR risk-allele dosage differentially modulated NAcc connectivity in ASD females vs. NT males. There were no regions where NT males showed greater connectivity with the NAcc as a function of increasing OXTR risk-allele dosage relative to ASD females. Maps are shown at z>3.1, corrected for multiple comparisons at p<0.05. NT, neurotypical; ASD, autism spectrum disorder.
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Supplementary Table 1. Medication Usage. Fifteen ASD females were medication free (46.9%), 9 were taking one psychotropic medication (28.1%), and 8 were taking two or more medications (25%). Nineteen ASD males were medication free (51.4%), 11 were taking one psychotropic medication (29.7%), and 7 were taking two or more medications (18.9%). All NT participants were medication free.
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Supplementary Table 2. Descriptive information for ASD-Associated OXTR variants. Odds ratios (Di Napoli et al., 2014; LoParo & Waldman, 2015). eQTL evidence reported from the Genotype-Tissue Expression Project (GTEx; Lonsdale et al., 2008). eQTL; expression quantitate trait loci. 
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Supplementary Table 3. Peak coordinates of brain regions modulated by variability in OXTR risk-allele dosage; z>3.1, corrected for multiple comparisons at p<0.05.
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Supplementary Table 4. Results in a subset of IQ-matched females with and without ASD. Follow-up analyses were performed by removing 5 NT females with the highest IQ scores, and 5 ASD females with the lowest IQ scores, thereby creating two female groups (NASD=27, NTD=18) matched for verbal IQ (MASD=105.4, MTD=108.3, p=0.48), nonverbal IQ (MASD=102.1, MTD=107.0, p=0.24), and full-scale IQ (MASD=103.1, MTD=109.1, p=0.14). In this smaller group of participants, parameter estimates were extracted from brain regions showing a main effect of OXTR risk-allele dosage on NAcc connectivity in the larger sample (i.e., regions displayed in Figure 2A,B), as well as brain regions where an interaction was detected (i.e., regions displayed in Figure 2C); parameter estimates were then correlated with OXTR risk-allele dosage. All reported results held in this smaller sample of NT and ASD females matched for IQ. Correlation coefficients, as well as two-tailed p-values are presented for each of the main clusters.
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Supplementary Table 5. Peak coordinates of sex differences in NAcc functional connectivity as a function of OXTR risk in youth with ASD; z>3.1, corrected for multiple comparisons at p<0.05.
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OXTR Risk: ASD Females > NT Males
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Amphetamine
Aripiprazole
Atomoxetine
Bupropion
Buspirone
Chlorpromazine
Citalopram
Clonidine
Divalproex sodium
Escitalopram
Fluoxetine
Guanfacine
Lamotrigine
Lisdexamfetamine
Methylphenidate
Oxcarbazepine
Quetiapine
Risperidone
Sertraline
Ziprasidone
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ASD-Associated OXTR Variants

| rs1042778 rs2254298 rs53576 rs237887 |
Location 3' UTR Intron Intron Intron
Minor Allele T A A G
Minor Allele Frequency 0.45 0.17 0.32 0.38
Odds Ratio 0.97 1.15 1.27 0.88
Brain eQTL No No Yes No
ASD Homozygous Non-Risk F4, M7 F26,M29 F11,M17 F4, M8
ASD Heterozygous F17, M 17 F6, M8 F15,M14 F 18, M 13
ASD Homozygous Risk F11, M 13 FO, MO F6, M6 F 10, M 16
NT Homozygous Non-Risk F6,M11 F25 M25 F12,M22 F8 M5
NT Heterozygous F12, M9 F8 M7 F16,M9 F 12, M 15
NT Homozygous Risk F 15, M 14 FO, M2 F5 M3 F13, M 14
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ASD Female OXTR Modulation

Max

MNI Peak (mm) Max MNI Peak (mm)
| X Yy z V4 OXTR- X y z z
Caudate -12 0 20 4.44 lateral Occipital Cotrex, inferior 40 -80 4 3.49
Putamen -24 -6 14 3.27 Lateral Occipital Cotrex, superior 36 -86 12 3.96
Thalamus -12 -16 6 3.69
NT Female OXTR Modulation |
MNI Peak (mm) Max MNI Peak (mm) Max
| X y z V4 OXTR- X y 4 V4
Frontal Medial Cortex L -2 50 -12 4,59 Cingulate Gyrus, anterior R 4 26 22 4.46
Frontal Pole R 2 64 -10  3.98 Frontal Pole R 22 38 28 4.19
Lateral Occipital Cortex, superior R 26 -88 28 4.85 Paracingulate Gyrus R 12 18 42 4.42
Occipital Pole R 32 -92 20 3.98 Superior Frontal Gyrus R 20 10 52 3.51
Postcentral Gyrus L -14 -46 62 4.15
Precentral Gyrus L -12 -34 62 5.34
| Interactions |
MNI Peak (mm) Max MNI Peak (mm) Max
ASD connectivity increases, ASD connectivity decreases,
. . . X y z z L . . X y z z
NT connectivity decreases with more risk TD connectivity increases with more risk
Frontal Pole R 26 38 26 3.90 Lateral Occipital Cortex, inferior R 36 -86 8 491
Thalamus L -10 -16 2 4.03 Lateral Occipital Cortex, superior L -24  -78 24 3.76
Lateral Occipital Cortex, superior R -32  -88 28 4.46
Occipital Pole R 26 -96 20 3.65
Postcentral Gyrus L -10 -38 60 3.71
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OXTR Modulaiton in Groups Matched for IQ

| Group ROI Cluster Connectivity-OXTR r p-value:
NT female Frontal Medial Cortex 0.57 0.002
NT female Precentral 0.51 0.006
NT female Occipital 0.58 0.001
NT female Frontal Pole -0.42 0.026
NT female Anterior cingulate -0.49 0.008
ASD female Subcortical 0.84 <0.001
ASD female Occipital -0.61 0.001
Interaction Frontal Pole NT =-0.42; ASD = 0.44 0.001
Interaction Thalamus NT =-0.43; ASD = 0.66 <0.001
Interaction Occipital NT = 0.55; ASD = -0.57 <0.001
Interaction Postcentral NT = 0.49; ASD =-0.29 0.003
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IGender Differences in OXTR modulation

Max

ASD female connectivity increases, MNI Peak (mm)
ASD male connectivity decreases
| with more risk X Y z z
Caudate L -12 10 10 5.09
Caudate R 14 14 0 4.12
Frontal Pole L -20 44 22 3.90
Fronal Pole R 26 50 34 4.95
Thalamus L -8 -8 16 4.56
Thalamus R 12 -2 4 4.05
Pallidum R 18 8 2 3.74
Pallidum L -16 6 2 3.65
Putamen R 16 12 -2 3.77
Putamen L -16 8 0 3.74
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Neurotypical (NT) Males










Neurotypical (NT) Males

Autism S pectrum Disorder (AS D) Males

R

R


image2.emf
NT Males ASD Males
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