Supplementary Information

Methods

GeoPref eye tracking test

Eye tracking was conducted using Tobii software (Tobii Studio and Tobii Pro Lab), and
fixation data were collected using a velocity threshold of 0.42 pixels/ms (Tobii Studio Tobii
Fixation Filter) or 0.03 degrees/ms (Tobii Pro Lab Tobii IV-T Fixation Filter). Percent fixation to
dynamic social images was used as an index of social visual attention and was computed by
dividing fixation duration within an area of interest drawn around the dynamic social images by
the total fixation duration across the entire video. In order to control for spatial biases, spatial
location of stimuli presentation (left/right) was randomly assigned across subjects. A total of 28
different geometric/social scenes of variable duration (0.8—3.7 seconds) were presented and lasted
62 seconds.

Of the total 86 subjects with resting-state fMRI data, 65 (32 ASD/33 non-ASD) had moderate
or good eye tracking performance and total looking time > 50%. The other 21 subjects either failed
to complete the eye tracking session, or the data quality was poor. For the demographic
characteristics and clinical testing scores in ASD and non-ASD subjects with and without
successful eye tracking data, see Table S2. Fifty-nine of these 65 subjects completed the GeoPref
test prior to the fMRI scan, and 6 completed the test after the fMRI scan.

ME-ICA procedure

Multi-echo principle component analysis (ME-PCA) was then applied as a dimensionality
reduction technique before application of ME-ICA denoising. ME-ICA takes the ME-PCA
reduced data and identifies independent components (ICs) that are then scored by pseudo-F
statistics rho (p) and kappa (k), which denote degree of non-BOLD and BOLD-related signal
weightings based on TE-dependence analysis [2,3]. ICs with high rho (p) and low kappa (k) are
components of non-BOLD related signal and are removed as part of the denoising process, while
ICs with low rho (p) and high kappa (k) scores are components with high levels of BOLD-related

signal and are retained. This ME-ICA denoising procedure has been shown to be effective at



substantially increasing temporal signal-to-noise ratio (tSNR) and successfully removes a large
proportion of the head-motion related and other complex non-BOLD artifacts [2—6] and vastly
improves test-retest reliability of functional connectivity measures [7].
Group comparisons of head motion

Head motion was quantified via framewise displacement (FD) [8]. The group average FD
was minimal (mean FD < 0.11 mm) in both ASD (mean £ SD = 0.081 £+ 0.036 mm, range 0.031—
0.19 mm) and non-ASD subjects (mean £ SD = 0.11 = 0.1 mm, range 0.038-0.58 mm). There
were no significant group differences between ASD and non-ASD subjects (#(84) =-1.57, p=0.13)
in two-tailed two-sample #-tests.
Characteristics of Mullen and Vineland subtests

Mullen expressive and receptive language tap different aspects of language abilities, with
expressive language tapping speaking and receptive language tapping auditory comprehension [9].
As expressive language is related to social skills [10,11], Vineland communication which taps
language abilities including both expressive and receptive language and written language is an
interaction of language and social constructs [12]. Vineland socialization indexes social
functioning within age-normed contexts.
Calculation of Mullen adjusted age equivalent scores

For Mullen T scores, 23.5% of young children with ASD (12 out of 51) in our study performed
at levels that were below 20, and in order to enhance accuracy for brain-behavior correlations, we
used the age equivalent adjusted language scores to reflect their ability, rather than artificially
assigning all such children a score of 20. Specifically, we converted all young children’s raw scores
to Mullen age equivalent values in months and then divided that by the child’s chronological age
at testing and multiplying by 100. Thus, a 20 month old child with a Mullen age equivalent of 20
months would have a score of 100, while a 40 month old child with the same Mullen age equivalent

of 20 months would have a score of 50.



Table S1. Clusters showing significant connectivity—behavior relationships.

Group/Contrast Behavior (scores) Region Peak MNI coordinates ~ Cluster size
(voxels)
X y
Left temporal ROI
ASD subjects  Vineland communication  Left cuneus -15 -67 3 155
Right temporal ROI
Non-ASD vs. Mullen age equivalent ACC, 8 40 16 211
ASD subjects adjusted expressive DLPFC
language .
Right LPC 35 -60 36 95
Non-ASD vs. Vineland Right LPC 32 -60 36 142
ASD subjects communication
Non-ASD vs. Vineland socialization Right LPC 35 -60 36 287
ASD subjects .
Right 22 -50 -38 242
cerebellum
ACC, 8 40 19 197
DLPFC
Non-ASD Mullen age equivalent ACC, 8 40 16 698
subjects adjusted expressive DLPFC
language .
Right LPC 25 -57 46 111
Non-ASD Vineland ACC, 8 40 16 145
subjects communication DLPFC
Right 18 -50 -38 113
cerebellum
Right LPC 32 -60 40 79
Non-ASD Vineland socialization ACC, 8 40 -16 584
subjects DLPFC
Right LPC 32 -60 40 234
Right 22 -47 -38 225
cerebellum
ASD subjects Mullen age equivalent Left -5 -54 30 78
adjusted expressive precuneus
language

Note: Clusters were corrected for multiple comparisons with voxel-wise p =0.001 and cluster size >
63 voxels (cluster-wise p < 0.05, FWE corrected). Abbreviations: ACC, anterior cingulate cortex;

DLPFC, dorsolateral prefrontal cortex; LPC, lateral parietal cortex.



Table S2. Demographic characteristics and clinical testing scores in ASD and non-ASD

subjects with and without successful eye tracking (ET) test.

With ET test Without ET test With vs. without ET test
Cohen's d
Mean (SD) Range Mean (SD) l Range t value p value
ASD subjects
Sample size (M/F) 25/7 16/3 ¥2=0.03 0.87
Age at MRI scan, months 28.94 (9.17) 14-55 27.89 (9.46) 16-52 0.385 0.703 0.112
Age at clinical tests, months 27.62 (8.12) 1245 27.33 (9.63) 15-51 0.111 0.912 0.034
ADOS social affect 14.12 (3.55) 6-20 13.47 (3.79) 8-19 0.607 0.548 0.179
ADOS restricted and 5.38 (2.01) 29 5.84 (1.8) 3-8 -0.856 0.397 0.241
repetitive behavior
ADOS Total 19.5 (4.79) 8-27 19.32 (4.88) 11-27 0.131 0.896 0.038
Mullen visual reception 37.62 (13.41) 10-63 34.74 (13.9) 1-58 0.727 0.472 0.213
Mullen fine motor 37.81(13.19) 20-60 38.74 (12.07) 20-57 -0.255 0.8 0.072
Mullen receptive language 33.25(14.37) 11-59 25.47 (13.99) 1-56 1.9 0.065 0.546
Mullen expressive language 33.91 (16.61) 7-63 23.89 (14.82) 1-56 2.229 0.031 0.627
Mullen early learning 75.59 (19.9) 42-115 65.37 (20.03) 29-105 1.767 0.085 0.513
composite
Vineland communication 82.81(19.24) 35-126 79.42 (11.77) 55-99 0.781 0.439 0.201
Vineland daily living skills 87.44 (13.02) 63-116 84.68 (9.51) 68-100 0.868 0.39 0.232
Vineland socialization 85.88 (11.94) 57-108 77.79 (10.98) 60-97 2.461 0.018 0.697
Vineland fine motor 94.84 (10.05) 74-117 85.78 (8.22) 74-105 3.448 0.001 0.96
Vineland adaptive behavior 83.84 (12.69) 58-111 78.58 (7.79) 67-94 1.835 0.073 0.472
composite
Non-ASD subjects
Sample size (M/F) 21/12 0/2 ¥2=1.08 0.3
Age at MRI scan, months 25.12 (8.03) 14-46 38.5(7.78) 3344 -2.357 0.231 1.667
Age at clinical tests, months 26.21 (7.84) 13-37 28.5(17.68) 1641 -0.182 0.885 -0.275
ADOS social affect 3.06 (1.64) 0-8 1.5(0.71) 1-2 2711 0.13 0.965
ADOS restricted and 1.61 (1.52) 0-5 0.5(0.71) 0-1 1.955 0217 0.737
repetitive behavior
ADOS Total 4.67 (2.15) 0-9 2 (1.41) 1-3 2.498 0.194 1.254
Mullen visual reception 54.3 (12.11) 30-80 47.5(0.71) 47-48 3.14 0.004 0.57
Mullen fine motor 49.85 (8.34) 35-67 50(9.9) 43-57 -0.021 0.986 0.018
Mullen receptive language 47.24 (11.84) 23-73 37 (2.83) 35-39 3.566 0.022 0.878
Mullen expressive language 44.09 (12.14) 25-70 27 (5.66) 23-31 3.778 0.086 1.425
Mullen early learning 98.03 (16.57) 71-130 81.5 (7.78) 76-87 2.662 0.145 1.009
composite
Vineland communication 96.67 (10.69) 70-122 89.5 (10.61) 82-97 0.927 0.51 0.67
Vineland daily living skills 96.58 (10.64) 76-122 91.5(17.68) 79-104 0.402 0.755 0.465
Vineland socialization 96.67 (9.9) 79-126 95.5(12.02) 87-104 0.135 0.914 0.117
Vineland fine motor 98.25 (9.8) 71-115 101 (1.41) 100-102 -1.374 0.194 0.285
Vineland adaptive behavior 95.18 (9.58) 79-128 91 (15.56) 80-102 0.376 0.769 0.426
composite
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Figure S1. Regions of interest (ROIs) for the functional connectivity analysis. The upper row

Transformed ROIs with
linear registration

shows the original ROIs mapped onto the adult brain, and the lower row shows the transformed
ROIs with linear registration mapped onto the 2-year-old toddler brain. The ROls, i.e., left and
right temporal regions, were extracted from the Neurosynth ‘language’ meta-analysis map

(https://neurosynth.org/).
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