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SUPPLEMENTARY METHODS AND RESULTS

1. Inclusion/exclusion criteria for primary analyses (discovery sample)
The following were the inclusion criteria for the present study: 1) clinician’s best-estimate DSM-5 diagnosis of either ASD (with or without other psychiatric comorbidity) or of ADHD without ASD (i.e., ADHDw/oASD ) — any presentation allowed (i.e., predominantly inattentive, combined, hyperactive impulsive); 2) completing at least one structural T1-weighted (T1w) and one resting state functional MRI (R-fMRI) scan passing our quality assurance protocols as described in the main text; 3) estimated full-scale IQ ≥ 65 — although intellectual disability was not exclusionary, ability to follow verbal instructions needed to complete the MRI scan was required; 4) English speaking. Notably, comorbid DSM-5 diagnoses were not exclusionary except for psychotic, bipolar and post-traumatic stress disorders. Other exclusion criteria for all children — i.e., regardless of ASD or ADHDw/oASD diagnosis — were: 1) currently active suicidal ideations, 2) history of any medical illness requiring chronic treatments, such as intrathecal chemotherapy, focal cranial irradiation, or epilepsy; 3) history of traumatic brain injury, and/or 4) contraindication for MRI scanning; 5) premature birth defined as prior to 32 weeks estimated gestational age or birth weight<1500g; 6) use of antipsychotics within six months prior to study enrollment; 7) reported history of genetic conditions known to be associated with ASD, such as Fragile X Syndrome, Tuberous Sclerosis, and Rett’s Syndrome; 8) absence of signed consent by the parent or legal guardian; 9) children who did not assent regardless of parental permission; 10) children aged less than 5.5 years or greater than 12 years at enrollment. Participants treated with stimulant medications were asked to discontinue them 24 hours prior to testing and the MRI session(s). To optimize the clinical transdiagnostic sample size, this study did not include typically developing children. The sample examined in the present analyses partially overlaps with that of two prior published articles, i.e. n=109 (66%) and n=159 (96%) were included in Guttentag et al., [1] in Simhal et al.,[2] respectively.

2. Diagnostic certainty 
As detailed in the main text, at least two examiners were involved in the diagnostic assessment. They included a child evaluator “blind” to presumptive diagnosis and parent concerns/questionnaires, and an “unblind” parent interviewer who had access to information about presumptive diagnosis and parent-reported concerns. Following their assessments, and scoring, the “blind” and the “unblind” evaluators met to share their notes, scores and impressions, as well as to review available records to reach an initial diagnostic impression. During this process, they completed a diagnostic certainty form to quantify their best-estimate diagnosis of ASD and of ADHDw/oASD as also described in prior work.[1] Following the two evaluators’ consensus, certainty ratings were mapped on a 1-to-10-point scale for ASD and for ADHDw/oASD, separately. Ratings from 6 to 10 indexed the evaluator’s degree of certainty of meeting criteria (for either ASD or ADHDw/oASD), with 10 indicating highest certainty of meeting the criteria. On the other end, ratings from 1 to 5 indexed the clinicians’ certainty of not meeting diagnosis of ASD or of ADHDw/oASD, with 1 indicating highest certainty of that diagnosis’ exclusion. As a note, given our diagnostic group definition, when ASD was present, it was considered the primary diagnostic designation, regardless of whether ADHD was also present or not. Across examiners, diagnostic certainty group average ratings were high for both the ASD (8.5 ± 1.6), and the ADHDw/oASD groups (8.7 ± 1.6). Inter-rater agreement for diagnostic certainty was excellent (ICC(1,1): 0.94, 95% CI = 0.93 – 0.96 for ASD and 0.91, 95% CI = 0.88 – 0.93 for ADHDw/o ASD). A multidisciplinary case conference (e.g., psychiatrists, psychologists, social worker, pre-doctoral clinical psychology fellows) reviewed all information to confirm a best-estimate diagnostic consensus of either ASD (with or without comorbidities — e.g., ADHD, anxiety disorders) or ADHDw/oASD (with or without any other comorbidity), as well as to resolve potential disagreements, as applicable. For most children (n=144, 87%; ASD n=56, ADHDw/oASD n=88) the initial diagnostic impression of the child (“blind”) and parent (“unblind”) evaluators were in agreement, and, in turn, confirmed at the multidisciplinary conference. For all, but one of the remaining 22 (13%) children, the initial diagnostic impression of the two evaluators differed and a consensus was reached at the multidisciplinary conference (ASD n=10, ADHDw/oASD n=12). For the remaining one, the final diagnosis of ASD differed from the initial evaluators’ diagnostic impression. 

3. MRI session
As described elsewhere,[2] participants who successfully completed a full MRI simulator training were invited to an MRI session. Children unable to complete at least one good quality structural T1-weighted (T1w) and one resting state functional MRI (R-fMRI) scans passing quality control in the first session, were invited back for ‘make-up’ session(s), whenever possible. In the present study, MRI data from n=21 (13% of the total N=166 sample) were obtained at a ‘make-up’ MRI session.

4. MRI data preprocessing
All MRI data preprocessing pipelines were performed using the Configurable Pipeline for the Analysis of Connectomes (C-PAC, http://fcp-indi.github.com/C-PAC/).[3] C-PAC is an open-source software that integrates features from AFNI, FSL, ANTS and FreeSurfer to build an optimized pipeline using a Nipype python library. CPAC version 1.7.0 was used for all analyses with the exception of those focusing on 36 parameter nuisance regression, implemented with a subsequent version, CPAC version 1.8.4. Below, we detail the preprocessing steps used for the study analyses. 

As shown in Figure S1a, for all analyses, T1w MRI images preprocessing steps included: i) intensity nonuniformity correction using the ANTS-based N4 algorithm;[4] ii) skull stripping using the FSL brain extraction algorithm (BET);[5] iii) tissue segmentation using FSL’s FAST;[6] iv) spatial normalization using ANTS[7] to linearly and nonlinearly transform each native T1w image to a standardized MRI MNI152 space (2mm3 isotropic). R-fMRI preprocessing comprised: i) realignment to anatomical images using AFNI 3dvolreg[8] (functional co-registered to MNI 152 2mm3) and ii) skull stripping using ANTS-based 3dAutomask ; iii) estimation of Friston 24-motion parameters using AFNI and their linear and quadratic trends along with the mean framewise displacement (FD);[9, 10] iv) mean-based intensity normalization; v) nuisance signal regression. For the discovery analyses, nuisance signal regression included regressing out 24 motion parameters based on Friston 24-Parameter Model[9] and component-based noise correction (aCompCor).[11] aCompCor allows to regresse physiological noise indexed by the top five principal components within white matter and CSF masks.[11] As detailed in section 3.1, for the analyses on robustness to nuisance regression preprocessing, two different methods were used instead of aCompCor: global signal regression (GSR)[12] and 36 nuisance parameters regression as described below.[13] vi) Temporal bandpass filtering (i.e., removing frequencies outside the range of 0.01-0.1 Hz, using the AFNI 3dbandpass algorithm) followed nuisance regression; then, vii) functional-to-anatomical coregistration using FSL FLIRT’s boundary-based registration (BBR)[14] and spatial normalization of functional images to a the standard MNI152 space (2mm3 isotropic) were obtained by applying linear and non-linear transforms from ANTs. viii) Lastly, spatial smoothing was applied using a 6mm full width at half maximum (FWHM) of a 3D Gaussian kernel using FSL. For computational efficiency in the case of MDMR analyses and consistency across analytical approaches, all analyses were conducted after resampling the preprocessed data to a 4mm isotropic resolution.

4.1 Robustness to distinct nuisance regression strategies  
To assess whether patterns of results from the discovery brain-behavior analyses were robust to different preprocessing pipelines, we repeated preprocessing using two validated nuisance regression pipelines[12, 13] as alternatives to aCompCor.[11] One pipeline included global signal regression (GSR)[12] along with 24-Friston model-based motion parameters, white matter and CSF regression. This was calculated at the individual level by averaging all voxel time-series within a whole-brain 25% probability FSL-based gray matter mask generated by CPAC and regressed out from each individual’s time series. The other pipeline involved 36 parameter motion nuisance regression (36-P)[13] which regresses the primary 6 motion parameters, the white matter, CSF, and global time courses, their quadratic terms and temporal derivatives. Following preprocessing, robustness analyses were conducted at the cluster-level by 1) averaging the mean iFC values across all voxels in the masks of the cluster(s) showing significant iFC-behavior associations based on our discovery MDMR/SCA approach; and 2) correlating this mean iFC with the behavioral metric(s) of interest after regressing out age, sex assigned at birth, median FD, ADOS-2 CSS/ADHD-KSADS ratings consistent with our primary SCA analyses, as well as mean full brain connectivity of the given seed as in prior SCA studies.[15–17] we used the same approach to conduct the robustness assessment to longer time series or alternative behavioral measures in data processed with preprocessing pipeline used for primary analyses.  


5. KSADS-ADHD symptom severity
Discovery brain-behavior analyses of ADHD symptoms were based on clinician’s ratings on the n=18 KSADS-PL ADHD-specific questions that include n=9 questions on inattentive symptoms and n=9 on hyperactive/impulsive symptoms formulated on the basis of DSM-III_R and -IV ADHD symptom criteria.[18] The KSADS is a widely used and validated semi-structured diagnostic interview for children and adolescents in our study age range that assesses a wide range of psychopathology, including ADHD. Clinicians score each question using a 1-3 point rating scale, depending on the symptom presence, frequency and interference with functioning (“1”=absent, “2”=subthreshold, “3”=threshold). To attain a total score of ADHD symptom severity, we summed ratings across the 18 ADHD items after converting raw scores of “3” to 1, scores of “2” to 0.5, and scores of “1” to 0. We referred to this sum as the KSADS ADHD total score with a range between 0 and 18, with higher scores indicating greater severity. Scores of inattention and hyperactivity/impulsivity symptoms were derived by summing their 9 items separately (i.e., KSADS IN and KSADS H/I subscores; ranging from 0 to 9). To assess the validity of the KSADS ADHD clinician-based ratings, we correlated them with the SWAN-P averaged total, inattentive and hyperactivity/impulsivity ratings. All ratings were highly correlated, Pearson r(165)>0.5 (ranging from r=.54 to r=.63), at p<0.0001, FDR corrected (see Figure S2). 

[bookmark: _3fp6t5f2t4ti]6. Gene expression decoding and enrichment analyses
[bookmark: _8d79ppe23p89]After  gene decoding- i.e., the identification of genes whose expression in the brain is spatially correlated with the iFC map of interest, we run gene enrichment- i.e., testing if the expressed genes were enriched for genes previously reported to have greater rate of variants in ASD and ADHD.[19]
[bookmark: _sfssq08aixks]Consistent with prior work,[20, 21] we performed gene decoding analysis using NeuroVault,[22] a web-based repository that interoperates with the Allen Institute Human Brain (AHB) gene expression data.[23] The AHB is a multi-modal atlas that maps postmortem gene expression across the human brain integrating anatomic and genomic information from six donors; this has been widely used to establish inferential correlations between neuroimaging and transcriptomic brain maps.[23] Here, we focused on the iFC map of the MFG seed that showed a significant association to ADOS-2 CSS-Total based on our discovery MDMR/SCA framework. To assess the spatial similarity of each gene’s spatial expression pattern with the MFG iFC, after uploading the MFG iFC map in NeuroVault (NeuroVault ID: 790618), we used mixed linear modeling as implemented in NeuroVault in each of the 6 donor brains across the 20,787 total genes included in the AHB atlas. The significance of the associations between the gene expression patterns and the MFG iFC map was then assessed via one-sample t-tests of the gene- and donor-specific slopes. The resulting list of genes from these t-tests were then thresholded for multiple comparisons (FDR at q<0.05). Given that positive and negative values were present among the voxels of the MFG iFC map, genes with positive and negative t-statistics were equally retained for gene enrichment analysis.
[bookmark: _opzhww8yi51w]
[bookmark: _433f6tji0dum][bookmark: _ubiz4jsgotnt]Gene enrichment. We conducted gene enrichment analysis using a list of n=1,046 unique genes selected from a large exome study of ASD and ADHD by Satterstrom et al.[19] The complete list of these 1,046 genes can be found in Table S4 and includes both protein-truncating and missense variants. Specifically, the list was composed of two sets of genes. One encompassed n=932 genes with high rate of protein truncating variants (PTV) and high probability (>0.9) of being loss-of-function intolerant (pLI), that were reported to have a similar rates of variance in both individuals without comorbid intellectual disability and diagnosis of autism and/or ADHD (so to be consistent with our sample characteristics).[19] The other set included genes representing PTVs with pLI<0.9, as well as Missense (Mis) variants, selected from the larger list of genes examined by Satterstrom et al.[19] and reported to also have a greater rate of variance in ADHD and ASD relative to neurotypical controls. Specifically, from the total of 1,514 genes not overlapping with the set of n=932 mentioned above, we selected n=114 based on the results of a two-tailed Fisher z exact test comparing the rate of variance between ‘cases’ (i.e., ASD and ADHD) without intellectual disability vs. controls (using the fisher.test function in R as in Satterstrom et al.).[19]  These n=114 genes survived statistical significance at FDR corrected q<0.05.  In order to reduce the risk of false findings with multiple gene enrichment tests, we did not assess other ASD- or ADHD-specific gene lists or recently reported shared common variants lists that only included < 30 genes.[24, 25]  Enrichment was calculated by using hypergeometric statistical testing and quantified with odds ratios (OR). Consistent with prior work,[20, 21, 26, 27]  the background total used for enrichment analyses was set to n=20,787 genes (i.e. the number of protein-coding genes quantified in the AHBn Atlas). Only those genes surviving correction for multiple comparisons at FDR q<0.05 were considered statistically significant. The custom R code used for genetic decoding and enrichment analysis is publicly available on GitHub at github.com/ChildMindInstitute/ASD_ADHD_BrainBehaviour_Genomics. Results from genetic enrichment analyses revealed significant enrichment for n=107 genes among the total n=1,519 genes topographically expressed within the MFG-iFC map. Of note, most of the enriched genes (n=100, 93%) represented protein-truncating variants, and were genes with high probability (>0.9) of being loss-of-function intolerant (n=101, 94%). 

7. Network Segregation Analyses 
Our primary discovery voxel-level analyses revealed that internetwork iFC patterns between two nodes, one in the frontoparietal (FP) and one in the default mode (DMN) network (i.e., MFG and PCC, respectively) were dimensionally related to autistic symptom severity. To explore the extent of internetwork iFC relationships with autistic symptoms beyond the two specific clusters identified in primary MDMR/SCA analyses (i.e., MFG and PCC), we computed the segregation index (SI)[28] across network pairs defined by the 7 functional Yeo-Krienen network system.[29] As in Chan et al.,[30] SI was calculated to indicate the relative strength of within-network iFC compared to between-network iFC. These follow-up secondary analyses were conducted at the parcellation level, given their summary purpose. Specifically, for the present study, within-network iFC was computed as the average node-to-node connectivity across all nodes within a functional network. Between-network iFC was computed as the average node-to-node connectivity between each node of a functional network and all nodes of the other functional networks. We examined all the Schaefer 400 cortical parcels,[31] except for 12 limbic parcels that were outside our study specific brain mask (Figure S3). To calculate within- and between-network iFC across the remaining n=388 parcels, we extracted the mean time series from each parcel for each individual. We then interrogated the relationship between network pair SI and autistic symptoms, by means of Pearson correlations between SI for each network pair and autistic symptoms indexed by ADOS-2 CSS-Total. Specifically, we quantified the SI of FP and DMN networks by assessing all parcels of these networks but excluding voxels that overlapped with MFG and PCC. Then, we also explored the SI of the FP with each of the remaining five networks pairs (i.e, FP-VIS, FP-MOT, FP-DAN, FP-VAN, FP-LIM), as well as the SI of the DMN with the same remaining five networks pairs (i.e., DMN-VIS, DMN-MOT, DMN-DAN, DMN-VAN, DMN-LIM). Of note, the SI across the parcels assigned to each pair of networks examined was computed for each individual averaging across hemispheres. Results were corrected for multiple comparisons at FDR q<0.05 (see Figure 2c).

[bookmark: _ziapaqb241y1]8. Control genetic decoding/enrichment analysis
To examine the specificity of the genetic enrichment results, we performed a control analysis. Specifically, we decoded genes expressed in an iFC map derived by a control seed and tested their enrichment with the same ASD/ADHD shared list used in our main enrichment analyses. To carry out this approach, we first selected a control seed based on the following criteria: i) falling in an area with low and non-significant brain-behavior statistics (i.e., Z>-0.5 and Z<0.5) in the MDMR analysis of ADOS-2 CSS, ii) seed with an iFC map with minimal spatial correlations with the MFG iFC map (Pearson r<=-0.20). The resulting seed was placed in the supracalcarine cortex (x=22, y=12, z=22; 5mm radius sphere; NeuroVault: ID 781986) of the central visual functional network. Then, we used the derived iFC map from this control seed to carry out gene decoding and gene enrichment analysis as described in main text and above in section 6. Analyses revealed that the n=7,572 brain decoded genes from this central visual iFC map (full list available in GitHub) were not significantly enriched for the ASD/ADHD genes tested in main analysis (OR=1.7, p=0.2ns). Overall, these results suggest that the ASD/ADHD gene enrichment findings are specific to the MFG-iFC map relevant for autism symptoms across diagnoses. 

9. Gene ontology analysis
To explore the biological processes associated with the n=107 genes resulting from the genetic enrichment analyses, we used the Gene Ontology database implemented with AmiGO 2. AmiGO 2 is a web-based open-source set of tools for querying, browsing, and visualizing GO data that includes electronic and manually curated annotations of GO biological processes.[32] We used the 2024-01-17 release version of the GO database.[33] Specifically, we compared our list of 107 genes to a reference list of all genes in the database for Homo Sapiens using over-representation analysis. All GO terms surviving FDR correction at q<0.05 were retained and they are listed in Table S7, including the full name of the related GO biological process terms. Given that biological processes are highly related and to aid interpretation of results, GO sorts terms hierarchically starting from the most specific subclass to the more general terms (referred to as parent terms). These general terms are shown as indented terms directly below the more specific terms in Table S7. Given that the most specific terms (or “child” terms) out of the top-20 most statistically significant terms indexed processes related to neuron morphogenesis, Figure S6 summarizes the most specific terms in this subclass, along with their GO term identification, number and definitions. These include axonogenesis, dendritic spine morphogenesis, axon extension, and axon guidance, all of which share neuron projection morphogenesis as a ‘parent’ term (also see Figure 4). 











SUPPLEMENTARY FIGURES
[image: ]Supplementary Figure S1: Diagram of the preprocessing steps for T1-weighted and resting-state fMRI data. a) Diagram showing the preprocessing steps for T1-weighted (T1w) structural MRI scans (left) and for resting-state fMRI scans (right) used for all analyses; b) the inset illustrates specific details on the three different nuisance regression strategies used for discovery and robustness analysis (i.e., a principal components analysis strategy (aCompCor), global signal regression (GSR), or a 36-motion parameter model strategy (36P)). 











Supplementary Figure S2: Correlations between KSADS and SWAN ADHD symptoms. The scatterplots show the correlation between clinician-based KSADS total, inattentive and hyperactive/impulsive subscore distributions, and the corresponding parent-based SWAN (from left to right) across the n=166 children included in this study. Abbreviations: KSADS, Kiddie-Schedule for Affective Disorders and Schizophrenia for School-Age Children–Present and Lifetime Version; SWAN, Strengths and Weaknesses of ADHD Symptoms and Normal Behavior.
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Supplementary Figure S3: Group-level study-specific mask. MNI 152 standard brain overlaid with a 100% group-level whole-brain functional volume mask (shown in yellow), i.e., including voxels present across all n=166 participants (total number of voxels, n=10,664). 
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Supplementary Figure S4: ADOS-2 symptom subdomains association with iFC. a) Z-score voxel-level maps resulting from Multivariate Distance Matrix Regression (MDMR) using calibrated severity scores for social affect (CSS-SA) or restricted repetitive behaviors (CSS-RRB) in the model. At the whole-brain level, no associations survived Gaussian Random Field Theory correction (Z>3.1,  p≤0.01). However, consistent with notable subthreshold iFC associations with SA in PCC, correlations conducted at the cluster-level based on the findings obtained in the primary analysis using CSS-Total, revealed a moderate association with CSS-SA (r(164)=0.23, p=0.003) but not with CSS-RRB (r(164)=0.08, p=0.29).  This is shown in the b) scatter plots of relationships between CSS-SA (left) or CSS-RRB (right) and MFG iFC with PCC across children with autism spectrum disorder (ASD; blue diamonds) and ADHD without ASD (ADHDw/oASD; green circles). Both iFC and ADOS-2 CSS-SA and CSS-RRB are shown as residuals after regressing the same covariates used in discovery brain-behavior analyses (i.e., median FD, age, sex and KSADS ADHD total score). Z-score maps and the circuit examined were overlaid onto brain surface maps.
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Description automatically generated with medium confidence]Supplementary Figure S5: MDMR analysis revealed no statistically significant brain-behavior transdiagnostic relationships for ADHD symptoms. The unthresholded Z-score volumetric maps show the correlations between whole-brain iFC and ADHD total, inattentive, and hyperactive impulsive symptoms (going from left to right) indexed by ratings derived from a) clinician-guided KSADS parent interviews and b) SWAN parent questionnaires. There were no statistically significant correlations after cluster-level Gaussian Field Theory correction at Z>3.1, p≤0.01.














[image: ]Supplementary Figure S6:  Hierarchy tree of the most representative Gene Ontology (GO) biological processes terms for the top statistically significant results. Exploratory analysis leveraging the GO annotation resource[32] allowed us to identify associations between biological process terms and the n=107 genes identified as enriched in the iFC map relevant for autistic traits. GO biological process terms surviving FDR correction at q<0.05 were retained (see Table S7 and Supplementary material). GO biological processes are organized in a hierarchy from top to bottom of a hierarchy tree, going from more general to increasingly more specific processes (i.e., “parent” and ‘child" respectively).  Here, we visualize the hierarchy tree associated with the most specific of the top-most statistically significant GO terms. All of them were related to the ‘parent’ term “Neuron projection morphogenesis”, shown in the dark gray layer at the top of the tree. The lower layers of the figure in lighter gray show the related ‘child’ terms (i.e., “Axonogenesis”, “Dendritic spine morphogenesis”, “Axon extension”, “Axon guidance” and “Regulation of axonogenesis”). For each GO term, the term name and the number of genes showing significant associations with the GO term are indicated, as well as the FDR corrected p-values at q<0.05. The GO term IDs are also shown in blue boxes. A definition of each GO term provided by the GO database,[32] is as follows. a. Neuron projection morphogenesis: the process in which the anatomical structures of a neuron projection are generated and organized. A neuron projection is any process extending from a neural cell, such as axons or dendrites. b. Axonogenesis: de novo generation of a long process of a neuron, including the terminal branched region. Refers to the morphogenesis or creation of shape or form of the developing axon, which carries efferent (outgoing) action potentials from the cell body towards target cells. c. Dendritic spine morphogenesis: The process in which the anatomical structures of a dendritic spine are generated and organized. A dendritic spine is a protrusion from a dendrite and a specialized subcellular compartment involved in synaptic transmission. d. Axon extension: Long distance growth of a single axon process involved in cellular development. e. Axon guidance: the chemotaxis process that directs the migration of an axon growth cone to a specific target site in response to a combination of attractive and repulsive cues. f. Regulation of axonogenesis: any process that modulates the frequency, rate or extent of axonogenesis, the generation of an axon, the long process of a neuron.
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