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Figure S1: Example of variable combinations. For each dataset, metadata variables available for 
6 or more subjects were evaluated. Remaining non-numeric variables with more than 2 
categories were expanded to all possible 2-group contrasts and tested (Adonis and feature 
selection). Each value from each categorical variable was then used to identify subsets of subjects 
and all tests were repeated within each subset. 
  



 
Figure S2: Data analysis workflow. Raw data were downloaded and preprocessed using 
standardized in-house pipelines. Metadata were curated according to the Second Genome 
controlled vocabulary and metadata variables were selected for inclusion in the analysis based 
on their prevalence in multiple studies. Combinations of variables were also generated (see 
Supplementary Figure S1). Feature selection was performed in each dataset individually for all 
included metadata variables and variable combinations. Meta-analysis was performed using 
effect sizes and standard errors for each feature (taxon)-variable pair across multiple datasets. 
Figure generated with Biorender. 
 
 



 
Figure S3: Age distribution by study group. For studies which reported ages of participants, age 
distributions are compared between study groups. Statistically significant differences in age 
between ASD and NT children are shown (*P < 0.05, Wilcoxon test). Another major confounder, 
bowel function, is also shown for each participant. Subsetting the ASD group to only children with 
normal bowel function reduces the number of studies and participants that can be included in 
the analysis. Likewise, there are not enough NT children with abnormal bowel function to run a 
meta-analysis. 
 



 
Figure S4: Variables associated with the gut bacterial community in subsets of individuals at 
genus level. Proportions of datasets with significant tests for each variable combination are 
plotted. Columns represent subset values while rows represent test variables. 
 



 
Figure S5: Variables associated with the gut bacterial community in subsets of individuals at 
species level. Proportions of datasets with significant tests for each variable combination are 
plotted. Columns represent subset values while rows represent test variables. 
 
 



 
Figure S6: Bowel function significantly impacts gut bacterial profiles in children with ASD. Effect 
sizes and q-values from random-effects models testing associations between different taxa and 
constipation (positive direction) or diarrhea (negative direction) in ASD children are plotted. The 
color, transparency, and size of each point denotes the taxonomic rank of the taxon, the 
significance of the model, and the number of datasets included in the model, respectively. 
Horizontal dotted line indicates significance threshold (q = 0.05). Significant models are labelled 
by the taxon investigated except for strain-level results. These models are reported in Additional 
file 1: Table S5. 
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Figure S7: Individual and pooled effect sizes for differentially abundant taxa. After removing 
children with abnormal bowel function, four taxa were significantly (q < 0.05; |Effect size| > 2) 
differentially abundant in ASD (negative direction) compared to NT (positive direction) children. 
Meta-analyses represent pooled effect sizes calculated using random-effects models. Individual 
effect sizes from the contributing datasets are also plotted. Hat values represent the influence of 
each dataset in the model. 
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Figure S8: Changes in sample size due to the exclusion of children with abnormal bowel 
function. Above (Fig. S7), random-effects models were calculated to determine which taxa were 
differentially abundant in ASD v. NT children after removing those with abnormal bowel function. 
Changes in sample size for each study are reported here. Studies Kang 2013, Wang 2019, and 
Internal represent datasets DS1, DS7, and DS11/13, respectively. 
  
 
 
 

 
Figure S9: Confounder-adjusted feature selection detects additional ASD-associated strains. 
Differential abundance was evaluated using DESeq2 to identify strain-annotated sequence 
variants enriched or depleted in children diagnosed with ASD. The number of significant (q < 0.05) 
strains was compared between the unadjusted model (~Autism spectrum disorder) and the 
adjusted model (~Biological sex + Age + Functional bowel finding + Autism spectrum disorder). 
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