Supplementary Information

The supplementary files include five supplementary figures (Supplementary Figs. 1-5) and one supplementary table (Supplementary Table 7).
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Supplementary Fig. 1. A sampling procedure for testing whether the 13,379 circRNA-trans-eGene pairs (associated with 47 circRNAs and the 7,165 trans-eGenes) have a higher proportion of pairs with a significant correlation (P<0.05 by Spearman’s correlation test) between expression of the circRNAs and the trans-eGenes compared to an empirical distribution of the proportion observed in the 10,000 times of random sampling. For each time, the equivalent number (13,379) of circRNA-gene pairs is randomly selected from the 47 circRNAs and the 7,165 trans-eGenes. The arrow represents the observed proportion of the 13,379 circRNA-trans-eGene pairs. The empirical P value is thus smaller than 10-4.
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[bookmark: _GoBack]Supplementary Fig. 2. Mediation analysis for the identified circQTL-trans-eGene pairs based on the CV samples. (a) Schematic diagram representing direct (blue bold line with arrow) and mediation (pink bold line with arrow) effects of circQTLs on the expression of trans-eGenes. The identified circQTLs are also trans-eQTLs. The 129,746 identified circQTL-trans-eGene pairs are associated with 591 circQTL SNPs, 43 circRNAs, and 4,236 trans-eGenes. Of the 591 circQTLs, one circQTL (rs77541570) affected the expression of circSATB2-1 and circSATB2-2, in which the back-splice junctions of both circRNA events were derived from the exonic boundaries of SATB2 (see also Supplementary Table 3). (b) The significance levels of the direct (y axis) and mediation (x axis) effects for the identified circQTL-trans-eGene associations. P values were determined by the mediation package1. The dashed line represents P = 0.05 for mediation effects. Of the 129,746 circQTL-trans-eGene pairs, 56,756 pairs (44%) pass the mediation test. For the right panel, the numbers of circQTL-trans-eGene pairs are shown in parentheses. (c, d) The correlations between the percentages of the circQTL-trans-eGene pairs passing the mediation test and the significance levels of (c) trans-eQTL effects for circQTL-trans-eGene pairs and (d) the Spearman’s correlation of expression profile between circRNAs and trans-eGenes.
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Supplementary Fig. 3. Empirical gene enrichment analyses of the CIT-passing trans-eGenes in terms of (a) probability of ASD risk and (b) pLI score. All empirical P values are smaller than 10-4 (see Methods).  
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Supplementary Fig. 4. Numbers of trans-eGenes that were regulated by the identified 546 circQTLs (trans-eQTLs). Both green and red points represent the trans-eQTLs associated with trans-eGenes that are SFARI genes. The green points also represent that the trans-eQTLs are located at trans-eQTL hotspots and the affected trans-eGenes (gene number>50) are significantly enriched for SFARI genes (P < 0.05 by hypergeometric test; see also Supplementary Table 6).  
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	CIT for the causal relation between circQTL (trans-eQTL), trans-eGene, and trait (see also Supplementary Table 4)

	circQTL SNP
	Trans-eGene
	Trait
	FDR (q value)
	

	rs182920567
	GFOD1
	ASD diagnosis
	0.04
	

	Mediation test for the causal relation between circQTL (trans-eQTL), circRNA, and trans-eGene (see also Supplementary Table 3)

	circQTL SNP
	circRNA
	Trans-eGene
	Proportion of Mediation
	P value for mediation

	rs182920567
	circACVR2A
	GFOD1
	21.4%
	0.036

	Mediation test for the causal relation between circQTL (trans-eQTL), miRNA, and trans-eGene

	circRNA
	miRNA
	Trans-eGene
	Proportion of Mediation
	P value for mediation

	circACVR2A
	miR-509-3p
	GFOD1
	30.3%
	0.03



Supplementary Fig. 5. An example of a circQTL-circRNA-miRNA-trans-eGene-trait propagation path that passes CIT and two layers of mediation test. The table shows the results of CIT and mediation tests. For the mediation effect of miRNA (miR-509-3p) on the circRNA-trans-eGene association (circACVR2A-GFOD1 association), the mediation analysis suggests that 30.3% of the circACVR2A-GFOD1 association is mediated by the expression of miR-509-3p.  


Supplementary Table 7. Command lines for retrieving all CLIP-seq peak data of RBPs, miRNA-circRNA, miRNA-mRNA, RBP-circRNA, and RBP-mRNA interactions from ENCORI2.
	Data 
	Command lines

	All CLIP-seq peak data of RBPs*
	> wget http://starbase.sysu.edu.cn/api/ref/starBase_referenceData.zip
> unzip starBase_referenceData.zip
> R
> library(tidyverse)
> dat <- read_delim("refData/hg19_clip_ref.txt", delim = "\t")
> dat_out <- dat %>% dplyr::select(datasetID,GeneSymbol) %>% unique() %>% 
  add_column(path1="curl 'http://starbase.sysu.edu.cn/api/bindingSite/?assembly=hg19&datasetID=") %>% 
  add_column(path2="' > ENCORI_hg19_RBPsite_") %>% 
  add_column(path3="_") %>% 
  add_column(path4=".txt") %>%
  mutate(DataID_dup=datasetID) %>%
  unite(newpath, c(path1, datasetID, path2, DataID_dup, path3, GeneSymbol, path4), sep="")
> write.table(dat_out, file="download_curl.bat", quote = FALSE,
            sep="\t",
            col.names = FALSE, row.names = FALSE)
> q()
> bash download_curl.bat

	All miRNA-circRNA axes
	curl 'http://starbase.sysu.edu.cn/api/miRNATarget/? assembly=hg19&geneType=circRNA&miRNA=all&clipExpNum=0&degraExpNum=0&pancancerNum=0&programNum=0&program=None&target=all&cellType=all' > ENCORI_hg19_CLIP-seq_miRNA_circRNA.txt

	All miRNA-mRNA axes
	curl 'http://starbase.sysu.edu.cn/api/miRNATarget/? assembly=hg19&geneType=mRNA&miRNA=all&clipExpNum=0&degraExpNum=0&pancancerNum=0&programNum=0&program=None&target=all&cellType=all' > ENCORI_hg19_CLIP-seq_miRNA_mRNA.txt

	All RBP-circRNA axes
	curl 'http://starbase.sysu.edu.cn/api/RBPTarget/? assembly=hg19&geneType=circRNA&RBP=all&clipExpNum=0&pancancerNum=0&target=all&cellType=all' > ENCORI_hg19_RBPTarget_all_circRNA.txt

	All RBP-mRNA axes
	curl 'http://starbase.sysu.edu.cn/api/RBPTarget/? assembly=hg19&geneType=mRNA&RBP=all&clipExpNum=1&pancancerNum=0&target=all&cellType=all' > ENCORI_hg19_RBPTarget_all_mRNA.txt


* A total of 492 CLIP-seq experiments for 134 RBPs were extracted from ENCORI at http://starbase.sysu.edu.cn/. The mapping table between ENCORI-collected CLIP-seq experiments and RBPs was downloaded from http://starbase.sysu.edu.cn/api/ref/starBase_referenceData.zip. Here we provided the command lines in R for retrieving all CLIP-seq peak data of RBPs from all CLIP-seq experiments. 
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