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Methods 

 

Genotyping and QC 
 

SNPs were genotyped using the Illumina Omni2.5-8v1A, Omni1MDuo, or Human Core arrays. 

SNPs on each array were excluded with HWE < 0.0001 within each ethnic group (European 

American, African American), MAF < 0.05, SNP call rate < 0.95, and subject call rates < 0.95. 

Ancestry principal component analysis (PCA) was performed using 676 ancestral informative 

markers included on the arrays that overlap with the HapMap release 3. 

 

Small RNA and total RNA extraction and sequencing 

 

RNAs were extracted from bronchial epithelial epithelial cells and purified using the QIAGEN 

AllPrep DNA/RNA/miRNA Universal Kit (Hilden, Germany), following manufacterer’s 

instructions. Quality and quantity assessment of small RNA and total RNA were measured at the 

University of Chicago Functional Genomics Core using an Agilent RNA 6000 Pico assay and the 

Agilent 2100 Bioanalyzer. Small RNA-seq libraries were prepared using Illumina small RNA-

SEQ library kits. cDNA libraries were constructed using the Illumina TruSeq RNA Library Prep 

Kit v2. Small RNA and RNA sequencing were performed at the University of Chicago 

Genomics Core on either the Illumina HiSeq 2500 or 4000 platforms.  

 

Quality control of small and total RNA-seq 
 

For the small and total RNA-seq data, potential sample contamination and sample swaps were 

assessed using VerifyBamID (1). No cross-contamination was detected. For the RNA-seq data, 

two sample swaps between individuals were identified and corrected. Quality control checks 

were performed on the small RNA and total RNA-seq data using FastQC (2). Small RNA and 

total RNA sequences were then aligned and annotated to known miRNA and RNA sequences 

using miRge2.0 (3) and Spliced Transcripts Alignment to a Reference using STAR (4). miRNAs 

and genes with low count data (<1 CPM in at least 25% of the sample) and those on the X, Y, 

and mitochondrial chromosomes were removed. Samples containing > 2M mapped miRNA 

reads or > 8M mapped total RNA reads were kept, retaining 138 and 124 subjects for 

downstream analyses. 

Raw miRNA and mRNA counts were normalized using quantile normalization and the 

trimmed mean of M-values (TMM) methods, respectively. Mean-variance trend of both datasets 

was adjusted using variance modeling in voom (5)). Technical sources of variation were 

identified using principal components analysis (PCA) for the global miRNA and total RNA 

expression profiles. For differential expression, surrogate variable analysis (6) was performed to 

predict latent covariates to include in the model. All covariates are described in the Methods of 

the main paper. 

 
Detection of A-to-I edited sites 
 

The percentages of A-to-I editing were calculated for mapped miRNAs, using the A-to-I analysis 

module in miRge2.0 (3). Briefly, putative A-to-I edited signals were removed if: 1) they were 

located at miRNA SNPs with A/G differences; 2) they were in the 455 miRNAs located in repeat 
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elements; 3) they were in a lowly expressed miRNA (RPM < 1); or 4) their edited sequences 

aligned to ≥1+ locations in the genome. For the retained reads that belonged to the canonical and 

edited miRNAs, all nucleotide positions in the canonical miRNA, except the terminal 5 bp were 

screened for A to G changes based on a binomial test considering the expected sequencing error 

rate (0.1%), as described (7). The A-to-I editing frequency (% A-to-I) was defined as the 

proportion of the mapped reads containing the edited nucleotide (G) relative to the total mapped 

reads at the given location. 

 
Target gene prediction and pathway analysis 

 
Bioinformatic prediction of target genes was performed for the unedited and edited miR-200b-3p 

using TargetScanHuman5.2 and TargetScanHuman5.2 Custom, respectively (8). For the 

unedited miR-200b-3p, in silico target genes were identified using a search for the unedited 

“miR-200b-3p”. For the edited miR-200b-3p, in silico target genes were identified using a search 

for the seed sequence at positions 2-8 including the edited base, “AATGCTG”. Pathway analysis 

was performed using the TopFunn function within the ToppGene Suite for gene list enrichment 

analysis (9). Pathway enrichment analyses used a hypergeometric distribution with Bonferroni 

correction (p-value < 0.05). Venn diagrams of the genes and pathways of the unedited and edited 

forms of miR-200b-3p were generated using the VennDiagram package in R. Because TopFunn 

only reports the top 50 pathway enrichments, the unique pathways among the top 50 pathway 

enrichments of the unedited miR-200b-3p were used for comparison. 
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Tables 

 

Table S1. Nineteen A-to-I edited sites in bronchial epithelial cells from 138 subjects. The edited 

adenosine within the mature miRNA sequence is in bold. 

 

miRNA Position 
Sequence 

(seed sequence) 

Average 

Mapped 

Counts 

Average 

% A-to-I 

Reads 

# Subjects 

with Edited 

miRNA 

miR-200b-3p 5 TAATACTGCCTGGTAATGATGA 75358 0.52 135 

miR-191-5p 3 CAACGGAATCCCAAAAGCAGCTG 58512 0.17 27 

miR-200b-3p 3 TAATACTGCCTGGTAATGATGA 91380 0.15 22 

miR-186-5p 3 CAAAGAATTCTCCTTTTGGGCT 24646 0.18 13 

miR-148a-3p 3 TCAGTGCACTACAGAACTTTGT 154711 0.14 6 

miR-411-5p 5 TAGTAGACCGTATAGCGTACG 372 5.40 5 

miR-497-5p 2 CAGCAGCACACTGTGGTTTGT 355 5.21 5 

miR-421 14 ATCAACAGACATTAATTGGGCGC 663 0.89 5 

miR-21-3p 3 CAACACCAGTCGATGGGCTGT 22650 0.21 4 

miR-376c-3p 6 AACATAGAGGAAATTCCACGT 27 34.09 3 

miR-381-3p 4 TATACAAGGGCAAGCTCTCTGT 254 3.09 3 

miR-200a-3p 3 TAACACTGTCTGGTAACGATGT 24079 0.19 2 

miR-339-3p 15 TGAGCGCCTCGACGACAGAGCCG 822 9.62 2 

miR-451a 3 AAACCGTTACCATTACTGAGTT 36137 0.16 2 

miR-191-5p 8 CAACGGAATCCCAAAAGCAGCTG 56489 0.15 1 

miR-20a-5p 4 TAAAGTGCTTATAGTGCAGGTAG 81 3.7 1 

miR-561-5p 13 ATCAAGGATCTTAAACTTTGCC 225 2.22 1 

miR-589-3p 6 TCAGAACAAATGCCGGTTCCCAGA 14 21.43 1 

miR-664a-5p 8 ACTGGCTAGGGAAAATGATTGGAT 153 3.92 1 
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Table S2. Top 50 pathway enrichments for the gene targets of unedited miR-200b-3p. Only the 

604 gene targets of unedited miR-200b-3p that were expressed in BECs (CPM > 1) were 

included as input for pathway analysis, as implemented in TopFunn. Thirty-nine unique 

pathways are listed. 

 

ID Name Database 

Bonferroni 

Adjusted 

P-value 

Number of 

genes from 

input 

Number of 

genes in 

annotation 

M16763 
Neurotrophin signaling 

pathway 

MSigDB C2 

BIOCARTA (v7.1) 
1.53E-11 27 126 

M186 
PDGFR-beta signaling 

pathway 

MSigDB C2 

BIOCARTA (v7.1) 
2.30E-10 26 129 

101143 
Neurotrophin signaling 

pathway 

BioSystems: 

KEGG 
2.06E-09 24 119 

M48 

Signaling events 

mediated by Hepatocyte 

Growth Factor Receptor 

(c-Met) 

MSigDB C2 

BIOCARTA (v7.1) 
1.89E-08 19 79 

137930 

Signaling events 

mediated by Hepatocyte 

Growth Factor Receptor 

(c-Met) 

BioSystems: 

Pathway 

Interaction 

Database 

3.30E-07 17 72 

M295 

Genes related to PIP3 

signaling in cardiac 

myocytes 

MSigDB C2 

BIOCARTA (v7.1) 
8.95E-06 15 67 

1269443 Signalling by NGF 
BioSystems: 

REACTOME 
9.03E-06 43 483 

M281 

Signaling events 

mediated by focal 

adhesion kinase 

MSigDB C2 

BIOCARTA (v7.1) 
1.32E-05 14 59 

1457794 Signaling by MET 
BioSystems: 

REACTOME 
1.38E-05 15 69 

M121 
mTOR signaling 

pathway 

MSigDB C2 

BIOCARTA (v7.1) 
1.38E-05 15 69 

1269380 Signaling by EGFR 
BioSystems: 

REACTOME 
1.46E-05 36 367 

M2404 

Mechanism of Gene 

Regulation by 

Peroxisome 

Proliferators via 

PPARa(alpha) 

MSigDB C2 

BIOCARTA (v7.1) 
2.35E-05 13 52 

169348 

Signaling events 

mediated by focal 

adhesion kinase 

BioSystems: 

Pathway 

Interaction 

Database 

3.86E-05 13 54 

http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_NEUROTROPHIN_SIGNALING_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_NEUROTROPHIN_SIGNALING_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=0
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M16763&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.broadinstitute.org/gsea/msigdb/cards/PID_PDGFRB_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_PDGFRB_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=1
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M186&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/101143
http://www.ncbi.nlm.nih.gov/biosystems/101143
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=2
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=101143&namespace=BioSystems:%20KEGG
http://www.broadinstitute.org/gsea/msigdb/cards/PID_MET_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_MET_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=3
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M48&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/137930
http://www.ncbi.nlm.nih.gov/biosystems/137930
http://www.ncbi.nlm.nih.gov/biosystems/137930
http://www.ncbi.nlm.nih.gov/biosystems/137930
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=4
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=137930&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.broadinstitute.org/gsea/msigdb/cards/SIG_PIP3_SIGNALING_IN_CARDIAC_MYOCTES.html
http://www.broadinstitute.org/gsea/msigdb/cards/SIG_PIP3_SIGNALING_IN_CARDIAC_MYOCTES.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=5
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M295&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/1269443
http://www.ncbi.nlm.nih.gov/biosystems/1269443
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=6
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269443&namespace=BioSystems:%20REACTOME
http://www.broadinstitute.org/gsea/msigdb/cards/PID_FAK_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_FAK_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=7
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M281&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/1457794
http://www.ncbi.nlm.nih.gov/biosystems/1457794
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=8
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1457794&namespace=BioSystems:%20REACTOME
http://www.broadinstitute.org/gsea/msigdb/cards/PID_MTOR_4PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_MTOR_4PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=9
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M121&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/1269380
http://www.ncbi.nlm.nih.gov/biosystems/1269380
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=10
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269380&namespace=BioSystems:%20REACTOME
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_PPARA_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_PPARA_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=11
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M2404&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/169348
http://www.ncbi.nlm.nih.gov/biosystems/169348
http://www.ncbi.nlm.nih.gov/biosystems/169348
http://www.ncbi.nlm.nih.gov/biosystems/169348
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=12
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=169348&namespace=BioSystems:%20Pathway%20Interaction%20Database
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83107 Renal cell carcinoma 
BioSystems: 

KEGG 
5.05E-05 14 65 

1269654 
Transcriptional 

Regulation by TP53 

BioSystems: 

REACTOME 
7.93E-05 35 374 

1269507 
Signaling by Rho 

GTPases 

BioSystems: 

REACTOME 
9.33E-05 38 430 

M13266 Renal cell carcinoma 
MSigDB C2 

BIOCARTA (v7.1) 
1.38E-04 14 70 

M164 
ErbB1 downstream 

signaling 

MSigDB C2 

BIOCARTA (v7.1) 
1.45E-04 17 105 

M187 

Neurotrophic factor-

mediated Trk receptor 

signaling 

MSigDB C2 

BIOCARTA (v7.1) 
1.85E-04 13 61 

138001 
mTOR signaling 

pathway 

BioSystems: 

Pathway 

Interaction 

Database 

1.85E-04 13 61 

1270302 Developmental Biology 
BioSystems: 

REACTOME 
2.22E-04 69 1081 

1269460 

NGF signalling via 

TRKA from the plasma 

membrane 

BioSystems: 

REACTOME 
2.25E-04 35 390 

1404799 Endocrine resistance 
BioSystems: 

KEGG 
2.34E-04 16 96 

1270303 Axon guidance 
BioSystems: 

REACTOME 
4.81E-04 43 554 

138057 
ErbB1 downstream 

signaling 

BioSystems: 

Pathway 

Interaction 

Database 

5.57E-04 16 102 

694606 Hepatitis B 
BioSystems: 

KEGG 
7.02E-04 19 144 

1269479 
Downstream signal 

transduction 

BioSystems: 

REACTOME 
7.36E-04 32 355 

1269478 Signaling by PDGF 
BioSystems: 

REACTOME 
1.06E-03 33 379 

PW:000057

8 

scatter factor/hepatocyte 

growth factor signaling 
Pathway Ontology 1.22E-03 6 11 

M195 
C-MYB transcription 

factor network 

MSigDB C2 

BIOCARTA (v7.1) 
1.47E-03 14 84 

83067 Focal adhesion 
BioSystems: 

KEGG 
1.88E-03 22 199 

1269650 
Generic Transcription 

Pathway 

BioSystems: 

REACTOME 
2.06E-03 57 879 

http://www.ncbi.nlm.nih.gov/biosystems/83107
http://www.ncbi.nlm.nih.gov/biosystems/83107
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=13
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=83107&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1269654
http://www.ncbi.nlm.nih.gov/biosystems/1269654
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=14
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269654&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/1269507
http://www.ncbi.nlm.nih.gov/biosystems/1269507
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=15
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269507&namespace=BioSystems:%20REACTOME
http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_RENAL_CELL_CARCINOMA.html
http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_RENAL_CELL_CARCINOMA.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=16
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M13266&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.broadinstitute.org/gsea/msigdb/cards/PID_ERBB1_DOWNSTREAM_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_ERBB1_DOWNSTREAM_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=17
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M164&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.broadinstitute.org/gsea/msigdb/cards/PID_TRKR_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_TRKR_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=18
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M187&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/138001
http://www.ncbi.nlm.nih.gov/biosystems/138001
http://www.ncbi.nlm.nih.gov/biosystems/138001
http://www.ncbi.nlm.nih.gov/biosystems/138001
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=19
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=138001&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.ncbi.nlm.nih.gov/biosystems/1270302
http://www.ncbi.nlm.nih.gov/biosystems/1270302
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=20
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1270302&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/1269460
http://www.ncbi.nlm.nih.gov/biosystems/1269460
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=21
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269460&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/1404799
http://www.ncbi.nlm.nih.gov/biosystems/1404799
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=22
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1404799&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1270303
http://www.ncbi.nlm.nih.gov/biosystems/1270303
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=23
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1270303&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/138057
http://www.ncbi.nlm.nih.gov/biosystems/138057
http://www.ncbi.nlm.nih.gov/biosystems/138057
http://www.ncbi.nlm.nih.gov/biosystems/138057
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=24
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=138057&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.ncbi.nlm.nih.gov/biosystems/694606
http://www.ncbi.nlm.nih.gov/biosystems/694606
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=25
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=694606&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1269479
http://www.ncbi.nlm.nih.gov/biosystems/1269479
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=26
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269479&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/1269478
http://www.ncbi.nlm.nih.gov/biosystems/1269478
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=27
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269478&namespace=BioSystems:%20REACTOME
http://rgd.mcw.edu/rgdweb/ontology/view.html?acc_id=PW:0000578
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=28
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=PW:0000578&namespace=Pathway%20Ontology
http://www.broadinstitute.org/gsea/msigdb/cards/PID_CMYB_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_CMYB_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=29
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M195&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/83067
http://www.ncbi.nlm.nih.gov/biosystems/83067
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=30
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=83067&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1269650
http://www.ncbi.nlm.nih.gov/biosystems/1269650
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=31
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269650&namespace=BioSystems:%20REACTOME
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1268855 
Diseases of signal 

transduction 

BioSystems: 

REACTOME 
2.21E-03 32 373 

P00047 
PDGF signaling 

pathway 
PantherDB 2.40E-03 17 127 

83105 Pathways in cancer 
BioSystems: 

KEGG 
2.70E-03 33 395 

1269284 DAP12 signaling 
BioSystems: 

REACTOME 
2.86E-03 31 359 

83065 Axon guidance 
BioSystems: 

KEGG 
3.54E-03 20 175 

138073 
C-MYB transcription 

factor network 

BioSystems: 

Pathway 

Interaction 

Database 

3.71E-03 13 78 

1383076 
Regulation of TP53 

Activity 

BioSystems: 

REACTOME 
4.37E-03 19 162 

137977 

Neurotrophic factor-

mediated Trk receptor 

signaling 

BioSystems: 

Pathway 

Interaction 

Database 

4.40E-03 11 56 

M19118 
Keratinocyte 

Differentiation 

MSigDB C2 

BIOCARTA (v7.1) 
4.88E-03 10 46 

M100 SHP2 signaling 
MSigDB C2 

BIOCARTA (v7.1) 
5.29E-03 11 57 

M13863 
MAPKinase Signaling 

Pathway 

MSigDB C2 

BIOCARTA (v7.1) 
5.76E-03 13 81 

137989 FGF signaling pathway 

BioSystems: 

Pathway 

Interaction 

Database 

6.01E-03 10 47 

852705 MicroRNAs in cancer 
BioSystems: 

KEGG 
6.06E-03 27 299 

1269283 DAP12 interactions 
BioSystems: 

REACTOME 
6.75E-03 31 374 

M7253 Focal adhesion 
MSigDB C2 

BIOCARTA (v7.1) 
7.11E-03 21 199 

138036 FoxO family signaling 

BioSystems: 

Pathway 

Interaction 

Database 

7.37E-03 10 48 

M136 FoxO family signaling 
MSigDB C2 

BIOCARTA (v7.1) 
8.99E-03 10 49 

P00018 
EGF receptor signaling 

pathway 
PantherDB 9.17E-03 15 111 

 

http://www.ncbi.nlm.nih.gov/biosystems/1268855
http://www.ncbi.nlm.nih.gov/biosystems/1268855
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=32
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1268855&namespace=BioSystems:%20REACTOME
https://toppgene.cchmc.org/output.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=33
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=P00047&namespace=PantherDB
http://www.ncbi.nlm.nih.gov/biosystems/83105
http://www.ncbi.nlm.nih.gov/biosystems/83105
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=34
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=83105&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1269284
http://www.ncbi.nlm.nih.gov/biosystems/1269284
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=35
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269284&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/83065
http://www.ncbi.nlm.nih.gov/biosystems/83065
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=36
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=83065&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/138073
http://www.ncbi.nlm.nih.gov/biosystems/138073
http://www.ncbi.nlm.nih.gov/biosystems/138073
http://www.ncbi.nlm.nih.gov/biosystems/138073
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=37
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=138073&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.ncbi.nlm.nih.gov/biosystems/1383076
http://www.ncbi.nlm.nih.gov/biosystems/1383076
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=38
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1383076&namespace=BioSystems:%20REACTOME
http://www.ncbi.nlm.nih.gov/biosystems/137977
http://www.ncbi.nlm.nih.gov/biosystems/137977
http://www.ncbi.nlm.nih.gov/biosystems/137977
http://www.ncbi.nlm.nih.gov/biosystems/137977
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=39
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=137977&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_KERATINOCYTE_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_KERATINOCYTE_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=40
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M19118&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.broadinstitute.org/gsea/msigdb/cards/PID_SHP2_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_SHP2_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=41
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M100&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_MAPK_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/BIOCARTA_MAPK_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=42
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M13863&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/137989
http://www.ncbi.nlm.nih.gov/biosystems/137989
http://www.ncbi.nlm.nih.gov/biosystems/137989
http://www.ncbi.nlm.nih.gov/biosystems/137989
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=43
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=137989&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.ncbi.nlm.nih.gov/biosystems/852705
http://www.ncbi.nlm.nih.gov/biosystems/852705
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=44
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=852705&namespace=BioSystems:%20KEGG
http://www.ncbi.nlm.nih.gov/biosystems/1269283
http://www.ncbi.nlm.nih.gov/biosystems/1269283
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=45
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=1269283&namespace=BioSystems:%20REACTOME
http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_FOCAL_ADHESION.html
http://www.broadinstitute.org/gsea/msigdb/cards/KEGG_FOCAL_ADHESION.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=46
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M7253&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
http://www.ncbi.nlm.nih.gov/biosystems/138036
http://www.ncbi.nlm.nih.gov/biosystems/138036
http://www.ncbi.nlm.nih.gov/biosystems/138036
http://www.ncbi.nlm.nih.gov/biosystems/138036
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=47
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=138036&namespace=BioSystems:%20Pathway%20Interaction%20Database
http://www.broadinstitute.org/gsea/msigdb/cards/PID_FOXO_PATHWAY.html
http://www.broadinstitute.org/gsea/msigdb/cards/PID_FOXO_PATHWAY.html
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=48
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=M136&namespace=MSigDB%20C2%20BIOCARTA%20(v7.1)
https://toppgene.cchmc.org/output.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81
https://toppgene.cchmc.org/showQueryTerms.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&feature=pt&row=49
https://toppgene.cchmc.org/showTermDetail.jsp?userdata_id=e7dd9841-5f70-4f5f-8307-2e770de10a81&category=Pathway&id=P00018&namespace=PantherDB
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Figures 

 

Figure S1. Study overview.  
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Figure S2. A-to-I editing of position 5 of miR-200b-3p in asthma cases and controls excluding 

one outlier. Associations of percentage (%) of A-to-I editing of position 5 of miR-200b-3p in 

bronchial epithelial cells with (A) asthma and (B) asthma severity groups based on STEP 

classification scores. One outlier (>3 SD) was included from the control group in Figure 1 of the 

main text. The number of subjects is shown below risk group. Adjusted p-values are shown 

above the horizontal bars. The p-values for (A) and (B) were corrected for four and three tests, 

respectively, using a Bonferroni correction. 
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Figure S3.  Differential expression analysis of the top four A-to-I edited sites. Comparisons of 

the percentage (%) of A-to-I editing at the 5
th

 position of miR-200b-3p (top left), the 3
rd

 position 

of miR-191-5p (top right), the 3
rd

 position of miR-200b-3p (bottom left), and the 3
rd

 position of 

miR-186-5p (bottom right) were made between 91 asthma cases and 44 non-asthma controls. 

Adjusted p-values are shown above the horizontal bars. P-values were corrected for four tests 

using a Bonferroni correction. 
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Figure S4.  Normalized expression of ten gene targets for the two enriched pathways of the 

edited miR-200b-3p in 83 asthma cases and 41 controls. Gene targets that were expressed (CPM 

> 1) in BECs in at least 25% of the 124 subjects with RNA-seq were retained for analysis. Ten 

gene targets of the “IL-4 mediated signaling events” and “IFN-gamma” pathways are displayed. 

Adjusted p-values are shown above the horizontal bars. P-values were corrected for ten tests 

using a Bonferroni correction. 
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