
Supplementary Methods 

Overrepresentation analysis 

Overrepresentation analysis a gene set analysis method testing the enrichment for 

genes having the same biological implications [1]. For this analysis, Fisher’s exact test 

was applied. After obtaining a list of disease genes, genes of gene ontologies (GOs) 

or pathways were identified in the disease genes. ORA identifies whether more genes 

of a GO or pathway are included in the list than the number of the GO or pathway 

genes that are included randomly. 

 Disease gene (+) Disease gene (–)  

Gene set genes (+) a b a+b 

Gene set genes (–) c d c+d 

 a+c b+d a+b+c+d (= n) 

 

In the above table, the positive sign indicates that a gene is included in the list; the 

negative sign means the gene is not. n indicates the total number of human genes. 

Fisher’s exact test identifies whether the distribution of numbers in the table results 

from random chance. The P-value of the test is obtained using the hypergeometric 

distribution, as shown in equation (1). 

           (1) 

In the ORA, a one-sided test was used because the alternative hypothesis is that more 

genes of a functional gene set (GO or pathway) are included in the list than by random 

chance. The fisher.test function of the R program was applied, and it was set to 



perform one-sided test. 

Collection of gene sets 

The information about gene ontology biological process (GOBP) terms and Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathways was obtained from gene set 

enrichment analysis (GSEA) website (https://www.gsea-msigdb.org/gsea/index.jsp). 

In total, 7763 GOBPs and 186 KEGG pathways were collected. The number of genes 

in GOBPs ranges from 5 to 1998 (mean = 83.39). The mean number of KEGG pathway 

genes was 68.80. For reference genes, 43161 genes were collected from HUGO Gene 

Nomenclature Committee (HGNC, https://www.genenames.org/) 

 

Gene ontology network determination 

For network visualization of gene ontologies, the density of node colors was 

determined according to the –log(p value). If p values were highly significant, then the 

node colors became denser. Edges were determined according to the Jaccard index, 

which is determined by the number of genes in common with and at the union between 

two gene ontologies. Genes with greater than the 75th quartile of all possible Jaccard 

indices were treated as positive edges. Edges between endometriosis genes and 

GOBPs were placed regardless of Jaccard index values.  

 

 

  



Supplementary Results 

Supplementary Figure S1 

 

 

Supplementary Figure S1. Interaction map between genes common to 

endometriosis and the long-term depression KEGG pathway. Since comorbidity 

between depression and endometriosis is well known [2–4], common genes between 

the pathway and endometriosis disease genes were visualized to identify core genes 

of the comorbidity. The common genes were applied to the STRING database, and 

physical interactions of the genes were visualized. There were 19 genes in common 

between endometriosis and the long-term depression KEGG pathway. Denser edges 

indicate stronger evidence of interactions between the genes, which are represented 

by the edges. Some genes show tight interconnections and clusters, whereas others 

have no edges with other genes. LYN and PRKCB can be subordinated genes of the 

network, indicating their functional importance in the development of both diseases.  
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