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Figure S1: Comparison of the non-synonymous ratio (dN) distribution and the 
synonymous ratio (dS) distribution. 
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Figure S2: Genes with higher median CADD scores, higher median conservation scores 
(phyloP and phastCons) and higher network scores have lower dN/dS ratios. (A) dN/dS 
ratios for genes with high or low CADD scores. p-value=1.135e-15 (two-sample 
Wilcoxon test). (B) dN/dS ratios for genes with high or low combined network scores. p-
value=1.188e-08 (two-sample Wilcoxon test). (C) dN/dS ratios for genes with high or 
low phyloP scores. p-value=7.041e-3 (two-sample Wilcoxon test). (D) dN/dS ratios for 
genes with high or low phastCons scores. p-value=7.131e-15 (two-sample Wilcoxon 
test).  
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Figure S3: ROC curves of individual parameters used to predict OMIM disease genes. 
The dN/dS ratio and individual scores from network scoring are shown for X 
chromosome genes.  
The performance of dN/dS ratio is compared to the single scores included in the 
combined network score. AUC for the corresponding ROC curves are shown. See 
methods for details.  
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Figure S4: ROC curves of the dN/dS ratio, Median CADD scores, Median conservation 
scores, Network scores and the All combined scores, reflecting the capacity to predict the 
OMIM disease genes. Area under the curve (AUC) values are provided for each of the 
scores. 
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Figure S5: Comparison of All combined scores for OMIM disease genes (OMIM) or 
genes not yet annotated in OMIM disease database (non-OMIM). OMIM-disease genes 
have significantly higher All combined scores compared to non-OMIM genes.  
p-value<2.2e-16 (two-sample Wilcoxon test). 	  
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Figure S6: Comparison of dN/dS ratio for African-American and European-American 
populations in OMIM disease genes (OMIM) or genes not yet annotated in OMIM 
disease database (non-OMIM). (A) dN/dS ratio for European-American (dN/dS_EA)  is 
lower for OMIM-disease genes compared to non-OMIM genes. p-value=3.12e-02 (two-
sample Wilcoxon test). (B) dN/dS ratio for African_American (dN/dS_AA) is lower for 
OMIM-disease genes compared to non-OMIM genes. p-value=4.65e-05 (two-sample 
Wilcoxon test).	  
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Figure S7: dN/dS ratio for genes with different coding sequence length by scatterplot. 
Inset: Boxplot of dN/dS ratio for different coding sequence lengths. X-axis is the coding 
sequence length. Y-axis is the dN/dS ratio. Median dN/dS ratio does not change 
significantly with coding sequence length, while more variation is observed in smaller 
genes (e.g. genes with coding sequence length less than 500bp).  

  
  



 
Figure S8: Variant distribution patterns in genes without annotated pathogenic variants. 
From top to bottom: Top: Variant site density plots for synonymous and nonsynonymous 
variants along the coding sequence demonstrate six genes with localized missense 
depletion or occurrence. X-axis shows the relative position of the synonymous and 
nonsynonymous variants in the coding sequence; the y-axis reflects the number of 
variants. Green: synonymous. Red: nonsynonymous. Bottom: Domain structures: dark 
grey rectangles show the protein domains and light grey bars show the whole protein. 
HDAC6: NM_006044; RPGR: NM_001034853; TRPC5: NM_012471; UPF3B: 
NM_080632; USP51: NM_201286; VAMP7: NM_001185183; 
 

 
 
  



 
Figure S9: Relative position of stop-gain variants in X-chromosome OMIM gene coding 
sequence. X axis represents the relative position along coding sequence (e.g. 0.1 is 10% 
of the coding sequence). Y axis represents the number of genes. 
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Table S1: Variant diversity for each chromosome.  
 

 
 
  



Table S2: dN/dS ratios for X-chromosome genes, calculated using non-synonymous (N) 
and synonymous (S) variants in ESP. 
See attached file Supplementary Table 2.xlsx 
 
  



 
Table S3: High-confidence loss of function variants in males, females and by 
racial/ethnic group (European American and African American). 
 
  LOF Total frameshift splice-3 splice-5 stop-gain stop-lost 
Female specific 36 6 8 9 12 1 
Male specific 15 6 3 3 3 0 
EA specific 36 13 6 7 10 0 
AA specific 18 2 5 5 5 1 

 
  



 
 
Table S4: OMIM disease genes on X chromosome that are deleted in at least one 
structural variant in healthy control samples. 
 

  
Total Gene 

Number 

Number of 
genes with 
complete 

DGV deletion Percentage 
Total OMIM genes 174 71 40.8% 
OMIM genes with LoF variants 57 27 47.4% 
OMIM genes without LoF variants 117 44 37.6% 

 
  



 
Table S5: Enriched pathways for X-chromosome OMIM disease genes compared to all X 
chromosome genes 
 

KEGG Pathway Number 
of Genes 

Gene List Adjusted 
P-value* 

Metabolic pathways 20 PDHA1, GK, OTC, NSDHL, SAT1, 
HSD17B10, C1GALT1C1, ALAS2, 
EBP, IDS, HPRT1, PGK1, ALG13, 
OCRL, NDUFA1, MAOA, ACSL4, 

PIGA, PRPS1, SMS 

9.45E-05 

Small cell lung cancer 4 COL4A5, IKBKG, COL4A6, XIAP 0.0325 
Ubiquitin mediated 

proteolysis 
6 UBA1, HUWE1, MID1, CUL4B, 

UBE2A, XIAP 
0.0325 

Primary 
immunodeficiency 

4 IKBKG, CD40LG, IL2RG, BTK 0.0325 

*Benjamini-Hochberg 


