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Supplemental Methods
Genotype data and imputation.
Each individual in the DGN cohort was genotyped for 737,187 single nucleotide polymorphisms (SNPs) located on the autosomes and X Chromosome on the Illumina HumanOmni1-Quad BeadChip. Quality control was performed to identify samples with elevated heterozygosity, unexpected ancestry or pairwise IBD, and potential mislabeling, as described elsewhere (Battle et al. 2014). In order to increase the power of the association analyses, we imputed variants onto the genotyped variants. Prior to imputation, we pre-phased the genotypes using SHAPEIT v2.r644 (Delaneau et al. 2012) with default parameters for the autosomes and the '‑‑chrX' flag for the X Chromosome. Next, we passed the haplotype estimates to IMPUTE2 (Howie et al. 2009) version 2.2.2 for imputation from the 1000 Genomes Phase I integrated haplotypes (Dec 2013 release) using the following parameters: '-Ne 20000 -filt_rules_l eur.maf<0.05  -call_thresh 0.9'. Due to the hemizygosity of males on the X Chromosome, the '-chrX' flag was used in IMPUTE2 to impute the non-pseudo autosomal regions (PAR) of the X Chromosome. Quality control after imputation included the exclusion of variants with genotype call rate of <90%, Hardy-Weinberg equilibrium P-value of < 1 × 10‑6, minor allele frequency (MAF) of < 1%, or minimum reference and non-reference allele count (MAC) of 18. A total of 8,465,160 autosomal variants and 156,848 X-chromosome variants passed quality control criteria and were included in the association analyses. Of these, the autosomal variants included 7,714,879 (91.1%) SNPs and 750,281 (8.9%) short insertion-deletion polymorphisms (indels), and the X-chromosome variants included 140,611 (89.6%) SNPs and 16,237 (10.4%) indels.

Transcriptome data.
RNA-sequencing (RNA-seq) was previously performed for each individual in the DGN cohort, as described elsewhere (Battle et al. 2014). In brief, RNA was removed from whole blood, depleted of globin mRNA transcripts, and sequenced in an Illumina HiSeq 200, yielding an average of 70 million 51-bp single-ended reads per individual. Reads were aligned to the NCBI v37 H. sapiens reference genome using TopHat (Trapnell et al. 2009). Gene-level expression was quantified using HTSeq (Anders et al. 2015) and isoform-level expression was quantified using Cufflinks (Roberts et al. 2011). Only uniquely aligned reads were used for expression quantification. We consider a gene expressed if it has at least 10 reads in 100 individuals. For differential variance analyses, we required genes with at least ten reads in twenty-five individuals

Correction for known covariates in transcriptome data.
Several technical factors were corrected for both differential expression and variance analyses. These technical factors include sequencing depth, number of coding bases, number of UTR bases, number of PF aligned bases, number of BF bases, percent coding bases, percent mRNA bases, percent usable bases, percent UTR bases, individual specific exon coverage, median 5’ biases, median 5’ to 3’ biases, percent duplicated reads, median 3’ bias, median CV coverage, percent hemoglobin, individual specific GC coverage, percent of intergenic bases, percent of intronic bases, number of intronic bases, number of intergenic bases, time of day blood drawn, and inferred cell type frequencies for immune cells (monocytes, dendritic cells, activated dendritic cells, neutrophils, platelets, B cells, natural killer cells, activated natural killer cells, T helper cells, cytotoxic cells, and activated cytotoxic cells. 

Correction for hidden covariates in transcriptome data.
We used the probabilistic estimation of expression residual (PEER) method (Stegle et al. 2012) to estimate and correct for hidden covariates in the RNA-seq data. To infer PEER factors, we supplied the one known covariate (sex) and inferred up to 40 hidden covariates. We calculated the expression residuals from the inferred PEER factors excluding the sex covariate in order to preserve the effect of sex on expression. For eQTL analysis, the PEER-corrected data was further log transformed to account for expression outliers. The number of PEER factors removed was tuned to maximize the number of cis-eQTLs in the expression data (Supplemental Fig. S13). We observed that the removal of these 25 factors from the expression data maximized discoveries.

eQTL effect size. 
We calculated the eQTL effect sizes by estimating the slope coefficient () of the following linear regression model 

where  denotes the observed expression level of the gene,  the mean expression level across the population,  the regression coefficient of genotype and error ~ N(0,). To calculate the effect size, we applied a subsampling approach to avoid biases from allele frequency. Specifically, we randomly subsampled 100 individuals with an equal distribution of males and females and matched the number of individuals with each allele analyzed. Then, we used the linear regression model to calculate the effect () of genotype on expression. To examine the relation of eQTL effect size and purifying selection ratios, we obtained the ratio of non-synonymous to synonymous substitutions (dN/dS) for human-rhesus gene alignments from Biomart Ensembl (Cunningham et al. 2015). 

To compare the population differentiation of cis-eQTLs on the X Chromosome to the autosomes, we downloaded the VCFs from the 1000 Genomes Phase 3 (The 1000 Genomes Project Consortium 2015). We computed Weir and Cockerhams’s FST (Weir and Cockerham 1984) between the YRI and CEU populations using vcftools (The 1000 Genomes Project Analysis Group 2011). For the X Chromosome, we only used females for the FST calculation. Additionally, we filtered out the pseudo-autosomal regions (PAR) on the X Chromosome. We then compared the FST values for the top cis-eQTLs for each eGene (FDR < 5%) to matched controls. The control set for each eGene was defined as all tested variants within 5kb of the top cis-eQTL. A single variant was chosen randomly from this set, such that each top cis-eQTL had a single control variant for comparison. We compared the difference in FST values between the top cis-eQTLs and their matched controls on the X and the autosomes using a t-test. 

[bookmark: _GoBack]Identification and extended analysis of sex-interacting eQTLs
In addition, we tested the genotype-sex interaction term only for genetic variants that were previously detected as cis-eQTLs in the joint sample (adjusted P-value < 0.2 after Bonferroni correcting for the number of variants tested per gene). With this approach, we improved our power (mean and median improvement of 2.8-fold), but the total number of genes with a sex-interacting eQTL discovered at FDR 5% remained unaffected. Therefore, downstream analyses of sex-interacting eQTLs used results from the original approach. To compare the distribution of associations on the autosomes and the X Chromosome, we randomly sampled 10,000 gene-variant tests from each distribution (e.g. autosomes and X Chromosome) a total of 10,000 times, and calculated the median and 95% confidence intervals for each distribution to create a quantile-quantile (Q-Q) plot (Fig. 3A). Furthermore, to ensure that the Bonferroni correction did not bias our comparison of X chromosome eQTLs to the autosomes given differences in sequence diversity and LD, we generated empirical P-values from 100K permutations for cis-eQTLs tested on the X chromosome and chromosome 19. The approximation to empirical P-values provided by the Bonferroni correction performed equally well for the X and chromosome 19 (Spearman rho 0.971, 0.884, respectively; P-values < 1e-15).

Gene ontology enrichment analysis
We used the database for annotation, visualization and integrated discovery (DAVID) (Dennis et al. 2003; Huang da et al. 2009) pathway enrichment online tool to obtain functional annotation for the significant genes in the differential expression variance (see Expression variance analysis) and sex-interacting eQTL (see Identification of sex-interacting eQTLs) analyses. Given that we were interested in the biological processes affecting expression variance and genotype-by-sex interactions, we restricted our gene ontology (GO) analysis to the category biological processes (GOTERM_BP_FA) in DAVID tools. For each GO term category, we used a conservative modified Fisher’s exact test (EASE score in DAVID tools) to test for enrichment against a background gene list and accounted for multiple testing using the Benjamini-Hochberg method (Benjamini and Hochberg 1995). The background gene list consisted of all genes expressed in whole blood (i.e. at least 10 reads in 100 individuals in the DGN cohort). 

PBMC isolation.
Peripheral blood mononuclear cells (PBMCs) were isolated from the buffy coats by density gradient centrifugation on using the Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden). Briefly, 4 ml of blood was diluted at a ratio of 1:1 (vol/vol) with phosphate-buffered saline (PBS) at room temperature. The 8-ml diluted blood sample was carefully layered onto 6 ml of Ficoll-Pague PLUS in 50-mL conical tubes and centrifuged at 400×g for 30 min at 18°C with the brake off. Next, the lymphocyte layer at the interphase was carefully removed and resuspended in three volumes (6 mL) of PBS, and centrifuged without the brake at 100×g for 10 min at 4°C. To remove platelets from the lymphocyte layer, the cells were resuspended in 6 mL of PBS and centrifuged using the previous settings. Following removal of the supernatant, we counted the cells with a hemocytometer. A subset of 50,000 cells was immediately used for ATAC-seq and the remaining cells were pelleted and stored at -20°C. 

Open chromatin accessibility assay.
To profile for open chromatin regions, we used the Assay for Transposase Accessible Chromatin (ATAC-seq) protocol (Buenrostro et al. 2013). The ATAC-seq protocol was followed with zero modifications as previously described (Buenrostro et al. 2015). A total of twenty ATAC-seq libraries with unique single-index barcodes were created for multiplexed sequencing. Each sample was amplified in the range of five to eleven total PCR cycles, as determined by qPCR side reactions performed on each sample. The final amplified libraries were purified using Qiagen MinElute PCR Purification kit and eluted in 20μl elution buffer (10 mM Tris·Cl, pH 8). The fragment size distribution and quality of the libraries were evaluated on an Agilent Bioanalyzer 2000. Each library was quantified using the KAPA Library Quantification Kit (KAPA Biosystems) in triplicate at two dilutions, 1:105 and 1:106. Based on the individual library concentrations, the libraries were pooled at an equimolar concentration for 76-bp paired-end sequencing on an Illumina NextSeq 500 platform. We performed two sequencing runs on the pooled samples; each sequencing run yielded approximately 200 million paired-end reads (yielding >400 million paired-end reads in total). 

Open chromatin accessibility data processing and peak calling.
We obtained approximately 200 million paired-end 76-bp reads per sequencing run (400 million paired-end reads in total) from pooled sequencing and de-multiplexed the reads as BCL files were converted to FASTQ files using the Illumina BCL2FASTQ Conversion Software (version 2.15.0). Reads were aligned to hg19 using Bowtie 2 (Langmead and Salzberg 2012). Reads were filtered by removing those with an alignment quality score less than 4 and reads mapping to chromosome Y, mitochondria, or unmapped contigs.

For comparison between samples, we obtained a consensus set of PBMC ATAC-seq regions by calling peaks on the pooled reads with MAC2 (Zhang et al. 2008) using the following parameters: “-g hs --q 0.01 --nomodel --nolambda --keep-dup all --call-summits.” The peaks were filtered using consensus excludable ENCODE blacklist to remove artificial signal in certain regions of the genome, such as centromeres, telomeres, and simple repeats (The ENCODE Project Consortium 2012). For quantification of peaks, peak bed files were converted to GFF3 format and the number of reads per peak per sample was quantified with HTSeq (Anders and Huber 2010) using the following parameters: “htseq-count -m intersection-strict --stranded=no’. We retained peaks that contain at least twenty total reads and read coverage across at least four individuals for downstream analysis.

Enrichment of sex-specific gene expression and sex-interacting eQTL in sex-specific ATAC-seq peaks
We tested if the sex-specific chromatin accessibility regions are more likely to be located upstream of genes exhibiting sex-specific expression. We restricted our analysis to chromatin accessibility regions located within 40kb upstream of genes that were previously tested for sex-specific expression (see Supplemental Methods). Then, we calculated the odds that varying groups of chromatin accessibility regions were located upstream of genes with sex-specific expression (FDR 5%). The varying groups of chromatin accessibility regions encompassed regions with increasing confidence of sex-specificity (top N%, ranked by P-value previously calculated in the differential open chromatin accessibility analysis). We generated a permuted background expectation plot by performing the same analysis with a permuted set of males and females for the sex-specific gene expression test (Supplemental Fig. S8A). 

We also tested if the sex-specific chromatin accessibility regions are more likely to contain sex-interacting eQTLs genes. For each gene overlapping a chromatin accessibility region, we tested all variants within 1Mb of the gene for genotype-sex interactions. Then, we calculated the proportion of genes with a sex-interacting eQTL (nominal P-value < 0.1) in a sex-chromatin accessibility region for various FDR thresholds (FDR 100% [i.e. all peaks], 50%, 10%, and 5%). We generated a permuted background expectation plot by performing the same analysis with a permuted set of males and females for the genotype-sex interaction test (Supplemental Fig. S8B). In addition, we tested if sex-specific chromatin accessibility regions were enriched in sex-interacting eQTL variants. In this enrichment analysis, we tested the genotype-sex interaction term between the variant closest to the mid-point of each ATAC-seq region and the nearest five genes.




Supplemental Figures Legend

Figure S1. Effect of normalization on differential expression analysis
We compared the effect of different normalization methods on the differential expression analysis (Figure 1A) to determine if technical or environmental factors were influencing the analysis. We investigated the effect of three different normalization methods, including the effect or removing no covariates, removing the technical covariates, and removing the hidden PEER covariates. A. If we consider genes differentially expressed if they fall below the Benjamini-Hochberg adjusted p-value < 0.05 (FDR 5%), we observe that the X Chromosome has a greater proportion of DE genes than the autosomes for each normalization method. B. Similarly, if we consider genes differentially expressed if they fall below the more conservative Bonferroni adjusted p-value < 0.01, we also observe that the X Chromosome has a greater proportion of DE genes than autosomes. 

Figure S2. Effect of normalization on differential expression variance analysis
We compared the effect of different normalization methods on the differential expression variance analysis (Figure 1A) to determine if technical or environmental factors were influencing the analysis. We investigated the effect of three different normalization methods, including the effect or removing no covariates, removing the technical covariates, and removing the hidden PEER covariates. A. If we consider genes to have differential variance if they fall below the Benjamini-Hochberg adjusted p-value < 0.05 (FDR 5%), we observe that the X Chromosome has a greater proportion of DV genes than the autosomes for each normalization method. B. Similarly, if we consider genes to have differential variance if they fall below the more conservative Bonferroni adjusted p-value < 0.01, we also observe that the X Chromosome has a greater proportion of DV genes than autosomes. C. We investigated the effect of two different normalization methods, i.e. effect of removing PEER covariates followed or not by quantile normalization, and two different variance tests, F-tests or Levene test. We consider genes to have differential variance if they fall below the Benjamini-Hochberg adjusted p-value < 0.05 (FDR 5%). We observe that the X Chromosome has a greater proportion of DV genes than the autosomes for each normalization method and testing strategy.

Figure S3. Replication of differential expression variance between the sexes
Comparison of genes with significant sex-specific expression variance (FDR 5%) on the autosomes and the X Chromosome in the DGN and ImmVar cohorts. To test for differences in expression variance, the number of males and females were matched and only genes with baseline expression in both males and females were tested (see Methods). Fisher’s exact test P-values above bars indicates significance of higher expression variance on X Chromosome relative to autosomes.

Figure S4. Proportion of variance explained by genotype on chr10
Proportion of variance explained (PVE) by genotype on chromosome 10 (chr10) in males and females. To test for the PVE, the number of males and females were matched (n = 274). We tested all genes on chr10 and genes with a cis-eQTL (Bonferroni adjusted P- value < 0.05). Unlike on the X Chromosome, there is no significant difference in the PVE for males and females for all genes (Wilcoxon-rank-sum P-value = 0.557) and all cis- eQTL genes (Wilcoxon-rank-sum P-value = 0.686).

Figure S5. Relationship of MAF and dN/dS with eQTLs
A. Histogram illustrating the distribution of minor allele frequencies (MAF) of eQTL variants. The data plotted is the MAF of the top variant (lowest P-value) for each gene tested. We observe that the MAF of X Chromosome eQTLs was significantly smaller than the mean MAF of autosomal eQTLs (0.189 versus 0.229; t-test P-value = 3.8 x 10-7). B. Histogram illustrating the distribution of mean expression levels of genes tested for eQTLs. We observe that the mean expression levels of X Chromosome eQTLs are slightly smaller than the mean expression levels of autosomal eQTLs (t-test P-value  = 2.0 x 10-3).  C. Comparison of FST estimates for the top cis-eQTLs (FDR 5%) and gene-matched controls on the autosomes and the X Chromosome. Control variants were chosen as variants tested as cis-eQTLs for the same gene as the top cis-eQTL. In addition, each control variant was required to be within 5kb of the top cis-eQTL. We found that the mean difference in FST statistics between cis-eQTLs and their matched controls on the X Chromosome was 0.0847 compared to 0.0287 for the autosomes (t-test P-value = 0.0433).
  D. Relationship of eQTL effect size and strength of purifying selection. Boxplots for the effect size of eQTLs on the autosomes (n = 11967) and the X Chromosome (n = 303) at genes five dN/dS bins. eQTLs on the X Chromosome have lower effect sizes compared to eQTLs on the autosomes across different dN/dS bins (one-sided Wilcoxon-rank-sum test; **P‑value  < 5  10-4; * P‑value < 5  10-2).

Figure S6. Conceptual illustration of sex-specific effects evaluated in this study 
Example of a gene with sex-specific gene expression (left), a gene with sex-specific expression variance (middle), and a gene with a sex-interacting eQTL (right). In the example of sex-specific gene expression, this gene has higher expression in females compared to males. In the example of sex-specific variance, this gene has higher expression variability in females compared to males. In the example of a sex-interacting eQTL, females with different genotypes (AA, AT, and TT) show significant differences in expression, indicating that a genetic effect on expression is present within females but absent in males.  

Figure S7. Comparison of methods for sex-interacting eQTL discovery
Quantile-quantile (QQ) plot describing the sex-interacting eQTL association P- values for SNPs tested within 1MB of genes on the X Chromosome (red) and the autosomes (purple) using two approaches. The naïve approach is indicated by open circles and the conditional approach (see Methods) is indicated by closed circles.

Figure S8. Sex-interacting allele-specific expression QTL (aseQTL) for NOD2
We used a binomial generalized linear mixed model (EAGLE method from Knowles et al., manuscript in preparation) to test for an association between allelic imbalance and sex. ). A. We observed a significant aseQTL with genotype-sex interactions for the regulatory variant at rs4785448 and NOD2 (P-value = 2.5 × 10-3). In this example, the allelic imbalance is measured as | a/n - 0.5 |, where a is the alterative allele read count and n is the reference allele count for heterozygotes at rs5743291. B. We also observe a marginally significant aseQTL with genotype-sex interactions for the regulatory variant at rs9846315 and DNAH1 (P-value = 1.0 × 10-1). In this example, allelic imbalance was measure for heterozygotes at rs12163565. 
 
Figure S9. Comparison of chromatin accessibility levels in males and females on
X.
The proportion of regions with higher chromatin accessibility in females for differential chromatin accessibility regions on X Chromosome compared to a matched set of random regions on the autosomes.

Figure S10. Integration of sex-specific genes and sex-interacting eQTLs genes with sex-specific chromatin accessibility for permuted genders
A. Odds ratio for sex-specific expression genes (FDR 5%) located upstream (40kb) of sex in differential chromatin accessibility regions (varying thresholds) using a permuted set of males and females (n=274) for sex-specific gene expression test. **P-value < 10-5, *P‑value < 10-3, Fisher’s exact test. B. Proportion of sex-interacting eQTL genes (P-value < 0.05) in differential chromatin accessibility regions (varying thresholds) using a permuted set of males and females (n=274) for genotype-sex interaction tests.

Figure S11. Integration of sex-interacting eQTL variants in sex-specific chromatin accessibility regions
Proportion of sex-interacting eQTL genes (P-value < 0.05) in differential chromatin accessibility regions (varying thresholds).

Figure S12. Sex-specific effect sizes for GWAS variants with sex-biased eQTLs
Proportion of variants with higher eQTL effect size in females for GWAS variants of traits in the NHGRI-EBI catalog.

Figure S13. Removal of hidden covariates from expression data
The number eQTLs detected at FDR 5% as a function of the number of hidden covariates removed from the gene expression data. A matched number of males and females (n = 274) was used for eQTL detection. When 25 hidden covariates are removed, eQTL detection is optimized.

Figure S14. Percent GC Bias for Aligned ATAC-Seq reads
A. Barplot of the total number of reads per sample per sequencing run. We performed two sequencing runs on the pooled samples; each sequencing run yielded approximately 200 million paired-end reads (yielding >400 million paired-end reads in total). B. Boxplot comparing the read depth per sample between females and males. There is no significant difference in the mean read depth between females and males (28.9M versus 27.3M; t-test p-value = 0.41), and there is no significant difference in the variance of read depth between females and males (standard deviation of 4.5M versus 6.0M; F-test p-value = 0.49). C. Barplot illustrating read depth per sample, grouped by gender. D. Boxplot comparing the %GC bias per sample between females and males. There is no significant difference in the mean %GC between females and males (42.1% versus 41.9%; t-test p-value = 0.51), and there is no significant difference in the variance of %GC between females and males (standard deviation of 0.57% versus 0.74%; F-test p-value = 0.45). E. Barplot illustrating %GC bias per sample, grouped by gender. 


Figure S15. Disease associated variants with sex-biased eQTLs 
Proportion of independent (LD-pruned) variants with higher eQTL effect sizes in females for GWAS variants of traits in Immunobase at different p-value thresholds. Tested variants were included based on increasing stringency that they were an eQTL. Red indicates traits with effect sizes that are significantly different between sexes. ATD, autoimmune thyroid disease; CEL, celiac disease, JIA, juvenile idiopathic arthritis; MS, multiple sclerosis; PBC, primarily biliary cirrhosis, PSO, psoriasis, RA, rheumatoid arthritis; RND, random eQTL variants; SLE, systemic lupus erythematous; T1D, type 1 diabetes.
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Supplementary Tables

Table S1. Functional enrichment of genes with sex-specific expression variance (FDR 5%)
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Table S2. Replication of depletion of X Chromosome eQTLs in cohorts with different cell types 
[image: cd:Users:kkukurba:Dropbox:XChrAndSexSpecificity:Manuscript:Figures-Supplemental:SupplementaryTableS1.pdf]



Table S3. Replication of sex-interacting eQTLs (FDR 5%) in additional cohorts 
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Table S4. Functional enrichment of top 100 sex-interacting eQTL genes
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Category Term
Group	
  
Hits



Group	
  
Total



Pop	
  
Hits



Pop	
  
Total % P-­‐Value



Fold	
  
Enrichment Fisher	
  Exact



GOTERM_BP_FAT positive	
  regulation	
  of	
  apoptosis 7 37 255 12669 18.9 4.40E-­‐05 9.4 4.60E-­‐06
GOTERM_BP_FAT positive	
  regulation	
  of	
  programmed	
  cell	
  death 7 37 258 12669 18.9 4.60E-­‐05 9.3 4.80E-­‐06
GOTERM_BP_FAT positive	
  regulation	
  of	
  cell	
  death 7 37 258 12669 18.9 4.70E-­‐05 9.3 5.00E-­‐06
GOTERM_BP_FAT induction	
  of	
  apoptosis 6 37 194 12669 16.2 1.40E-­‐04 10.6 1.30E-­‐05
GOTERM_BP_FAT induction	
  of	
  programmed	
  cell	
  death 6 37 194 12669 16.2 1.40E-­‐04 10.6 1.30E-­‐05



GOTERM_BP_FAT
regulation	
  of	
  small	
  GTPase	
  mediated	
  signal	
  
transduction 5 37 153 12669 13.5 7.10E-­‐04 11.2 6.20E-­‐05



GOTERM_BP_FAT induction	
  of	
  apoptosis	
  by	
  extracellular	
  signals 4 37 69 12669 10.8 8.50E-­‐04 19.8 4.20E-­‐05
GOTERM_BP_FAT regulation	
  of	
  apoptosis 7 37 461 12669 18.9 1.10E-­‐03 5.2 2.00E-­‐04
GOTERM_BP_FAT regulation	
  of	
  programmed	
  cell	
  death 7 37 461 12669 18.9 1.10E-­‐03 5.2 2.10E-­‐04
GOTERM_BP_FAT regulation	
  of	
  cell	
  death 7 37 470 12669 18.9 1.20E-­‐03 5.1 2.20E-­‐04
GOTERM_BP_FAT apoptosis 6 37 348 12669 16.2 2.10E-­‐03 5.9 3.50E-­‐04
GOTERM_BP_FAT programmed	
  cell	
  death 6 37 354 12669 16.2 2.20E-­‐03 5.8 3.70E-­‐04
GOTERM_BP_FAT membrane	
  organization 5 37 219 12669 13.5 2.60E-­‐03 7.8 3.30E-­‐04
GOTERM_BP_FAT cell	
  death 6 37 411 12669 16.2 4.30E-­‐03 5 8.30E-­‐04
GOTERM_BP_FAT death 6 37 411 12669 16.2 4.40E-­‐03 5 8.60E-­‐04
GOTERM_BP_FAT regulation	
  of	
  Ras	
  protein	
  signal	
  transduction 4 37 126 12669 10.8 4.70E-­‐03 10.9 4.20E-­‐04
GOTERM_BP_FAT regulation	
  of	
  Rho	
  protein	
  signal	
  transduction 3 37 58 12669 8.1 1.10E-­‐02 17.7 6.00E-­‐04
GOTERM_BP_FAT mitotic	
  cell	
  cycle 4 37 232 12669 10.8 2.50E-­‐02 5.9 4.10E-­‐03
GOTERM_BP_FAT cellular	
  protein	
  localization 4 37 245 12669 10.8 2.90E-­‐02 5.6 4.90E-­‐03
GOTERM_BP_FAT cellular	
  macromolecule	
  localization 4 37 249 12669 10.8 2.90E-­‐02 5.5 5.10E-­‐03
GOTERM_BP_FAT membrane	
  invagination 3 37 125 12669 8.1 4.70E-­‐02 8.2 5.50E-­‐03
GOTERM_BP_FAT endocytosis 3 37 125 12669 8.1 4.70E-­‐02 8.2 5.50E-­‐03
GOTERM_BP_FAT actin	
  cytoskeleton	
  organization 3 37 128 12669 8.1 4.80E-­‐02 8 5.90E-­‐03
GOTERM_BP_FAT actin	
  filament-­‐based	
  process 3 37 135 12669 8.1 5.30E-­‐02 7.6 6.80E-­‐03
GOTERM_BP_FAT vesicle-­‐mediated	
  transport 4 37 334 12669 10.8 6.10E-­‐02 4.1 1.40E-­‐02
GOTERM_BP_FAT cell	
  cycle	
  process 4 37 342 12669 10.8 6.60E-­‐02 4 1.60E-­‐02
GOTERM_BP_FAT cell	
  morphogenesis 3 37 174 12669 8.1 8.10E-­‐02 5.9 1.30E-­‐02
GOTERM_BP_FAT regulation	
  of	
  hydrolase	
  activity 3 37 177 12669 8.1 8.40E-­‐02 5.8 1.40E-­‐02
GOTERM_BP_FAT cell	
  division 3 37 177 12669 8.1 8.50E-­‐02 5.8 1.40E-­‐02
GOTERM_BP_FAT cell	
  projection	
  organization 3 37 187 12669 8.1 9.20E-­‐02 5.5 1.60E-­‐02
GOTERM_BP_FAT cellular	
  component	
  morphogenesis 3 37 194 12669 8.1 9.80E-­‐02 5.3 1.80E-­‐02
GOTERM_BP_FAT cell	
  cycle 4 37 457 12669 10.8 1.30E-­‐01 3 4.10E-­‐02
GOTERM_BP_FAT cytoskeleton	
  organization 3 37 245 12669 8.1 1.50E-­‐01 4.2 3.30E-­‐02
GOTERM_BP_FAT cell	
  cycle	
  phase 3 37 245 12669 8.1 1.50E-­‐01 4.2 3.40E-­‐02
GOTERM_BP_FAT protein	
  localization 4 37 527 12669 10.8 1.70E-­‐01 2.6 6.00E-­‐02
GOTERM_BP_FAT proteolysis 4 37 548 12669 10.8 1.80E-­‐01 2.5 6.70E-­‐02
GOTERM_BP_FAT immune	
  response 3 37 331 12669 8.1 2.30E-­‐01 3.1 6.80E-­‐02
GOTERM_BP_FAT modification-­‐dependent	
  protein	
  catabolic	
  process 3 37 331 12669 8.1 2.40E-­‐01 3.1 7.20E-­‐02
GOTERM_BP_FAT modification-­‐dependent	
  macromolecule	
  catabolic	
  process3 37 331 12669 8.1 2.40E-­‐01 3.1 7.20E-­‐02
GOTERM_BP_FAT proteolysis	
  involved	
  in	
  cellular	
  protein	
  catabolic	
  process 3 37 354 12669 8.1 2.60E-­‐01 2.9 8.10E-­‐02
GOTERM_BP_FAT cellular	
  protein	
  catabolic	
  process 3 37 354 12669 8.1 2.60E-­‐01 2.9 8.10E-­‐02
GOTERM_BP_FAT protein	
  catabolic	
  process 3 37 367 12669 8.1 2.70E-­‐01 2.8 8.70E-­‐02
GOTERM_BP_FAT intracellular	
  signaling	
  cascade 4 37 685 12669 10.8 2.90E-­‐01 2 1.30E-­‐01
GOTERM_BP_FAT intracellular	
  transport 3 37 395 12669 8.1 2.90E-­‐01 2.6 1.00E-­‐01
GOTERM_BP_FAT cellular	
  macromolecule	
  catabolic	
  process 3 37 428 12669 8.1 3.30E-­‐01 2.4 1.20E-­‐01
GOTERM_BP_FAT macromolecule	
  catabolic	
  process 3 37 467 12669 8.1 3.70E-­‐01 2.2 1.50E-­‐01
GOTERM_BP_FAT regulation	
  of	
  transcription 4 37 1370 12669 10.8 7.30E-­‐01 1 5.50E-­‐01



Group	
  Hits Total	
  number	
  of	
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  in	
  GO	
  category
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  genes










Category Term

Group	

Hits

Group	

Total

Pop	

Hits

Pop	

Total % P-Value

Fold	

EnrichmentFisher	Exact

GOTERM_BP_FAT positive	regulation	of	apoptosis 7 37 25512669 18.94.40E-05 9.4 4.60E-06

GOTERM_BP_FAT positive	regulation	of	programmed	cell	death 7 37 25812669 18.94.60E-05 9.3 4.80E-06

GOTERM_BP_FAT positive	regulation	of	cell	death 7 37 25812669 18.94.70E-05 9.3 5.00E-06

GOTERM_BP_FAT induction	of	apoptosis 6 37 19412669 16.21.40E-04 10.6 1.30E-05

GOTERM_BP_FAT induction	of	programmed	cell	death 6 37 19412669 16.21.40E-04 10.6 1.30E-05

GOTERM_BP_FAT

regulation	of	small	GTPase	mediated	signal	

transduction 5 37 15312669 13.57.10E-04 11.2 6.20E-05

GOTERM_BP_FAT induction	of	apoptosis	by	extracellular	signals 4 37 6912669 10.88.50E-04 19.8 4.20E-05

GOTERM_BP_FAT regulation	of	apoptosis 7 37 46112669 18.91.10E-03 5.2 2.00E-04

GOTERM_BP_FAT regulation	of	programmed	cell	death 7 37 46112669 18.91.10E-03 5.2 2.10E-04

GOTERM_BP_FAT regulation	of	cell	death 7 37 47012669 18.91.20E-03 5.1 2.20E-04

GOTERM_BP_FAT apoptosis 6 37 34812669 16.22.10E-03 5.9 3.50E-04

GOTERM_BP_FAT programmed	cell	death 6 37 35412669 16.22.20E-03 5.8 3.70E-04

GOTERM_BP_FAT membrane	organization 5 37 21912669 13.52.60E-03 7.8 3.30E-04

GOTERM_BP_FAT cell	death 6 37 41112669 16.24.30E-03 5 8.30E-04

GOTERM_BP_FAT death 6 37 41112669 16.24.40E-03 5 8.60E-04

GOTERM_BP_FAT regulation	of	Ras	protein	signal	transduction 4 37 12612669 10.84.70E-03 10.9 4.20E-04

GOTERM_BP_FAT regulation	of	Rho	protein	signal	transduction 3 37 5812669 8.11.10E-02 17.7 6.00E-04

GOTERM_BP_FAT mitotic	cell	cycle 4 37 23212669 10.82.50E-02 5.9 4.10E-03

GOTERM_BP_FAT cellular	protein	localization 4 37 24512669 10.82.90E-02 5.6 4.90E-03

GOTERM_BP_FAT cellular	macromolecule	localization 4 37 24912669 10.82.90E-02 5.5 5.10E-03

GOTERM_BP_FAT membrane	invagination 3 37 12512669 8.14.70E-02 8.2 5.50E-03

GOTERM_BP_FAT endocytosis 3 37 12512669 8.14.70E-02 8.2 5.50E-03

GOTERM_BP_FAT actin	cytoskeleton	organization 3 37 12812669 8.14.80E-02 8 5.90E-03

GOTERM_BP_FAT actin	filament-based	process 3 37 13512669 8.15.30E-02 7.6 6.80E-03

GOTERM_BP_FAT vesicle-mediated	transport 4 37 33412669 10.86.10E-02 4.1 1.40E-02

GOTERM_BP_FAT cell	cycle	process 4 37 34212669 10.86.60E-02 4 1.60E-02

GOTERM_BP_FAT cell	morphogenesis 3 37 17412669 8.18.10E-02 5.9 1.30E-02

GOTERM_BP_FAT regulation	of	hydrolase	activity 3 37 17712669 8.18.40E-02 5.8 1.40E-02

GOTERM_BP_FAT cell	division 3 37 17712669 8.18.50E-02 5.8 1.40E-02

GOTERM_BP_FAT cell	projection	organization 3 37 18712669 8.19.20E-02 5.5 1.60E-02

GOTERM_BP_FAT cellular	component	morphogenesis 3 37 19412669 8.19.80E-02 5.3 1.80E-02

GOTERM_BP_FAT cell	cycle 4 37 45712669 10.81.30E-01 3 4.10E-02

GOTERM_BP_FAT cytoskeleton	organization 3 37 24512669 8.11.50E-01 4.2 3.30E-02

GOTERM_BP_FAT cell	cycle	phase 3 37 24512669 8.11.50E-01 4.2 3.40E-02

GOTERM_BP_FAT protein	localization 4 37 52712669 10.81.70E-01 2.6 6.00E-02

GOTERM_BP_FAT proteolysis 4 37 54812669 10.81.80E-01 2.5 6.70E-02

GOTERM_BP_FAT immune	response 3 37 33112669 8.12.30E-01 3.1 6.80E-02

GOTERM_BP_FAT modification-dependent	protein	catabolic	proces

s

3 37 33112669 8.12.40E-01 3.1 7.20E-02

GOTERM_BP_FAT modification-dependent	macromolecule	catabolic	p r o c e s s 3 37 33112669 8.12.40E-01 3.1 7.20E-02

GOTERM_BP_FAT proteolysis	involved	in	cellular	protein	catabolic	pro c e s s 3 37 35412669 8.12.60E-01 2.9 8.10E-02

GOTERM_BP_FAT cellular	protein	catabolic	process 3 37 35412669 8.12.60E-01 2.9 8.10E-02

GOTERM_BP_FAT protein	catabolic	process 3 37 36712669 8.12.70E-01 2.8 8.70E-02

GOTERM_BP_FAT intracellular	signaling	cascade 4 37 68512669 10.82.90E-01 2 1.30E-01

GOTERM_BP_FAT intracellular	transport 3 37 39512669 8.12.90E-01 2.6 1.00E-01

GOTERM_BP_FAT cellular	macromolecule	catabolic	process 3 37 42812669 8.13.30E-01 2.4 1.20E-01

GOTERM_BP_FAT macromolecule	catabolic	process 3 37 46712669 8.13.70E-01 2.2 1.50E-01

GOTERM_BP_FAT regulation	of	transcription 4 37 137012669 10.87.30E-01 1 5.50E-01

Group	Hits Total	number	of	expressed	genes	with	differential	variance	in	GO	Category

Group	Total Total	number	of	expressed	genes	with	differential	variance

Pop	Hits Total	number	of	expressed	genes	in	GO	category

Pop	Total Total	number	of	expressed	genes
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FDR	
  threshold 0.25 0.1 0.05 0.25 0.1 0.05
Proportion	
  of	
  eQTLs	
  on	
  autosomes 0.115 0.078 0.065 0.075 0.058 0.038
Proportion	
  of	
  eQTLs	
  on	
  X 0.047 0.034 0.026 0.033 0.024 0.015
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Framingham CARTaGENE ImmVar CD4 ImmVar CD14
Chr Variant Gene P -value FDR P -value P -value P -value P -value
5 rs66668391 WDR36 7.60E-11 1.80E-04 8.15E-10 9.90E-01 8.85E-01 9.98E-01
16 rs4785448 NOD2 5.10E-10 1.20E-03 NT 1.07E-01 9.36E-01 8.65E-01
11 chr11:62735958:D BSCL2 5.50E-10 1.70E-03 NT 2.89E-03 NT NT
X rs147067421 MAP7D3 7.70E-09 2.50E-03 NT NT NT NT
X chrX:119134201:D RHOXF1 1.50E-08 6.10E-03 NT NT NT NT
3 rs9846315 DNAH1 1.10E-08 2.00E-02 NT 1.78E-01 9.07E-01 2.11E-01



NT = not testable in data set



DGN



Discovery cohort Replication cohort
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Chr Variant Gene P-value FDR P-value P-value P-value P-value

5 rs66668391 WDR36 7.60E-11 1.80E-04 8.15E-10 9.90E-01 8.85E-01 9.98E-01

16 rs4785448 NOD2 5.10E-10 1.20E-03 NT 1.07E-01 9.36E-01 8.65E-01

11 chr11:62735958:D BSCL2 5.50E-10 1.70E-03 NT 2.89E-03 NT NT

X rs147067421 MAP7D3 7.70E-09 2.50E-03 NT NT NT NT

X chrX:119134201:D RHOXF1 1.50E-08 6.10E-03 NT NT NT NT

3 rs9846315 DNAH1 1.10E-08 2.00E-02 NT 1.78E-01 9.07E-01 2.11E-01
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Category Term Count % PValue Genes List Total Pop Hits Pop Total Fold Enrichm Bonferroni Benjamini FDR
GOTERM_BP_FAT GO:0043122~regulation of I-kappaB kinase/NF-kappaB cascade 5 5.15463918 0.00661827 CARD8, NOD2    70 101 9294 6.572843 0.99882502 0.99882502 9.97893635
GOTERM_BP_FAT GO:0008406~gonad development 4 4.12371134 0.0108375 CCND2, EIF2B   70 62 9294 8.56589862 0.99998444 0.99605576 15.8452001
GOTERM_BP_FAT GO:0048608~reproductive structure development 4 4.12371134 0.0139159 CCND2, EIF2B   70 68 9294 7.81008403 0.99999934 0.99131321 19.897199
GOTERM_BP_FAT GO:0045137~development of primary sexual characteristics 4 4.12371134 0.01504139 CCND2, EIF2B   70 70 9294 7.58693878 0.99999979 0.97871043 21.3324558
GOTERM_BP_FAT GO:0043627~response to estrogen stimulus 4 4.12371134 0.01682378 TXNIP, CYP11   70 73 9294 7.27514677 0.99999997 0.96818046 23.5562103
GOTERM_BP_FAT GO:0006979~response to oxidative stress 5 5.15463918 0.01735561 TXNIP, NUDT    70 134 9294 4.95415778 0.99999998 0.94842334 24.2082536
GOTERM_BP_FAT GO:0010033~response to organic substance 10 10.3092784 0.01937827 TXNIP, NOD2         70 548 9294 2.42283629 1 0.94158759 26.6407821
GOTERM_BP_FAT GO:0010627~regulation of protein kinase cascade 6 6.18556701 0.01961412 CARD8, NOD2     70 210 9294 3.79346939 1 0.91919746 26.9196114
GOTERM_BP_FAT GO:0032102~negative regulation of response to external stimulus 3 3.09278351 0.02198954 CLN3, NPC1, 70 31 9294 12.8488479 1 0.91873782 29.673106
GOTERM_BP_FAT GO:0016242~negative regulation of macroautophagy 2 2.06185567 0.02210985 CLN3, NPC1 70 3 9294 88.5142857 1 0.89684952 29.8099477
GOTERM_BP_FAT GO:0010507~negative regulation of autophagy 2 2.06185567 0.02210985 CLN3, NPC1 70 3 9294 88.5142857 1 0.89684952 29.8099477
GOTERM_BP_FAT GO:0042981~regulation of apoptosis 11 11.3402062 0.02259477 TXNIP, CLN3,         70 658 9294 2.21958315 1 0.87886783 30.3589613
GOTERM_BP_FAT GO:0043067~regulation of programmed cell death 11 11.3402062 0.02367568 TXNIP, CLN3,         70 663 9294 2.20284421 1 0.86848727 31.5683048
GOTERM_BP_FAT GO:0010941~regulation of cell death 11 11.3402062 0.02434215 TXNIP, CLN3,         70 666 9294 2.19292149 1 0.85426567 32.3041275
GOTERM_BP_FAT GO:0007548~sex differentiation 4 4.12371134 0.02509357 CCND2, EIF2B   70 85 9294 6.24806723 1 0.84186632 33.1248504
GOTERM_BP_FAT GO:0080135~regulation of cellular response to stress 4 4.12371134 0.02586539 CLN3, NOD2,  70 86 9294 6.17541528 1 0.83051734 33.9581364
GOTERM_BP_FAT GO:0009749~response to glucose stimulus 3 3.09278351 0.02615465 TXNIP, PFKL, 70 34 9294 11.7151261 1 0.81417049 34.2679252
GOTERM_BP_FAT GO:0009746~response to hexose stimulus 3 3.09278351 0.02760872 TXNIP, PFKL, 70 35 9294 11.3804082 1 0.8123605 35.8046541
GOTERM_BP_FAT GO:0034284~response to monosaccharide stimulus 3 3.09278351 0.02760872 TXNIP, PFKL, 70 35 9294 11.3804082 1 0.8123605 35.8046541
GOTERM_BP_FAT GO:0008219~cell death 10 10.3092784 0.0290097 IGHMBP2, CL         70 588 9294 2.25801749 1 0.81017576 37.2533817
GOTERM_BP_FAT GO:0008585~female gonad development 3 3.09278351 0.02909473 CCND2, EIF2B  70 36 9294 11.0642857 1 0.79379487 37.3403132
GOTERM_BP_FAT GO:0070374~positive regulation of ERK1 and ERK2 cascade 2 2.06185567 0.02937219 NOD2, TLR4 70 4 9294 66.3857143 1 0.78007295 37.6232107
GOTERM_BP_FAT GO:0032490~detection of molecule of bacterial origin 2 2.06185567 0.02937219 NOD2, TLR4 70 4 9294 66.3857143 1 0.78007295 37.6232107
GOTERM_BP_FAT GO:0070372~regulation of ERK1 and ERK2 cascade 2 2.06185567 0.02937219 NOD2, TLR4 70 4 9294 66.3857143 1 0.78007295 37.6232107
GOTERM_BP_FAT GO:0016241~regulation of macroautophagy 2 2.06185567 0.02937219 CLN3, NPC1 70 4 9294 66.3857143 1 0.78007295 37.6232107
GOTERM_BP_FAT GO:0043123~positive regulation of I-kappaB kinase/NF-kappaB cascade 4 4.12371134 0.02991493 NOD2, PLEKH   70 91 9294 5.83610675 1 0.76993715 38.1731175
GOTERM_BP_FAT GO:0016265~death 10 10.3092784 0.03013135 IGHMBP2, CL         70 592 9294 2.24276062 1 0.75656745 38.3911188
GOTERM_BP_FAT GO:0010035~response to inorganic substance 5 5.15463918 0.03082462 TXNIP, NPC1,   70 160 9294 4.14910714 1 0.74919299 39.0846399
GOTERM_BP_FAT GO:0046660~female sex differentiation 3 3.09278351 0.03216039 CCND2, EIF2B  70 38 9294 10.4819549 1 0.74938316 40.4003223
GOTERM_BP_FAT GO:0046545~development of primary female sexual characteristics 3 3.09278351 0.03216039 CCND2, EIF2B  70 38 9294 10.4819549 1 0.74938316 40.4003223
GOTERM_BP_FAT GO:0050678~regulation of epithelial cell proliferation 3 3.09278351 0.03373899 CDKN1B, CCN  70 39 9294 10.2131868 1 0.75212161 41.9208482
GOTERM_BP_FAT GO:0010038~response to metal ion 4 4.12371134 0.03611463 TXNIP, NPC1,  70 98 9294 5.41924198 1 0.76244653 44.1407425
GOTERM_BP_FAT GO:0032108~negative regulation of response to nutrient levels 2 2.06185567 0.03658138 CLN3, NPC1 70 5 9294 53.1085714 1 0.75398259 44.5674407
GOTERM_BP_FAT GO:0032105~negative regulation of response to extracellular stimulus 2 2.06185567 0.03658138 CLN3, NPC1 70 5 9294 53.1085714 1 0.75398259 44.5674407
GOTERM_BP_FAT GO:0010506~regulation of autophagy 2 2.06185567 0.03658138 CLN3, NPC1 70 5 9294 53.1085714 1 0.75398259 44.5674407
GOTERM_BP_FAT GO:0009743~response to carbohydrate stimulus 3 3.09278351 0.03865161 TXNIP, PFKL, 70 42 9294 9.48367347 1 0.76076885 46.4234865
GOTERM_BP_FAT GO:0032101~regulation of response to external stimulus 4 4.12371134 0.04394717 CLN3, NPC1,  70 106 9294 5.01024259 1 0.79289374 50.9097009
GOTERM_BP_FAT GO:0042542~response to hydrogen peroxide 3 3.09278351 0.04559548 TXNIP, CYP11  70 46 9294 8.65900621 1 0.79412344 52.2326304
GOTERM_BP_FAT GO:0010648~negative regulation of cell communication 5 5.15463918 0.04598994 CLN3, CARD8    70 182 9294 3.64756672 1 0.78627047 52.5442327
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Category Term Count % PValue Genes List Total Pop Hits Pop Total Fold EnrichmBonferroniBenjamini FDR

GOTERM_BP_FATGO:0043122~regulation of I-kappaB kinase/NF-kappaB cascade 55.154639180.00661827CARD8, NOD2      70 101 9294 6.5728430.998825020.998825029.97893635

GOTERM_BP_FATGO:0008406~gonad development 44.123711340.0108375

CCND2, EIF2B   

70 62 92948.565898620.999984440.9960557615.8452001

GOTERM_BP_FATGO:0048608~reproductive structure development 44.123711340.0139159

CCND2, EIF2B   

70 68 92947.810084030.999999340.99131321 19.897199

GOTERM_BP_FATGO:0045137~development of primary sexual characteristics 44.123711340.01504139CCND2, EIF2B    70 70 92947.586938780.999999790.9787104321.3324558

GOTERM_BP_FATGO:0043627~response to estrogen stimulus 44.123711340.01682378TXNIP, CYP11     70 73 92947.275146770.999999970.9681804623.5562103

GOTERM_BP_FATGO:0006979~response to oxidative stress 55.154639180.01735561TXNIP, NUDT      70 134 92944.954157780.999999980.9484233424.2082536

GOTERM_BP_FATGO:0010033~response to organic substance 1010.30927840.01937827TXNIP, NOD2                70 548 92942.42283629 10.9415875926.6407821

GOTERM_BP_FATGO:0010627~regulation of protein kinase cascade 66.185567010.01961412

CARD8, NOD2       

70 210 92943.79346939 10.9191974626.9196114

GOTERM_BP_FATGO:0032102~negative regulation of response to external stimulus 33.092783510.02198954

CLN3, NPC1, 

70 31 929412.8488479 10.91873782 29.673106

GOTERM_BP_FATGO:0016242~negative regulation of macroautophagy 22.061855670.02210985CLN3, NPC1 70 3 929488.5142857 10.8968495229.8099477

GOTERM_BP_FATGO:0010507~negative regulation of autophagy 22.061855670.02210985CLN3, NPC1 70 3 929488.5142857 10.8968495229.8099477

GOTERM_BP_FATGO:0042981~regulation of apoptosis 1111.34020620.02259477TXNIP, CLN3,

   

            70 658 92942.21958315 10.8788678330.3589613

GOTERM_BP_FATGO:0043067~regulation of programmed cell death 1111.34020620.02367568TXNIP, CLN3,

   

            70 663 92942.20284421 10.8684872731.5683048

GOTERM_BP_FATGO:0010941~regulation of cell death 1111.34020620.02434215

TXNIP, CLN3,

   

           

70 666 92942.19292149 10.8542656732.3041275

GOTERM_BP_FATGO:0007548~sex differentiation 44.123711340.02509357

CCND2, EIF2B   

70 85 92946.24806723 10.8418663233.1248504

GOTERM_BP_FATGO:0080135~regulation of cellular response to stress 44.123711340.02586539CLN3, NOD2,

 

  70 86 92946.17541528 10.8305173433.9581364

GOTERM_BP_FATGO:0009749~response to glucose stimulus 33.092783510.02615465TXNIP, PFKL,  70 34 929411.7151261 10.8141704934.2679252

GOTERM_BP_FATGO:0009746~response to hexose stimulus 33.092783510.02760872TXNIP, PFKL,  70 35 929411.3804082 10.812360535.8046541

GOTERM_BP_FATGO:0034284~response to monosaccharide stimulus 33.092783510.02760872TXNIP, PFKL,  70 35 929411.3804082 10.812360535.8046541

GOTERM_BP_FATGO:0008219~cell death 1010.30927840.0290097

IGHMBP2, CL                

70 588 92942.25801749 10.8101757637.2533817

GOTERM_BP_FATGO:0008585~female gonad development 33.092783510.02909473

CCND2, EIF2B 

70 36 929411.0642857 10.7937948737.3403132

GOTERM_BP_FATGO:0070374~positive regulation of ERK1 and ERK2 cascade 22.061855670.02937219NOD2, TLR4 70 4 929466.3857143 10.7800729537.6232107

GOTERM_BP_FATGO:0032490~detection of molecule of bacterial origin 22.061855670.02937219NOD2, TLR4 70 4 929466.3857143 10.7800729537.6232107

GOTERM_BP_FATGO:0070372~regulation of ERK1 and ERK2 cascade 22.061855670.02937219NOD2, TLR4 70 4 929466.3857143 10.7800729537.6232107

GOTERM_BP_FATGO:0016241~regulation of macroautophagy 22.061855670.02937219CLN3, NPC1 70 4 929466.3857143 10.7800729537.6232107

GOTERM_BP_FATGO:0043123~positive regulation of I-kappaB kinase/NF-kappaB cascade 44.123711340.02991493

NOD2, PLEKH    

70 91 92945.83610675 10.7699371538.1731175

GOTERM_BP_FATGO:0016265~death 1010.30927840.03013135

IGHMBP2, CL                

70 592 92942.24276062 10.7565674538.3911188

GOTERM_BP_FATGO:0010035~response to inorganic substance 55.154639180.03082462TXNIP, NPC1,      70 160 92944.14910714 10.7491929939.0846399

GOTERM_BP_FATGO:0046660~female sex differentiation 33.092783510.03216039CCND2, EIF2B  70 38 929410.4819549 10.7493831640.4003223

GOTERM_BP_FATGO:0046545~development of primary female sexual characteristics 33.092783510.03216039CCND2, EIF2B  70 38 929410.4819549 10.7493831640.4003223

GOTERM_BP_FATGO:0050678~regulation of epithelial cell proliferation 33.092783510.03373899CDKN1B, CCN   70 39 929410.2131868 10.7521216141.9208482

GOTERM_BP_FATGO:0010038~response to metal ion 44.123711340.03611463

TXNIP, NPC1,   

70 98 92945.41924198 10.7624465344.1407425

GOTERM_BP_FATGO:0032108~negative regulation of response to nutrient levels 22.061855670.03658138CLN3, NPC1 70 5 929453.1085714 10.7539825944.5674407

GOTERM_BP_FATGO:0032105~negative regulation of response to extracellular stimulus 22.061855670.03658138CLN3, NPC1 70 5 929453.1085714 10.7539825944.5674407

GOTERM_BP_FATGO:0010506~regulation of autophagy 22.061855670.03658138CLN3, NPC1 70 5 929453.1085714 10.7539825944.5674407

GOTERM_BP_FATGO:0009743~response to carbohydrate stimulus 33.092783510.03865161TXNIP, PFKL,  70 42 92949.48367347 10.7607688546.4234865

GOTERM_BP_FATGO:0032101~regulation of response to external stimulus 44.123711340.04394717CLN3, NPC1,    70 106 92945.01024259 10.7928937450.9097009

GOTERM_BP_FATGO:0042542~response to hydrogen peroxide 33.092783510.04559548

TXNIP, CYP11  

70 46 92948.65900621 10.7941234452.2326304

GOTERM_BP_FATGO:0010648~negative regulation of cell communication 55.154639180.04598994

CLN3, CARD8     

70 182 92943.64756672 10.7862704752.5442327
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