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Abstract

Background: Functional variants in the interleukin-6 receptor gene (IL6R) are

associated with asthma risk. We hypothesized that genes co-expressed with IL6R

might also be regulated by genetic polymorphisms that are associated with

asthma risk. The aim of this study was to identify such genes.

Methods: To identify genes whose expression was correlated with that of IL6R,

we analyzed gene expression levels generated for 373 human lymphoblastoid cell

lines by the Geuvadis consortium and for 38 hematopoietic cell types by the Dif-

ferentiation Map Portal (DMAP) project. Genes correlated with IL6R were then

screened for nearby single nucleotide polymorphisms (SNPs) that were signifi-

cantly associated with both variation in gene expression levels (eSNPs) and

asthma risk.

Results: We identified 90 genes with expression levels correlated with those of

IL6R and that also had a nearby eSNP associated with disease risk in a published

asthma GWAS (N = 20 776). For 16 (18%) genes, the association between the

eSNP and asthma risk replicated with the same direction of effect in a further

independent published asthma GWAS (N = 27 378). Among the top replicated

associations (FDR < 0.05) were eSNPs for four known (IL18R1, IL18RAP,

BCL6, and STAT6) and one putative novel asthma risk gene, stomatin-like pro-

tein 2 (STOML2). The expression of STOML2 was negatively correlated with

IL6R, while eSNPs that increased the expression of STOML2 were associated

with an increased asthma risk.

Conclusion: The expression of STOML2, a gene that plays a key role in mito-

chondrial function and T-cell activation, is associated with both IL-6 signaling

and asthma risk.

The interleukin 6 receptor gene (IL6R) has been implicated in

asthma pathophysiology both by human genetic association

studies (1–3) and by experimental animal models of asthma (4,

5). A common single nucleotide polymorphism (SNP) in IL6R

was first identified as a risk factor for asthma in a meta-analysis

of genome-wide association studies (GWAS) including 57 800

individuals (1). In that study, asthma risk was estimated to

increase by 1.09-fold for each copy of the rs4129267:T allele,

which has a frequency of 36% in Europeans. A second inde-

pendent but less common SNP in IL6R (rs12083537, minor

allele frequency of 19%) has also been reported to associate

with asthma risk [OR = 1.05 (2)]. Notably, both rs4129267 and

rs12083537 are associated with variation in serum protein

levels of the soluble form of IL-6R (sIL-6R) (2, 6).
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Variation in serum sIL-6R levels is thought to arise due to

at least three mechanisms: (i) proteolytic shedding of the mem-

brane-bound form of IL-6R (mIL-6R) (7), which accounts for

the most variation in sIL-6R levels; (ii) differential splicing of

exon 9, which produces an isoform that directly encodes sIL-

6R (8); and (iii) the release of microvesicle-associated IL-6R

(9). The first two mechanisms are increased by the rs4129267:T

asthma risk allele (6, 10). Increased shedding most likely arises

because this allele is in phase [linkage disequilibrium (LD)

r2 = 0.99 in Europeans] with the 358Ala amino acid variant

that is located within the main mIL-6R cleavage site (11) and

that increases receptor shedding by ADAM proteases (10). As

a result, the asthma rs4129267:T predisposing allele is associ-

ated with increased sIL-6R serum levels and decreased mIL-

6R expression. This strongly suggests that increased asthma

risk is associated with increased IL-6 trans-signaling, which is

mediated by sIL-6R, and decreased IL-6 classic signaling,

mediated by mIL-6R (12).

The hypothesis that IL-6 trans-signaling contributes to dis-

ease pathophysiology has been experimentally demonstrated

in mouse models of experimental asthma. Doganci et al. (4)

showed that ovalbumin (OVA)-sensitized mice treated with

sgp130-Fc, a fusion protein that inhibits trans-, but not clas-

sic, IL-6 signaling, had significantly lower eosinophilia and

Th2 cytokine levels in bronchoalveolar lavage fluid (BALF)

after OVA challenge, when compared to control mice. Simi-

larly, Ullah et al. (5) found that both neutrophilia and eosi-

nophilia induced by cockroach challenge were attenuated by

sgp130-Fc, which was mirrored in significant decreases in IL-

13, IL-17A, and IL-17F levels in BALF. Furthermore, inhibi-

tion of IL-6 signaling had no protective effect in house dust

mite-challenged mice, which had lower levels of sIL-6R in

the airways and so had reduced activation of IL-6 trans-sig-

naling (5). These findings are consistent with the observation

in the human genetic association studies that increased sIL-

6R levels are associated with increased asthma risk.

Therefore, there is unambiguous evidence from both human

and animal studies that dysregulation of IL6R expression con-

tributes to the pathophysiology of a subset of individuals with

asthma. On the other hand, there is some evidence that IL6R

expression is associated with that of other immune and inflam-

matory genes (13, 14), but to our knowledge, this possibility

has not been studied systematically to date. In this study, we

first analyzed two publicly available gene expression datasets

to search for genes whose expression was correlated with that

of IL6R (henceforth referred to as ‘IL6R-associated genes’);

this information was then integrated with results from both

asthma and transcriptome GWAS to identify the subset of

IL6R-associated genes that are likely to be genetic risk factors

for asthma. Identifying disease risk genes that are also associ-

ated with IL6R might provide new clues into the broader gene

network that underlies the pathological effect of IL-6 signaling

dysregulation in asthma.

Methods

Our analytical procedure is summarized in Fig. 1 and

described in detail below.

Analysis of gene expression levels in 373 Europeans studied

by the Geuvadis consortium

To identify genes with expression levels correlated with

those of IL6R, we first analyzed RNA-seq data generated

by the Geuvadis consortium for human lymphoblastoid cell

lines (LCLs) (15). LCLs are derived from peripheral blood

B cells and so represent a practical in vitro model to study

gene expression patterns relevant to immune-related condi-

tions.

We downloaded from the European Bioinformatics Insti-

tute (EBI) RPKM-normalized gene expression levels for

53 934 transcripts measured in LCLs of 462 unrelated

individuals from the 1000 Genomes Project (accession E-

GEUV-1, file GD660.GeneQuantRPKM.txt.gz). Transcripts

expressed in >90% of individuals (N = 18 702) were selected

and distributions normalized using a rank-based inverse-nor-

mal transformation. We restricted our analysis to samples of

European ancestry (N = 373) and unique transcripts (unam-

biguous match between HGNC symbol and corresponding

Ensembl ID) annotated in GENCODE (16) (N = 15 440).

The association between IL6R expression levels and the

expression of each of the other 15 440 genes was then tested

using linear regression analysis, with covariates included in

the model to adjust for the effects of sex, population (CEU,

GBR, FIN, TSI), sequencing center and gene GC content.

Sixteen principal components (PCs) were also included as

covariates to account for the effect of unmeasured con-

founders, as described below. These analyses were performed

in R version 3.2.2.

Gene GC content can affect RNA-seq-derived expression

levels differently in different individuals (17, 18). We tested

this possibility and indeed found that in some individuals,

increased gene GC content was associated with increased

gene expression, while in others the reverse was true

(Fig. S1). To correct for this potential confounder, we calcu-

lated a GC correction per individual as follows. From the

18 702 genes expressed in more than 90% of individuals, we

(i) excluded a subset of 3756 highly expressed genes

(RPKM > 21.48); (ii) normalized the distribution of the

remaining genes with a rank-based inverse-normal transfor-

mation; and (iii) for each individual determined a correction

value as the regression slope obtained from the regression of

gene expression levels on gene GC content (for two examples,

see Fig. S1). GC content for each gene was obtained from

the Conditional Quantile Normalization R package for

15 277 genes (17). To correct for the effects of unmeasured

confounders, PC analysis was applied to the matrix of quan-

tile-normalized gene expression levels using the prcomp func-

tion of the R stats package (19), and the first 16 PCs were

then extracted and included as covariates when testing the

association between IL6R expression levels and the expres-

sion levels of other genes.

The top 10% of genes with expression most associated

with that of IL6R were then selected for subsequent analyses.

For a justification of how/why we selected a cutoff of 10%

(instead of, e.g., 5%), see section ‘Selection of cutoff to prior-

itize IL6R-associated genes’.
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Analysis of gene expression levels in 38 cell types from the

DMAP project

We used a second independent approach to identify genes

associated with IL6R; this approach differed from the analy-

sis of the Geuvadis data in that we searched for genes corre-

lated with IL6R within an individual but across immune cell

types (e.g., cell types with increased expression of IL6R also

have increased expression of gene X), instead of within a cell

type but across individuals (e.g., individuals with increased

expression of IL6R in LCLs also have increased expression

of gene X).

A file (DMap_data.gct) containing normalized gene expres-

sion levels for 8968 genes measured in 38 hematopoietic cell

populations isolated from four to seven individuals was

downloaded from the Differentiation Map Portal (DMAP)

project (20) Web site. We then selected 7372 unique genes

annotated in GENCODE (16) and measured the association

of their expression with IL6R expression using the cosine dis-

tance metric, as implemented in the GeneNeighbors module

of GenePattern (21). As for the Geuvadis data, the top 10%

of genes most associated with IL6R expression (based on the

absolute of the distance metric) were selected for subsequent

analyses.

Identification of SNPs associated with asthma risk and

variation in gene expression

Not all genes associated with IL6R will contribute to asthma

pathophysiology. To identify the subset of IL6R-associated

genes whose expression might be causally related to asthma

risk, we combined information from published GWAS of

asthma and published GWAS of gene expression levels.

Specifically, for each gene X (e.g., BCL6) that is associated

with IL6R, we (i) extracted summary association statistics (ef-

fect, risk allele, P-value) for SNPs within 1 Mb of the gene

A

B

C

D

Figure 1 Flowchart of IL6R co-expression analysis. Steps taken for the identification of genes with expression (i) associated with that of

IL6R and (ii) regulated by asthma risk SNPs.
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boundaries from the Ferreira et al. GWAS (22), which

included 6685 asthmatics and 14 091 controls; (ii) selected the

SNP with the most significant association with asthma (among

those with P < 0.05) in that 1-Mb interval; (iii) identified all

genes whose expression was previously reported to associate

(typically, but not always, with FDR < 0.05 imposed by the

original study) with this SNP (or a proxy, r2 > 0.8) in 11 pub-

lished GWAS of gene expression levels conducted in cells/tis-

sues relevant to asthma (15, 23–32); and (iv) retained that

SNP for further analysis if one of the genes known to be regu-

lated by this SNP was also gene X (i.e., BCL6). In other

words, we selected a subset of IL6R-associated genes that are

regulated by a nearby SNP that associates with asthma risk.

We considered an alternative more comprehensive analytical

strategies (selection of all SNPs associated with asthma in step

(ii) above), but found that this would result in hundreds of

SNPs being carried forward to validation, which would

decrease power given the multiple testing burden.

Selection of cutoff to prioritize IL6R-associated genes for

downstream analyses

In the first step of our analytical procedure (Fig. 1A), we used

a 10% cutoff to select a group of genes whose expression was

most strongly associated with that of IL6R. The choice of cut-

off determined the number of genes selected for downstream

analysis and so also the number of SNPs that were moved to

validation. As such, an important consideration when decid-

ing what cutoff to use was the power provided by the valida-

tion study to replicate a significant association after

accounting for multiple SNP testing. Cutoffs of 5% and 10%

resulted in 37 and 61 SNPs reaching the validation step,

respectively. Based on the specific effect sizes and minor allele

frequencies observed for these SNPs in the discovery GWAS,

we estimated the power provided by the validation study to

replicate the associations at a Bonferroni-corrected threshold

of 0.0014 (0.05/37) and 0.0008 (0.05/61), respectively. The vali-

dation study was adequately powered to replicate 22 of the 37

(59%) SNP associations obtained with the 5% cutoff and 35

of the 61 (57%) associations obtained with the 10% cutoff.

Therefore, the ability to replicate the associations with these

two sets of SNPs was comparable between the two cutoffs

(59% vs 57%). The 10% cutoff maximized the opportunity to

discover new risk SNPs, and so we selected that cutoff.

Validation of genetic associations with asthma risk

The previous analyses identified a set of SNPs found to regu-

late an IL6R-associated gene and that were also associated

with asthma risk in the Ferreira et al. GWAS (22). We refer

to these SNPs that are associated with the variation in the

expression of a nearby gene as ‘eSNPs’.

Some of these might represent novel risk variants for

asthma. To test this possibility, we investigated whether these

eSNPs were also associated with asthma risk in an indepen-

dent study, the GABRIEL consortium GWAS (33). After

excluding overlapping samples (N = 1207, Busselton cohort),

results were based on the analysis of 12 077 asthmatics and

15 301 controls. A reproducible association was defined as a

significant (P < 0.05) and consistent (i.e., same direction of

effect as in the Ferreira et al. GWAS (22) association in this

analysis. The proportion of eSNPs for IL6R-associated genes

with a reproducible association with asthma out of all eSNPs

tested in the GABRIEL is denoted in the section below by

fIL6R-genes. To obtain an overall measure of association

between an eSNP and asthma risk, we used METAL (34) to

meta-analyze results from the Ferreira et. al GWAS and the

GABRIEL GWAS using a fixed-effects model.

Comparison with a random selection of genes

We applied the same analytical approach described above

(Fig. 1) to a random set of 1000 genes, instead of IL6R. This

allowed us to estimate the extent to which the enrichment of

significant associations between asthma risk and eSNPs for

IL6R-associated genes was because eSNPs in general—and

not just those specific to IL6R-associated genes—are more

likely to be disease-associated than randomly selected SNPs

(35). To this end, we (i) selected a random gene tested in

both the Geuvadis and DMAP datasets; (ii) applied steps A

through D (Fig. 1) to identify genes co-expressed with that

random gene (instead of IL6R); and (iii) identified the pro-

portion of eSNPs for genes co-expressed with that random

gene that had a reproducible association asthma risk (and

denote this fraction by frandom-genes). This procedure was

repeated for 1000 different random genes. We then calculated

the mean frandom-genes across the 1000 replicates, and the pro-

portion of replicates where frandom-genes ≥ fIL6R-genes. This pro-

portion represents the (empirically derived) probability of

observing reproducible eSNP associations with asthma risk

more often than observed for IL6R-associated genes when

selecting a random gene of interest.

Results

Identification of genes with expression levels associated with

those of IL6R

To identify genes that were associated with IL6R, we used

two complementary approaches (Fig. 1A). First, we tested

the association between IL6R expression and that of 15 440

genes measured with RNA-seq in LCLs of 373 individuals of

European descent by the Geuvadis consortium (15). In this

analysis, the expression of 1020 genes (6.6%) was associated

with the expression of IL6R at a P < 0.05. The most associ-

ated genes (N = 1544; top 10%) are listed in Table S1 and

include notable genes such as ATP8B2 and IL18R1, which

are, respectively, a gene located near IL6R and a gene

located in an established asthma risk locus (36).

The previous analysis aimed to identify genes associated

with IL6R when comparing expression levels measured in a

single cell type across different individuals. In a separate

approach, we analyzed data from the DMAP project (20) to

search for genes whose expression values were correlated with

IL6R across 38 different hematopoietic cell populations. In

this analysis, the expression of 3643 genes (49%) was associ-
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ated with that of IL6R at P < 0.05. This excess of significant

associations likely arises because cell types analyzed by the

DMAP project derive from a common hematopoietic progen-

itor cell and many belong to the same lineage, and so their

transcriptional profiles are highly correlated (20). As for the

analysis of the Geuvadis data, we then selected the top 10%

of genes with expression patterns most associated with IL6R

for subsequent analysis (N = 737, Table S1). Among the

most IL6R-associated genes were, for example, LY96 and

TLR2, two genes involved in the regulation of inflammation

(37, 38).

After combining the lists of genes most associated with

IL6R in these two independent approaches (top 10% of

each), we obtained 2203 genes (Fig. 1A), including those

identified (i) in the Geuvadis dataset only (N = 1466), (ii) in

both the Geuvadis and DMAP datasets (N = 78), and (iii) in

the DMAP dataset only (N = 659).

Identification of asthma risk SNPs near IL6R-associated

genes

The analysis above identified 2203 genes with expression

levels associated with IL6R, either across different individuals

and/or across cell types. We hypothesized that the expression

of some of these genes might be causally related to asthma.

If so, we would expect that genetic polymorphisms that regu-

late the expression of these genes would be associated with

asthma risk. To test this possibility, for each gene, we first

identified the nearby (�1 Mb) single nucleotide polymor-

phism (SNP) with the strongest association with asthma risk

(amongst those with P < 0.05) in a recently published asthma

GWAS (22) that included 6685 cases and 14 091 controls.

For twelve genes, there were no significant SNPs within

1 Mb, and so these were not considered further. The result-

ing list of 2191 SNPs was further pruned by removing dupli-

cate (i.e., same SNP selected for two or more genes;

N = 1122) or correlated (linkage disequilibrium r2 > 0.1;

N = 79) SNPs, leaving for further analysis 990 independent

SNPs that were associated with asthma risk and located near

an IL6R-associated gene.

Regulation of gene expression by asthma risk SNPs near

IL6R-associated genes

We then investigated whether the association between each

of these 990 independent SNPs and asthma risk could arise

because these SNPs regulate the expression of the nearby

IL6R-associated gene. Of the 990 SNPs, 358 (36%) were

associated with the expression of at least one nearby gene in

published GWAS of gene expression levels (which we refer to

as eSNPs), including 84 (8.5%) that were eSNPs for the

actual gene that was correlated with IL6R (Table S2).

Replication of the association between asthma and eSNPs for

IL6R-associated genes

Eighty-four eSNPs were associated with both asthma risk in

the Ferreira et al. GWAS (22) and expression levels of an

IL6R-associated gene in published GWAS of gene expression.

To validate the association observed between asthma risk

and these 84 eSNPs, we analyzed publically available results

from the GABRIEL asthma GWAS (33). After excluding

samples that overlapped with the Ferreira et al. GWAS,

results were available for 12 077 asthmatics and 15 301 con-

trols. Of the 84 eSNPs, 61 were tested in the GABRIEL

GWAS, and for 14 of these (23%), there was a significant

(P < 0.05) and consistent (same direction of effect) associa-

tion (Table 1 and Fig. 1), when only about two reproducible

associations were expected at this significance level by chance

alone given multiple testing [61 (eSNPs tested) 9 0.05

(P < 0.05) 9 0.5 (same direction) = 1.5].

Of the 14 eSNPs (representing 16 genes; Fig. 2) with a

reproducible association with asthma risk in the replication

analysis, four were significant after controlling for the 61

SNPs tested [FDR (39) < 0.05]. Three of these are established

risk variants for allergic disease, specifically those regulating

the expression of IL18R1/IL18RAP (33), BCL6 and STAT6

(40). On the other hand, rs7039317 (combined discovery and

replication analysis OR = 1.10 for the T allele,

P = 2 9 10�6; Table S3), an eSNP for STOML2, has not

previously been reported to be associated with the risk of

asthma or other allergic diseases. Therefore, STOML2 repre-

sents a putative novel risk gene for asthma.

Association between STOML2 expression, IL6R expression,

and asthma risk

To further characterize the association observed between the

expression of STOML2 and that of IL6R in the DMAP pro-

ject, we examined the expression of both genes across the 38

hematopoietic cell types studied. There was a negative corre-

lation between IL6R and STOML2 expression (Fig. 3); for

example, central memory CD4+ T cells and neutrophilic

metamyelocytes had high IL6R expression and low STOML2

expression, whereas megakaryocytes and erythroids had low

IL6R expression and high STOML2 expression.

We also combined results from the asthma and transcrip-

tome GWAS to predict the direction of effect of STOML2

expression on asthma risk. The rs7039317:T allele that was

associated with an increased asthma risk was associated with

increased expression of STOML2 in whole blood (29)

(Table 2), suggesting that increased STOML2 expression has

a predisposing effect on asthma.

Other genes near STOML2 regulated by rs7039317

Many eSNPs are known to be associated with the expression

of multiple genes, as we observed for rs10197862, an eSNP

for both IL18R1 and IL18RAP. Although rs7039317 was

only associated with the expression of a single gene that was

correlated with IL6R, it could nonetheless be associated with

the expression of other nearby genes unrelated to the IL-6

signaling pathway. When we queried results from 11 pub-

lished GWAS of gene expression levels, there were an addi-

tional three genes whose expression was correlated with this

SNP, namely VCP [P = 2 9 10�17; (27, 29)], PIGO
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[P = 3 9 10�6; (29)], and DNAJB5 [P = 6 9 10�4; (29)].

Therefore, in addition to STOML2, these three genes repre-

sent putative target genes for rs7039317 and so might also be

related to asthma pathophysiology.

Comparison with a random selection of genes

The aim of this study was to identify asthma risk genes

among IL6R-associated genes. This was assessed by identify-

ing eSNPs with a reproducible association with asthma risk

among eSNPs for IL6R-associated genes. We found 14 such

eSNPs among 61 eSNPs tested (23%), a significant enrich-

ment over the 2.5% expectation [0.05 (P < 0.05) 9 0.5 (same

direction) = 0.025]. It is possible that this enrichment of sig-

nificant asthma associations among the eSNPs tested arose

mostly because eSNPs in general are more likely to be dis-

ease-associated than randomly selected SNPs (35). To test

this, we applied steps A through D (Fig. 1) to a random gene

Table 1 Fourteen SNPs that are eSNPs for genes that are co-expressed with IL6R and also have a reproducible association with asthma

risk

No. eSNP Chr:bp

Co-expression with IL6R Ferreira, 2014 GABRIEL

Gene Cor Study OR, allele P-value Proxy SNP OR*, allele P-value

1 rs10197862 2:102350089 IL18R1 �0.202 G 1.24, A 4 3 10�11 rs13431828 1.2, C 2 3 10�9

rs10197862 2:102350089 IL18RAP �0.143 G 1.24, A 4 3 10�11 rs13431828 1.2, C 2 3 10�9

2 rs1464510 3:188394766 BCL6 0.324 D 0.91, A 0.0001 rs1559810 0.92, A 0.0001

3 rs7039317 9:34964538 STOML2 �0.346 D 1.11, T 0.0003 – 1.09, T 0.0010

4 rs324011 12:57108399 STAT6 0.415 D 1.09, T 0.0001 rs167769 1.07, T 0.0022

5 rs4833095 4:38798089 TLR1 0.448 D 1.2, T 5 3 10�12 – 1.07, T 0.0044

6 rs2357792 16:50734311 NOD2 0.648 D 1.08, A 0.0011 rs6500331 1.06, G 0.0050

7 rs13416555 2:8301605 ID2 0.324 D 1.12, C 1 3 10�5 rs10178845 1.06, G 0.0120

8 rs6511788 19:12369223 MAN2B1 0.425 D 1.07, T 0.0088 – 1.06, T 0.0160

9 rs11265424 1:160530060 SLAMF1 0.109 G 0.91, A 0.0005 rs1055880 0.95, C 0.0178

10 rs2435206 17:45980745 NSF 0.374 D 1.08, T 0.0014 rs2435211 1.05, T 0.0197

11 rs1253118 14:59497301 RTN1 0.556 D 1.07, T 0.0051 rs9323348 1.05, T 0.0210

12 rs13212921 6:27237643 BTN2A1 0.329 D 1.14, T 0.0002 rs13219354 1.08, C 0.0224

13 rs11000805 10:73903593 NDST2 0.349 D 1.07, C 0.0145 rs17741873 1.06, T 0.0316

14 rs9289837 3:151388204 P2RY13 0.452 D 0.88, T 1 3 10�5 rs7637803 0.95, T 0.0416

rs9289837 3:151388204 MED12L 0.129 G 0.88, T 1 3 10�5 rs7637803 0.95, T 0.0416

BP, base pair; Chr, chromosome; D, DMAP; G, Geuvadis; OR, odds ratio.

Highlighted in light gray are SNPs that had not previously been reported to associate with asthma risk. SNPs with a significant association

with asthma after correction for multiple testing (FDR < 0.05) in the replication analysis are represented with bold font.

*The OR is reported for the allele that is on the same haplotype as (i.e., in phase with) the allele reported for the Ferreira, 2014 GWAS

SNP. Proxy SNPs were chosen based on an r2 > 0.8.

Figure 2 Genes that are co-expressed with IL6R and have a

reproducible association with asthma or allergies. Underlined

genes were significant at FDR < 5% in the replication analysis.

Distance of genes to IL6R, and of eSNPs to genes, represents

strength of association (i.e., shorter distances represent stronger

association).
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of interest in place of IL6R and repeated this analysis 1000

times (see Methods for details). On average, we found that

17.4% (SD = 4.7%) of eSNPs for genes co-expressed with a

given random gene had a reproducible association with dis-

ease risk, a 1.3-fold decrease when compared to 23% for the

list of IL6R-associated genes, but this difference was not sta-

tistically significant (empirical P = 0.120; see Methods for

details). The observation that the enrichment of reproducible

associations between eSNPs and asthma risk is comparable

whether we considered IL6R or a random selection of genes

does not imply that the associations are false positives.

Instead, it is consistent with previous studies that demon-

strate that eSNPs are more likely to be associated with

human traits than frequency-matched SNPs that are not

related to gene expression (35). This observation is important

to interpret our results, but does not detract from the identi-

fication of eSNPs that are related to asthma risk as well as

the expression of IL6R-associated genes.

Discussion

In this study, we investigated the possibility that genes whose

expression is associated with that of IL6R might also be cau-

sally related to asthma pathophysiology.

To identify genes with expression levels associated with

that of IL6R, we used two complementary approaches, each

with its own strengths and weaknesses. The RNA-seq data-

set generated by the Geuvadis consortium (15) for 373 unre-

lated individuals provided a unique opportunity to identify

genes that share transcriptional regulatory mechanisms with

IL6R constitutively in LCLs; for example, these could be

Figure 3 Expression of IL6R and STOML2 across 38 hematopoi-

etic cell types. High gene expression levels are portrayed in red,

and low gene expression levels in white. DDENDA2, myeloid den-

dritic cell; TCELLA6, na€ıve CD4+ T cells; TCELLA7, effective mem-

ory CD4+ T cell; GMP, granulocyte–monocyte progenitor;

TCELLA2, na€ıve CD8+ T cells; GRAN3, neutrophil; MONO2, mono-

cyte; MONO1, colony-forming unit-monocyte; GRAN2, neutrophilic

metamyelocyte; TCELLA8, central memory CD4+ T cell; ERY4, ery-

throid 4; ERY3, erythroid 3; HSC1, hematopoietic stem cell 1;

MEGA1, colony-forming unit-megakaryocytic; HSC3, hematopoietic

stem cell 3; ERY5, erythroid 5; ERY1, erythroid 1; MEP, megakary-

ocyte/erythroid progenitor; MEGA2, megakaryocyte; BCELLA4,

mature B-cell class switched; PRE_BCELL3, Pro-B cells; NKA4,

NKT; DENDA1, plasmacytoid dendritic cell; ERY2, erythroid 2;

PRE_BCELL2, early B cells; CMP, common myeloid progenitor;

EOS2, eosinophil; GRAN1, colony-forming unit-granulocyte;

BASO1, basophil; TCELLA4, central memory CD8+ T cell; NKA1,

mature NK cell 1; TCELLA1, effective memory RA CD8+ T cell;

TCELLA3, effective memory CD8+ T cell; BCELLA3, mature B cell;

BCELLA1, na€ıve B cells; NKA2, mature NK cell 2; NKA3, mature

NK cell 3; BCELLA2, mature B-cell class able to switch.

Table 2 Effect of asthma-associated SNPs on gene expression

Asthma association (Ferreira 2014

GWAS)

Gene expression association

eSNP in LD with

asthma SNP

SNP rs ID Effect allele OR rs ID r2 Gene P-value Study Tissue Effect on expression*

rs10197862 A 1.24 rs10197862 1.00 IL18RAP 2.8 9 10�137 (29) Whole blood Decreased

rs10197862 A 1.24 rs950881 0.95 IL18R1 0.00025 (29) Whole blood Decreased

rs11000805 C 1.07 rs17741873 0.86 NDST2 2.7 9 10�10 (29) Whole blood Increased

rs11265424 A 0.91 rs6670721 0.81 SLAMF1 3.0 9 10�15 (29) Whole blood Decreased

rs1253118 T 1.07 rs956901 0.87 RTN1 0.00160 (29) Whole blood Decreased

rs13212921 T 1.14 rs13217285 0.92 BTN2A1 1.7 9 10�15 (15) LCLs N/A

rs13416555 C 1.12 rs891058 0.99 ID2 6.1 9 10�08 (27) PBMCs Increased

rs1464510 A 0.91 rs9864529 0.81 BCL6 5.2 9 10�10 (27) PBMCs Increased

rs2357792 A 1.08 rs7342715 0.89 NOD2 3.5 9 10�11 (27) PBMCs Decreased

rs2435206 T 1.08 rs2435211 0.96 NSF 9.4 9 10�05 (24) LCLs N/A

rs324011 T 1.09 rs12368672 0.89 STAT6 9.8 9 10�198 (29) Whole blood Decreased

rs4833095 T 1.20 rs12233670 0.97 TLR1 2.8 9 10�57 (31) Whole blood Increased

rs6511788 T 1.07 rs10411986 0.98 MAN2B1 5.2 9 10�06 (15) LCLs N/A

rs7039317 T 1.11 rs10972275 0.93 STOML2 9.6 9 10�05 (29) Whole blood Increased

rs9289837 T 0.88 rs13327359 1.00 MED12L 2.4 9 10�37 (29) Whole blood Decreased

rs9289837 T 0.88 rs7637803 0.85 P2RY13 2.0 9 10�14 (29) Whole blood Decreased

LD, linkage disequilibrium; N/A, not available; OR, odds ratio; SNP, single nucleotide polymorphism.

*Corresponding to the eSNP allele that is on the same haplotype as the asthma effect allele.
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shared regulatory elements (e.g., enhancers) or transcription

factors. The top three genes most correlated with IL6R

expression in this analysis were FYN (negative correlation),

which regulates mast cell function (41), B-cell development

(42) and is phosphorylated upon IL-6 binding to IL-6R

(43); CD180 (positive correlation), which belongs to the

Toll-like receptor family and is involved in innate immune

response to mycobacteria (44); and ATP8B2 (positive corre-

lation), which is located in close proximity (53 kb) to IL6R,

suggesting that both genes might share a nearby regulatory

element. Our results demonstrate that the expression of

these genes is to some extent coordinated with that of IL6R

in LCLs and is consistent with the previously suggested role

for IL6R in Treg development (4), innate immunity (45),

and inflammation (46). The major caveat of this analysis

was the use of an immortalized cell line that although

derived from a relevant cell type (B cells), provides a very

limited representation of gene expression patterns that are

relevant for asthma.

To partly address the limitation of using LCLs to uncover

IL6R-associated genes that are relevant for asthma, we also

analyzed publicly available gene expression patterns mea-

sured in 38 different hematopoietic cell populations by the

DMAP project (20). The strengths of this approach included

the use of primary cells collected from volunteers (instead of

cell lines) and the opportunity to identify genes associated

with IL6R across cell types within individuals (instead of

within a cell type across individuals). As such, the two

approaches used (analyses of Geuvadis and DMAP data)

shared the same aim, but were conceptually distinct. An asso-

ciation between IL6R and another gene across cell types

within an individual could arise, for example, if differentia-

tion into specific cell lineages from a common progenitor

requires temporal coordination of the expression of both

genes (e.g., simultaneous expression; expression of one gene,

but not the other).

In this second approach, the proportion of genes with

expression associated with that of IL6R (49%) at P < 0.05

far exceeded the 5% nominal expectation. However, this is

perhaps not too unexpected given that the cell types analyzed

by the DMAP project not only derive from a common

hematopoietic progenitor cell (hematopoietic stem cells

CD133+ CD34dim), but also include cell types that belong to

the same lineage: CD8 T cells and CD4 T cells, early B cells,

and pro-B cells. As highlighted in the original DMAP publi-

cation (20), the global transcription profiles from cell types

of related lineages are highly correlated.

The top three genes whose expression was most closely

associated with that of IL6R in the DMAP project were (all

with a positive correlation) as follows: CD4, a cell surface

antigen that is expressed on subsets of T cells, as well as on

monocytes and macrophages, and plays an important role in

T-helper cell development and activation (47); VIPR1, a

high-affinity G protein-coupled receptor for vasoactive

intestinal peptide, a neuropeptide that controls both innate

and adaptive immunity (48, 49) and that has long been

linked to asthma (50); and RGL1, a downstream effector pro-

tein of the Ras pathway of IL-6 signal transduction.

The clear literature links between IL-6 signaling and the

function of some of the top IL6R-associated genes in the

Geuvadis and DMAP analyses, suggests that both

approaches were indeed able to identify specific components

of the IL-6 signaling transduction pathway, its upstream reg-

ulators, or downstream target genes. As for IL6R, we

hypothesized that genetic dysregulation of the expression of

these genes could affect asthma risk, for example, by interfer-

ing with cellular differentiation or function in response to IL-

6 stimulation. To address this hypothesis, we identified the

subset of IL6R-associated genes whose expression was regu-

lated by a SNP that was also a risk factor for asthma in a

published GWAS (22). This list (90 genes) included genes

directly relevant for both IL-6 signaling and asthma, for

example TLR1 (51), IL17RA (52, 53), and NDFIP1 (54),

among others.

Due to multiple testing, the SNP associations with asthma

for some of these 90 genes were likely to represent false-posi-

tive findings. To identify those with a reproducible associa-

tion, we extracted results for these SNPs from an

independent asthma GWAS (33) and found that for 16 genes

the SNP association with asthma was both significant and

consistent. As such, this represents the group of genes which

our analyses most convincingly link to both asthma etiology

and IL-6 signaling. Five of these genes were identified at a

significance threshold that controls for multiple SNP testing

in the replication study (FDR < 0.05): IL18R1, IL18RAP,

BCL6, STAT6, and STOML2. The first four, but not

STOML2, are known target genes of SNPs that have an

established (i.e., genome-wide significant) association with

allergic disease (33, 40).

IL18R1 and IL18RAP encode the alpha and beta chains of

the IL-18 receptor; IL-18 signaling through this receptor can

activate IL-6 production (55), and IL-18 serum levels have

been found to be positively correlated with sIL-6R levels

(56). Therefore, together with these studies, our results indi-

cate that the IL-18 and IL-6 signaling pathways are associ-

ated and that this could in part be achieved by the

coordinated transcription of IL6R, IL18R1, and IL18RAP.

BCL6 is a transcription factor with a critical role in the

activation and differentiation of germinal center (GC) B cells

(57) and CD4 T-cell differentiation into T follicular helper

(Tfh) cells (58). IL-6 stimulation is required for BCL6 expres-

sion, while in turn BCL6 induces IL6R expression (59). Thus,

the expression of both genes is associated during specific B-

and T-cell differentiation programs. Our finding that BCL6

expression is positively correlated with IL6R expression

across hematopoietic cell types further supports the impor-

tance of coordinated transcription of these genes during nor-

mal cell lineage commitment. The association between SNPs

that regulate the expression of these two genes and asthma

risk suggests that their effect on asthma pathophysiology

might be related to dysregulation of GC B-cell and/or Tfh-

cell differentiation.

STAT6 is a transcription factor that plays a key role in

adaptive immunity, by mediating IL-4 and IL-13 signaling

through their cognate receptors (60), but also in innate

immunity (61). Few studies have reported an association

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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between IL-6 and STAT6, suggesting that these two signaling

pathways might be mostly independent. However, in macro-

phages, IL-6 can induce the expression of the IL-4 receptor

and augment IL-4-induced STAT6 signaling (62). As such,

IL6R and STAT6 co-expression might be important for

innate immune responses. Consistent with this possibility, in

the DMAP project, the cell types with highest expression of

both IL6R and STAT6 were monocytes (not shown), the pre-

cursors for macrophages.

Lastly, the results from our analyses indicate that

STOML2 is a putative novel asthma risk gene whose expres-

sion is negatively associated with that of IL6R. The overall

statistical evidence we found for an association between the

STOML2 eSNP and asthma risk (P = 2 9 10�6) would be

considered suggestive and not genome-wide significant in the

context of a GWAS. As such, validation of this association in

a well-powered independent study is required to unambigu-

ously confirm this eSNP as a novel risk factor for asthma.

STOML2 encodes for a protein that is mostly expressed in

mitochondria, is required for the correct development of cell

respiratory chain complexes (63), and promotes T-cell activa-

tion (64). In our study, we found that the eSNP associated

with increased STOML2 expression was associated with an

increased disease risk, suggesting that STOML2 may have a

pro-inflammatory effect in asthma. This is consistent with the

observation that T cells from STOML2-deficient mice have

decreased IL-2 production in response to cell activation, and

this translated into reduced CD4+ T-cell responses (65). In the

DMAP project, CD4+ T cells had high expression of IL6R

and low expression of STOML2. We speculate that in individ-

uals with the rs7039317:T allele that increases STOML2

expression (29), mitochondria biogenesis and function in

CD4+ T cells are increased, which results in stronger T-cell

responses to allergens, thereby increasing asthma risk. Func-

tional studies that formally test this hypothesis are warranted.

Interestingly, IL-6R blockade has been shown to attenuate

the development of cachexia by promoting mitochondrial

biogenesis and dynamics (66), which are induced by

STOML2 (65). These observations are consistent with our

finding of a negative correlation between IL6R and STOML2

expression and, collectively, suggest that STOML2 is part of

a gene network that underlies the effect of IL-6 on muscle

loss. Of note, skeletal muscle dysfunction is common in

chronic obstructive pulmonary disease (67) and is induced by

chronic intake of corticosteroids (68).

In conclusion, we identified 16 genes whose expression was

associated with IL6R and that were regulated by common

polymorphisms that had a reproducible association with

asthma risk. This list included five known and 11 putative

new asthma risk genes, of which STOML2 had the strongest

SNP association with asthma. These genes provide new clues

into broader gene networks that are associated with IL-6 sig-

naling and that contribute to asthma pathophysiology.
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Supplementary Figure 1. Comparison of GC content effect on gene expression levels of two

representative individuals (two left panels) and histogram of GC covariate values.



Supplementary Table 1. 2,203 genes co-expressed with IL6R in the GEUVADIS and DMAP

studies. Abbreviations: Chr, chromosome; Cor, correlation.

Geuvadis DMAP
Gene Chr Cor P-value Cor P-value
FYN 6 -0.236 3.95E-06 0.413 4.14E-10
CD180 5 0.234 4.70E-06 0.181 0.0083
ATP8B2 1 0.230 6.89E-06 0.027 0.6949
NEURL3 2 0.230 7.52E-06 NA NA
CCL22 16 0.221 1.59E-05 0.056 0.4144
CASK-AS1 X 0.219 1.95E-05 NA NA
SYBU 8 0.213 3.27E-05 NA NA
TRIM47 17 0.211 3.92E-05 NA NA
FAM104A 17 -0.207 5.49E-05 NA NA
CACNA1A 19 0.206 6.11E-05 -0.313 3.62E-06
NCR2 6 -0.205 6.90E-05 NA NA
TBKBP1 17 -0.203 7.71E-05 NA NA
IL18R1 2 -0.202 8.25E-05 -0.008 0.9073
RNF213 17 0.199 0.0001 NA NA
KYNU 2 0.197 0.0001 0.262 0.0001
KLF10 8 0.196 0.0001 0.023 0.7387
RARRES3 11 0.193 0.0002 0.175 0.0110
FAM65B 6 0.193 0.0002 NA NA
B3GNT2 2 -0.193 0.0002 -0.335 6.45E-07
ITM2C 2 0.193 0.0002 -0.179 0.0092
RGS2 1 -0.191 0.0002 0.237 0.0005
BCL9L 11 0.189 0.0002 NA NA
DPYSL2 8 0.188 0.0003 0.186 0.0066
NCK2 2 0.188 0.0003 0.195 0.0045
SPSB1 1 0.188 0.0003 NA NA
CISH 3 0.187 0.0003 0.318 2.51E-06
ATPIF1 1 -0.185 0.0003 -0.042 0.5476
CUEDC1 17 0.185 0.0003 0.084 0.2216
STX5 11 -0.184 0.0004 0.097 0.1605
RIN3 14 -0.183 0.0004 0.357 9.63E-08
EEF1A1P38 16 0.182 0.0004 NA NA
GFPT1 2 -0.182 0.0004 0.114 0.0984
ARHGAP11A 15 -0.181 0.0004 -0.123 0.0748
RPL3P9 8 0.180 0.0005 NA NA
MOXD1 6 -0.180 0.0005 -0.174 0.0115
KLHL29 2 0.180 0.0005 NA NA
PLCL2 3 -0.180 0.0005 0.068 0.3232
ZNF697 1 0.179 0.0005 NA NA
AHNAK 11 0.179 0.0005 0.238 0.0005
CBLB 3 -0.178 0.0006 -0.010 0.8903
HIPK2 7 0.178 0.0006 -0.063 0.3610



ZFP91 11 -0.177 0.0006 NA NA
CPNE5 6 0.177 0.0006 NA NA
ITPR3 6 0.176 0.0006 -0.031 0.6506
KLF2 19 0.175 0.0007 0.275 5.27E-05
EPS8 12 0.175 0.0007 0.429 7.80E-11
PTGIR 19 0.175 0.0007 NA NA
FAM8A1 6 0.175 0.0007 0.093 0.1802
SLC25A5P5 7 0.173 0.0008 NA NA
MAP3K5 6 -0.172 0.0009 0.261 0.0001
VDR 12 0.171 0.0009 0.391 4.15E-09
TBX21 17 -0.171 0.0009 -0.175 0.0107
ZNF329 19 -0.171 0.0009 -0.080 0.2486
BICD1 12 0.171 0.0009 -0.310 4.39E-06
CORO1B 11 0.171 0.0009 0.469 6.50E-13
CEACAM1 19 0.171 0.0009 0.185 0.0071
ZNF84 12 -0.170 0.0010 -0.053 0.4419
LIMK1 7 -0.170 0.0010 0.040 0.5633
COLGALT2 1 0.169 0.0010 NA NA
HNF4G 8 0.169 0.0010 NA NA
SLC25A37 8 0.169 0.0010 -0.090 0.1945
ZNF570 19 -0.169 0.0010 NA NA
LRRC32 11 0.169 0.0010 NA NA
SLC25A32 8 -0.169 0.0011 0.002 0.9769
MPZL2 11 0.169 0.0011 NA NA
MSN X 0.169 0.0011 0.180 0.0087
AQR 15 0.168 0.0011 0.209 0.0023
UBAC2 13 -0.168 0.0012 NA NA
SAMSN1 21 -0.167 0.0012 0.333 7.46E-07
AP3D1 19 -0.167 0.0012 0.184 0.0074
PSIP1 9 -0.167 0.0012 -0.012 0.8620
RPL5P35 22 0.167 0.0012 NA NA
MFHAS1 8 0.166 0.0013 -0.024 0.7248
EEF1A1P14 1 0.166 0.0013 NA NA
PRKCH 14 -0.165 0.0014 0.155 0.0243
APBB1IP 10 0.165 0.0014 0.288 2.19E-05
RPL7AP31 4 0.165 0.0014 NA NA
SEMA4B 15 0.165 0.0014 NA NA
TMCC2 1 0.164 0.0015 -0.171 0.0128
MYL12AP1 8 0.164 0.0015 NA NA
ARID3A 19 0.162 0.0017 0.091 0.1877
FECH 18 -0.162 0.0018 -0.188 0.0063
FAM46C 1 0.161 0.0018 -0.301 8.60E-06
TBC1D23 3 -0.161 0.0018 NA NA
ANKRD33B 5 0.161 0.0018 NA NA
CTSZ 20 0.161 0.0019 0.210 0.0021
UFL1 6 -0.161 0.0019 NA NA



TOMM70A 3 -0.160 0.0019 0.074 0.2816
PLEKHM2 1 -0.160 0.0019 NA NA
GPR18 13 -0.160 0.0019 0.189 0.0058
G0S2 1 0.160 0.0020 0.302 8.23E-06
MBOAT2 2 0.159 0.0021 -0.254 0.0002
RAB37 17 -0.159 0.0021 NA NA
BCL7A 12 0.158 0.0022 -0.360 7.78E-08
CD1C 1 0.158 0.0023 0.300 9.24E-06
CLINT1 5 0.158 0.0023 0.030 0.6605
TLE1 9 0.158 0.0023 -0.305 6.50E-06
CAMK2D 4 -0.156 0.0025 -0.001 0.9882
ABCA5 17 -0.156 0.0025 -0.020 0.7723
SORBS3 8 0.156 0.0025 NA NA
SEMA6A 5 0.156 0.0025 -0.092 0.1835
ECHS1 10 -0.156 0.0026 0.070 0.3123
FEZ1 11 -0.155 0.0026 -0.018 0.7953
ZFP41 8 0.155 0.0026 NA NA
SMIM3 5 -0.155 0.0027 NA NA
ERICH5 8 0.155 0.0027 NA NA
RPL17P50 10 0.155 0.0027 NA NA
FCHO1 19 0.154 0.0028 NA NA
GOLGA6L5P 15 -0.154 0.0028 NA NA
SYCP2 20 -0.154 0.0028 NA NA
RPL7P26 6 0.154 0.0029 NA NA
PABPC1P1 4 0.154 0.0029 NA NA
BIRC3 11 0.154 0.0029 0.286 2.46E-05
NAPSB 19 0.153 0.0030 NA NA
C3orf20 3 -0.153 0.0030 NA NA
RILPL2 12 -0.153 0.0031 NA NA
RGS14 5 0.152 0.0032 0.340 4.32E-07
F13A1 6 -0.152 0.0032 0.295 1.34E-05
DNAH17 17 -0.152 0.0032 0.357 1.01E-07
GHITM 10 -0.151 0.0035 0.012 0.8673
GNGT2 17 -0.150 0.0036 0.212 0.0020
CLSTN1 1 -0.150 0.0036 0.175 0.0109
LAMB3 1 0.150 0.0037 NA NA
FRMD3 9 0.150 0.0038 NA NA
TM6SF1 15 -0.149 0.0038 0.292 1.59E-05
SMIM10 X 0.149 0.0040 NA NA
MAPK6PS3 13 -0.149 0.0040 NA NA
GLUD2 X -0.149 0.0040 0.273 5.75E-05
EFNB2 13 0.149 0.0040 NA NA
MYO1D 17 0.149 0.0040 NA NA
FAM129C 19 0.148 0.0041 NA NA
CDC42EP4 17 0.148 0.0042 -0.015 0.8234
HCG27 6 0.148 0.0042 NA NA



NUDT8 11 -0.147 0.0043 NA NA
GBF1 10 -0.147 0.0043 -0.030 0.6657
SLC14A1 18 -0.147 0.0044 -0.215 0.0017
MYO5C 15 0.147 0.0045 -0.210 0.0022
RBMS3 3 0.147 0.0045 NA NA
NIPAL1 4 0.147 0.0046 NA NA
CAPG 2 0.146 0.0046 0.274 5.35E-05
POU5F1B 8 0.146 0.0046 NA NA
MSNP1 5 0.146 0.0046 NA NA
PARM1 4 0.146 0.0047 NA NA
ALOX12-AS1 17 -0.146 0.0047 NA NA
DSTYK 1 0.146 0.0048 NA NA
ABI3 17 -0.146 0.0048 NA NA
FZR1 19 -0.146 0.0048 -0.062 0.3693
ATL1 14 0.145 0.0049 NA NA
DNMBP-AS1 10 -0.145 0.0050 NA NA
SLC25A19 17 0.145 0.0050 NA NA
YRDC 1 -0.145 0.0051 -0.060 0.3880
NPIPP1 16 -0.144 0.0052 NA NA
CDC20P1 9 -0.144 0.0052 NA NA
SESN3 11 0.144 0.0052 NA NA
SIRPB1 20 0.144 0.0053 0.570 0
ARHGAP31 3 0.144 0.0053 NA NA
RPL3P1 21 0.144 0.0053 NA NA
DPF3 14 -0.144 0.0053 NA NA
HIST1H3PS1 6 0.144 0.0053 NA NA
GLDC 9 0.144 0.0053 -0.084 0.2221
PSD3 8 0.144 0.0053 -0.207 0.0025
SOAT1 1 -0.144 0.0053 0.463 1.36E-12
TPMT 6 0.144 0.0055 0.240 0.0004
MGAT4A 2 0.143 0.0055 0.308 5.24E-06
IL18RAP 2 -0.143 0.0057 -0.143 0.0373
CREB3 9 -0.142 0.0059 NA NA
NRD1 1 -0.142 0.0059 0.100 0.1470
HLTF 3 -0.142 0.0059 -0.215 0.0017
GLTPP1 11 -0.142 0.0060 NA NA
NR3C1 5 0.142 0.0061 0.220 0.0013
TCL6 14 0.141 0.0062 -0.176 0.0106
RASGRP2 11 0.141 0.0064 0.131 0.0584
ZNF425 7 0.141 0.0064 NA NA
CXCR5 11 0.141 0.0065 NA NA
TBC1D17 19 -0.141 0.0065 NA NA
RAP1GDS1 4 -0.141 0.0065 0.158 0.0218
RBBP4P2 3 0.140 0.0067 NA NA
HMGB3P6 1 -0.140 0.0067 NA NA
ITM2A X -0.140 0.0067 -0.130 0.0591



SIGIRR 11 0.140 0.0069 0.236 0.0006
MALT1 18 -0.140 0.0069 0.367 4.14E-08
RELA 11 -0.140 0.0069 0.189 0.0059
KL 13 0.140 0.0070 0.116 0.0941
SUPT5H 19 -0.139 0.0070 0.165 0.0161
GCAT 22 -0.139 0.0071 NA NA
EFCAB7 1 0.139 0.0072 NA NA
ZNF540 19 -0.139 0.0072 NA NA
PPP3CA 4 -0.139 0.0073 -0.103 0.1365
YIF1B 19 -0.139 0.0073 NA NA
IER5L 9 0.139 0.0073 NA NA
TNS1 2 0.139 0.0073 -0.200 0.0035
C9orf142 9 0.139 0.0074 NA NA
CALHM1 10 0.138 0.0074 NA NA
HCAR1 12 0.138 0.0074 NA NA
SNHG10 14 0.138 0.0074 NA NA
USP46 4 0.138 0.0074 0.089 0.1993
HSPD1P2 8 0.138 0.0075 NA NA
ETV4 17 -0.138 0.0076 NA NA
BORA 13 -0.138 0.0076 NA NA
ZBED3-AS1 5 0.138 0.0076 NA NA
FKBP8 19 -0.138 0.0076 -0.145 0.0355
LRRC42 1 -0.138 0.0077 NA NA
FAM207BP 13 0.138 0.0078 NA NA
FAM174B 15 -0.137 0.0079 NA NA
PFKFB1 X -0.137 0.0079 NA NA
AQP3 9 0.137 0.0079 0.184 0.0074
RPL18AP16 X 0.137 0.0079 NA NA
RPL7AP73 13 0.137 0.0081 NA NA
SUPT3H 6 0.137 0.0082 0.083 0.2289
TMC8 17 -0.137 0.0082 NA NA
NDFIP1 5 -0.137 0.0083 0.439 2.40E-11
TET2 4 -0.136 0.0083 NA NA
JUN 1 0.136 0.0085 -0.075 0.2800
TMEM51 1 -0.136 0.0085 0.207 0.0025
PPM1M 3 0.136 0.0085 NA NA
SFR1P1 X 0.136 0.0085 NA NA
DSC2 18 -0.136 0.0085 0.388 5.45E-09
EEF1A1P30 X 0.136 0.0085 NA NA
SS18L1 20 -0.136 0.0085 0.238 0.0005
NR4A3 9 0.136 0.0086 -0.032 0.6488
NDUFS1 2 -0.136 0.0086 0.169 0.0142
CCDC26 8 -0.136 0.0086 NA NA
TMEM147 19 0.136 0.0086 0.121 0.0804
ACTG1P2 Y 0.136 0.0086 NA NA
NFIB 9 0.136 0.0087 -0.185 0.0069



WDFY1 2 -0.136 0.0087 NA NA
C9orf156 9 0.136 0.0087 0.267 8.77E-05
KLF3 4 -0.136 0.0087 0.117 0.0903
LTA 6 0.136 0.0088 0.039 0.5715
TRAFD1 12 0.136 0.0088 0.336 5.63E-07
ARF4 3 -0.136 0.0088 -0.010 0.8881
CDK9 9 -0.135 0.0088 NA NA
KLHL36 16 -0.135 0.0088 NA NA
SLFN11 17 0.135 0.0088 NA NA
C21orf91 21 -0.135 0.0088 0.017 0.8051
PDZD2 5 0.135 0.0088 -0.240 0.0004
CKB 14 0.135 0.0088 NA NA
TBC1D16 17 -0.135 0.0090 -0.140 0.0422
RPL36AP13 2 0.135 0.0090 NA NA
NCR3LG1 11 -0.135 0.0090 NA NA
VAMP5 2 -0.135 0.0090 NA NA
MED11 17 0.135 0.0090 NA NA
SGMS1-AS1 10 -0.135 0.0091 NA NA
ASB2 14 0.135 0.0091 NA NA
ATP1B2 17 0.135 0.0091 -0.179 0.0092
CACYBPP1 10 0.135 0.0092 NA NA
FOXA3 19 0.135 0.0092 NA NA
PIK3R5 17 0.134 0.0093 0.235 0.0006
YBX1P10 9 -0.134 0.0094 NA NA
PA2G4P1 X 0.134 0.0094 NA NA
MAP4 3 -0.134 0.0094 0.104 0.1309
H3F3AP5 X 0.134 0.0094 NA NA
EEF1A1P17 12 0.134 0.0096 NA NA
DNASE1L3 3 -0.134 0.0096 -0.038 0.5826
DTX3L 3 0.134 0.0096 NA NA
TRGV2 7 0.134 0.0097 NA NA
HMSD 18 0.134 0.0098 NA NA
ATAD2B 2 0.134 0.0098 0.146 0.0340
NUAK2 1 0.134 0.0098 NA NA
SYNGR3 16 -0.134 0.0098 NA NA
SMAGP 12 0.134 0.0098 NA NA
MCL1 1 0.133 0.0099 0.478 2.03E-13
FCRL3 1 -0.133 0.0099 NA NA
VEZF1 17 0.133 0.0099 0.194 0.0047
VDAC3 8 -0.133 0.0099 0.025 0.7143
MORF4L1P1 1 -0.133 0.0100 NA NA
INPP5F 10 0.133 0.0101 0.101 0.1423
WDR33 2 -0.133 0.0101 0.142 0.0393
ORC6 16 -0.133 0.0101 NA NA
EPB41L5 2 0.133 0.0101 -0.072 0.2965
HIVEP3 1 0.133 0.0101 -0.037 0.5889



ERCC6L X -0.133 0.0102 NA NA
B4GALT2 1 -0.133 0.0102 -0.079 0.2513
TBC1D9 4 0.133 0.0102 0.149 0.0305
ANKRD13B 17 0.133 0.0102 NA NA
PTBP3 9 -0.133 0.0103 NA NA
LINC01358 1 0.133 0.0104 NA NA
ZFR 5 -0.132 0.0105 0.059 0.3951
ZMYM5 13 -0.132 0.0105 0.017 0.8032
KLF7 2 0.132 0.0106 0.313 3.65E-06
BTF3P8 X 0.132 0.0107 NA NA
PRDX1P1 9 0.132 0.0107 NA NA
CDC20 1 -0.132 0.0107 -0.308 5.13E-06
HMX3 10 0.132 0.0107 NA NA
STT3B 3 -0.132 0.0110 NA NA
POU3F1 1 0.132 0.0110 -0.097 0.1591
ENSA 1 0.131 0.0110 -0.211 0.0020
PPP6R1 19 -0.131 0.0111 NA NA
DENND1C 19 -0.131 0.0111 0.226 0.0010
CHM X 0.131 0.0111 NA NA
PQLC2 1 0.131 0.0111 NA NA
PPP1R14BP3 4 -0.131 0.0112 NA NA
ESR1 6 0.131 0.0114 0.151 0.0282
HMGB3 X -0.131 0.0114 -0.226 0.0009
MYO1F 19 0.131 0.0116 0.297 1.13E-05
LHFPL2 5 0.130 0.0117 -0.203 0.0031
TMEM140 7 0.130 0.0117 NA NA
KLHDC2 14 -0.130 0.0117 -0.049 0.4814
R3HDM4 19 0.130 0.0118 NA NA
SHE 1 0.130 0.0118 NA NA
ACBD4 17 -0.130 0.0119 NA NA
SERPINH1P1 9 -0.130 0.0119 NA NA
RPS3AP25 7 0.130 0.0119 NA NA
MTMR9LP 1 0.130 0.0121 NA NA
PURB 7 -0.130 0.0121 NA NA
SNIP1 1 0.130 0.0121 0.056 0.4202
ARHGEF2 1 0.130 0.0122 0.069 0.3195
IQCH 15 -0.130 0.0122 NA NA
SLC22A23 6 0.130 0.0122 NA NA
COMMD8 4 -0.130 0.0123 0.385 7.08E-09
ZBP1 20 0.129 0.0123 0.097 0.1613
PYCARD 16 0.129 0.0123 0.313 3.66E-06
PLA1A 3 0.129 0.0124 0.092 0.1816
CFAP57 1 0.129 0.0125 NA NA
TSKU 11 0.129 0.0125 NA NA
LAMA3 18 0.129 0.0125 NA NA
NDUFAF4 6 -0.129 0.0126 NA NA



GRB2 17 0.129 0.0126 0.208 0.0024
BIRC5 17 -0.129 0.0126 -0.322 1.82E-06
OSBPL3 7 0.129 0.0126 0.017 0.8029
TMEM173 5 0.129 0.0127 NA NA
SEMA3F-AS1 3 -0.129 0.0127 NA NA
MICAL1 6 -0.129 0.0127 0.330 9.50E-07
SLC20A1 2 0.129 0.0127 0.107 0.1213
FAM78B 1 0.129 0.0127 NA NA
RPL26P37 Y 0.129 0.0128 NA NA
DCTN3 9 -0.129 0.0128 0.027 0.6916
MRGBP 20 -0.129 0.0128 NA NA
SH3PXD2A 10 0.129 0.0128 -0.011 0.8715
MED12L 3 0.129 0.0129 NA NA
MOB3B 9 0.129 0.0129 NA NA
GAPDHP70 11 0.129 0.0129 NA NA
TMED9 5 -0.128 0.0130 0.157 0.0226
CTDSP2 12 0.128 0.0130 0.165 0.0166
NCOA1 2 -0.128 0.0131 0.193 0.0050
TTYH3 7 -0.128 0.0131 NA NA
TMEM80 11 -0.128 0.0132 0.158 0.0218
UHMK1 1 -0.128 0.0132 NA NA
ATP6V1G1 9 0.128 0.0132 0.137 0.0474
MAD2L1 4 -0.128 0.0132 -0.244 0.0004
PKIG 20 -0.128 0.0133 -0.468 7.26E-13
GAS2 11 0.128 0.0133 -0.007 0.9169
KIAA0232 4 -0.128 0.0133 0.235 0.0006
GALNT10 5 -0.128 0.0133 0.018 0.7937
WNT5B 12 0.128 0.0135 NA NA
FOXD2-AS1 1 0.128 0.0135 NA NA
HIST2H2BF 1 0.128 0.0136 NA NA
GRAMD4 22 0.128 0.0136 NA NA
RASAL2 1 0.128 0.0136 -0.083 0.2301
CYBB X 0.128 0.0136 0.296 1.26E-05
HECW2 2 -0.128 0.0136 NA NA
IFNGR2 21 0.128 0.0137 0.329 1.04E-06
HMX2 10 0.128 0.0137 NA NA
MED28 4 -0.128 0.0137 -0.094 0.1725
GLT1D1 12 -0.127 0.0138 NA NA
GABARAP 17 -0.127 0.0138 0.196 0.0043
DAB2IP 9 -0.127 0.0139 NA NA
YARS 1 -0.127 0.0139 -0.105 0.1285
RPL23AP12 21 0.127 0.0139 NA NA
HABP4 9 0.127 0.0140 0.188 0.0063
DUX4L50 9 0.127 0.0140 NA NA
METTL18 1 -0.127 0.0140 NA NA
DIS3 13 -0.127 0.0140 NA NA



RPL5P11 4 0.127 0.0141 NA NA
BMP6 6 0.127 0.0141 -0.055 0.4305
ZBTB12 6 -0.127 0.0141 NA NA
SLC4A1AP 2 -0.127 0.0141 0.129 0.0615
IFI27L1 14 -0.127 0.0142 NA NA
EEF1A1P10 7 0.127 0.0143 NA NA
PTEN 10 -0.127 0.0143 0.196 0.0043
ORAI3 16 -0.127 0.0143 NA NA
MTATP8P1 1 -0.127 0.0144 NA NA
CNN3 1 0.127 0.0144 -0.235 0.0006
CCL17 16 0.126 0.0145 NA NA
LSP1P3 5 0.126 0.0146 NA NA
SGOL1 3 -0.126 0.0146 NA NA
RASAL3 19 -0.126 0.0147 NA NA
BSCL2 11 -0.126 0.0147 NA NA
CASKIN1 16 0.126 0.0148 NA NA
RPL23AP38 3 0.126 0.0148 NA NA
SNAI1 20 0.126 0.0148 NA NA
SERBP1P1 X -0.126 0.0149 NA NA
OGDHL 10 -0.126 0.0149 NA NA
DQX1 2 0.126 0.0149 NA NA
NUDT19 19 -0.126 0.0150 NA NA
TNFRSF11B 8 0.126 0.0151 NA NA
SLCO3A1 15 0.126 0.0152 0.597 0
CNKSR1 1 0.126 0.0152 NA NA
TANK 2 0.126 0.0153 -0.005 0.9389
PPAP2B 1 0.125 0.0153 -0.211 0.0021
SNHG14 15 -0.125 0.0153 NA NA
LRBA 4 -0.125 0.0153 -0.191 0.0053
NSUN3 3 -0.125 0.0154 -0.060 0.3883
SFXN4 10 -0.125 0.0154 NA NA
NPM1P33 2 0.125 0.0155 NA NA
TSG101 11 0.125 0.0155 -0.014 0.8361
PPP4R2 3 -0.125 0.0155 -0.065 0.3495
LGALS9C 17 -0.125 0.0155 NA NA
PALLD 4 0.125 0.0156 0.095 0.1706
LAMP5 20 -0.125 0.0157 NA NA
ZNF706 8 -0.125 0.0157 0.143 0.0377
ABHD6 3 -0.125 0.0157 0.019 0.7816
RPS12P23 13 0.125 0.0157 NA NA
LMNTD2 11 -0.125 0.0157 NA NA
YIPF6 X 0.125 0.0158 -0.094 0.1754
ADM 11 0.125 0.0159 0.209 0.0023
EPHA1-AS1 7 0.125 0.0159 NA NA
RPL32 3 0.125 0.0160 0.065 0.3501
KIF4B 5 -0.125 0.0160 NA NA



ACTG1P14 9 0.125 0.0160 NA NA
ATP5J2 7 0.125 0.0160 0.026 0.7021
GPR183 13 -0.125 0.0160 NA NA
PITPNC1 17 0.124 0.0162 0.271 6.77E-05
RPL36AP26 7 0.124 0.0162 NA NA
CPS1 2 0.124 0.0162 -0.135 0.0495
RTKN 2 0.124 0.0163 NA NA
CEACAM21 19 -0.124 0.0163 NA NA
NOC4L 12 0.124 0.0164 -0.032 0.6481
DLL4 15 0.124 0.0165 NA NA
NFAM1 22 -0.124 0.0165 NA NA
IL12B 5 0.124 0.0166 NA NA
BCL2A1 15 0.124 0.0167 0.366 4.50E-08
CXCR4 2 0.124 0.0167 0.239 0.0005
RAP1BP1 9 0.124 0.0167 NA NA
VOPP1 7 0.124 0.0168 NA NA
RPL7P48 17 -0.124 0.0168 NA NA
PIAS2 18 -0.124 0.0170 -0.060 0.3886
ZMYM4 1 0.123 0.0170 0.106 0.1243
SH2D3C 9 -0.123 0.0171 NA NA
RAB42 1 0.123 0.0171 NA NA
LRRC8C 1 -0.123 0.0172 NA NA
PSMB10 16 -0.123 0.0172 0.285 2.70E-05
TNFRSF8 1 0.123 0.0172 0.289 1.96E-05
LGALS14 19 -0.123 0.0172 NA NA
FITM1 14 -0.123 0.0173 NA NA
HTR2B 2 0.123 0.0174 0.118 0.0880
SMIM7 19 -0.123 0.0174 NA NA
FAM222B 17 0.123 0.0174 NA NA
SLC44A2 19 -0.123 0.0175 NA NA
ZNF355P 21 0.123 0.0177 NA NA
C2orf44 2 0.123 0.0177 -0.097 0.1608
GAPT 5 0.123 0.0177 NA NA
NCKAP5 2 0.123 0.0178 NA NA
HYOU1 11 -0.123 0.0178 -0.010 0.8886
KCNK5 6 -0.123 0.0178 -0.289 1.94E-05
TMC4 19 0.123 0.0178 NA NA
TMX1 14 0.123 0.0179 NA NA
WWC3 X -0.123 0.0179 0.051 0.4621
ANXA2P2 9 0.122 0.0180 0.409 6.58E-10
PPP2R2A 8 -0.122 0.0180 0.150 0.0291
JDP2 14 0.122 0.0180 NA NA
NLRP3 1 0.122 0.0181 0.484 8.37E-14
LCA5 6 0.122 0.0182 NA NA
CENPJ 13 -0.122 0.0184 -0.331 8.84E-07
TCF19 6 0.122 0.0185 NA NA



GYS1 19 -0.122 0.0186 0.196 0.0043
CD300C 17 -0.122 0.0186 0.189 0.0059
ANKRA2 5 -0.122 0.0188 0.139 0.0433
RBBP7 X 0.121 0.0189 -0.108 0.1177
SEC24B-AS1 4 -0.121 0.0189 NA NA
ANKRD16 10 0.121 0.0190 NA NA
YBX1P2 7 -0.121 0.0191 NA NA
RNF144A 2 -0.121 0.0191 NA NA
GPCPD1 20 -0.121 0.0191 NA NA
GPR63 6 -0.121 0.0192 NA NA
UBE2G1 17 0.121 0.0192 0.099 0.1505
SRSF10 1 0.121 0.0192 NA NA
B4GALT1 9 -0.121 0.0192 -0.022 0.7495
GBP1 1 -0.121 0.0193 0.389 4.85E-09
RPS21P4 4 0.121 0.0193 NA NA
RXRA 9 0.121 0.0194 0.151 0.0285
RPS17P2 5 0.121 0.0194 NA NA
TXNL1 18 -0.121 0.0195 -0.130 0.0597
TRABD2A 2 0.121 0.0195 NA NA
ARAP1-AS1 11 -0.121 0.0196 NA NA
MAPK6 15 -0.121 0.0197 0.120 0.0822
SLC18A2 10 0.121 0.0197 NA NA
SRP54 14 -0.121 0.0198 0.183 0.0076
MTCH2 11 -0.121 0.0198 0.049 0.4827
RBMXP4 4 -0.121 0.0198 NA NA
ZSCAN30 18 -0.121 0.0199 NA NA
SOWAHD X 0.120 0.0200 NA NA
HNRNPA1P33 10 0.120 0.0201 NA NA
ABI1 10 0.120 0.0201 0.122 0.0761
ADD2 2 0.120 0.0202 -0.229 0.0008
UBR3 2 -0.120 0.0202 NA NA
PRORSD1P 2 -0.120 0.0202 NA NA
LIPH 3 -0.120 0.0203 NA NA
MED10 5 -0.120 0.0203 NA NA
C11orf24 11 -0.120 0.0204 -0.095 0.1696
ICK 6 0.120 0.0205 0.151 0.0285
STPG1 1 -0.120 0.0206 NA NA
ANXA11 10 0.120 0.0206 0.346 2.44E-07
FNIP2 4 -0.120 0.0206 NA NA
FAM207A 21 0.120 0.0208 NA NA
BCAP29 7 -0.120 0.0209 -0.182 0.0081
ANKDD1A 15 0.120 0.0209 0.014 0.8412
RDH14 2 0.119 0.0210 -0.093 0.1766
DNAJC3 13 -0.119 0.0211 0.177 0.0099
PMAIP1 18 -0.119 0.0211 -0.237 0.0005
FCHO2 5 0.119 0.0211 NA NA



ADSL 22 -0.119 0.0211 0.200 0.0035
IGLV1-47 22 0.119 0.0212 NA NA
SAPCD2 9 0.119 0.0212 NA NA
MAPK1 22 0.119 0.0214 0.033 0.6381
NPM1P35 11 0.119 0.0214 NA NA
TNFRSF1B 1 -0.119 0.0214 0.437 3.14E-11
GPR55 2 0.119 0.0215 NA NA
PLAU 10 0.119 0.0216 NA NA
DZIP3 3 -0.119 0.0216 -0.191 0.0054
RALY 20 -0.119 0.0216 -0.093 0.1794
APAF1 12 0.119 0.0216 0.534 0
SARS2 19 0.119 0.0217 NA NA
ELK1 X -0.119 0.0217 0.250 0.0002
RBM17P4 15 -0.119 0.0218 NA NA
ACTG1P11 Y 0.119 0.0218 NA NA
RAB13 1 0.119 0.0219 -0.170 0.0136
PPFIA4 1 -0.119 0.0220 0.306 6.11E-06
RPL23P2 21 0.119 0.0220 NA NA
AHCYL2 7 0.119 0.0220 NA NA
TUBE1 6 -0.119 0.0220 NA NA
SBNO2 19 0.118 0.0221 NA NA
IPCEF1 6 -0.118 0.0221 NA NA
FAM167A 8 -0.118 0.0222 NA NA
KIZ 20 -0.118 0.0222 NA NA
PDCL 9 -0.118 0.0222 -0.011 0.8771
FAM60A 12 0.118 0.0223 0.005 0.9474
TIMM8B 11 -0.118 0.0223 0.067 0.3301
C16orf87 16 -0.118 0.0224 NA NA
CXorf21 X 0.118 0.0224 0.149 0.0300
ARPC1B 7 -0.118 0.0225 0.239 0.0005
UBE2E3 2 -0.118 0.0225 -0.225 0.0010
HSPD1P3 8 0.118 0.0225 NA NA
NUP54 4 -0.118 0.0225 -0.027 0.6990
CYCS 7 0.118 0.0229 -0.133 0.0537
CD300A 17 -0.118 0.0230 0.131 0.0584
FAM105A 5 -0.118 0.0231 0.620 0
TAPT1-AS1 4 0.117 0.0233 NA NA
LRRC47 1 -0.117 0.0233 0.146 0.0344
IGLC6 22 0.117 0.0233 NA NA
GTF2E2 8 0.117 0.0234 0.169 0.0142
GPR153 1 0.117 0.0235 -0.067 0.3360
NEK8 17 0.117 0.0235 NA NA
ECE1 1 0.117 0.0235 0.113 0.1032
TMEM38A 19 0.117 0.0235 NA NA
LYL1 19 0.117 0.0236 -0.211 0.0020
SLC28A3 9 -0.117 0.0238 0.043 0.5303



TPCN1 12 -0.117 0.0238 0.451 5.98E-12
LINC00865 10 0.117 0.0239 NA NA
ALDH6A1 14 -0.117 0.0239 -0.206 0.0026
IGHV3-7 14 0.117 0.0240 NA NA
DPY19L2P1 7 0.117 0.0240 NA NA
SH3BP5-AS1 3 0.117 0.0241 NA NA
CFLAR 2 0.117 0.0241 0.379 1.36E-08
KIAA0040 1 0.117 0.0243 0.099 0.1514
PRLR 5 0.117 0.0243 NA NA
C10orf12 10 -0.117 0.0244 NA NA
NDUFA2 5 -0.116 0.0244 0.018 0.7970
CDCA8 1 -0.116 0.0245 -0.226 0.0010
ABHD17AP4 22 0.116 0.0245 NA NA
NSD1 5 0.116 0.0246 0.114 0.0975
AHNAK2 14 0.116 0.0247 NA NA
THOP1 19 0.116 0.0248 NA NA
SPRYD7 13 -0.116 0.0249 NA NA
TMOD2 15 0.116 0.0249 NA NA
TNFRSF17 16 0.116 0.0250 -0.234 0.0006
SLAIN1 13 -0.116 0.0250 NA NA
TMEM156 4 0.116 0.0251 -0.119 0.0837
LY75 2 0.116 0.0251 0.199 0.0036
HMGN2P7 3 -0.116 0.0251 NA NA
ANKH 5 -0.116 0.0251 0.014 0.8454
NPNT 4 0.116 0.0253 NA NA
MAP4K4 2 0.116 0.0253 0.222 0.0012
ZSCAN16 6 -0.116 0.0253 NA NA
ZFP36L2 2 0.116 0.0254 0.091 0.1903
YEATS2 3 0.116 0.0254 -0.023 0.7451
SMIM13 6 -0.116 0.0254 NA NA
ABHD4 14 -0.116 0.0255 -0.101 0.1456
HSPA4 5 -0.116 0.0256 0.010 0.8798
EEF1A1P28 7 0.115 0.0257 NA NA
LETM1 4 -0.115 0.0258 -0.018 0.7915
WIPI1 17 -0.115 0.0258 0.112 0.1032
RNPC3 1 0.115 0.0258 NA NA
RPS27L 15 -0.115 0.0258 0.085 0.2184
RPL34P34 19 0.115 0.0259 NA NA
NHP2P1 10 -0.115 0.0260 NA NA
TEAD4 12 0.115 0.0261 NA NA
ADARB1 21 0.115 0.0261 0.068 0.3290
RWDD2A 6 -0.115 0.0262 NA NA
XAF1 17 0.115 0.0262 NA NA
PIK3CD-AS1 1 0.115 0.0262 NA NA
CD69 12 -0.115 0.0263 -0.093 0.1779
TMEM132A 11 0.115 0.0263 NA NA



ARHGAP25 2 0.115 0.0263 0.172 0.0126
MED26 19 -0.115 0.0263 NA NA
TPGS2 18 -0.115 0.0263 NA NA
SSR2 1 -0.115 0.0265 0.197 0.0041
ZSCAN18 19 -0.115 0.0265 NA NA
TXNDC5 6 0.115 0.0267 -0.286 2.50E-05
FABP5P3 7 0.115 0.0267 NA NA
ADCK4 19 -0.115 0.0267 NA NA
MYH6 14 0.115 0.0267 NA NA
GALK2 15 -0.115 0.0269 0.015 0.8337
FAM53B 10 0.115 0.0269 0.122 0.0778
AMMECR1 X -0.115 0.0270 -0.009 0.8982
EXD3 9 -0.114 0.0271 NA NA
LRP6 12 0.114 0.0272 -0.134 0.0519
IMPDH1P10 2 0.114 0.0272 NA NA
PLEKHM1P 17 -0.114 0.0272 NA NA
DHX30 3 -0.114 0.0273 -0.018 0.7984
RGS6 14 -0.114 0.0274 NA NA
PPIF 10 -0.114 0.0275 0.167 0.0153
AMOTL1 11 0.114 0.0276 NA NA
CLSPN 1 0.114 0.0276 NA NA
SNX10 7 0.114 0.0277 0.137 0.0470
NOL7 6 -0.114 0.0278 -0.042 0.5477
CHPF2 7 -0.114 0.0278 NA NA
DNAH14 1 0.114 0.0278 NA NA
OXA1L 14 -0.114 0.0279 0.274 5.34E-05
RPL3P12 X 0.114 0.0279 NA NA
AMT 3 -0.114 0.0279 -0.081 0.2422
CMPK1 1 -0.114 0.0280 NA NA
ECH1 19 -0.114 0.0280 -0.137 0.0473
ZNF121 19 -0.114 0.0280 NA NA
DEPDC4 12 0.114 0.0281 NA NA
CD9 12 0.114 0.0282 0.098 0.1558
IRF8 16 -0.114 0.0282 0.053 0.4412
DNAJB6 7 -0.114 0.0282 -0.039 0.5703
SGOL1-AS1 3 -0.114 0.0283 NA NA
ANO10 3 0.114 0.0283 NA NA
HSPA5 9 -0.114 0.0283 0.053 0.4395
MTTP 4 0.114 0.0284 NA NA
HHAT 1 -0.114 0.0284 -0.171 0.0130
FBXL19 16 0.114 0.0284 NA NA
DET1 15 0.114 0.0284 0.059 0.3943
ZNF569 19 -0.113 0.0284 NA NA
GDF11 12 -0.113 0.0284 NA NA
LINC00342 2 0.113 0.0285 NA NA
QPCTL 19 -0.113 0.0286 NA NA



CEP250 20 0.113 0.0287 NA NA
SECISBP2 9 0.113 0.0288 0.058 0.3985
MYC 8 0.113 0.0289 -0.133 0.0545
EEF1A1P8 3 0.113 0.0290 NA NA
TBC1D22A 22 0.113 0.0290 0.179 0.0092
DNAJB11 3 -0.113 0.0290 NA NA
MEA1 6 -0.113 0.0290 -0.207 0.0025
IGFBP4 17 0.113 0.0291 -0.171 0.0129
ATP8B1 18 -0.113 0.0291 -0.057 0.4087
PODXL2 3 0.113 0.0293 NA NA
FAM160A1 4 0.113 0.0294 NA NA
TCEA1P4 9 -0.113 0.0294 NA NA
HES1 3 0.113 0.0295 -0.201 0.0034
NME3 16 -0.113 0.0295 NA NA
HADHA 2 -0.113 0.0296 0.176 0.0102
IRGQ 19 -0.113 0.0296 NA NA
RPL7P19 5 0.113 0.0296 NA NA
ADTRP 6 0.113 0.0297 NA NA
RPSAP14 X 0.113 0.0298 NA NA
DNLZ 9 0.113 0.0298 NA NA
IST1 16 0.112 0.0298 NA NA
FAM160A2 11 -0.112 0.0299 NA NA
AJUBA 14 -0.112 0.0299 NA NA
LHFP 13 0.112 0.0299 -0.135 0.0504
KCTD3 1 0.112 0.0300 -0.094 0.1718
AMZ2 17 -0.112 0.0300 0.065 0.3501
RPL35AP35 17 -0.112 0.0301 NA NA
PSTPIP2 18 -0.112 0.0303 0.224 0.0010
KIF13B 8 -0.112 0.0304 0.205 0.0028
SUB1P3 16 0.112 0.0304 NA NA
DYNC1LI2 16 -0.112 0.0304 0.319 2.23E-06
PRKX X -0.112 0.0304 0.295 1.33E-05
RPL7AP3 14 0.112 0.0305 NA NA
PSMA6P1 Y 0.112 0.0305 NA NA
FSTL3 19 0.112 0.0308 NA NA
SLC45A3 1 0.112 0.0308 NA NA
RGMB 5 0.112 0.0308 NA NA
CAMSAP2 1 0.112 0.0310 NA NA
NXT2 X -0.112 0.0311 -0.099 0.1535
CYP51A1P2 13 -0.112 0.0311 NA NA
MYL12BP1 15 0.112 0.0311 NA NA
OSGIN2 8 -0.112 0.0312 0.185 0.0069
RPL19P20 X 0.112 0.0313 NA NA
PLAC8 4 0.111 0.0314 -0.058 0.4004
UCN 2 -0.111 0.0314 0.006 0.9338
FUT8 14 0.111 0.0314 -0.201 0.0034



GSTP1 11 -0.111 0.0314 0.048 0.4894
ZNF641 12 0.111 0.0315 NA NA
RRM2P3 X 0.111 0.0315 NA NA
TFEB 6 0.111 0.0315 0.102 0.1403
XPOT 12 -0.111 0.0315 0.043 0.5346
C14orf105 14 0.111 0.0315 NA NA
MRPL13 8 -0.111 0.0316 -0.004 0.9535
ZNF649 19 -0.111 0.0316 NA NA
NME4 16 0.111 0.0316 -0.365 4.57E-08
PGAM1P7 X 0.111 0.0316 NA NA
IGLV1-51 22 0.111 0.0316 NA NA
CHCHD4 3 0.111 0.0317 NA NA
ZNF680 7 -0.111 0.0318 NA NA
TPBG 6 -0.111 0.0319 -0.119 0.0856
ZNF248 10 0.111 0.0320 0.017 0.8116
CUL7 6 -0.111 0.0320 NA NA
UBXN6 19 -0.111 0.0321 NA NA
SPSB3 16 -0.111 0.0321 0.117 0.0907
TRIM13 13 0.111 0.0321 0.034 0.6285
TSGA10 2 -0.111 0.0323 NA NA
FHL2 2 -0.111 0.0323 -0.304 6.67E-06
CD4 12 0.111 0.0323 0.739 0
EDN1 6 0.111 0.0323 NA NA
C19orf52 19 -0.111 0.0323 NA NA
WDR62 19 -0.111 0.0324 NA NA
PLEKHA8 7 0.111 0.0324 NA NA
RFNG 17 -0.111 0.0325 0.074 0.2869
ABCC5 3 0.111 0.0325 0.010 0.8807
GFM2 5 -0.111 0.0325 NA NA
CDH24 14 -0.111 0.0326 NA NA
SWT1 1 0.111 0.0326 NA NA
GPR150 5 -0.111 0.0326 NA NA
PLS1 3 0.111 0.0326 -0.274 5.63E-05
ZFP30 19 -0.111 0.0326 -0.065 0.3506
LONP1 19 -0.111 0.0327 NA NA
C7orf26 7 -0.111 0.0327 0.034 0.6231
RABGAP1L 1 0.111 0.0327 0.229 0.0008
CHST12 7 -0.111 0.0328 -0.260 0.0001
SIKE1 1 0.111 0.0328 NA NA
STRBP 9 -0.111 0.0329 NA NA
XKR9 8 -0.110 0.0329 NA NA
IGLC7 22 0.110 0.0329 NA NA
ADRB1 10 -0.110 0.0329 NA NA
SLC25A26 3 -0.110 0.0329 NA NA
HCAR2 12 0.110 0.0330 NA NA
TANC2 17 -0.110 0.0331 NA NA



RPS2P46 17 -0.110 0.0331 NA NA
VCL 10 0.110 0.0331 0.168 0.0143
PHLPP1 18 -0.110 0.0332 NA NA
SUGP2 19 -0.110 0.0332 NA NA
UBE2MP1 16 -0.110 0.0332 NA NA
MSTO2P 1 -0.110 0.0333 NA NA
PCTP 17 -0.110 0.0333 0.036 0.6047
MBD2 18 -0.110 0.0334 0.285 2.72E-05
KIN 10 0.110 0.0335 0.190 0.0057
YBEY 21 -0.110 0.0336 NA NA
TMEM200A 6 0.110 0.0336 NA NA
POU5F1P4 1 0.110 0.0337 NA NA
IGLC3 22 0.110 0.0338 NA NA
RPL37P23 19 0.110 0.0339 NA NA
ANAPC1 2 -0.110 0.0340 0.003 0.9644
PPP1R11P1 1 0.110 0.0341 NA NA
RPS20P24 9 0.110 0.0341 NA NA
IFNG 12 -0.110 0.0343 -0.138 0.0459
TTC38 22 -0.110 0.0343 NA NA
CNR1 6 0.110 0.0344 -0.201 0.0034
FAM212B-AS1 1 -0.110 0.0344 NA NA
NACAP3 12 0.109 0.0346 NA NA
C10orf128 10 0.109 0.0346 NA NA
DARS-AS1 2 0.109 0.0346 NA NA
AMZ2P1 17 -0.109 0.0347 NA NA
KLF13 15 0.109 0.0348 NA NA
NPM1P22 13 0.109 0.0348 NA NA
SLC44A1 9 0.109 0.0348 NA NA
RIT1 1 0.109 0.0348 0.069 0.3197
SRIP3 Y -0.109 0.0350 NA NA
RAPGEF1 9 0.109 0.0350 0.111 0.1076
CAPN2 1 0.109 0.0350 0.427 8.87E-11
RCL1 9 -0.109 0.0351 -0.306 5.99E-06
C1orf162 1 0.109 0.0351 NA NA
ZNF135 19 -0.109 0.0351 NA NA
SERBP1P5 4 -0.109 0.0352 NA NA
AIM2 1 0.109 0.0352 -0.047 0.4947
POC1A 3 -0.109 0.0352 NA NA
TMEM67 8 -0.109 0.0353 NA NA
FA2H 16 0.109 0.0353 NA NA
FAM3C 7 -0.109 0.0353 -0.282 3.17E-05
DDN 12 0.109 0.0354 NA NA
SLAMF1 1 0.109 0.0354 0.171 0.0129
FAM199X X -0.109 0.0355 NA NA
TMEM107 17 -0.109 0.0355 NA NA
RPL6P27 18 -0.109 0.0355 NA NA



DEAF1 11 0.109 0.0357 NA NA
FAM129B 9 -0.109 0.0357 NA NA
RGS19 20 -0.109 0.0358 0.300 9.45E-06
QPCT 2 -0.109 0.0358 0.442 1.64E-11
STK17B 2 -0.109 0.0359 0.402 1.38E-09
ATG13 11 -0.109 0.0361 NA NA
NME9 3 -0.109 0.0361 NA NA
HNRNPLP1 6 0.109 0.0361 NA NA
RNF24 20 -0.109 0.0362 0.175 0.0109

Sep-10 2 0.109 0.0362 NA NA
PTOV1 19 -0.108 0.0363 -0.083 0.2314
ALG13 X 0.108 0.0365 -0.064 0.3571
FAM219A 9 0.108 0.0365 NA NA
NPM1P46 2 0.108 0.0366 NA NA
NLK 17 0.108 0.0367 -0.167 0.0150
CD44 11 0.108 0.0367 0.472 4.27E-13
NOL8P1 4 0.108 0.0367 NA NA
ELL 19 -0.108 0.0367 NA NA
JUP 17 0.108 0.0369 -0.068 0.3242
CYBRD1 2 -0.108 0.0370 -0.152 0.0272
FTSJ2 7 -0.108 0.0370 0.187 0.0065
PRKRIRP3 10 -0.108 0.0371 NA NA
ZNF277 7 0.108 0.0371 NA NA
IPO7 11 0.108 0.0371 0.139 0.0435
SHOC2 10 -0.108 0.0373 0.013 0.8561
ZNF653 19 0.108 0.0375 NA NA
HCFC1R1 16 0.108 0.0376 -0.101 0.1427
AFG3L2P1 8 -0.108 0.0376 NA NA
RPL15P20 16 0.108 0.0376 NA NA
KCNA1 12 -0.108 0.0377 NA NA
RHOBTB3 5 -0.108 0.0377 -0.365 4.75E-08
IGLC2 22 0.108 0.0378 NA NA
TNKS2 10 -0.108 0.0379 0.266 9.13E-05
LRFN4 11 0.108 0.0380 NA NA
PHB2 12 0.107 0.0380 0.028 0.6889
SPTLC1P5 13 -0.107 0.0380 NA NA
RPL3P10 8 0.107 0.0380 NA NA
TBCA 5 0.107 0.0381 0.141 0.0411
GAPDHP69 13 0.107 0.0381 NA NA
SREK1IP1 5 0.107 0.0382 NA NA
AUH 9 -0.107 0.0383 -0.156 0.0235
SLC16A1 1 0.107 0.0383 -0.171 0.0128
PUS7 7 0.107 0.0384 -0.043 0.5362
KCNMB3P1 22 -0.107 0.0384 NA NA
PIGBOS1 15 -0.107 0.0385 NA NA
UBA52P3 14 0.107 0.0386 NA NA



KIAA1462 10 0.107 0.0386 -0.273 5.79E-05
PLEK 2 0.107 0.0388 -0.151 0.0287
RPL7L1P9 2 0.107 0.0389 NA NA
MAF1 8 -0.107 0.0389 NA NA
SLC3A2 11 -0.107 0.0392 0.081 0.2423
MORF4L1 15 -0.107 0.0393 0.055 0.4297
MTRF1LP1 11 0.107 0.0393 NA NA
MTX1P1 1 -0.107 0.0393 NA NA
MGST3 1 0.107 0.0394 0.048 0.4867
RPS12P26 15 0.107 0.0394 NA NA
HGS 17 -0.107 0.0395 0.045 0.5193
RPL31P63 X 0.107 0.0396 NA NA
FANCM 14 -0.106 0.0398 NA NA
SPATA3-AS1 2 0.106 0.0398 NA NA
PPP2R4 9 0.106 0.0399 -0.021 0.7669
MTND2P28 1 -0.106 0.0399 NA NA
AKR1B1P1 1 -0.106 0.0399 NA NA
KBTBD8 3 0.106 0.0400 NA NA
RBMX2 X -0.106 0.0400 0.146 0.0337
SMG1P4 16 -0.106 0.0401 NA NA
SOCS2 12 0.106 0.0403 -0.267 8.84E-05
RNF180 5 0.106 0.0403 NA NA
AAGAB 15 -0.106 0.0404 NA NA
HOXB3 17 0.106 0.0405 -0.128 0.0635
SEPT10P1 8 0.106 0.0407 NA NA
YKT6 7 -0.106 0.0407 0.160 0.0202
HECA 6 -0.106 0.0409 0.247 0.0003
MDFIC 7 0.106 0.0410 0.289 2.04E-05
ZIK1 19 -0.106 0.0411 NA NA
CYSLTR1 X 0.106 0.0411 -0.115 0.0953
SLC2A3P4 8 0.106 0.0412 NA NA
STARD13 13 0.106 0.0414 -0.008 0.9067
RPL34P18 8 0.106 0.0414 NA NA
PIFO 1 -0.106 0.0415 NA NA
GMEB1 1 0.106 0.0415 NA NA
FBXL5 4 -0.106 0.0415 0.401 1.51E-09
MIB1 18 -0.106 0.0415 NA NA
RAPGEF5 7 0.106 0.0416 NA NA
C9orf41 9 -0.106 0.0417 NA NA
FOXN3P1 X 0.106 0.0417 NA NA
SLC41A2 12 0.105 0.0419 NA NA
MGAT3 22 0.105 0.0419 NA NA
TPRG1 3 0.105 0.0419 NA NA
GEMIN8P4 1 -0.105 0.0420 NA NA
TGM2 20 0.105 0.0420 -0.121 0.0786
SH3PXD2B 5 0.105 0.0420 NA NA



PCSK4 19 -0.105 0.0422 NA NA
HIPK1-AS1 1 0.105 0.0422 NA NA
DTX1 12 -0.105 0.0422 NA NA
HSPD1P6 3 0.105 0.0422 NA NA
HMGN2P3 16 -0.105 0.0422 NA NA
JMJD4 1 -0.105 0.0422 -0.078 0.2564
FAM91A3P 1 -0.105 0.0423 NA NA
FANCF 11 0.105 0.0423 -0.029 0.6732
SLC30A7 1 -0.105 0.0424 NA NA
SH3KBP1 X 0.105 0.0425 NA NA
OSBPL7 17 -0.105 0.0425 NA NA
RPS15AP38 22 0.105 0.0425 NA NA
FABP3 1 0.105 0.0425 0.000 0.9964
IGSF10 3 0.105 0.0426 NA NA
NID1 1 -0.105 0.0426 0.367 3.92E-08
TULP2 19 0.105 0.0427 NA NA
UNC13D 17 -0.105 0.0427 NA NA
TMEM129 4 -0.105 0.0428 NA NA
SURF4 9 -0.105 0.0428 NA NA
ACTBP11 1 -0.105 0.0430 NA NA
MRPL39 21 -0.105 0.0431 -0.006 0.9294
HHLA2 3 0.105 0.0435 NA NA
VPS36 13 -0.105 0.0435 NA NA
AQP9 15 0.105 0.0435 0.436 3.37E-11
CARM1 19 0.105 0.0436 -0.074 0.2841
GRHPR 9 0.105 0.0436 0.008 0.9104
TUBBP2 13 -0.105 0.0437 NA NA
SLC16A7 12 -0.104 0.0437 0.260 0.0001
POU5F1P3 12 0.104 0.0439 NA NA
RPL7P59 7 0.104 0.0439 NA NA
RPL3P6 5 0.104 0.0440 NA NA
ATIC 2 0.104 0.0440 -0.090 0.1950
EFNA4 1 0.104 0.0441 -0.151 0.0288
CYP1B1-AS1 2 0.104 0.0441 NA NA
IGSF8 1 0.104 0.0442 NA NA
PDE4C 19 -0.104 0.0442 0.043 0.5300
FAM27C 9 0.104 0.0442 NA NA
NPM1P21 8 0.104 0.0442 NA NA
ZDBF2 2 -0.104 0.0444 NA NA
TRIO 5 0.104 0.0444 -0.153 0.0266
GOLGA6L9 15 -0.104 0.0446 NA NA
MAD1L1 7 -0.104 0.0446 NA NA
MFSD6 2 -0.104 0.0446 NA NA
LINC01320 2 0.104 0.0447 NA NA
KIAA1524 3 -0.104 0.0448 NA NA
CLIP2 7 0.104 0.0448 NA NA



LMTK2 7 0.104 0.0448 -0.100 0.1479
BIN2 12 0.104 0.0449 0.322 1.79E-06
SCIN 7 0.104 0.0450 0.019 0.7793
BTK X 0.104 0.0450 -0.085 0.2162
IRF3 19 -0.104 0.0450 0.065 0.3448
PET117 20 -0.104 0.0451 NA NA
FIRRE X 0.104 0.0453 NA NA
CDC14B 9 0.104 0.0453 0.076 0.2709
TMEM263 12 -0.104 0.0454 NA NA
CHCHD5 2 -0.104 0.0454 NA NA
NDUFAF3 3 0.104 0.0454 NA NA
FOXM1 12 -0.104 0.0455 -0.101 0.1452
CDKN2D 19 0.104 0.0456 -0.044 0.5237
PRR11 17 -0.104 0.0456 0.011 0.8772
PDE4B 1 0.104 0.0456 0.212 0.0020
MIA 19 0.103 0.0458 NA NA
POU5F1 6 0.103 0.0458 0.067 0.3357
FRMD8 11 -0.103 0.0459 NA NA
NUDT16L1 16 -0.103 0.0460 NA NA
PSMD6 3 -0.103 0.0460 0.094 0.1721
ERCC5 13 -0.103 0.0460 0.216 0.0016
SRP68P3 17 0.103 0.0461 NA NA
ATP5G3 2 -0.103 0.0461 0.066 0.3431
MED21 12 0.103 0.0462 NA NA
CD200 3 0.103 0.0462 -0.319 2.23E-06
GPX4 19 0.103 0.0463 0.019 0.7831
MYLK-AS1 3 0.103 0.0463 NA NA
NECAB1 8 0.103 0.0463 NA NA
BAX 19 -0.103 0.0463 0.226 0.0010
LMCD1 3 0.103 0.0463 NA NA
MPRIPP1 3 -0.103 0.0464 NA NA
RAB18 10 -0.103 0.0464 NA NA
PYCARD-AS1 16 0.103 0.0464 NA NA
ST13P6 8 -0.103 0.0464 NA NA
CTTNBP2NL 1 0.103 0.0466 0.022 0.7501
HMGB1P4 2 0.103 0.0467 NA NA
TNFAIP6 2 0.103 0.0469 0.224 0.0011
CCNA2 4 -0.103 0.0469 -0.222 0.0012
BCO1 16 0.103 0.0470 NA NA
C1orf106 1 0.103 0.0470 NA NA
KIAA1671 22 0.103 0.0470 NA NA
GLDCP1 4 0.103 0.0471 NA NA
ZNF195 11 0.103 0.0472 -0.067 0.3301
TMEM237 2 0.103 0.0473 NA NA
KIF9-AS1 3 -0.103 0.0475 NA NA
ZNF568 19 -0.103 0.0475 NA NA



PCAT6 1 -0.103 0.0476 NA NA
HSD17B4 5 -0.103 0.0476 0.116 0.0941
HKR1 19 -0.103 0.0476 NA NA
DEK 6 -0.103 0.0476 0.048 0.4898
RHBDL1 16 -0.103 0.0477 NA NA
TADA2B 4 -0.103 0.0477 NA NA
EEF1E1 6 0.103 0.0477 -0.008 0.9067
PRKCDBP 11 0.103 0.0477 NA NA
CEP128 14 0.103 0.0477 NA NA
MTMR9 8 -0.103 0.0478 0.269 7.79E-05
ANKRD29 18 0.102 0.0479 NA NA
ANXA2P1 4 0.102 0.0480 0.058 0.4044
RIPK2 8 0.102 0.0480 0.030 0.6632
H3F3A 1 0.102 0.0480 -0.063 0.3640
ABCD2 12 0.102 0.0481 0.140 0.0417
APEX2 X -0.102 0.0481 NA NA
SRGN 10 0.102 0.0482 NA NA
RPL21P134 X -0.102 0.0482 NA NA
CD47 3 -0.102 0.0482 0.119 0.0855
GAB1 4 0.102 0.0482 -0.286 2.44E-05
SIRPA 20 0.102 0.0483 0.395 2.60E-09
TMCO1 1 0.102 0.0483 0.153 0.0260
STMN3 20 0.102 0.0484 NA NA
RPL34P33 19 0.102 0.0485 NA NA
MED13L 12 0.102 0.0485 NA NA
ARHGAP11B 15 -0.102 0.0486 NA NA
NOTCH2 1 0.102 0.0486 0.258 0.0002
SMARCE1P6 2 0.102 0.0486 NA NA
ACSL3 2 -0.102 0.0487 0.084 0.2269
ZNF816 19 0.102 0.0487 NA NA
NPM1P19 20 0.102 0.0487 NA NA
LDHAP2 1 0.102 0.0488 NA NA
DAAM2 6 0.102 0.0488 NA NA
CBX3P1 11 0.102 0.0490 NA NA
SETD3 14 -0.102 0.0490 0.194 0.0046
DGKZP1 13 -0.102 0.0490 NA NA
HMGB3P24 9 -0.102 0.0491 NA NA
UBA7 3 -0.102 0.0491 NA NA
PLEKHG2 19 0.102 0.0492 NA NA
FAM227B 15 -0.102 0.0492 NA NA
COPB1 11 -0.102 0.0493 0.171 0.0130
PHF10 6 0.102 0.0493 0.244 0.0004
KISS1R 19 0.102 0.0495 NA NA
NTNG2 9 0.102 0.0495 NA NA
GPR34 X 0.102 0.0495 NA NA
PTPRO 12 0.102 0.0495 0.389 4.97E-09



TLR4 9 0.102 0.0495 0.380 1.22E-08
CMC2 16 -0.102 0.0495 NA NA
PLD4 14 0.102 0.0495 NA NA
ZBED3 5 0.102 0.0496 NA NA
TFR2 7 -0.102 0.0496 -0.352 1.45E-07
PTMAP4 12 0.102 0.0497 NA NA
TMED4 7 -0.102 0.0497 NA NA
ATG16L2 11 -0.102 0.0497 NA NA
KIF4A X -0.102 0.0498 -0.238 0.0005
LRP10 14 -0.102 0.0498 0.105 0.1277
ZNF25 10 -0.102 0.0499 NA NA
AP1S3 2 -0.102 0.0500 NA NA
UPB1 22 0.102 0.0500 NA NA
LMAN1 18 -0.102 0.0500 -0.087 0.2105
ZFP36L1 14 -0.102 0.0500 0.341 3.69E-07
PTPRC 1 0.102 0.0501 0.308 5.18E-06
EIF3LP1 14 -0.102 0.0501 NA NA
FAM129A 1 0.102 0.0501 0.337 5.49E-07
AMD1 6 -0.101 0.0502 -0.120 0.0830
BOLA3-AS1 2 0.101 0.0503 NA NA
GLE1 9 -0.101 0.0504 NA NA
ZNF264 19 -0.101 0.0506 0.193 0.0049
PCGF3 4 0.101 0.0506 0.127 0.0657
SERTAD2 2 0.101 0.0506 -0.011 0.8747
NFE2L3 7 0.101 0.0507 0.119 0.0833
MLLT3 9 -0.101 0.0507 -0.120 0.0826
IGLV1-44 22 0.101 0.0507 NA NA
RPS18P13 19 0.101 0.0508 NA NA
ACSL5 10 0.101 0.0508 0.221 0.0013
ZNF611 19 -0.101 0.0509 0.031 0.6578
TPT1P6 6 0.101 0.0509 NA NA
SELPLG 12 0.101 0.0509 0.515 1.11E-15
MICU1 10 0.101 0.0510 NA NA
CLPB 11 -0.101 0.0510 NA NA
TMED6 16 -0.101 0.0511 NA NA
PTPN1 20 0.101 0.0513 0.168 0.0149
PHBP11 1 0.101 0.0513 NA NA
ANXA3 4 0.101 0.0514 0.061 0.3788
DLGAP1-AS2 18 0.101 0.0516 NA NA
RALGPS2 1 0.101 0.0517 -0.170 0.0133
SCAP 3 -0.101 0.0517 0.073 0.2923
C11orf63 11 0.101 0.0519 0.082 0.2373
RPS6KA5 14 0.101 0.0519 0.237 0.0005
CASP9 1 -0.101 0.0519 0.033 0.6386
FBXW7 4 0.101 0.0519 0.279 4.01E-05
EP300 22 0.101 0.0519 0.186 0.0067



TBL3 16 -0.101 0.0519 NA NA
SYNPO2 4 -0.101 0.0520 -0.001 0.9840
ZNF736 7 -0.101 0.0520 NA NA
QPRT 16 -0.101 0.0520 NA NA
CCDC13 3 0.101 0.0521 NA NA
RPL23 17 -0.101 0.0522 0.038 0.5856
LEAP2 5 0.101 0.0522 NA NA
ACTL10 20 -0.101 0.0523 NA NA
ANKS3 16 -0.101 0.0524 NA NA
DGKE 17 -0.101 0.0524 -0.007 0.9231
SORT1 1 -0.100 0.0525 0.403 1.26E-09
SMEK1 14 -0.100 0.0525 0.216 0.0016
ABRACL 6 -0.100 0.0526 NA NA
NPM1P6 8 -0.100 0.0526 NA NA
AICDA 12 0.100 0.0526 NA NA
B3GNTL1 17 0.100 0.0528 NA NA
TROAP 12 -0.100 0.0529 NA NA
WDFY2 13 0.100 0.0529 NA NA
RAB42P1 14 0.100 0.0529 NA NA
NOP9 14 -0.100 0.0530 NA NA
ZNF324B 19 -0.100 0.0531 NA NA
ARPC3 12 0.100 0.0531 0.307 5.62E-06
ZWILCH 15 -0.100 0.0533 -0.305 6.66E-06
EEF1A1P25 3 0.100 0.0533 NA NA
ARHGEF7 13 -0.100 0.0533 0.113 0.1030
FLOT2 17 0.100 0.0535 0.200 0.0034
LINC00426 13 0.100 0.0535 NA NA
HMGA1P3 12 0.100 0.0535 NA NA
SEMA7A 15 -0.100 0.0537 NA NA
LCMT1-AS2 16 -0.100 0.0539 NA NA
DROSHA 5 -0.100 0.0540 NA NA
GAPDHP1 X -0.100 0.0540 NA NA
MYBPC2 19 0.100 0.0540 NA NA
FAM72A 1 -0.100 0.0541 NA NA
RPS3AP22 5 0.100 0.0542 NA NA
SRIP2 X -0.100 0.0543 NA NA
CLK1 2 0.100 0.0544 0.122 0.0759
GNPNAT1 14 -0.100 0.0544 NA NA
CCNE1 19 -0.100 0.0544 -0.090 0.1908
MAP3K15 X 0.100 0.0544 0.019 0.7840
KHSRP 19 -0.100 0.0544 0.010 0.8828
ARAP1 11 -0.100 0.0544 NA NA
TBXAS1 7 0.100 0.0546 0.295 1.36E-05
TMEM109 11 0.100 0.0546 0.085 0.2197
KTI12 1 -0.100 0.0546 NA NA
C16orf13 16 -0.100 0.0547 NA NA



HAUS1P1 5 0.100 0.0547 NA NA
SHB 9 0.100 0.0547 0.071 0.3069
SYTL3 6 -0.100 0.0548 NA NA
PARP14 3 0.100 0.0549 NA NA
HCP5 6 0.099 0.0549 NA NA
RPL17P43 17 0.099 0.0549 NA NA
ITGA6 2 0.099 0.0549 0.115 0.0966
PCP4L1 1 0.099 0.0550 NA NA
KDM2A 11 0.099 0.0550 NA NA
TEKT4 2 -0.099 0.0550 NA NA
AFTPH 2 -0.099 0.0551 0.148 0.0316
ALDOC 17 -0.099 0.0552 -0.076 0.2749
PPP1R21 2 -0.099 0.0553 NA NA
KIF23 15 -0.099 0.0553 NA NA
ATP1A1-AS1 1 0.099 0.0554 NA NA
IFIH1 2 0.099 0.0554 0.236 0.0005
ELMO1 7 0.099 0.0555 0.057 0.4063
GATAD2B 1 -0.099 0.0556 NA NA
DIABLO 12 0.099 0.0558 0.093 0.1795
DDB2 11 -0.099 0.0558 0.152 0.0276
SRSF6 20 -0.099 0.0560 NA NA
FLI1 11 0.099 0.0560 0.159 0.0211
STK40 1 -0.099 0.0560 NA NA
VN1R1 19 -0.099 0.0561 NA NA
RASSF7 11 0.099 0.0562 0.094 0.1739
RPS2P4 14 -0.099 0.0562 NA NA
DDX3X X -0.099 0.0563 0.041 0.5520
ADAM19 5 0.099 0.0564 0.205 0.0028
CUL5 11 -0.099 0.0564 0.156 0.0237
MRPS36P1 3 -0.099 0.0566 NA NA
EFNA5 5 0.099 0.0567 NA NA
C6orf136 6 -0.099 0.0568 NA NA
IGLC1 22 0.099 0.0568 NA NA
NET1 10 -0.099 0.0569 -0.097 0.1595
ERBB2 17 -0.099 0.0569 -0.175 0.0109
MRPL51 12 -0.099 0.0570 NA NA
EPRS 1 -0.099 0.0571 0.094 0.1730
KCMF1 2 -0.099 0.0571 0.219 0.0014
PDE4A 19 -0.099 0.0572 0.309 4.62E-06
ZNF565 19 -0.099 0.0573 NA NA
TFAP2A 6 0.099 0.0573 NA NA
MBP 18 0.099 0.0573 0.242 0.0004
CD160 1 -0.098 0.0575 -0.104 0.1328
UCK2 1 0.098 0.0575 -0.255 0.0002
BCL2L11 2 -0.098 0.0577 -0.059 0.3925
GRAMD1C 3 0.098 0.0577 -0.293 1.51E-05



AP2A2 11 0.098 0.0577 0.126 0.0679
NELFA 4 0.098 0.0577 NA NA
DLGAP5 14 -0.098 0.0578 NA NA
HSPA9P1 2 -0.098 0.0578 NA NA
GAPDHP63 6 0.098 0.0579 NA NA
RPL21P119 16 -0.098 0.0580 NA NA
TRMT5 14 -0.098 0.0581 -0.030 0.6609
ATP11A 13 0.098 0.0581 0.457 2.83E-12
BIK 22 0.098 0.0581 0.101 0.1453
LDHAP1 4 0.098 0.0581 NA NA
PTPN2P1 1 0.098 0.0582 NA NA
TEC 4 -0.098 0.0584 NA NA
STAM-AS1 10 0.098 0.0584 NA NA
P2RY10 X -0.098 0.0585 0.051 0.4582
PCOLCE 7 -0.098 0.0585 NA NA
DACT3 19 0.098 0.0586 NA NA
TMEM117 12 0.098 0.0586 NA NA
FUNDC2 X -0.098 0.0587 NA NA
C11orf65 11 -0.098 0.0587 NA NA
ACTG1 17 -0.098 0.0587 0.214 0.0018
STX12 1 0.098 0.0588 0.406 9.00E-10
BCL2L13 22 0.098 0.0588 0.094 0.1719
SNX18 5 -0.098 0.0588 NA NA
ZNF134 19 -0.098 0.0588 0.055 0.4243
BRI3 7 0.098 0.0588 NA NA
HNRNPA1P35 2 0.098 0.0589 NA NA
PDK2 17 0.098 0.0590 NA NA
TMEM2 9 -0.098 0.0591 0.301 8.71E-06
SUV39H2 10 -0.098 0.0591 -0.104 0.1310
GNA11 19 0.098 0.0591 -0.086 0.2131
STAG3L4 7 -0.098 0.0592 NA NA
C1orf123 1 0.098 0.0592 0.203 0.0031
PHBP21 16 0.098 0.0593 NA NA
LBR 1 0.098 0.0593 0.014 0.8433
SLC39A7 6 -0.098 0.0594 0.012 0.8593
SEMA6A-AS1 5 0.098 0.0594 NA NA
CCSER2 10 0.098 0.0594 NA NA
SIN3B 19 -0.098 0.0594 0.285 2.55E-05
TUBB 6 -0.098 0.0595 -0.267 8.71E-05
EBNA1BP2 1 0.098 0.0595 -0.232 0.0007
ZNF853 7 -0.098 0.0595 NA NA
REL 2 0.098 0.0595 0.070 0.3122
CCSER1 4 -0.098 0.0596 NA NA
PABPC1P4 12 0.098 0.0596 NA NA
CBR3 21 0.098 0.0596 0.108 0.1187
KIF6 6 0.098 0.0596 NA NA



TMEM170A 16 -0.098 0.0598 NA NA
XPO6 16 -0.098 0.0599 0.242 0.0004
HMGN4 6 0.097 0.0600 0.208 0.0024
ATP5G2 12 -0.097 0.0600 0.068 0.3221
BBS10 12 0.097 0.0600 0.090 0.1952
MCTP2 15 -0.097 0.0601 -0.374 2.04E-08
PPP2R5C 14 0.097 0.0601 0.201 0.0034
FAM49B 8 -0.097 0.0603 0.202 0.0032
ERICH3 1 -0.097 0.0603 NA NA
E2F2 1 0.097 0.0604 -0.169 0.0141
RNPS1 16 -0.097 0.0604 0.014 0.8357
TCEB2P2 11 0.097 0.0604 NA NA
NDUFA10 2 -0.097 0.0604 0.164 0.0175
ARHGEF1 19 -0.097 0.0606 0.290 1.88E-05
KRT18P34 3 -0.097 0.0606 NA NA
PRKAA1 5 -0.097 0.0607 -0.010 0.8836
MTND1P23 1 -0.097 0.0607 NA NA
DHX8 17 -0.097 0.0608 0.263 0.0001
RPL21P2 20 0.097 0.0609 NA NA
ANKFY1 17 0.097 0.0610 NA NA
YBX1P1 14 -0.097 0.0611 NA NA
ITGA3 17 0.097 0.0612 NA NA
PAQR4 16 0.097 0.0613 NA NA
LAT 16 -0.097 0.0613 0.295 1.31E-05
PEG10 7 0.097 0.0613 -0.236 0.0006
PSME2P2 13 0.097 0.0615 NA NA
RWDD4P2 7 0.097 0.0615 NA NA
RPEL1 10 0.097 0.0615 NA NA
RAD54L 1 -0.097 0.0615 -0.284 2.75E-05
MUC12 7 0.097 0.0616 NA NA
RCN3 19 0.097 0.0616 0.006 0.9261
UCHL5 1 -0.097 0.0617 -0.059 0.3977
CHID1 11 -0.097 0.0617 NA NA
ECI2 6 -0.097 0.0618 NA NA
DIP2A 21 -0.097 0.0619 0.069 0.3181
CDKN2C 1 -0.097 0.0619 NA NA
COX6C 8 -0.097 0.0619 -0.007 0.9174
PRR14L 22 0.097 0.0619 NA NA
CCNC 6 -0.097 0.0620 0.150 0.0289
ERHP1 7 0.097 0.0620 NA NA
EID1 15 0.097 0.0621 -0.087 0.2056
IMPACT 18 -0.097 0.0622 0.101 0.1444
LUC7L 16 0.097 0.0624 0.102 0.1411
LINC00937 12 0.097 0.0624 NA NA
MEST 7 0.097 0.0624 -0.255 0.0002
KIF21B 1 0.097 0.0625 0.158 0.0216



SNAI3 16 0.097 0.0625 NA NA
LSP1 11 0.096 0.0627 0.369 3.29E-08
RIMKLA 1 -0.096 0.0627 NA NA
IER5 1 0.096 0.0628 0.117 0.0897
COL18A1 21 -0.096 0.0628 -0.052 0.4515
ANKRD13A 12 0.096 0.0628 NA NA
ZNF674-AS1 X 0.096 0.0628 NA NA
ANKRD44 2 0.096 0.0629 NA NA
PRTFDC1 10 0.096 0.0629 NA NA
TNFRSF21 6 0.096 0.0630 -0.249 0.0003
KDM3B 5 0.096 0.0631 NA NA
RPS10P3 9 -0.096 0.0631 NA NA
NDUFC1 4 0.096 0.0632 0.023 0.7409
GRIN2D 19 0.096 0.0632 NA NA
PNMA1 14 0.096 0.0632 0.007 0.9218
SPARC 5 0.096 0.0632 -0.004 0.9577
GPLD1 6 0.096 0.0632 -0.162 0.0187
MRPS18AP1 3 0.096 0.0633 NA NA
ILDR2 1 0.096 0.0633 NA NA
HSPE1 2 -0.096 0.0634 -0.048 0.4839
ZBTB4 17 -0.096 0.0634 NA NA
DACT1 14 0.096 0.0634 0.058 0.4025
ZG16B 16 -0.096 0.0634 NA NA
C12orf74 12 0.096 0.0636 NA NA
GIMAP1 7 -0.096 0.0637 NA NA
IMPAD1 8 -0.096 0.0637 NA NA
CCNB2 15 -0.096 0.0638 -0.280 3.62E-05

Mar-09 12 0.096 0.0638 NA NA
CXXC5 5 0.096 0.0639 NA NA
SLC9A7P1 12 0.096 0.0641 NA NA
ADAMTS12 5 0.096 0.0643 NA NA
RSBN1 1 0.096 0.0643 0.145 0.0358
NAMPTP1 10 0.096 0.0645 NA NA
APOL2 22 0.096 0.0646 0.190 0.0057
FAR2 12 -0.096 0.0646 NA NA
TRAF3IP2 6 -0.096 0.0647 -0.072 0.2974
TERF1P4 X -0.096 0.0647 NA NA
CD83 6 0.096 0.0647 0.064 0.3542
RASGRP4 19 0.096 0.0648 NA NA
KPNA3 13 -0.096 0.0648 0.028 0.6852
CCDC18 1 -0.096 0.0649 NA NA
NPM1P25 10 0.096 0.0650 NA NA
MZT1 13 -0.096 0.0650 NA NA
SPATA9 5 -0.096 0.0651 NA NA
SLC29A2 11 -0.096 0.0651 NA NA
ACPP 3 0.096 0.0654 0.360 7.26E-08



FAM171B 2 0.095 0.0655 NA NA
CLSTN3 12 -0.095 0.0655 -0.032 0.6390
METTL6 3 -0.095 0.0656 NA NA
ARSG 17 -0.095 0.0656 NA NA
AP1S1 7 -0.095 0.0658 0.048 0.4901
MTA3 2 0.095 0.0658 NA NA
HNRNPA1P51 2 0.095 0.0658 NA NA
PRKACA 19 -0.095 0.0659 0.451 5.45E-12
COG3 13 -0.095 0.0659 NA NA
LILRB4 19 0.095 0.0660 0.015 0.8341
IFI6 1 0.095 0.0660 -0.316 2.91E-06
SLC9A7 X 0.095 0.0660 -0.279 3.83E-05
P2RX5 17 0.095 0.0661 -0.136 0.0486
TMEM86B 19 -0.095 0.0661 NA NA
ATF7 12 0.095 0.0662 0.031 0.6571
CCDC51 3 0.095 0.0662 -0.180 0.0088
SH2B1 16 0.095 0.0662 NA NA
LSM6 4 -0.095 0.0664 0.219 0.0014
RNASE6 14 0.095 0.0665 0.242 0.0004
ARHGEF38 4 0.095 0.0667 NA NA
HMGA1P6 13 0.095 0.0667 NA NA
CLCN5 X 0.095 0.0668 0.132 0.0559
SLC30A6 2 0.095 0.0668 NA NA
H2AFJ 12 0.095 0.0669 -0.168 0.0144
GTF2H2 5 -0.095 0.0670 0.112 0.1040
RDH13 19 -0.095 0.0670 NA NA
ASS1 9 -0.095 0.0670 NA NA
ST20 15 0.095 0.0671 NA NA
FCHSD2 11 0.095 0.0671 0.086 0.2149
RPS11P5 12 0.095 0.0671 NA NA
NDNL2 15 -0.095 0.0671 NA NA
RINL 19 -0.095 0.0672 NA NA
MAN1A2 1 0.095 0.0672 0.150 0.0294
NDUFA4L2 12 0.095 0.0673 NA NA
RITA1 12 -0.095 0.0673 NA NA
RPSAP4 14 0.095 0.0673 NA NA
TARSL2 15 -0.095 0.0673 NA NA
CD58 1 0.095 0.0674 0.175 0.0109
RANGAP1 22 -0.095 0.0674 NA NA
MITD1 2 0.095 0.0675 NA NA
ITIH1 3 -0.095 0.0676 NA NA
CENPN 16 -0.095 0.0676 -0.291 1.77E-05
ELF4 X 0.095 0.0676 0.360 7.77E-08
ACBD5 10 0.095 0.0677 NA NA
LMTK3 19 -0.095 0.0679 NA NA
H1FX 3 0.095 0.0679 0.066 0.3383



KCTD12 13 0.095 0.0679 0.481 1.35E-13
COQ10A 12 0.095 0.0680 NA NA
RNF169 11 0.095 0.0680 NA NA
MAP2K2 19 -0.095 0.0680 -0.100 0.1493
RPS23P2 4 0.095 0.0682 NA NA
UBE2V1 20 -0.095 0.0682 -0.089 0.1967
HSP90AB3P 4 -0.095 0.0683 NA NA
PPIB 15 -0.094 0.0683 -0.061 0.3795
RPLP1P6 5 0.094 0.0683 NA NA
DDT 22 0.094 0.0684 0.089 0.1999
PLEKHG3 14 0.094 0.0687 NA NA
ARHGAP6 X 0.094 0.0687 -0.009 0.8946
CTAGE1 18 0.094 0.0689 NA NA
XPO4 13 -0.094 0.0689 0.173 0.0117
EFNA3 1 -0.094 0.0689 NA NA
RHOU 1 0.094 0.0690 NA NA
PER1 17 -0.094 0.0690 0.087 0.2074
IL18 11 -0.094 0.0694 -0.047 0.4981
C3orf67 3 0.094 0.0695 NA NA
SLC46A1 17 -0.094 0.0695 NA NA
AIM1 6 -0.094 0.0695 0.393 3.41E-09
FLII 17 -0.094 0.0695 0.202 0.0031
CCDC85B 11 0.094 0.0695 -0.068 0.3291
BRD4 19 -0.094 0.0696 -0.030 0.6631
JMJD1C 10 -0.094 0.0696 0.209 0.0023
LIMD1-AS1 3 0.094 0.0696 NA NA
TSPYL1 6 -0.094 0.0697 -0.084 0.2266
SETD6 16 0.094 0.0700 0.058 0.4036
HMGN2P5 15 -0.094 0.0700 NA NA
ATP10D 4 -0.094 0.0700 0.031 0.6588
MAPK6PS4 8 -0.094 0.0701 NA NA
ITGB3 17 0.094 0.0702 -0.039 0.5778
ZNF322P1 9 0.094 0.0702 NA NA
SLC26A1 4 0.094 0.0703 NA NA
IFI16 1 0.094 0.0703 0.179 0.0091
STYX 14 -0.094 0.0703 NA NA
SGCB 4 0.094 0.0703 -0.055 0.4296
PRKAR1A 17 -0.094 0.0703 0.168 0.0147
ESF1 20 -0.094 0.0703 0.070 0.3117
MCM6 2 0.094 0.0704 -0.148 0.0319
DTD1 20 -0.094 0.0707 NA NA
SIDT1 3 -0.094 0.0707 0.051 0.4594
RPS20 8 -0.094 0.0708 0.043 0.5320
C16orf74 16 0.094 0.0709 NA NA
SH3D21 1 -0.094 0.0709 NA NA
GLIS2 16 0.094 0.0710 NA NA



SNORD3B-2 17 0.094 0.0711 NA NA
EEF1A1P16 12 0.094 0.0711 NA NA
NPHP4 1 -0.094 0.0711 NA NA
RPSA 3 -0.094 0.0712 NA NA
CAPRIN2 12 -0.093 0.0713 NA NA
RAB8A 19 -0.093 0.0714 0.108 0.1193
WDR83OS 19 -0.093 0.0714 NA NA
NXPH3 17 0.093 0.0714 NA NA
FRMD4B 3 0.093 0.0715 0.080 0.2478
APOL6 22 0.093 0.0716 0.261 0.0001
PPP1CC 12 0.093 0.0716 0.081 0.2424
CAPN7 3 -0.093 0.0717 0.182 0.0082
ZNF426 19 -0.093 0.0718 NA NA
BRD7P2 3 -0.093 0.0718 NA NA
IL17RA 22 -0.093 0.0718 0.622 0
KRT8P46 4 0.093 0.0719 NA NA
KLF9 9 -0.093 0.0719 0.244 0.0003
ID3 1 0.093 0.0719 0.054 0.4393
TMC6 17 -0.093 0.0719 0.175 0.0109
LCN10 9 -0.093 0.0721 NA NA
TBP 6 -0.093 0.0722 0.167 0.0152
TTC13 1 -0.093 0.0722 0.245 0.0003
TAF11 6 -0.093 0.0723 0.011 0.8692
BAP1 3 -0.093 0.0723 -0.081 0.2438
PIKFYVE 2 0.093 0.0723 NA NA
SATL1 X 0.093 0.0725 0.051 0.4611
ZNF962P 13 0.093 0.0725 NA NA
VGLL4 3 0.093 0.0725 0.026 0.7100
POLR1A 2 0.093 0.0726 NA NA
ITSN2 2 0.093 0.0727 0.192 0.0050
GIGYF2 2 -0.093 0.0728 NA NA
ADRB2 5 0.093 0.0728 0.059 0.3959
RUSC1-AS1 1 -0.093 0.0729 NA NA
BASP1 5 0.093 0.0729 -0.100 0.1488
OLA1P2 17 0.093 0.0729 NA NA
PREPL 2 -0.093 0.0731 0.110 0.1112
SLC5A3 21 0.093 0.0731 0.165 0.0165
ASNSP4 8 -0.093 0.0732 NA NA
NRAS 1 -0.093 0.0732 -0.041 0.5566
GPT2 16 -0.093 0.0732 NA NA
EDNRB 13 0.093 0.0734 -0.091 0.1903
FCER1G 1 -0.093 0.0735 0.127 0.0646
BTBD2 19 -0.093 0.0735 NA NA
ACTG1P17 15 -0.093 0.0735 NA NA
ZNF529 19 -0.093 0.0736 -0.092 0.1825
SLC35A5 3 -0.093 0.0736 0.237 0.0005



IRF2BPL 14 0.093 0.0737 NA NA
LIN7C 11 -0.093 0.0738 0.085 0.2185
ACTN4P1 4 0.093 0.0738 NA NA
VPS37B 12 0.093 0.0738 -0.202 0.0032
SENCR 11 0.093 0.0742 NA NA
IFI44L 1 0.093 0.0742 0.271 6.59E-05
CNOT6 5 -0.093 0.0743 0.030 0.6610
MCTP1 5 -0.092 0.0744 0.232 0.0007
GOLGA6L4 15 -0.092 0.0745 NA NA
MNDA 1 0.092 0.0746 0.333 7.19E-07
TSEN34 19 0.092 0.0746 0.358 8.93E-08
POLB 8 -0.092 0.0747 0.204 0.0029
TMEM154 4 0.092 0.0748 NA NA
TOM1 22 -0.092 0.0749 NA NA
DCHS2 4 0.092 0.0749 NA NA
ZNF821 16 -0.092 0.0749 NA NA
CCDC81 11 0.092 0.0750 NA NA
DCBLD2 3 -0.092 0.0750 -0.189 0.0060
CC2D1A 19 -0.092 0.0750 -0.021 0.7566
NDUFV1 11 -0.092 0.0750 0.085 0.2212
VLDLR-AS1 9 -0.092 0.0750 NA NA
SLC12A7 5 0.092 0.0751 0.340 4.16E-07
PSMB9 6 0.092 0.0752 0.253 0.0002
FBXO33 14 -0.092 0.0755 NA NA
RUNX1 21 0.092 0.0755 0.137 0.0463
VPS25 17 -0.092 0.0755 NA NA
PMS2CL 7 -0.092 0.0757 NA NA
CPA4 7 0.092 0.0757 NA NA
DBI 2 -0.092 0.0757 0.145 0.0356
BLCAP 20 -0.092 0.0758 0.145 0.0357
FOXP1 3 0.092 0.0758 0.364 5.34E-08
SSH3 11 -0.092 0.0759 0.073 0.2919
HINT1 5 -0.092 0.0759 0.012 0.8636
MTM1 X -0.092 0.0760 0.323 1.62E-06
PEX12 17 0.092 0.0760 -0.125 0.0707
SF3B1 2 0.092 0.0760 0.226 0.0010
PLEKHF1 19 -0.092 0.0761 NA NA
RPS24P17 16 0.092 0.0761 NA NA
IFI30 19 -0.092 0.0762 0.368 3.72E-08
ZNF608 5 -0.092 0.0762 NA NA
RPL7P37 10 0.092 0.0762 NA NA
SGMS1 10 -0.092 0.0763 NA NA
FABP5P2 13 0.092 0.0763 NA NA
RGS1 1 -0.092 0.0763 0.106 0.1246
GATC 12 -0.092 0.0765 NA NA

Mar-08 10 0.092 0.0765 NA NA



IRS1 2 0.092 0.0765 0.143 0.0382
LIMK2 22 -0.092 0.0765 0.341 3.81E-07
PNKP 19 -0.092 0.0766 -0.156 0.0238
PDXP 22 -0.092 0.0766 NA NA
ORC3 6 0.092 0.0770 NA NA
PCED1B-AS1 12 0.092 0.0770 NA NA
SRSF5 14 -0.092 0.0771 NA NA
RPS2P6 18 0.092 0.0771 NA NA
CHAC1 15 -0.092 0.0771 NA NA
ZNF682 19 -0.092 0.0772 -0.083 0.2305
JAM2 21 -0.092 0.0774 NA NA
DSC3 18 -0.092 0.0775 NA NA
MCMBP 10 0.092 0.0775 NA NA
SLC35E2B 1 -0.091 0.0776 NA NA
GPR68 14 -0.091 0.0777 -0.014 0.8436
TSPAN12 7 -0.091 0.0778 NA NA
IQCD 12 -0.091 0.0778 NA NA
C1orf52 1 -0.091 0.0779 NA NA
ZHX2 8 0.091 0.0779 -0.047 0.4937
KDM1B 6 0.091 0.0780 NA NA
HMGB2 4 -0.091 0.0780 -0.097 0.1590
PDE12 3 -0.091 0.0780 NA NA
BCL2L14 12 0.091 0.0780 NA NA
MPC1 6 -0.091 0.0781 NA NA
SLC29A4 7 -0.091 0.0781 NA NA
FFAR2 19 0.091 0.0782 NA NA
C10orf55 10 0.091 0.0782 NA NA
FAM175B 10 0.091 0.0782 NA NA
SLC52A1 17 -0.091 0.0782 NA NA
OAT 10 -0.091 0.0784 -0.097 0.1602
PLGRKT 9 -0.091 0.0784 NA NA
ZNF219 14 0.091 0.0784 -0.195 0.0045
SDSL 12 0.091 0.0786 NA NA
RBM8B 14 -0.091 0.0787 NA NA
ANKHD1 5 0.091 0.0787 0.221 0.0012
RGS10 10 0.091 0.0787 0.250 0.0002
CLK4 5 0.091 0.0788 0.149 0.0307
GMPSP1 4 -0.091 0.0788 NA NA
PEX3 6 -0.091 0.0788 0.079 0.2531
CDH23 10 0.091 0.0791 NA NA
RPL7AP6 14 -0.091 0.0791 NA NA
JAG1 20 -0.091 0.0792 0.159 0.0212
ARL8B 3 0.091 0.0792 0.205 0.0028
DHX9P1 13 0.091 0.0793 NA NA
SNHG17 20 -0.091 0.0794 NA NA
HSDL2 9 -0.091 0.0796 0.083 0.2283



TMED10 14 -0.091 0.0796 0.132 0.0555
RABGGTB 1 -0.091 0.0797 0.071 0.3064
CHEK1 11 0.091 0.0798 -0.333 7.14E-07
FAM3C2 X -0.091 0.0798 NA NA
PDXDC1 16 0.091 0.0801 NA NA
RAB15 14 0.091 0.0801 NA NA
DRAM1 12 0.091 0.0801 NA NA
LINC00094 9 -0.091 0.0802 NA NA
AZIN1 8 -0.091 0.0802 0.145 0.0357
PSMA1 11 0.091 0.0802 0.124 0.0717
CECR1 22 0.091 0.0803 0.436 3.17E-11
BCLAF1 6 -0.091 0.0803 0.099 0.1533
ARID5B 10 0.091 0.0804 -0.047 0.4927
C17orf75 17 -0.091 0.0804 0.020 0.7713
PA2G4P2 20 0.091 0.0806 NA NA
HIP1R 12 0.091 0.0806 NA NA
BCL10 1 0.091 0.0806 0.117 0.0890
CCDC101 16 0.091 0.0806 0.142 0.0398
UBE2SP1 17 -0.091 0.0807 NA NA
NXPH4 12 0.091 0.0808 0.012 0.8583
TMEM189 20 0.091 0.0808 NA NA
FAM103A2P 6 -0.091 0.0809 NA NA
TMEM14A 6 -0.090 0.0810 -0.218 0.0015
PARL 3 -0.090 0.0810 0.256 0.0002
SVIL 10 0.090 0.0810 0.475 2.81E-13
SRD5A1 5 -0.090 0.0811 0.325 1.45E-06
SPAG16 2 0.090 0.0812 -0.235 0.0006
PPA2 4 -0.090 0.0813 0.097 0.1593
NCKAP1 2 0.090 0.0813 -0.083 0.2290
ZNF337 20 -0.090 0.0814 0.157 0.0224
MLX 17 0.090 0.0816 0.364 5.13E-08
CCR1 3 0.089 0.0861 0.477 2.27E-13
SLC16A6 17 -0.088 0.0887 0.318 2.45E-06
CDK5R1 17 -0.088 0.0902 0.349 2.01E-07
BAG3 10 0.087 0.0916 0.383 8.55E-09
TNFAIP2 14 0.087 0.0928 0.330 9.33E-07
TDRD7 9 0.087 0.0932 0.337 5.51E-07
MKNK1 1 0.087 0.0932 0.332 7.77E-07
F2R 5 -0.087 0.0951 -0.354 1.29E-07
FAS 10 -0.086 0.0955 0.339 4.56E-07
NUMB 14 0.086 0.0956 0.407 8.03E-10
MKKS 20 -0.086 0.0957 0.456 3.04E-12
NINJ1 9 -0.086 0.0978 0.375 1.87E-08
KIAA0513 16 -0.085 0.1004 0.486 6.79E-14
SLC27A2 15 -0.085 0.1022 -0.323 1.63E-06
IL11RA 9 0.084 0.1056 0.328 1.08E-06



CD209 19 0.083 0.1081 0.364 5.06E-08
SNN 16 0.083 0.1084 0.445 1.19E-11
ZNF516 18 -0.083 0.1103 0.392 3.76E-09
GLG1 16 -0.083 0.1104 0.393 3.18E-09
MICAL3 22 0.081 0.1167 -0.394 3.10E-09
STX2 12 0.081 0.1183 0.352 1.47E-07
LTB4R 14 0.081 0.1187 0.382 9.33E-09
ZDHHC7 16 -0.081 0.1188 0.424 1.34E-10
HSPA6 1 0.081 0.1192 0.332 7.77E-07
TK2 16 -0.081 0.1200 0.451 5.52E-12
CREBL2 12 -0.080 0.1216 0.469 5.98E-13
LY96 8 0.080 0.1218 0.532 0
NECAP2 1 0.080 0.1227 0.476 2.40E-13
GNPDA1 5 -0.080 0.1229 0.561 0
SGK3 8 -0.080 0.1235 0.368 3.73E-08
HDAC4 2 0.079 0.1281 0.430 6.39E-11
FGL2 7 0.079 0.1284 0.487 6.06E-14
SULT1A2 16 0.078 0.1305 0.433 4.74E-11
TCIRG1 11 -0.078 0.1320 0.361 6.79E-08
ATP6AP1 X 0.078 0.1333 0.394 3.09E-09
CD86 3 0.077 0.1356 0.399 1.78E-09
GIMAP6 7 -0.077 0.1362 0.359 8.32E-08
RAB20 13 0.077 0.1373 0.354 1.30E-07
GADD45B 19 -0.077 0.1377 0.386 6.69E-09
ZNF711 X 0.077 0.1392 -0.396 2.59E-09
TOB1 17 -0.076 0.1419 0.497 1.47E-14
KCNQ1 11 -0.076 0.1427 0.328 1.09E-06
TBL1X X 0.075 0.1457 0.493 2.44E-14
SLFN12 17 0.075 0.1458 0.367 4.08E-08
SLC16A3 17 0.075 0.1472 0.352 1.50E-07
JUNB 19 0.075 0.1473 0.413 4.08E-10
CYP1B1 2 0.075 0.1482 0.475 2.90E-13
SIGLEC5 19 0.075 0.1493 0.405 1.03E-09
CRYL1 13 -0.075 0.1495 0.475 2.76E-13
SEMA6C 1 -0.075 0.1497 0.378 1.37E-08
LRRC8D 1 -0.075 0.1498 0.438 2.77E-11
PELI1 2 0.075 0.1501 0.319 2.23E-06
GAS7 17 -0.074 0.1522 0.338 5.05E-07
CAPZB 1 -0.074 0.1537 0.415 3.51E-10
CTSA 20 0.073 0.1573 0.366 4.34E-08
MOSPD2 X -0.073 0.1582 0.368 3.57E-08
SLC7A7 14 0.073 0.1583 0.346 2.44E-07
SMYD3 1 -0.073 0.1585 -0.331 9.01E-07
SH2B3 12 0.073 0.1589 0.331 8.38E-07
PRKCA 17 -0.073 0.1595 0.504 5.11E-15
FZD7 2 0.073 0.1608 -0.329 1.01E-06



RAD51AP1 12 0.073 0.1616 -0.342 3.44E-07
PPARD 6 0.072 0.1648 0.337 5.55E-07
KIF1B 1 -0.072 0.1655 0.351 1.68E-07
STAT6 12 0.072 0.1662 0.415 3.43E-10
EPHX2 8 0.072 0.1663 0.343 3.17E-07
TNFSF13 17 0.071 0.1685 0.501 8.88E-15
ACTN1 14 -0.071 0.1705 0.421 1.75E-10
PIAS1 15 -0.071 0.1705 0.380 1.21E-08
NUSAP1 15 -0.071 0.1737 -0.321 1.99E-06
FRAT2 10 -0.070 0.1748 0.438 2.77E-11
CD93 20 -0.070 0.1763 0.401 1.48E-09
TGFBR2 3 -0.070 0.1775 0.384 8.36E-09
TRAF3IP3 1 0.070 0.1779 0.365 4.78E-08
RASSF2 20 0.070 0.1785 0.394 3.00E-09
DISC1 1 0.070 0.1790 0.673 0
SLC11A1 2 0.069 0.1816 0.358 8.85E-08
OSTF1 9 0.069 0.1852 0.335 6.39E-07
CD48 1 -0.069 0.1856 0.431 6.23E-11
GCH1 14 -0.069 0.1860 0.401 1.46E-09
DDAH1 1 0.068 0.1880 -0.355 1.12E-07
RUFY2 10 0.068 0.1901 0.419 2.24E-10
CDC42BPA 1 0.068 0.1923 -0.357 9.63E-08
CNIH4 1 0.067 0.1947 0.499 1.11E-14
RPS6KA4 11 0.067 0.1984 0.466 8.85E-13
PHC2 1 0.066 0.2004 0.320 2.14E-06
ARL4C 2 -0.066 0.2020 0.373 2.36E-08
AHR 7 0.066 0.2028 0.383 8.85E-09
DOK2 8 -0.066 0.2031 0.457 2.91E-12
CORO1A 16 -0.066 0.2039 0.437 3.00E-11
FCGRT 19 0.065 0.2119 0.481 1.31E-13
AOAH 7 0.064 0.2152 0.327 1.15E-06
STX6 1 0.064 0.2155 0.352 1.50E-07
GRN 17 0.064 0.2178 0.445 1.12E-11
SCRN3 2 0.064 0.2205 0.406 9.07E-10
MAL 2 -0.063 0.2269 0.414 3.73E-10
ITPK1 14 0.062 0.2317 0.327 1.17E-06
ATG7 3 -0.062 0.2329 0.505 4.88E-15
IL6ST 5 0.062 0.2347 0.518 6.66E-16
IL16 15 -0.062 0.2357 0.409 6.70E-10
VIM 10 0.061 0.2362 0.438 2.72E-11
RAB27A 15 -0.061 0.2363 0.357 9.43E-08
TLR2 4 -0.061 0.2377 0.534 0
LILRA6 19 0.061 0.2402 0.317 2.52E-06
PPT1 1 0.061 0.2430 0.517 8.88E-16
PPFIA1 11 0.060 0.2452 0.333 7.39E-07
CKS2 9 -0.060 0.2494 -0.394 2.93E-09



SERPINB8 18 0.059 0.2530 0.426 1.01E-10
MYD88 3 0.059 0.2540 0.440 2.13E-11
CD46 1 -0.059 0.2542 0.345 2.67E-07
SH3BP2 4 0.059 0.2548 0.318 2.47E-06
REEP5 5 -0.059 0.2555 0.380 1.13E-08
PRRG4 11 -0.059 0.2561 0.343 3.21E-07
NCF2 1 0.059 0.2587 0.526 2.22E-16
PLCL1 2 -0.058 0.2613 0.494 2.31E-14
TRIM38 6 0.058 0.2635 0.337 5.24E-07
MCM2 3 0.058 0.2650 -0.359 8.27E-08
UPP1 7 0.058 0.2655 0.498 1.20E-14
ST7 7 0.058 0.2665 -0.343 3.23E-07
GALNS 16 -0.057 0.2733 0.351 1.71E-07
TBC1D4 13 0.057 0.2734 0.377 1.63E-08
APOL3 22 0.057 0.2743 0.418 2.52E-10
NFE2L2 2 0.056 0.2767 0.373 2.36E-08
GNG10 9 0.056 0.2803 0.322 1.79E-06
CAB39 2 0.056 0.2828 0.351 1.69E-07
F5 1 0.056 0.2837 0.580 0
TNFAIP3 6 0.056 0.2841 0.359 8.32E-08
SLC15A3 11 0.056 0.2850 0.445 1.22E-11
OSBPL11 3 0.055 0.2921 0.320 2.05E-06
SLC6A6 3 0.055 0.2925 0.322 1.82E-06
PEA15 1 -0.055 0.2932 0.328 1.12E-06
KDELC1 13 0.054 0.2995 -0.388 5.37E-09
PCYOX1L 5 -0.054 0.3010 0.323 1.58E-06
SYNJ1 21 0.053 0.3040 0.482 1.14E-13
CKLF 16 -0.053 0.3093 0.400 1.58E-09
CLTB 5 -0.053 0.3093 0.318 2.40E-06
PDGFD 11 -0.053 0.3118 -0.406 9.01E-10
SNX27 1 -0.052 0.3128 0.561 0
N4BP1 16 0.052 0.3128 0.435 3.66E-11
FBN1 15 0.052 0.3146 -0.324 1.56E-06
MX2 21 0.052 0.3153 0.573 0
NPTN 15 -0.052 0.3154 0.423 1.51E-10
PIK3CD 1 0.052 0.3192 0.352 1.51E-07
LPXN 11 -0.052 0.3197 0.394 3.14E-09
IRAK4 12 -0.051 0.3222 0.332 8.19E-07
LDLRAP1 1 0.051 0.3245 0.349 2.04E-07
TBC1D2B 15 0.051 0.3266 0.426 1.02E-10
GIT2 12 -0.051 0.3271 0.333 7.24E-07
CRK 17 0.051 0.3277 0.349 1.91E-07
HERC3 4 -0.051 0.3286 0.373 2.22E-08
SLC25A44 1 -0.050 0.3348 0.331 8.60E-07
DEGS1 1 0.050 0.3376 0.331 8.63E-07
FTH1 11 0.050 0.3398 0.442 1.75E-11



CHMP4A 14 0.049 0.3412 0.336 5.89E-07
SNAP23 15 -0.049 0.3417 0.338 4.92E-07
NETO2 16 -0.049 0.3422 0.399 1.78E-09
WDFY3 4 -0.049 0.3449 0.428 8.30E-11
WARS 14 0.049 0.3449 0.415 3.49E-10
STX10 19 0.049 0.3467 0.358 9.24E-08
CAMKK2 12 0.049 0.3481 0.359 8.51E-08
IL13RA1 X 0.049 0.3483 0.412 4.78E-10
ZFYVE16 5 0.048 0.3531 0.341 3.70E-07
SERPINA1 14 0.048 0.3551 0.424 1.35E-10
TIMELESS 12 -0.048 0.3595 -0.323 1.59E-06
DPEP2 16 0.047 0.3614 0.459 2.08E-12
S100A6 1 0.047 0.3615 0.477 2.25E-13
ARHGEF11 1 0.047 0.3653 0.618 0
COG5 7 0.047 0.3664 0.323 1.68E-06
ALDOA 16 -0.047 0.3682 0.335 6.05E-07
MTUS1 8 -0.046 0.3736 0.361 7.04E-08
EVI2B 17 0.046 0.3737 0.378 1.47E-08
CERK 22 0.046 0.3743 0.460 2.03E-12
GCSH 16 -0.046 0.3744 -0.348 2.14E-07
IER3 6 0.046 0.3769 0.456 2.98E-12
GIMAP5 7 -0.046 0.3788 0.409 6.36E-10
GLCE 15 0.045 0.3863 0.334 6.93E-07
AMPD2 1 -0.045 0.3893 0.351 1.65E-07
TMEM43 3 -0.045 0.3908 0.318 2.39E-06
TRIM14 9 0.044 0.3936 0.437 2.93E-11
RNASET2 6 0.044 0.3959 0.424 1.31E-10
PRMT2 21 -0.044 0.3962 0.359 8.14E-08
OAS3 12 0.044 0.3969 0.461 1.62E-12
CNDP2 18 0.044 0.3991 0.351 1.58E-07
DLG5 10 -0.044 0.3992 -0.320 2.07E-06
SIRT7 17 -0.044 0.3994 0.325 1.39E-06
NLRP1 17 0.043 0.4069 0.518 6.66E-16
HEATR3 16 -0.043 0.4131 0.440 2.15E-11
SERPINI1 3 -0.042 0.4135 -0.424 1.23E-10
CFP X -0.042 0.4209 0.494 2.20E-14
MYH9 22 0.042 0.4227 0.349 1.91E-07
PEPD 19 0.042 0.4235 0.349 1.92E-07
CHMP7 8 0.041 0.4249 0.326 1.27E-06
ALDH5A1 6 -0.041 0.4267 -0.327 1.17E-06
OSTM1 6 0.041 0.4275 0.339 4.41E-07
ERO1L 14 0.041 0.4283 0.345 2.81E-07
STX16 20 -0.041 0.4285 0.383 8.52E-09
ARL6IP5 3 0.041 0.4310 0.349 2.02E-07
SORL1 11 -0.041 0.4326 0.417 2.69E-10
SLC16A5 17 0.041 0.4328 0.443 1.40E-11



MAN2B1 19 -0.041 0.4331 0.425 1.21E-10
MAN1C1 1 0.041 0.4348 0.534 0
RAD51 15 -0.040 0.4367 -0.408 7.00E-10
PDE3B 11 -0.040 0.4378 0.375 1.93E-08
DTL 1 0.040 0.4381 -0.357 9.61E-08
HTRA2 2 -0.040 0.4384 -0.341 3.83E-07
MAN2C1 15 0.040 0.4401 0.364 5.25E-08
EVI2A 17 0.040 0.4429 0.546 0
PDXK 21 -0.040 0.4433 0.505 4.88E-15
MINA 3 0.040 0.4445 0.439 2.45E-11
GINS2 16 0.040 0.4450 -0.351 1.71E-07
NDST2 10 -0.040 0.4453 0.348 2.04E-07
SEMA4A 1 0.040 0.4463 0.519 6.66E-16
ANKS1A 6 0.039 0.4491 0.338 5.10E-07
LILRB2 19 0.039 0.4506 0.344 3.09E-07
STAT1 2 0.039 0.4525 0.429 7.25E-11
STK10 5 0.039 0.4537 0.354 1.24E-07
NUP62 19 -0.039 0.4567 0.330 9.46E-07
CEBPB 20 0.039 0.4570 0.379 1.24E-08
USP4 3 -0.039 0.4583 0.378 1.38E-08
TRIM36 5 -0.038 0.4622 0.458 2.50E-12
LACTB2 8 -0.038 0.4652 0.320 2.09E-06
PFKFB3 10 -0.038 0.4670 0.323 1.62E-06
SGSH 17 -0.038 0.4671 0.521 4.44E-16
UBE2D1 10 0.038 0.4693 0.398 2.05E-09
SCO2 22 0.037 0.4722 0.475 2.78E-13
NCAPG 4 -0.037 0.4722 -0.319 2.17E-06
SMPD4 2 -0.037 0.4738 0.318 2.49E-06
SQRDL 15 -0.037 0.4744 0.488 4.80E-14
RHOG 11 -0.037 0.4745 0.394 2.93E-09
ZDHHC18 1 0.037 0.4751 0.396 2.52E-09
MYO5A 15 0.037 0.4768 0.348 2.07E-07
SAMHD1 20 0.037 0.4768 0.609 0
CSAD 12 0.037 0.4803 0.324 1.48E-06
GNS 12 -0.037 0.4806 0.382 1.02E-08
CHAF1B 21 -0.037 0.4808 -0.417 2.74E-10
S100A11 1 0.036 0.4861 0.458 2.45E-12
ALDH2 12 0.036 0.4868 0.373 2.20E-08
USP3 15 -0.036 0.4873 0.425 1.11E-10
MX1 21 0.036 0.4875 0.317 2.58E-06
PYGB 20 -0.036 0.4885 0.323 1.62E-06
ZNF200 16 0.036 0.4911 0.338 4.84E-07
ICAM1 19 0.036 0.4915 0.413 4.24E-10
SOCS3 17 -0.036 0.4922 0.463 1.35E-12
KLHL23 2 0.036 0.4938 -0.381 1.06E-08
LCP2 5 0.035 0.4945 0.401 1.51E-09



CTSS 1 0.035 0.4955 0.423 1.48E-10
CPD 17 -0.035 0.4956 0.344 2.89E-07
MTF1 1 0.035 0.4956 0.356 1.06E-07
KIAA1467 12 0.035 0.4962 -0.342 3.48E-07
WAS X 0.035 0.4993 0.461 1.76E-12
HIPK3 11 -0.035 0.4994 0.399 1.90E-09
LEPROTL1 8 -0.035 0.5047 0.360 7.67E-08
CRIP1 14 0.035 0.5057 0.378 1.41E-08
ITM2B 13 -0.034 0.5066 0.399 1.90E-09
TNFSF10 3 0.034 0.5084 0.493 2.46E-14
MKL1 22 0.034 0.5088 0.408 7.42E-10
PHACTR2 6 0.034 0.5149 0.361 7.01E-08
CASP1 11 -0.034 0.5170 0.557 0
OAS2 12 0.034 0.5180 0.412 4.69E-10
TLR1 4 0.034 0.5181 0.448 8.07E-12
ZCCHC14 16 -0.033 0.5192 0.340 4.27E-07
HIST1H3D 6 0.033 0.5223 -0.347 2.37E-07
PLP2 X 0.033 0.5256 0.395 2.62E-09
TMEM30A 6 -0.033 0.5260 0.331 8.51E-07
HEXB 5 -0.033 0.5271 0.455 3.56E-12
KIAA1324 1 -0.033 0.5277 0.323 1.66E-06
GLIPR1 12 0.032 0.5338 0.351 1.63E-07
WDR7 18 0.032 0.5354 0.320 2.14E-06
DMXL2 15 -0.032 0.5383 0.407 8.09E-10
MPPE1 18 -0.032 0.5408 0.329 9.91E-07
IMPDH1 7 0.032 0.5413 0.334 7.08E-07
SEC23B 20 -0.032 0.5415 0.364 5.36E-08
ACVR2A 2 0.032 0.5418 0.437 2.85E-11
MNT 17 0.032 0.5422 0.331 8.83E-07
PDLIM5 4 -0.032 0.5429 0.362 6.00E-08
DGKA 12 0.032 0.5435 0.395 2.83E-09
PAK1 11 0.031 0.5490 0.337 5.54E-07
SLC17A5 6 0.031 0.5493 0.405 9.98E-10
VNN2 6 -0.031 0.5510 0.424 1.36E-10
GSTK1 7 0.031 0.5526 0.379 1.32E-08
POLR3G 5 -0.031 0.5532 -0.386 6.39E-09
EXT1 8 -0.031 0.5558 0.408 7.26E-10
PTPRE 10 -0.031 0.5567 0.420 1.93E-10
AGTPBP1 9 0.030 0.5584 0.391 4.25E-09
ANXA5 4 0.030 0.5622 0.481 1.34E-13
IL10RB 21 0.030 0.5624 0.389 5.06E-09
SLC2A3 12 0.030 0.5630 0.360 7.57E-08
ABCB1 7 -0.030 0.5666 -0.394 2.89E-09
STOML2 9 0.030 0.5688 -0.346 2.42E-07
FHIT 3 -0.030 0.5696 0.346 2.50E-07
TM9SF4 20 -0.030 0.5700 0.390 4.59E-09



DPYD 1 0.029 0.5713 0.434 4.11E-11
WWP1 8 -0.029 0.5744 0.381 1.06E-08
MYL6B 12 -0.029 0.5744 -0.429 7.74E-11
ATP1A1 1 -0.029 0.5786 0.457 2.79E-12
POLE2 14 -0.028 0.5843 -0.331 8.73E-07
MEGF9 9 0.028 0.5849 0.431 5.70E-11
RBMS1 2 -0.028 0.5860 0.440 2.12E-11
WASF1 6 0.028 0.5879 -0.388 5.24E-09
DNASE1L1 X 0.028 0.5903 0.321 1.96E-06
TPP1 11 -0.028 0.5931 0.398 1.94E-09
GSTA4 6 0.028 0.5943 -0.355 1.14E-07
STK38L 12 0.028 0.5956 0.324 1.53E-06
PSAP 10 -0.027 0.5984 0.323 1.66E-06
NDRG1 8 -0.027 0.5991 0.428 8.57E-11
ATP6V1B2 8 0.027 0.5999 0.440 2.04E-11
DPP4 2 0.027 0.6065 0.322 1.71E-06
RNH1 11 0.027 0.6072 0.425 1.13E-10
TOR1AIP1 1 -0.027 0.6088 0.434 4.41E-11
GPSM3 6 -0.026 0.6140 0.473 3.74E-13
TNFSF12 17 -0.026 0.6142 0.407 7.69E-10
ITGB2 21 -0.026 0.6168 0.477 2.10E-13
FLNA X 0.026 0.6199 0.324 1.47E-06
CSF1R 5 0.025 0.6285 0.462 1.58E-12
CDK6 7 -0.025 0.6293 -0.358 8.83E-08
PILRA 7 -0.025 0.6321 0.423 1.37E-10
NSF 17 0.025 0.6324 0.374 2.08E-08
ST6GALNAC2 17 -0.025 0.6333 0.383 8.79E-09
LRCH4 7 -0.025 0.6338 0.373 2.22E-08
PTAFR 1 0.025 0.6350 0.476 2.57E-13
GPR65 14 -0.025 0.6364 0.336 5.57E-07
RNF44 5 -0.024 0.6394 0.319 2.16E-06
PIK3R3 1 0.024 0.6398 -0.361 6.92E-08
PIK3CB 3 -0.024 0.6450 0.323 1.69E-06
FBN2 5 -0.024 0.6454 0.330 9.39E-07
KLHL22 22 0.024 0.6463 0.325 1.44E-06
LRPAP1 4 0.024 0.6469 0.343 3.30E-07
SLC9A6 X -0.024 0.6475 0.328 1.11E-06
ID2 2 -0.023 0.6582 0.324 1.57E-06
FGD6 12 0.023 0.6589 0.343 3.19E-07
GNAI2 3 -0.023 0.6591 0.361 6.74E-08
ARF5 7 -0.023 0.6623 0.351 1.71E-07
TBC1D8 2 0.022 0.6682 0.361 6.96E-08
RGL1 1 -0.022 0.6692 0.699 0
STX3 11 0.022 0.6695 0.362 6.24E-08
CLEC4A 12 0.022 0.6728 0.503 6.22E-15
CYBA 16 -0.022 0.6761 0.334 6.59E-07



HLA-B 6 0.022 0.6768 0.338 4.96E-07
HMMR 5 0.022 0.6772 -0.322 1.74E-06
NAGA 22 0.021 0.6821 0.525 2.22E-16
EHD4 15 0.021 0.6837 0.507 3.55E-15
NOD2 16 0.021 0.6846 0.648 0
SLC7A6 16 0.021 0.6848 0.348 2.14E-07
DOCK4 7 0.021 0.6877 0.374 2.11E-08
DBN1 5 -0.021 0.6879 -0.326 1.27E-06
SETX 9 0.021 0.6880 0.330 9.10E-07
ENTPD6 20 -0.021 0.6897 0.330 9.75E-07
MYH10 17 -0.021 0.6907 -0.368 3.46E-08
LILRB1 19 0.021 0.6910 0.425 1.09E-10
NPC2 14 0.021 0.6918 0.319 2.32E-06
SMARCD3 7 -0.021 0.6929 0.512 1.78E-15
TIAM1 21 -0.021 0.6930 0.661 0
C1GALT1C1 X 0.021 0.6930 0.317 2.70E-06
LRP1 12 0.020 0.6953 0.486 6.62E-14
ACAA1 3 0.020 0.6971 0.351 1.70E-07
MTMR11 1 0.020 0.6975 0.546 0
DYNLT1 6 -0.020 0.6980 0.354 1.21E-07
TGOLN2 2 -0.020 0.6983 0.433 4.83E-11
FYB 5 -0.020 0.6983 0.511 1.78E-15
TAPBPL 12 0.020 0.7003 0.322 1.74E-06
CBX6 22 0.020 0.7020 0.322 1.75E-06
PSEN1 14 -0.020 0.7038 0.364 5.45E-08
CTBS 1 -0.020 0.7043 0.409 6.40E-10
TFDP2 3 -0.020 0.7043 -0.424 1.32E-10
ARNTL 11 0.020 0.7070 0.415 3.46E-10
GIMAP4 7 0.019 0.7102 0.536 0
ENTPD1 10 0.019 0.7106 0.419 2.35E-10
PMM1 22 -0.019 0.7119 0.385 7.17E-09
AGER 6 -0.019 0.7149 0.318 2.44E-06
GLRX 5 -0.019 0.7171 0.429 7.13E-11
ZNF217 20 -0.019 0.7186 0.338 5.09E-07
RPS6KA3 X -0.019 0.7190 0.401 1.53E-09
CYP27A1 2 0.019 0.7193 0.517 8.88E-16
CREB5 7 0.019 0.7211 0.494 2.22E-14
AIP 11 -0.018 0.7232 0.319 2.27E-06
ZYX 7 -0.018 0.7233 0.461 1.75E-12
CYLD 16 0.018 0.7235 0.322 1.81E-06
CLN3 16 0.018 0.7268 0.359 8.34E-08
IL10RA 11 0.018 0.7286 0.441 1.91E-11
RPS6KA1 1 0.018 0.7309 0.364 4.98E-08
ANXA1 9 -0.018 0.7320 0.431 5.98E-11
CTSH 15 -0.018 0.7340 0.343 3.22E-07
TCF4 18 -0.018 0.7351 -0.324 1.53E-06



ATF6 1 0.018 0.7356 0.326 1.31E-06
PGS1 17 -0.017 0.7380 0.365 4.60E-08
LAMP3 3 -0.017 0.7404 0.407 7.88E-10
KIAA0125 14 0.017 0.7404 -0.386 6.64E-09
C1orf21 1 0.017 0.7425 -0.319 2.26E-06
IL27RA 19 -0.017 0.7428 0.400 1.67E-09
SASH1 6 -0.017 0.7437 0.434 4.23E-11
DLEU1 13 0.017 0.7452 -0.330 9.47E-07
PXN 12 0.017 0.7456 0.437 2.87E-11
LGALS1 22 0.017 0.7457 0.349 1.94E-07
COL5A1 9 0.017 0.7475 -0.328 1.11E-06
MAP2K1 15 -0.017 0.7476 0.415 3.58E-10
BLM 15 0.016 0.7509 -0.357 9.65E-08
RASA4 7 0.016 0.7515 0.443 1.51E-11
BSPRY 9 -0.016 0.7521 -0.359 7.92E-08
EDEM3 1 -0.016 0.7521 0.413 4.38E-10
TYK2 19 -0.016 0.7523 0.403 1.21E-09
TRPS1 8 -0.016 0.7529 0.331 8.93E-07
TSPAN14 10 0.016 0.7535 0.361 6.70E-08
GDAP2 1 0.016 0.7562 0.360 7.22E-08
TNFRSF10B 8 -0.016 0.7565 0.431 5.62E-11
TRADD 16 0.016 0.7568 0.351 1.69E-07
RCBTB2 13 -0.016 0.7610 0.492 2.73E-14
HMHA1 19 -0.016 0.7639 0.369 3.40E-08
ITGAL 16 0.015 0.7670 0.367 3.81E-08
CKAP4 12 0.015 0.7789 0.453 4.37E-12
TLE4 9 0.015 0.7792 0.363 5.62E-08
PLCB2 15 -0.014 0.7812 0.410 5.75E-10
KIAA0319L 1 -0.014 0.7816 0.400 1.68E-09
RNF13 3 0.014 0.7872 0.329 1.00E-06
MAP3K1 5 0.014 0.7883 0.363 5.72E-08
ACVR1B 12 0.014 0.7885 0.335 6.22E-07
TUBD1 17 0.014 0.7893 0.332 8.30E-07
TAP1 6 0.014 0.7897 0.324 1.51E-06
ANXA2 15 0.014 0.7907 0.365 4.65E-08
GLB1 3 -0.014 0.7915 0.520 4.44E-16
GABBR1 6 0.014 0.7927 0.443 1.48E-11
LRRFIP1 2 0.014 0.7949 0.378 1.37E-08
ATP6V0E1 5 -0.013 0.7950 0.354 1.24E-07
UROS 10 -0.013 0.7967 -0.334 6.72E-07
KLF4 9 0.013 0.7976 0.340 4.06E-07
ARHGAP26 5 -0.013 0.7997 0.358 9.17E-08
TIMP1 X -0.013 0.8003 0.441 1.91E-11
GGA3 17 0.013 0.8006 0.320 2.15E-06
PAWR 12 0.013 0.8058 -0.398 1.95E-09
SPATS2 12 0.012 0.8102 -0.373 2.35E-08



ARRB2 17 0.012 0.8105 0.578 0
YWHAB 20 -0.012 0.8106 0.400 1.60E-09
LAPTM5 1 0.012 0.8106 0.344 2.94E-07
MTO1 6 0.012 0.8118 0.332 7.86E-07
YPEL1 22 -0.012 0.8128 -0.430 6.92E-11
MTMR2 11 -0.012 0.8138 -0.344 2.88E-07
AZI2 3 -0.012 0.8165 0.363 5.47E-08
MTMR14 3 0.012 0.8175 0.343 3.27E-07
WDR1 4 -0.011 0.8272 0.374 2.15E-08
TSPO 22 -0.011 0.8290 0.474 3.27E-13
LAMC1 1 -0.011 0.8311 -0.354 1.30E-07
PACSIN2 22 -0.011 0.8346 0.361 7.10E-08
WEE1 11 0.010 0.8409 -0.509 2.83E-15
TPK1 7 -0.010 0.8431 0.538 0
WAPAL 10 -0.010 0.8434 0.353 1.34E-07
IRS2 13 0.010 0.8446 0.323 1.63E-06
SEL1L 14 -0.010 0.8486 0.334 6.61E-07
AKAP13 15 0.010 0.8519 0.383 9.03E-09
HIST1H1C 6 0.010 0.8521 -0.359 8.08E-08
SCML1 X -0.009 0.8552 0.459 2.21E-12
CRTAP 3 0.009 0.8552 0.321 1.97E-06
MTHFS 15 0.009 0.8561 0.324 1.55E-06
M6PR 12 0.009 0.8583 0.391 3.91E-09
VPS54 2 0.009 0.8602 0.323 1.65E-06
SULT1A4 16 -0.009 0.8616 0.333 7.63E-07
ADI1 2 -0.009 0.8621 0.352 1.55E-07
MAK 6 0.009 0.8623 0.343 3.17E-07
OS9 12 -0.009 0.8645 0.411 5.44E-10
TREX1 3 -0.009 0.8647 0.337 5.50E-07
MAP3K3 17 0.009 0.8657 0.523 4.44E-16
UBL3 13 -0.009 0.8672 0.410 5.94E-10
PHF7 3 -0.009 0.8684 -0.374 2.17E-08
TGFBI 5 -0.009 0.8688 0.456 2.95E-12
HSPBAP1 3 -0.008 0.8702 0.415 3.43E-10
MIPEP 13 0.008 0.8710 -0.335 6.35E-07
CD28 2 0.008 0.8730 0.335 6.52E-07
VANGL1 1 0.008 0.8733 -0.322 1.78E-06
NAIP 5 0.008 0.8740 0.492 2.84E-14
FRAT1 10 -0.008 0.8804 0.422 1.59E-10
NXF1 11 -0.008 0.8845 0.342 3.66E-07
VASH1 14 0.007 0.8858 0.423 1.51E-10
FKBP15 9 -0.007 0.8868 0.495 1.91E-14
MTCH1 6 0.007 0.8885 0.349 1.88E-07
CECR5 22 0.007 0.8895 0.421 1.76E-10
ARHGEF10L 1 0.007 0.8902 0.514 1.33E-15
PLAUR 19 -0.007 0.8930 0.346 2.54E-07



LAP3 4 -0.007 0.8933 0.363 5.47E-08
SAT1 X 0.007 0.8938 0.395 2.60E-09
NUP214 9 0.007 0.8951 0.498 1.29E-14
ARPC5 1 -0.007 0.8954 0.349 1.98E-07
FAM45B X -0.007 0.8968 0.342 3.45E-07
PSMC3IP 17 -0.007 0.8970 0.364 5.20E-08
PGK1 X -0.007 0.8984 0.401 1.51E-09
IFNGR1 6 0.007 0.8993 0.342 3.56E-07
IFNAR2 21 -0.007 0.9000 0.434 4.11E-11
SERPINB2 18 0.007 0.9001 0.362 6.45E-08
APOBEC3A 22 0.006 0.9005 0.344 2.94E-07
AAK1 2 -0.006 0.9014 0.371 2.78E-08
PLK4 4 0.006 0.9020 -0.347 2.40E-07
MTMR6 13 -0.006 0.9027 0.384 7.95E-09
DHFR 5 0.006 0.9043 -0.331 8.78E-07
CSTB 21 0.006 0.9116 0.438 2.80E-11
UBQLN2 X 0.006 0.9131 0.350 1.80E-07
HMOX1 22 -0.006 0.9143 0.357 9.61E-08
OCEL1 19 -0.005 0.9157 0.358 8.60E-08
DHX16 6 -0.005 0.9199 0.323 1.65E-06
RNASEL 1 0.005 0.9216 0.479 1.58E-13
BTN2A1 6 0.005 0.9263 0.329 1.06E-06
ALDH3A2 17 0.005 0.9266 0.492 2.89E-14
NFKB1 4 0.005 0.9280 0.425 1.17E-10
CEBPD 8 0.005 0.9300 0.384 7.72E-09
NPEPL1 20 0.005 0.9305 0.323 1.60E-06
HBEGF 5 -0.004 0.9317 0.499 1.11E-14
SORBS1 10 -0.004 0.9355 -0.327 1.21E-06
ELOVL6 4 -0.004 0.9366 -0.358 9.01E-08
CORO2A 9 -0.004 0.9381 0.406 8.49E-10
CNN2 19 0.004 0.9392 0.325 1.36E-06
CAP1 1 -0.004 0.9398 0.375 1.94E-08
MGAT1 5 -0.004 0.9404 0.472 4.26E-13
DECR1 8 -0.004 0.9416 0.318 2.39E-06
TFCP2 12 0.004 0.9426 0.336 5.85E-07
SULT1A1 16 0.004 0.9439 0.429 7.39E-11
DHRS4 14 -0.004 0.9461 0.318 2.36E-06
ATRN 20 -0.003 0.9467 0.343 3.19E-07
INPP4A 2 -0.003 0.9499 0.371 2.63E-08
SLC35A1 6 -0.003 0.9503 0.420 1.90E-10
CAMTA2 17 0.003 0.9519 0.455 3.53E-12
SERINC5 5 0.003 0.9530 0.503 6.66E-15
C5AR1 19 0.003 0.9532 0.345 2.81E-07
DSG2 18 0.003 0.9534 -0.334 6.74E-07
HCLS1 3 0.003 0.9548 0.370 3.02E-08
NAGK 2 -0.003 0.9550 0.494 2.31E-14



VAMP3 1 -0.003 0.9552 0.387 6.22E-09
CST3 20 0.003 0.9558 0.501 8.44E-15
VPS45 1 0.003 0.9573 0.341 3.87E-07
RETSAT 2 -0.003 0.9574 0.320 2.12E-06
SNX1 15 0.003 0.9587 0.397 2.15E-09
PRNP 20 -0.002 0.9625 0.344 2.91E-07
ERP29 12 0.002 0.9702 0.325 1.37E-06
SFXN3 10 0.002 0.9729 0.324 1.53E-06
WDHD1 14 0.002 0.9738 -0.375 1.95E-08
NRBF2 10 0.002 0.9739 0.395 2.64E-09
RRAS2 11 0.002 0.9769 -0.375 1.87E-08
LILRA1 19 0.001 0.9777 0.396 2.47E-09
PADI2 1 -0.001 0.9778 0.400 1.63E-09
TMEM127 2 -0.001 0.9786 0.340 4.09E-07
KLHL2 4 0.001 0.9828 0.329 1.04E-06
COTL1 16 -0.001 0.9848 0.454 4.23E-12
DAZAP2 12 0.001 0.9878 0.358 8.84E-08
CCDC109B 4 -0.001 0.9887 0.352 1.50E-07
ULK2 17 0.000 0.9943 0.424 1.25E-10
VASP 19 0.000 0.9943 0.338 4.92E-07
ALDH3B1 11 0.000 0.9945 0.343 3.35E-07
ACVR1 2 0.000 0.9951 0.502 7.11E-15
HTATIP2 11 0.000 0.9958 0.321 1.91E-06
HCK 20 0.000 0.9962 0.335 6.19E-07
PHF20L1 8 0.000 0.9965 0.333 7.69E-07
S100A10 1 0.000 0.9974 0.561 0
SLC31A2 9 0.000 0.9978 0.456 3.27E-12
RASGRP3 2 0.000 0.9997 -0.322 1.84E-06
VIPR1 3 NA NA 0.736 0
CD163 12 NA NA 0.591 0
PCSK5 9 NA NA 0.570 0
RTN1 14 NA NA 0.556 0
CACNA2D3 3 NA NA 0.555 0
CRISPLD2 16 NA NA 0.544 0
FBP1 9 NA NA 0.530 0
HNMT 2 NA NA 0.520 4.44E-16
ZNF467 7 NA NA 0.519 4.44E-16
ASGR2 17 NA NA 0.519 6.66E-16
TLR5 1 NA NA 0.518 6.66E-16
TREM1 6 NA NA 0.518 8.88E-16
TMEM176A 7 NA NA 0.503 6.22E-15
SIGLEC1 20 NA NA 0.500 9.77E-15
LGALS2 22 NA NA 0.496 1.69E-14
ADAMTSL4 1 NA NA 0.494 2.26E-14
SECTM1 17 NA NA 0.493 2.53E-14
SULT1B1 4 NA NA 0.493 2.53E-14



VSIG4 X NA NA 0.491 3.22E-14
VENTX 10 NA NA 0.491 3.29E-14
FCN1 9 NA NA 0.491 3.31E-14
MS4A6A 11 NA NA 0.489 4.55E-14
FCGR1B 1 NA NA 0.487 6.15E-14
KBTBD11 8 NA NA 0.474 3.40E-13
FCGR1A 1 NA NA 0.473 3.71E-13
CD14 5 NA NA 0.469 6.09E-13
CCR2 3 NA NA 0.467 8.00E-13
CSF2RA X NA NA 0.467 8.23E-13
TMEM176B 7 NA NA 0.466 9.20E-13
MRC1 10 NA NA 0.461 1.73E-12
MAPK10 4 NA NA 0.453 4.34E-12
STEAP4 7 NA NA 0.453 4.40E-12
P2RY13 3 NA NA 0.452 5.20E-12
CLEC4E 12 NA NA 0.452 5.36E-12
FPR1 19 NA NA 0.439 2.24E-11
SEZ6L 22 NA NA 0.433 4.46E-11
IL1RN 2 NA NA 0.433 4.60E-11
MEFV 16 NA NA 0.433 4.67E-11
TLR8 X NA NA 0.432 5.37E-11
PPARGC1A 4 NA NA 0.428 7.94E-11
RNASE4 14 NA NA 0.427 9.46E-11
CSTA 3 NA NA 0.419 2.31E-10
IGSF6 16 NA NA 0.415 3.36E-10
VNN3 6 NA NA 0.407 8.35E-10
CSF3R 1 NA NA 0.406 8.54E-10
DSG1 18 NA NA 0.404 1.13E-09
CLEC7A 12 NA NA 0.388 5.59E-09
THBD 20 NA NA 0.382 9.82E-09
CLEC10A 17 NA NA 0.381 1.10E-08
SMPDL3A 6 NA NA 0.372 2.43E-08
FCAR 19 NA NA 0.372 2.50E-08
CACNA1I 22 NA NA 0.368 3.51E-08
TGFA 2 NA NA 0.362 6.11E-08
EPB41L3 18 NA NA 0.359 8.34E-08
CPVL 7 NA NA 0.358 8.56E-08
CALCA 11 NA NA 0.358 8.74E-08
MAFB 20 NA NA 0.356 1.11E-07
STAB1 3 NA NA 0.354 1.27E-07
ICOS 2 NA NA 0.353 1.37E-07
CD5 11 NA NA 0.346 2.58E-07
GNAQ 9 NA NA 0.345 2.69E-07
SLA 8 NA NA 0.344 3.00E-07
CDA 1 NA NA 0.344 3.01E-07
HAL 12 NA NA 0.339 4.41E-07



EGLN2 19 NA NA 0.337 5.49E-07
CLEC1A 12 NA NA 0.336 5.57E-07
HK3 5 NA NA 0.334 6.82E-07
LILRA5 19 NA NA 0.333 7.62E-07
S100A12 1 NA NA 0.332 7.97E-07
NBPF14 1 NA NA 0.328 1.13E-06
RIN2 20 NA NA 0.326 1.30E-06
BCL6 3 NA NA 0.324 1.49E-06
NBPF10 1 NA NA 0.321 1.90E-06
CEBPA 19 NA NA 0.321 1.97E-06
SLC8A1 2 NA NA 0.317 2.67E-06
CFH 1 NA NA -0.317 2.61E-06
MPDZ 9 NA NA -0.318 2.51E-06
SPTA1 1 NA NA -0.318 2.38E-06
CRYGD 2 NA NA -0.319 2.20E-06
CRHBP 5 NA NA -0.321 1.93E-06
HIST1H2BE 6 NA NA -0.323 1.63E-06
GSTM5 1 NA NA -0.324 1.50E-06
MPPED2 11 NA NA -0.324 1.48E-06
MYOZ3 5 NA NA -0.325 1.46E-06
HMGA2 12 NA NA -0.325 1.45E-06
HIST1H2BF 6 NA NA -0.325 1.38E-06
NPR3 5 NA NA -0.329 9.83E-07
HIST1H2BI 6 NA NA -0.330 9.52E-07
TEK 9 NA NA -0.331 8.60E-07
IGLL1 22 NA NA -0.331 8.59E-07
HIST1H2BH 6 NA NA -0.336 6.03E-07
COBLL1 2 NA NA -0.336 5.86E-07
ENAH 1 NA NA -0.336 5.66E-07
ADAMTS3 4 NA NA -0.338 5.01E-07
KHDRBS2 6 NA NA -0.339 4.62E-07
KLF1 19 NA NA -0.339 4.38E-07
AGTR1 3 NA NA -0.349 1.97E-07
HIST1H4C 6 NA NA -0.352 1.48E-07
HIST1H3C 6 NA NA -0.355 1.20E-07
HOXA10 7 NA NA -0.358 9.16E-08
AKR1C2 10 NA NA -0.359 8.42E-08
MYT1L 2 NA NA -0.360 7.55E-08
FAT4 4 NA NA -0.360 7.26E-08
JAKMIP2 5 NA NA -0.361 6.68E-08
NUDT11 X NA NA -0.363 5.90E-08
CYTL1 4 NA NA -0.366 4.35E-08
TFPI 2 NA NA -0.371 2.66E-08
AKR1C3 10 NA NA -0.398 2.01E-09
TSPAN13 7 NA NA -0.432 5.59E-11



Supplementary Table 2. eQTLs for genes co-expressed with IL6R. *Proxy SNPs were chosen based on an

R2>0.8. Abbreviations: BP, base pair; Chr, chromosome; SNP, single nucleotide polymorphism.

No. SNP Chr bp

Gene
regulated by

a risk SNP Proxy SNP* P-value Sample Study

1 rs9611485 22 41060886 EP300 rs9611462 0 Lung {Hao,2012}

rs9611485 22 41060886 PMM1 rs9611485 4.67E-06 LCLs {Lappalainen,2013}

2 rs324011 12 57108399 STAT6 rs12368672 9.81E-198 Whole-Blood {Westra,2013}

3 rs8003392 14 76672868 VASH1 rs10873292 9.81E-198 Whole-Blood {Westra,2013}

4 rs4911214 20 32299661 TM9SF4 rs6141641 3.03E-184 Whole-Blood {Westra,2013}

5 rs4778892 15 81312048 IL16 rs3726 1.57E-183 Whole-Blood {Westra,2013}

6 rs10197862 2 102350089 IL18RAP rs10197862 2.82E-137 Whole-Blood {Westra,2013}

rs10197862 2 102350089 IL18R1 rs950881 0.0003 Whole-Blood {Westra,2013}

7 rs731945 19 18456229 ELL rs731945 1.27E-135 Whole-Blood {Westra,2013}

8 rs2267076 22 24434627 UPB1 rs1008931 4.45E-98 Whole-Blood {Westra,2013}

9 rs785472 1 46052616 PIK3R3 rs1707321 3.04E-62 Whole-Blood {Battle,2014}

10 rs4833095 4 38798089 TLR1 rs12233670 2.80E-57 Whole-Blood {Battle,2014}

11 rs7223589 17 31401266 EVI2A rs10512434 1.32E-56 Whole-Blood {Westra,2013}

rs7223589 17 31401266 EVI2B rs2525570 2.15E-06 Whole-Blood {Westra,2013}

12 rs11602465 11 9943274 ADM rs12421179 5.90E-56 Whole-Blood {Westra,2013}

13 rs13020280 2 223941421 WDFY1 rs6734908 1.83E-43 Whole-Blood {Westra,2013}

14 rs10845506 12 12282676 LRP6 rs1071994 2.51E-40 Whole-Blood {Battle,2014}

15 rs9289837 3 151388204 MED12L rs13327359 2.42E-37 Whole-Blood {Westra,2013}

rs9289837 3 151388204 P2RY13 rs7637803 2.01E-14 Whole-Blood {Westra,2013}

16 rs6790914 3 49168885 USP4 rs10865954 3.57E-33 Whole-Blood {Westra,2013}

rs6790914 3 49168885 NDUFAF3 rs10865954 0.0034 Whole-Blood {Westra,2013}

17 rs7155696 14 35027548 SRP54 rs12890307 1.98E-27 Whole-Blood {Westra,2013}

18 rs12502586 4 15724941 FBXL5 rs12502586 6.06E-19 Whole-Blood {Westra,2013}

19 rs162328 2 38091546 CYP1B1 rs4670814 6.33E-18 Whole-Blood {Westra,2013}

20 rs17061789 3 60014239 FHIT rs17061789 8.06E-18 Whole-Blood {Westra,2013}

21 rs7234644 18 56770128 TXNL1 rs7234644 9.19E-17 Whole-Blood {Westra,2013}

22 rs13212921 6 27237643 BTN2A1 rs13217285 1.72E-15 LCLs {Lappalainen,2013}

23 rs11265424 1 160530060 SLAMF1 rs6670721 2.96E-15 Whole-Blood {Westra,2013}

24 rs17710743 19 41569079 CEACAM21 rs16975338 4.76E-14 Whole-Blood {Westra,2013}

25 rs56872707 5 80898586 DHFR rs13159448 1.42E-13 LCLs {Lappalainen,2013}

26 rs10101062 8 123112091 ZHX2 rs7012815 1.78E-13 Whole-Blood {Westra,2013}

27 rs4942758 13 48213854 ITM2B rs551034 2.18E-13 Whole-Blood {Westra,2013}

28 rs6949090 7 67432703 STAG3L4 rs10233061 2.99E-12 PBMCs {Zeller,2010}

29 rs2357792 16 50734311 NOD2 rs7342715 3.45E-11 PBMCs {Zeller,2010}

30 rs7185536 16 67958261 SLC7A6 rs1107767 4.94E-11 PBMCs {Zeller,2010}

rs7185536 16 67958261 PSMB10 rs1133090 3.35E-07 Whole-Blood {Battle,2014}

31 rs11000805 10 73903593 NDST2 rs17741873 2.68E-10 Whole-Blood {Westra,2013}

32 rs1464510 3 188394766 BCL6 rs9864529 5.22E-10 PBMCs {Zeller,2010}



33 rs12757280 1 150753573 CTSS rs55972172 1.35E-09 LCLs {Lappalainen,2013}

34 rs9890550 17 75018845 SLC16A5 rs12449492 7.19E-09 Whole-Blood {Westra,2013}

35 rs28631821 14 55379269 DLGAP5 rs7147136 1.02E-08 LCLs {Lappalainen,2013}

36 rs2419618 10 112316082 ACSL5 rs2419618 1.28E-08 LCLs {Lappalainen,2013}

37 rs931702 3 113215905 SIDT1 rs931702 3.10E-08 LCLs {Lappalainen,2013}

38 rs13416555 2 8301605 ID2 rs891058 6.05E-08 PBMCs {Zeller,2010}

39 rs9630721 17 6947049 ASGR2 rs9630722 6.08E-08 Whole-Blood {Westra,2013}

40 rs1757460 15 41498262 NUSAP1 rs1757457 8.65E-08 LCLs {Lappalainen,2013}

41 rs9298557 8 56981127 IMPAD1 rs9298557 1.03E-07 Lung {Hao,2012}

42 rs3827279 22 17115039 IL17RA rs3827278 3.33E-07 Lung {Hao,2012}

43 rs10501420 11 74784992 RNF169 rs17133608 3.49E-07 PBMCs {Zeller,2010}

44 rs11167763 5 142055901 NDFIP1 rs6884380 5.45E-07 LCLs {Lappalainen,2013}

45 rs4653051 1 33333327 PHC2 rs4653015 1.05E-06 Whole-Blood {Battle,2014}

46 rs12048743 1 205145745 DSTYK rs1572993 1.15E-06 Monocytes {Fairfax, 2012}

47 rs7946115 11 65598721 FRMD8 rs10791820 1.61E-06 LCLs {Lappalainen,2013}

48 rs12709916 19 49817730 PTOV1 rs12709916 1.96E-06 LCLs {Lappalainen,2013}

49 rs4725618 7 143425331 ZYX rs6951852 2.43E-06 Whole-Blood {Westra,2013}

50 rs758206 7 140204661 TBXAS1 rs6956540 2.70E-06 Whole-Blood {Westra,2013}

51 rs2797414 1 113752816 RSBN1 rs6537798 3.09E-06 Whole-Blood {Westra,2013}

52 rs2071595 6 31539285 HLA-B rs3219184 3.98E-06 LCLs {Lappalainen,2013}

53 rs25987 5 14712600 FAM105A rs31926 5.06E-06 Lung {Hao,2012}

54 rs6511788 19 12369223 MAN2B1 rs10411986 5.22E-06 LCLs {Lappalainen,2013}

55 rs2453570 17 19474180 ALDH3A2 rs2428584 6.11E-06 Whole-Blood {Westra,2013}

56 rs10245342 7 64627050 ZNF736 rs4313046 6.23E-06 LCLs {Lappalainen,2013}

57 rs1163073 10 103263177 SH3PXD2A rs7911488 1.33E-05 Whole-Blood {Westra,2013}

58 rs10431490 12 51931787 SMAGP rs10783481 2.15E-05 Monocytes {Fairfax, 2012}

59 rs2033466 5 151701814 SPARC rs2033466 2.28E-05 Whole-Blood {Westra,2013}

60 rs2167524 18 54644208 MBD2 rs1077553 5.15E-05 Lung {Hao,2012}

61 rs2435206 17 45980745 NSF rs2435211 9.38E-05 LCLS {Dimas,2009}

62 rs7039317 9 34964538 STOML2 rs10972275 9.58E-05 Whole-Blood {Westra,2013}

63 rs540178 9 117547445 TLR4 rs540178 0.0002 Whole-Blood {Westra,2013}

64 rs13268953 8 28197719 KIF13B rs13268953 0.0002 Monocytes {Fairfax, 2012}

65 rs9989026 12 7105855 CD163 rs6487290 0.0002 Monocytes {Fairfax, 2012}

66 rs13256893 8 89664751 RIPK2 rs13256893 0.0003 Whole-Blood {Westra,2013}

67 rs34097828 14 94321337 SERPINA1 rs3748320 0.0003 Whole-Blood {Westra,2013}

68 rs2071390 16 30070046 CORO1A rs2071390 0.0003 Whole-Blood {Westra,2013}

69 rs2251083 10 133461697 ECHS1 rs2255518 0.0003 Whole-Blood {Westra,2013}

70 rs3918188 7 151005693 TMEM176A rs3918188 0.0004 Whole-Blood {Westra,2013}

71 rs7596735 2 44105567 PREPL rs7596735 0.0004 Whole-Blood {Westra,2013}

72 rs2391391 1 94986370 CNN3 rs2391391 0.0004 B-cells {Fairfax, 2012}

73 rs6792409 3 69465422 FRMD4B rs17432953 0.0004 Whole-Blood {Westra,2013}

74 rs4687721 3 51564238 PPM1M rs11719995 0.0005 Monocytes {Fairfax, 2012}

75 rs1501534 1 37221817 MTF1 rs1566599 0.0006 B-cells {Fairfax, 2012}



76 rs35259724 12 113124090 OAS3 rs17643821 0.0006 B-cells {Fairfax, 2012}

77 rs2932967 4 23813502 PPARGC1A rs2932965 0.0006 Whole-Blood {Westra,2013}

78 rs4944804 11 72809485 ARAP1 rs663015 0.0009 Whole-Blood {Westra,2013}

79 rs1253118 14 59497301 RTN1 rs956901 0.0016 Whole-Blood {Westra,2013}

80 rs1288354 1 53134678 C1orf123 rs1288354 0.0017 Whole-Blood {Westra,2013}

81 rs6544629 2 43142628 ZFP36L2 rs12105183 0.0022 Whole-Blood {Westra,2013}

82 rs17125240 8 17751387 MTUS1 rs3862101 0.0026 Whole-Blood {Westra,2013}

83 rs6134069 20 10882886 JAG1 rs6134067 0.0027 Whole-Blood {Westra,2013}

84 rs7246816 19 15403849 BRD4 rs3826863 0.0031 Whole-Blood {Westra,2013}



Supplementary Table 3. Meta-analysis of the Ferreira 2,014 and GABRIEL GWAS for the 14 SNPs

with validated asthma risk association. Abbreviations: A1, allele 1; A2, allele 2; SE, standard

error; SNP, single nucleotide polymorphism.

SNP A1 A2 Effect SE P-value Direction

rs10197862 A G 0.197 0.0222 7.25x10-19 ++

rs4833095 T G 0.121 0.0179 1.67x10-11 ++

rs1464510 A G -0.086 0.0153 1.70x10-08 --

rs324011 T G 0.077 0.0154 5.80x10-07 ++

rs13416555 C G 0.082 0.017 1.54x10-06 ++

rs7039317 T G 0.094 0.0196 1.67x10-06 ++

rs9289837 T G -0.085 0.0194 1.20x10-05 --

rs2357792 A G 0.068 0.0158 1.82x10-05 ++

rs13212921 T G 0.102 0.024 2.00x10-05 ++

rs11265424 A G -0.068 0.0169 5.63x10-05 --

rs2435206 T G 0.062 0.0162 0.00015 ++

rs1253118 T G 0.056 0.0157 0.00033 ++

rs6511788 T G 0.063 0.0175 0.00034 ++

rs11000805 C G 0.064 0.0192 0.00094 ++
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