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Sex can be an important determinant of 
cancer phenotype, and exploring sex-biased 
tumor biology holds promise for identifying 
novel therapeutic targets and new 
approaches to cancer treatment. In an 
established isogenic murine model of 
glioblastoma, we discovered correlated 
transcriptome-wide sex differences in gene 
expression, H3K27ac marks, large Brd4-
bound enhancer usage, and Brd4 localization 
to Myc and p53 genomic binding sites. These 
sex-biased gene expression patterns were 
also evident in human glioblastoma stem 
cells (GSCs). These observations led us to 
hypothesize that Brd4-bound enhancers 
might underlie sex differences in stem cell 
function and tumorigenicity in GBM. We 
found that male and female GBM cells 
exhibited opposing responses to 
pharmacological or genetic inhibition of Brd4. 
Brd4 knockdown or pharmacologic inhibition 
decreased male GBM cell clonogenicity and in 
vivo tumorigenesis, while increasing both in 
female GBM cells. These results were 
validated in male and female patient-derived 
GBM cell lines. Furthermore, analysis of the 
Cancer Therapeutic Response Portal of 
human GBM samples segregated by sex 

revealed that male GBM cells are significantly 
more sensitive to BET inhibitors than are 
female cells. Thus, for the first time, Brd4 
activity is revealed to drive a sex differences 
in stem cell and tumorigenic phenotype, 
resulting in diametrically opposite responses 
to BET inhibition in male and female GBM 
cells. This has important implications for the 
clinical evaluation and use of BET inhibitors.   
 
Glioblastoma | sex differences | Brd4-bound enhancers 
|sex-specific transcriptional programs | BET inhibitors  
 
Significance  
 
Consistent sex differences in incidence and 
outcome have been reported in numerous 
cancers including brain tumors. GBM, the most 
common and aggressive primary brain tumor, 
occurs with higher incidence and shorter survival 
in males compared to females. Brd4 is essential 
for regulating transcriptome-wide gene 
expression and specifying cell identity, including 
that of GBM. We report that sex-biased Brd4 
activity drive sex differences in GBM and render 
male and female tumor cells differentially 
sensitive to BET inhibitors. The observed sex 
differences in BETi treatment strongly indicate 
that sex differences in disease biology translate 
into sex differences in therapeutic responses. 
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This has critical implications for clinical use of 
BET inhibitors further affirming the importance of 
inclusion of sex as a biological variable. 
 
Until recently, most basic and clinical research 
focused on investigating factors that influence disease 
susceptibility and progression without regard to 
biologic sex. However, mounting evidence has 
revealed sex differences in the incidence, age of onset, 
and outcome of numerous human diseases, including 
cardiovascular diseases, metabolic diseases, asthma, 
autoimmune diseases, birth defects, neurological 
diseases, psychiatric disorders, and cancers (1-4). The 
preponderance of sex differences in disease incidence 
and outcome led to the implementation of new 
guidelines by the NIH regarding inclusion of sex as a 
biological variable in all research.  

Glioblastoma (GBM), the most common, 
aggressive, and incurable form of primary brain cancer 
(5, 6), is more prevalent in males, regardless of race or 
region of the world (male to female incidence of 1.6:1) 
(7-10). This sex difference extends across species; a 
male prevalence also occurs in spontaneous GBM in 
large dogs, suggesting a fundamental effect of sex on 
GBM risk (11).  In addition to the sex difference in 
GBM incidence, Ostrom et al. documented a survival 
advantage for female GBM patients (12). The reasons 
for these sex differences in GBM incidence and 
outcome are largely unknown. We hypothesized that 
studying sex differences in GBM biology will inform 
the mechanisms underlying cancer risk and 
progression, with the ultimate goal of incorporating 
sex-informed approaches to treatment to improve 
survival of all patients.  

While disease-related sex differences are often 
mediated through acute sex hormone actions, sex 
differences in the rates of multiple brain tumors are 
evident at all ages, as well as in neutered and non-
neutered dogs (8), suggesting that factors other than 
circulating sex hormones underlie this skewing (13). 
Such factors may include the organizational or 
epigenetic effects of transient in utero sex hormones, 
the effects of X chromosome alleles that escape 
inactivation or the extra-gonadal expression of non-
pseudoautosomal Y chromosome encoded genes (14-
17).  

We previously discovered that a genetically 
engineered model of GBM, involving combined loss 
of neurofibromin (NF1) and p53 function in murine 
neocortical post-natal day 1 (p1) astrocytes (male and 
female GBM astrocytes), exhibits sex differences in 
vivo (18, 19), including proliferation, clonogenic stem-
like frequency and in vivo tumorigenesis, cell cycle 
regulation (18, 19), gene  expression (18), and 
chemotherapy response (18) that mimic those 

observed in GBM patients (18, 19). Sex differences in 
the tumorigenic phenotype were validated in a second 
CRISPR-IUE (in utero electroporation) murine model 
of GBM. In this model, guide sequence inserts 
targeting Nf1 and p53 were injected into the lateral 
ventricles of embryonic pups of male and female mice, 
and progenitor cells were targeted via 
bioelectroporation. Both male and female mice 
developed tumors; however, male mice exhibited an 
accelerated tumorigenic phenotype with a shorter 
median survival (18). Together, these human and 
mouse data suggest that male and female GBM cells 
are differentially vulnerable to oncogenic events and 
to the cytotoxic effects of chemotherapy.  

What are the factors that control these differences 
between male and female cells? In a recent multi-
institutional study, we found that longer survival for 
male and female GBM patients after standard surgery, 
radiation and chemotherapy is dependent upon 
different transcriptional programs (20). We discerned 
multiple sex-specific transcriptional subtypes of GBM 
that correlated with survival in a sex-specific manner. 
We hypothesized that these sex-specific 
transcriptional states arise through sex-specific 
epigenetics, analogous to mechanisms that drive 
normal sexual differentiation (21, 22).  

Bromodomain and extra-terminal (BET) family 
proteins are epigenetic readers of histone lysine 
acetylation and function as co-activators or co-
repressors of gene expression by recruiting specific 
transcriptional complexes to target genes (23). The 
BET family member Brd4 is essential for regulating 
transcriptome-wide gene expression and specifying 
cell identity, including that of GBM (24-26). 
Additionally, Brd4 is an emerging drug target for 
epigenetic interventions (23-34). Here, we show that 
sex differences in tumor phenotype are dependent on 
differential Brd4-bound enhancer regulation of stem 
cell-like phenotypes in male and female murine and 
human GBM cells. In vitro and in vivo studies of 
genetic or pharmacological Brd4 inhibition, as well as 
data mining of the Cancer Therapeutics Response 
Portal, indicate that male and female murine and 
human GBM cells are differentially sensitive to 
inhibition of Brd4, resulting in decreased in vitro 
clonogenicity and in vivo growth of male tumors, and 
opposite effects on female cells and tumors. 
Understanding the extent to which sex differences in 
GBM are mediated by epigenetic mechanisms will be 
imperative to understanding the biology of sex 
differences in GBM, stratifying patients for treatment 
with epigenetic agents, and anticipating potential sex-
biased toxicities following systemic disruption of 
epigenetics.   
 
Results 
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Male and female GBM cells utilize different sets of 
Brd4-bound enhancers. Previously, we reported 
correlations between sex differences in tumorigenicity 
and gene expression in our murine model of GBM 
(male and female GBM astrocytes lacking function of 
both NF1 and p53, see SI Materials and Methods for 
full details) (18, 19). Fifty percent of the sex-biased 
differences in gene expression observed in this model 
were concordantly sex-biased in human GBM 
expression data (18). This concordance demonstrated 
that our murine model recapitulates important 
transcriptional pathways that govern clinically 
relevant sex-differences in human GBM. In addition, 
we found correlations between sex differences in 
survival and gene expression in patients with GBM 
(20). We therefore determined whether these distinct 
GBM transcriptional states were the result of sex-
specific enhancer activity, and whether such states 
could be perturbed with small molecules that target 
epigenetic regulators that bind at these enhancers. We 
prioritized Brd4-bound enhancers for analysis because 
these enhancers play key roles in establishing cell 
identity (25, 30-34), and may regulate the cell intrinsic 
sex differences observed in GBM. Brd4 is an 
epigenetic reader that binds acetylated histones H3 and 
H4 throughout the entire cell cycle and is deregulated 
in numerous cancers (35). Brd4 promotes epithelial-
to-mesenchymal transition, stem cell-like conversion, 
and pluripotency (26, 28, 36). Brd4 pharmacological 
inhibition has shown therapeutic activity in a number 
of different cancer models (37-41).   

To evaluate a potential role for Brd4 in mediating 
sex differences in GBM, we mapped Brd4 genomic 
localization in male and female GBM astrocytes 
(highly active Brd4-bound enhancers and typical 
Brd4-bound enhancers) using transposon Calling 
Cards (42, 43) to identify enhancers differentially 
bound by Brd4.  To do so, we fused the piggyBac (PB) 
transposase to the C terminus of the Brd4 protein, 
endowing the transposase with the ability to direct the 
insertion of the PB transposon into the genome close 
to Brd4 binding sites. Five biological replicates were 
carried out, and the correlation between replicates was 
r > 0.9 for all pairwise comparisons (SI Appendix, Fig. 
1A). Using this protocol, we mapped ~1.25 million 
unique insertions directed by the Brd4-PBase fusion 
for each male and female sample. As Brd4 is an 
epigenetic reader of the acetylated lysine 27 residue of 
histone H3 (H3K27ac), we confirmed that these newly 
identified Brd4-bound enhancers were enriched for 
H3K27ac. We performed H3K27ac Chromatin 
Immunoprecipitation Sequencing (ChIP-seq) in male 
and female GBM cells to identify the genomic regions 
enriched for this well-known marker of active 
enhancers (44). Three biological replicates were 
analyzed and the correlation between replicates was r 

> 0.9 for all pairwise comparisons (SI Appendix, Fig. 
1B).  As expected, data collected from calling cards 
and H3K27ac ChIP-seq revealed a high concordance 
between Brd4-bound enhancers and H3K27ac 
enrichment. A representative example of concordant 
Brd4 binding and H3K27ac in male and female GBM 
astrocytes at high and low-enriched regions is depicted 
in Fig. 1A. We next analyzed the distances from Brd4 
binding sites to the nearest H3K27ac-enriched regions. 
Brd4 binding sites were significantly enriched at 
H3K27ac candidate enhancer regions (Fig. 1B) and 
display concordant gene expression levels (Fig. 1C) 
indicative of active Brd4-bound enhancers (p < 0.01). 
More specifically, 82% and 81% of Brd4 bound 
enhancers were localized within 200bp of H3K27ac 
peaks in male and female GBM cells, respectively. 

Having established that our genomic data was 
reproducible and that Brd4 binding sites occur at 
genomic regions enriched for H3K27ac, we next 
sought to identify the genomic loci that were 
differentially bound by Brd4 in male and female cells. 
We identified 2679 enhancers (20% of all Brd4-bound 
enhancers in male GBM cells) that bound more Brd4 
protein in males and 2778 enhancers (21.2% of all 
Brd4-bound enhancers in female GBM cells) that 
bound more Brd4 protein in females (Fig. 2A).   The 
Brd4 signal intensity for these male-biased and 
female-biased enhancers in male and female GBM 
astrocytes is depicted in Fig. 2B. To validate these 
putative male- and female- biased enhancers using an 
orthogonal method, we analyzed their H3K27ac status 
and found that the loci that bound Brd4 in a sex-biased 
manner displayed sex-biased enrichment of H3K27ac 
(Fig. 2C). Chromosome location analysis for these 
sex-biased Brd4-bound enhancers revealed that only 
0.13% and 3.11% of male-biased Brd4-bound 
enhancers were located on the Y and X chromosomes, 
respectively, and that only 4.29% of female-biased 
Brd4-bound enhancers were located on the X 
chromosome, indicating that the observed differences 
in Brd4-bound enhancers are not simply due to 
differential Brd4 enhancer enrichment on sex 
chromosomes. The majority of enhancers exhibited a 
sex-bias in Brd4 occupancy, while a subset appeared 
to be sex-specific. We will collectively refer to these 
enhancers as sex-biased. Representative examples of 
sex-specific, Nkx2.1, and sex-biased, Zic1/4, 
enhancers, are depicted in Fig. 2 D and E. Nkx2.1 
functions both as a “lineage survival” oncogene and 
tumor suppressor in lung adenocarcinomas, (45, 46) 
whereas Zic1 acts as a tumor suppressor in breast and 
thyroid cancers (47, 48), supporting the potential 
context-dependent dual role of Brd4 in oncogenesis. 
This is the first demonstration of differential Brd4-
bound enhancer usage by male and female cells of any 
kind, suggesting that these enhancers may function in 
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sexual differentiation in a manner similar to their role 
in determining cell identity and fate (25, 30-32, 49). A 
violin plot illustrating the full distribution of the 
enrichment signal for male and female-biased loci and 
shared peaks is depicted in Fig. 2F.  

We next sought to identify the genes regulated by 
these sex-biased Brd4-bound enhancers. It is 
challenging to reliably link enhancers to the genes they 
regulate (50), so we used conservative criteria: we 
linked enhancers to the nearest gene within a 5kb 
genomic distance.  This analysis revealed 1740 male-
biased genes and 1604 female-biased genes. Pathway 
enrichment analysis using Genomatix Pathway 
System (GePS) of male-biased enhancer-gene pairs 
revealed functional enrichment for glioblastoma, cell 
proliferation, cell cycle, regulation of transcription, 
tumor angiogenesis and cancer stem cells. Similar 
analysis on female-biased enhancer-gene pairs showed 
an enrichment in pathways involved in cell 
differentiation, glioblastoma, regulation of 
transcription, cell migration and neural stem cells (SI 
Appendix, Table 1).   

Based on our observation of sex-biased Brd4-
bound enhancer usage between male and female GBM 
cells, we profiled male and female GBM cells with 
RNA sequencing (RNA-seq). For each condition, 
three biological replicates were performed; the data 
were highly reproducible (Pearson r ≥ 0.96 for all 
pairwise comparisons) (SI Appendix, Fig. 1C) and 
indicated differential expression of 3490 transcripts 
(FDR < 0.05). We next integrated the male and 
female-biased Brd4 regulated genes with the 
differentially expressed genes between male and 
female GBM astrocytes and narrowed the list of 
differentially regulated sex-biased Brd4-bound genes 
to 1296, of which 52.4% were male-biased and 47.6% 
were female-biased Brd4-regulated genes. A heatmap 
depiction of the top 400 differentially regulated sex-
biased Brd4-bound genes is presented in Fig. 2G. 
Pathway enrichment analysis for the 1296 
differentially regulated sex-biased Brd4-bound genes 
was performed using a combination of KEGG 
pathway and Genomatix Pathway System (GePS). 
Classification of these genes according to function 
revealed a significant number of relevant and 
important pathways, including cell differentiation, 
glioblastoma, cell proliferation, cell migration and 
invasion, tumor angiogenesis, stem cell functions and 
DNA binding-transcription factors (Fig. 2H and SI 
Appendix, Table 2). Thus, these sex-specific 
transcriptomic differences in core cancer pathways 
likely arise from male and female-biased Brd4-bound 
enhancer activity.  

We next sought to determine whether these sex-
specific transcriptome differences are also present in 
human GBM samples. To do so, we re-analyzed 

published RNA-seq data of 43 human glioma stem-
like cells (GSCs) and segregated them by sex (51). We 
found 246 differentially regulated genes between male 
and female GSCs, of which 223 were upregulated in 
male and 23 were upregulated in females (log2FC 1.5 
and FDR 0.05). We then compared the gene lists of 
sex-biased differentially regulated genes in human 
GSCs with those of the murine GBM astrocytes at the 
same cut-off parameters (log2FC 1.5 and FDR 0.05; 
981 and 771 upregulated genes in male and female 
GBM cells, respectively) and found an overlap in gene 
identity and direction of change for both males (17.5% 
of human male-biased differentially expressed genes, 
p-value 0.001) and females (17.4% of human female-
biased differentially expressed genes, p-value 0.04) 
(SI Appendix, Table 3). p-values were calculated using 
the cumulative hypergeometric distribution. A 
volcano plot depicting all mouse sex-biased 
significantly expressed genes with color-coded 
concordant human sex-biased genes (blue 
circles_male-biased genes; red circles_female-biased 
genes; log2FC 1.5 and FDR 0.05) genes is presented 
in Fig. 2I. The expression patterns of two 
representative examples of concordant male-biased 
(RET) and female-biased genes (SERPINF1) are 
illustrated in Fig. 2J, with gene expression (RNA-seq), 
whole exome and clinical phenotype data collected 
from TCGA GBM data (52). Pathway enrichment 
analysis for the human and mouse concordant genes 
identified functional enrichment for the MAPK family 
signaling cascade, cell adhesion, mesenchymal and 
pluripotent stem cells, neurofibromatosis, 
neuroendocrine tumors and neuron differentiation. 
Altogether, the mouse and human data suggest the 
presence of sex-specific transcriptional programs in 
tumorigenesis that are regulated by Brd4-bound 
enhancers in a sex-biased manner.   

 
Depletion or inhibition of the BET family protein 
Brd4 has opposing effects on clonogenicity in 
mouse and human male and female GBM cells. Our 
genomic analyses of mouse and human GBM cells 
suggested to us that Brd4-bound enhancers might 
regulate a large number of genes and transcriptional 
networks in a sex-biased fashion. To test this 
hypothesis, we performed genetic depletion of 
individual BET family members in our murine model 
of GBM. Under basal conditions, male and female 
GBM cells expressed Brd3 and Brd4 mRNA at similar 
levels, whereas Brd2 was expressed at higher levels in 
female cells (*p= 0.02) (Fig. 3A). We evaluated the 
potency of 5 shRNAs specific to each of the Brd2, 
Brd3, or Brd4 genes and selected the shRNAs that 
achieved the most robust knockdown of each gene for 
downstream functional experiments of the 
tumorigenic phenotype. Brd2, Brd3, and Brd4 mRNA 
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levels were partially depleted in male and female 
GBM cells after infection with the corresponding 
lentiviral shRNAs (Fig. 3B). Knockdown of Brd2 did 
not affect clonogenic frequency in either male or 
female cells as measured by the extreme limiting 
dilution assay (ELDA) (Fig. 3C). Male GBM cells 
with Brd4 knockdown exhibited a decrease in 
clonogenic frequency, whereas female cells displayed 
an increase in clonogenic frequency. A similar effect 
on clonogenic frequency was observed following Brd3 
knockdown in male cells, although it was not as robust 
as the effect of Brd4 knockdown. Strong Brd4 effects 
were observed despite the more modest knockdown of 
Brd4 compared to Brd3.  

Small molecule inhibitors of the BET family of 
proteins (BETi) are a novel class of epigenetic 
compounds that selectively target BET proteins and 
have been shown to have promise as cancer 
therapeutics, decreasing cell proliferation and invasion 
in many cancer types, including GBM (24, 27, 29). 
However, almost all of the American Type Culture 
Collection (ATCC) human cell lines used in the 
preclinical studies are of male origin and thus, 
potentially uninformative with regard to sex 
differences in drug effects. Therefore, we evaluated 
whether there was a sex difference in the treatment 
response to some of the BET inhibitors currently in 
clinical trials for cancer in our mouse GBM cells. We 
treated male and female GBM astrocytes with a panel 
of BETi (Fig. 3D), which are being tested in clinical 
trials (24 clinical trials listed in www.clinicaltrials.gov 
and Selleckchem.com) and then performed ELDAs to 
measure clonogenic cell frequency (53-55). Treatment 
with BETi reproducibly decreased clonogenic 
frequency in male GBM cells while increasing 
clonogenic frequency in female cells (Fig. 3 E-G and 
SI Appendix, Fig. 2). This striking abrogation of sex 
differences, driven by sex-dependent opposing 
response to Brd4 inhibition, is illustrated in response 
to the Brd4 antagonist JQ1 (Fig. 3F). JQ1 is a thieno-
triazolo-1,4-diazepine that displaces Brd4 from 
chromatin by competitively binding to the acetyl-
lysine recognition pocket (37, 38). Treatment of acute 
myeloid leukemia cells with JQ1 causes a rapid release 
of Mediator 1 (MED1) from a subset of enhancer 
regions that were co-occupied by Brd4, leading to a 
decrease in the expression of neighboring genes (56). 
We treated male and female GBM cells with either 
0.05% DMSO or 500 nM JQ1 and then performed 
ELDAs to measure clonogenic cell frequency. Male 
cells exhibited greater clonogenic cell activity than 
female cells under control conditions. Treatment with 
JQ1 reproducibly abrogated the basal differences in 
clonogenic frequency between male and female GBM 
cells by decreasing the clonogenic cell fraction in male 
cells and increasing the clonogenic cell fraction in 

female cells, rendering the male-JQ1 treated cells 
equivalent to the female control cells (Fig. 3F). To 
confirm that these effects were mediated by Brd4-
bound enhancers, we performed similar experiments 
using RVX-208, a BD2 inhibitor with high selectivity 
to Brd2/3 (57). Consistent with the Brd2 and Brd3 
knockdown results, treatment with 5µM RVX-208 for 
24 hours did not have an effect on the clonogenic 
frequency of male and female cells (Fig. 3 E and G). 
Next, we examined the effect of drug treatment on cell 
growth and proliferation. Male cells exhibited 
decreased proliferation and a growth phenotype 
equivalent to control female cells following JQ1 
treatment (Fig. 3H), whereas treatment with RVX208 
did not alter proliferation of male and female cells 
(Fig. 3I). Taken together, these results demonstrate for 
the first time that the sex differences in the 
tumorigenic phenotype we observe in our murine 
GBM cells are mediated by differential Brd4-bound 
enhancers, and that the response to BET inhibition is 
sex-dependent.  

Next, we investigated whether the sex-specific 
responses to BETi observed in our murine GBM 
model were also present in human GBM. To do so, we 
treated male and female human GBM primary cell 
lines with 0.05% DMSO, 500 nM JQ1, or 1 µM 
CPI0610 and then performed ELDA to measure 
clonogenic cell frequency. Similar to the murine data, 
treatment with BETi decreased clonogenic cell 
frequency in male patient-derived GBM cells, while 
slightly increasing the clonogenic cell frequency in 
female patient-derived GBM (Fig. 3J and SI Appendix, 
Fig. 3). Although we observed the expected trend in 
response to BETi treatment in human male and female 
primary cell lines, our sample size was small with 
limited power. Additionally, human GBM samples are 
intrinsically heterogeneous with different genetic 
backgrounds, and hence the magnitude of treatment 
effects can be more variable compared to isogenic cell 
lines. To expand our sample size, we analyzed the 
Cancer Therapeutics Response Portal (CTRP) to 
examine if human male GBM cells are indeed more 
sensitive to BETi than female cells. First, we 
segregated the CTRP human GBM samples by sex. 
We then analyzed the cell growth response of male and 
female GBM cells to BETi treatment.  This analysis 
revealed that male GBM cells are more sensitive to 
BETi, displaying slower growth and more cell death, 
consistent with what we observed using our murine 
GBM model (Fig. 3K).  

While the female stem cell response to BETi 
treatment data was variable, a clear difference in 
response to BET inhibition was present in the human 
GBM cell lines. This result was also supported by the 
sex difference in proliferation following BETi 
identified in the CTRP datasets. Thus, the sex-specific 
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effects of Brd4 inhibition on tumorigenic phenotype 
and response to treatment observed in our murine 
GBM model extend to human GBM cells. Taken 
together, these results demonstrate for the first time 
that sex differences in GBM cellular phenotypes are 
mediated by differential Brd4-bound enhancers, and 
that reduced Brd4 function results in opposing sex-
dependent effects in both mouse models and human 
patients. These data further affirm the sex-dependent 
role of Brd4 in regulating tumorigenesis in GBM and 
demonstrate how clinically important it will be to 
consider sex in the design of clinical trials and the 
decision making for treatment of cancer patients.  
 
Brd4-bound enhancers regulate sex differences in 
GBM. Having established that Brd4-bound enhancers 
mediate sex-difference in our murine model of GBM, 
we next sought to determine the transcriptional 
pathways responsible for these basal sex differences.  
To do so, we used our Brd4 binding data in male and 
female GBM astrocytes to categorize Brd4-regulated 
genes as male-biased (Fig. 4A), female-biased (Fig. 
4B), or shared (Fig. 4C). Although these genes were 
categorized using only Brd4 binding data, we found a 
high degree of concordance with H3K27ac intensity 
and gene expression within each category. When 
considered as a group, 95% of the male-biased Brd4-
regulated genes displayed more H3K27ac signal in 
males and 72% were more highly expressed in males 
(Fig. 4A, p-value <10-6), while 93% of the female-
biased Brd4-regulated genes displayed more H3K27ac 
signal in females and 67% were more highly expressed 
in females (Fig. 4B, p-value <10-6). These results 
demonstrate that sex-biased Brd4 binding correlated 
with sex-specific gene expression patterns. 

To determine which sex-biased genes were 
modulated after treatment with a BET inhibitor, we 
performed RNA-seq on male and female GBM cells 
treated with JQ1, one of the BET inhibitors that had a 
strong sex-biased effect on clonogenicity (SI 
Appendix, Fig. 1D). Briefly, cells were treated with 
either vehicle (0.05% DMSO) or 500 nM JQ1 for 24 
hours prior to RNA isolation. Gene expression 
analysis of JQ1- and DMSO-treated cells revealed that 
JQ1 treatment predominantly downregulated gene 
expression (Fig. 4, last column of scatterplots, and SI 
Appendix, Fig. 4A). In addition, genes proximal to 
Brd4 binding sites were significantly downregulated 
compared to genes that were distal to Brd4 binding 
sites (p <0.01), indicating that JQ1 had a specific and 
directed effect on genes whose expression was driven 
by Brd4-bound enhancers (SI Appendix, Fig. 4B). 
Pathway analysis of sex-biased Brd4-bound enhancer 
associated genes downregulated following JQ1 
treatment in male and female GBM cells revealed 
functionally important pathways, such as chromosome 

aberrations, integrin signaling, and stem cell 
proliferation in males, and immune system process, 
cell cycle, and transforming growth factor-beta 
signaling in females (SI Appendix, Table 4).  

To begin to understand the sex-specific stem cell 
response to BETi, we focused our attention on the 
functions of the sex-biased male and female Brd4-
bound enhancer genes under basal conditions. 
Functional classification of these genes using pathway 
enrichment analysis revealed that male GBM cells 
were highly enriched for cancer, neoplastic, and 
pluripotent stem cell pathways, while female GBM 
cells were mainly enriched for neural stem cell and 
stem cell proliferation pathways (Fig. 5A). 
Representative examples of these pathways are 
depicted in Fig. 5 B and C. Male-biased genes in stem 
cell pathways included well-known oncogenes, such 
as Myc, Tet1, and Lif, while female-biased genes 
included tumor suppressors, such as Six2 and Six3. 
Based on these results and our previous observation of 
a sex-dependent opposing response in clonogenicity 
following Brd4 inhibition with JQ1, we examined the 
effects of JQ1 treatment on the expression of stem cell 
pathway genes. As BETi reduced sex differences in 
clonogenicity, we hypothesized that sex differences in 
the expression of stem cell-related genes present in 
male and female GBM cells under basal conditions 
would be eliminated by JQ1 treatment, accounting for 
the abrogation of sex differences in the tumorigenic 
phenotype. We identified genes with sex differences 
in expression at baseline that became equivalent 
following JQ1 treatment, and performed pathway 
analysis. As anticipated, the cancer stem cell pathway 
was affected by JQ1 treatment (Fig. 5D). Concordant 
with differential growth responses, JQ1 
downregulated male-biased genes, while JQ1 
upregulated female-biased genes. The fold change in 
expression following JQ1 treatment (ratio of 
JQ1/DMSO) is depicted above or below each gene. 
Overall, there was concordance with the direction of 
change in gene expression and the decrease and 
increase in stem cell function in male and female 
ELDA assays respectively. These results support the 
existence of Brd4-regulated sex-specific 
transcriptional program that mediate key functional 
properties of GBM, including clonogenicity. 
Identifying the specific pathways critical to sex 
differences in GBM will require further functional 
studies. 
 
Motif analysis at sex-biased Brd4-bound 
enhancers identifies candidate transcription factor 
drivers of sex differences in the tumorigenic 
phenotype. Our results suggest that male and female 
GBM cells reside in two distinct transcriptional states 
established by the actions of Brd4. Inhibiting Brd4 
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function abrogates the sex differences in these 
transcriptional states and the concomitant differences 
in tumorigenic phenotype. As Brd4 does not bind 
DNA directly, but instead is recruited to enhancers by 
transcription factors, either directly or indirectly 
though histone acetylation, we sought to identify 
candidate transcription factors (TFs) responsible for 
the recruitment of Brd4 to sex-biased genomic loci. To 
do so, we searched for transcription factor binding 
motifs enriched at male-biased or female-biased Brd4-
bound enhancers. Transcription factors enriched at 
male-biased Brd4-bound enhancers included 
oncogenes and stem cell markers, such as Myc, Klf5, 
and Oct4, whereas female-biased Brd4-bound 
enhancers were co-occupied and enriched with 
transcription factors with tumor suppressor functions, 
such as p53 and Smad4 (Table 1). These results could 
explain the observed dual functions of Brd4 in male 
and female GBM cells. Future studies, including 
knock-in and knock-out of transcriptional master 
regulators and partners of Brd4, are warranted to 
investigate the dual functions of Brd4 as an oncogene 
in male GBM cells and tumor suppressor in female 
GBM cells. 
 
BET inhibitors have opposing effects on in vivo 
tumorigenicity in male and female mouse GBM 
astrocytes. The results described thus far suggested 
to us that Brd4-bound enhancers play an important 
role in maintaining sex-differences in our murine 
GBM model. However, these experiments all 
measured in vitro surrogates for the tumorigenic 
phenotype. Therefore, we next sought to determine 
what role, if any, Brd4 plays during in vivo 
tumorigenesis. We treated male and female murine 
GBM astrocytes with BETi and used these cells to 
perform in vivo tumor flank implantation studies in 
female nude mice. Only females were used as 
recipients for tumor flank implantation because we 
have previously shown that the sex of the recipient 
mouse does not affect the in vivo growth of implants 
in this murine model (19). Based on our in vitro ELDA 
studies, we chose to use JQ1 and CPI0610, the two 
BETi with the most dramatic sex-specific effect in 
male and female GBM astrocytes, respectively. Each 
mouse underwent flank implantation of DMSO, JQ1, 
or CPI0610 treated male cells (5000 cells) or DMSO, 
JQ1 or CPI0610 treated female cells (1.5 million 
cells). The sex difference in cell dose were empirically 
determined to match the timeframe for in vivo tumor 
growth up to the threshold for euthanasia. We attribute 
the sex differences in tumor growth kinetics to 
differences in clonogenic cell frequency and rates of 
proliferation (18, 19). Tumor formation was 
monitored by observers blinded to group assignment 
for 7-16 weeks. Flank implantation of JQ1-treated 

male GBM cells was less likely to result in tumor 
formation than implantation with control DMSO-
treated male cells (Fig. 6 A and C). In contrast, flank 
implantation of CPI0610-treated female GBM cells 
was more likely to result in tumor formation than 
implantation with control DMSO-treated female cells 
(Fig. 6 B and C). These results are consistent with the 
sex-specific effects of JQ1 and CPI0610 on in vitro 
clonogenic cell frequency and cell growth. This effect 
was seen following only one dose of BETi prior to 
implantation, suggesting that this robust response is 
maintained and manifested at the epigenetic level. 
Both JQ1 and CPI0610 display a similar pattern in 
their selectivity to target the different Brd family 
members, with the highest selectivity for Brd4 (Fig. 
3D). Although both drugs had a similar sex-specific 
directional effect on clonogenic frequency in male and 
female cells, the magnitude of their effect differed in 
both the clonogenic cell frequency and in vivo 
tumorigenic assays. A possible explanation for this 
discrepancy is that the BETi treatment could be 
affecting different or multiple Brd family members. 
To rule out this possibility and validate that the sex-
biased response to treatment was driven by Brd4, we 
treated male and female control and Brd4 knockdown 
cells with either 0.05% DMSO, 500 nM JQ1, or 1 µM 
CPI0610 and then performed ELDA to compare 
clonogenic cell frequency. No significant difference in 
the effect on clonogenic cell frequency was observed 
between control and Brd4 knockdown cells treated 
with BETi, indicating that Brd4 is required for sex-
specific responses to BETi (SI Appendix, Fig. 5). 
Although it is still unclear why we observe different 
magnitude effects of these two BETi, the fact that both 
drugs show a sex-specific effect in vivo is notable and 
predicted by our earlier observations. These results 
provide strong and critical evidence that the biology of 
sex affects cancer incidence and outcome and 
addressing these sex differences in cancer will be 
fundamental to improving outcomes and a better 
quality of life for cancer patients. 

 

Discussion   
Sex differences in the incidence and severity of 
numerous human diseases, including cancer, are 
substantial and demand an understanding at a 
molecular level. Despite the abundant data in the 
literature supporting an important role for sex on 
incidence, prognosis, and mortality in cancer, there 
has been limited effort, until recently, to include sex as 
a biological variable in the design of clinical trials, 
data analysis, and treatment (3, 12, 20, 58-61). New 
approaches to treatment could be revealed by 
dissecting the biological and molecular mechanisms 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted November 9, 2020. ; https://doi.org/10.1101/199059doi: bioRxiv preprint 

https://doi.org/10.1101/199059


8 
 

that drive sex differences in phenotype. Similar to 
other cancers, GBM has a higher incidence in males 
compared to females with a ratio of 1.6:1 (61). 
Additionally, after developing GBM, males tend to 
have a shorter median survival of 17.5 months 
compared to 20.4 months for females (62). Recently, 
we found that longer survival for male and female 
GBM patients after standard surgery, radiation, and 
chemotherapy is associated upon different 
transcriptional programs (20). Using a JIVE 
algorithm, male and female patients with GBM cluster 
into five distinct male and female subtypes 
distinguished by gene expression and survival. 
Although, a recent study by Yuan et al. (63) assigned 
GBM as a weak sex-effect cancer, their analysis of the 
TCGA GBM human patient data was performed using 
a Propensity Score Algorithm, a more standard 
approach compared to the specialized JIVE analysis 
we have previously adapted in our analysis of the 
TCGA GBM transcriptome datasets (20).  

The epigenetic mechanisms involved in GBM 
initiation and treatment response have been heavily 
investigated in the past few years, and include 
epigenetic readers, writers, erasers, and histone 
proteins (25, 26, 64-66). The strong evidence for 
epigenetic dysregulation in GBM has led to clinical 
trials of multiple drugs targeting tumor epigenetics, in 
hope of improving treatment response in patients (24, 
27, 29, 67). However, sex differences in the epigenetic 
landscape in male and female cells have not been taken 
into account when investigating cancer risk or 
treatment response. As sexual differentiation is in 
large part an epigenetic phenomenon and sex 
differences are found in the epigenetic landscape of 
male and female cells, it will be critical to examine the 
efficacy of therapies in both sexes separately to avoid 
missing important clinical effects when data are 
compiled from both sexes. Studying disparities in 
threshold for transformation in male and female cells 
will provide a powerful tool to investigate epigenetic 
mechanisms that establish a dimorphic tumorigenic 
phenotype and better treatment and survival outcomes 
for cancer patients.   

Our study establishes that sex-biased Brd4 
activity drives sex differences in GBM tumorigenic 
phenotype and renders male and female tumor cells 
differentially sensitive to BETi. Using our murine 
GBM model, in which male and female cells are 
syngeneic except in their sex chromosomes, we 
discovered transcriptome-wide sex differences in gene 
expression, H3K27ac marks, and Brd4-bound 
enhancers in male and female GBM cells. Brd4 is an 
epigenetic reader that promotes stem-like conversion 
and pluripotency (26, 28, 36), and its inhibition has 
shown therapeutic activity in a number of different 
cancer models (37-41). Sex-biased Brd4-bound 

enhancers, identified in our study, were also enriched 
for H3K27ac, indicative of sex-biased highly active 
enhancer regions. These sex-specific gene expression 
patterns were evident in human glioma stem-like cells, 
validating our model to recapitulate human GBM 
phenotype. Thus, for the first time, sex is established 
as an intrinsic element of cellular identity that is driven 
by Brd4 activity in GBM.  

To validate whether the phenotypic differences in 
male and female GBM cells were indeed mediated by 
Brd4, as suggested by our transcriptome-wide gene 
expression and Brd4 binding analyses, we performed 
Brd4 knockdown using shRNA in male and female 
GBM cells. Brd4 depletion decreased clonogenic stem 
cell frequency in male cells, while increasing it in 
female cells, abrogating the sex differences observed 
in the tumorigenic phenotype. These results suggest 
that differential sex-biased Brd4 localization may be 
responsible for the sex differences in GBM. These data 
emphasize the importance of understanding and 
including the fundamentals of the biology of sex while 
investigating epigenetic mechanisms of 
tumorigenesis.  

As bromodomain inhibitors are currently being 
evaluated in clinical trials, we hypothesized that this 
differential sex-biased Brd4 localization in male and 
female GBM cells would contribute to differential 
response to BETi.  Male and female murine and human 
GBM cells responded in opposed ways to BETi. 
Consistent with our knockdown data, this dimorphism 
in Brd4 function was linked to the sex of the 
experimental cells and correlated with sex-specific 
patterns of Brd4 localization throughout the genome, 
which renders male and female cells differentially 
sensitive to BETi. Accordingly, BETi decreased 
growth of male in vivo tumors but increased growth of 
female tumors. These results strongly indicate that sex 
differences in disease biology translate into sex 
differences in therapeutic responses. The opposing 
sex-specific response to the inhibition of Brd4 in our 
GBM model could help explain previously published 
data in breast and prostate cancer, wherein ectopic 
expression of Brd4 in breast cancer cells decreased 
invasiveness and tumor growth, while Brd4 inhibition 
decreased viability of prostate cancer cells (40, 68-70). 
These studies also revealed that in women with 
estrogen receptor positive breast cancer (68) or 
endometrial cancer (69), low Brd4 expression 
correlated with worse survival. This is in contrast to 
men with prostate cancer, in whom low levels of Brd4 
are associated with improved survival (40, 69).  The 
sex-specific response of primary human GBM cells to 
BETi corroborated data obtained from the Cancer 
Therapeutic Response Portal that show human male 
GBM cells to be more sensitive to BETi, displaying 
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slower growth and increased cell death compared to 
human female GBM cells.  

The functions of Brd4 are determined by the 
action of master transcriptional regulators that bind 
directly or indirectly to Brd4 and dictate its 
localization in the genome. We performed a motif-
based analysis to identify potential transcription 
factors that endow Brd4 with its pro- or anti- 
tumorigenic functions. This analysis revealed that 
Brd4 co-localized in a sex-biased manner with Myc 
and p53 in male and female GBM cells, respectively. 
These results are consistent with previously published 
data investigating sex differences in gene expression 
and regulatory networks in multiple human tissues. 
The study revealed that multiple transcription factors, 
although not differentially expressed between male 
and female cells, display sex-biased regulatory 
targeting patterns (2). These results warrant further 
functional studies to validate whether these master 
transcription factors drive the sex differences in Brd4-
bound enhancer activity (sex-biased Brd4 genomic 
localization) and, therefore, the sex differences in 
tumorigenic phenotype and response to BETi. Given 
that Brd4 is shown to have pleiotropic functions in the 
regulation of gene expression, these results suggest 
that Brd4 can exhibit dual functions in GBM as an 
oncogene or a tumor suppressor, dependent upon 
cellular sex. Further functional and mechanistic 
experiments are warranted to ascertain this Brd4 dual 
function in GBM.  

The consistency between our mouse and human 
data (GBM cell lines, GSCs and Cancer Therapeutics 
Response Portal) and published breast and prostate 
cancer studies provides strong evidence for context-
dependent, sex-specific dual role of Brd4 in regulating 
gene expression programs in oncogenesis. In future 
work, we will take advantage of this remarkable sex 
difference in Brd4 function in GBM to better define 
the molecular basis for Brd4 pleiotropy in cancer and 
mechanisms of resistance to Brd4 inhibitors. As BETi 
are currently being evaluated in a number of clinical 
trials, understanding this phenomenon is of critical 
importance, both for the interpretation of existing 
trials and to guide better application of these drugs. 
Increasing our knowledge of these sex-biased genetic 
and epigenetic mechanisms will lead to a greater 
understanding of cancer biology and its relationship to 
normal development. We have identified sex-biased 
Brd4-regulated genes and pathways, which could 
translate into new and promising therapeutic targets to 
enhance survival for all GBM patients and potentially 
other cancers that exhibit substantial sex differences in 
incidence or outcome.   
 
Materials and Methods 
 

Transposon calling cards assay for Brd4 
binding. For each sample (female and male 
murine GBM cells), 10 wells with an area of 9.5 
mm2 were seeded at 50% confluency (200,000 
cells per well of a 6-well plate). Each well 
represented a unique set of insertion events and 
was processed individually. Briefly, each well 
received 3 µg of plasmid DNA containing a 
piggyBac transposon (carrying a puromycin 
selection marker) with or without 3 µg of a 
transposase plasmid encoding Brd4 fused to the 
N-terminus of hyperactive piggyBac (HyPBase). 
Plasmids were delivered using Lipofectamine 
LTX/Plus Reagent (Invitrogen). Before 
transfection, cells were incubated in DMEM 
without FBS or antibiotics for 30 minutes, and 
then replaced with fresh media containing 
DMEM/F12 with 10% FBS and 1% penicillin-
streptomycin. Transfection complexes were 
applied to cells for 12-18 hours at 37 °C and 5% 
CO2. Cells were allowed to recover in fresh 
medium for another 24-48 hours. Each well was 
then separately expanded onto 10 cm dishes and 
placed in medium containing puromycin at a 
concentration of 2.5 µg/ml for 3 days. After 3 
days, cells that received transposon DNA alone 
showed no growth, while those that also received 
transposase DNA showed robust growth. Each 
10 cm dish of expanded puromycin resistant cells 
were harvested and processed by a modified 
version of the transposon calling card protocol as 
previously described (43). The Calling Card 
library was prepared by assigning each well a 
unique Illumina P7 index, so that each well of a 
sample could be demultiplexed as a set of unique 
barcoded insertions. All 4 sets of libraries, 
(Male_PB_helper, Male_PB_Brd4_fusion, 
Female_PB_helper, and 
Female_PB_Brd4_fusion) were then pooled and 
sequenced on an Illumina HiSeq 300. A total of 
40 Illumina P7 indexes were demultiplexed (10 
replicates per library). Reads were mapped to the 
mm10 reference genome using Novoalign 
(version 3.08.02; Novocraft Technologies SDN 
BHD). For each library, data from constituent 
replicates were pooled and discrete insertions 
exported in Calling Card library format for 
subsequent analysis. Insertions were visualized 
on the WashU Epigenome Browser (v46.1). 
 
Sequencing data alignment and analysis.   
Raw reads from transposon calling cards were 
aligned to the murine genome build mm10 using 
Bowtie2 (version 2.3.4.3) (71). Significant Calling 
Cards peaks or Brd4 enriched enhancer sites 
were identified by a modified version of the 
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previously described algorithm, which also has 
similarities to the MACS2 ChIP-Seq peak caller 
(43). Briefly, transposon insertions were grouped 
into peaks using a hierarchical clustering 
algorithm with a maximum distance of 5 Kb 
between insertions. Significant peaks were 
identified using Poisson distribution to test for 
enrichment over the background (unfused 
transposase) Calling Card data with an adjusted 
p-value threshold less than 0.05. The expected 
number of transposon insertions per TTAA was 
estimated by considering the total number of 
insertions observed in a large region of 100 Kb 
distance centered at the Calling Card 
cluster/insertion. We computed a p-value based 
on the expected number of insertions and 
identified Brd4 enriched enhancer sites using 
Poisson distribution.  

To identify the sites with an excess of Brd4 
insertions in male GBM cells relative to female 
cells, we used the algorithm from ChIP-Seq 
peaks caller MACS (version 2.1.0) (72) but 
modified for the analysis of calling card data. 
First, the Brd4-enriched enhancer sites from both 
male and female cells were merged if they 
overlapped by 1 bp. For each merged or 
unmerged enhancer site, the normalized 
insertions from the female samples were used to 
compute the lambda of Poisson distribution. We 
then computed a p-value from cumulative 
distribution function of the observed number of 
independent insertions in the male sample. Brd4 
binding sites with a p-value less than 0.05 and 
with more than 20 insertions were considered as 
Brd4 binding sites significantly enriched in male 
sample. To identify the Brd4 sites with an excess 
of insertions in female GBM cells relative to male 
cells, we performed the same analysis, 
substituting the male and female data sets.  

Although male and female GBM cells have a 
different number of X chromosomes, one X 
chromosome is inactivated in female cells and so 
the amount of accessible chromatin has been 
found to be similar in both cell types (73). For this 
reason, we treated the X chromosome in an 
identical manner to the autosomes for peak 
calling.  However, to explore how sensitive our 
analysis was to this assumption, we recalculated 
p-values for peaks on the X chromosome as we 
adjusted the insertions in male cells with a 
multiplier from 1 to 2 (using a step size of 0.1). 
The total number of male-biased peaks varied 
from 2679 to 2995 and the total number of 
female-biased peaks varied from 2778 to 2727, 
indicating that the vast majority of differential 
bound peaks in our analysis are robust to the 

actual percentage of accessible chromatin on the 
inactivated X chromosome. 

 
ChIP-seq data sets for H3K27ac were 

aligned to the murine genome build mm10 using 
Bowtie2 (version 2.3.4.3) and only uniquely 
aligning reads were used for downstream 
analyses (71). Regions of enrichment of 
H3K27ac over background were calculated using 
the MACS version (2.1.0) peak finding algorithm 
(72). An adjusted p-value threshold of enrichment 
of 0.01 was used for all data sets. The resulting 
peak files were used as inputs for DiffBind 
(version 3.5) to derive consensus peak sets (74, 
75). The differential enrichment of H3K27Ac 
signals between male and female analysis was 
carried out with Diffbind using DESeq2 (method 
= DBA_DESEQ2) with libraries normalized to 
total library size. 

RNA-seq data sets were aligned to the 
transcriptome and the whole-genome with STAR 
(version 2.7.0) (76). Genes or exons were filtered 
for just those that were expressed. The read-
count tables for annotated genes in the mm10 
gene transfer format (.GTF) file were derived from 
uniquely aligned reads using HTSeq (version 
0.11.1) (77). The raw counts for each gene were 
converted into TPM that is more appropriate for 
comparisons of gene expression levels between 
samples (78-80). TPMs from biological replicates 
were averaged for subsequent analysis. 
Differential gene expression between pairs of 
samples was computed using DESeq2 (version 
1.28.1) and was filtered by FDR < 0.05 for 
differentially expressed genes (81). In in some 
cases, a two-fold change was also applied as a 
filter for identifying differentially expressed genes 
between two conditions. 
 
Data Availability. Please find in SI Appendix, 
Supplementary Materials and Methods detailed 
description of Mouse male and female GBM cells, 
Chromatin immunoprecipitation sequencing 
(ChIP-seq) for H3K27ac, RNA-sequencing, 
Pathway analysis, Human glioma stem-like cells 
(GSCs) gene expression data analysis, 
Quantitative Real-Time PCR, shRNA lentiviral 
infection and knockdown of Brd2, Brd3 and Brd4, 
Clonogenic cell frequency assay: ELDA analysis,  
Growth assays, Cancer Therapeutic Response 
Portal data analysis, In vivo tumorigenesis: flank 
implantation, Statistical analysis and 
Bioinformatic motif analysis. All Illumina 
sequencing reads and processed files are 
publicly available via an FTP server in the Center 
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for High-Performance Computing at Washington 
University. The server ftp links are below: 
Calling Card data and processed files: 
https://htcf.wustl.edu/files/pX76jgeW 
ChIP-seq data and processed files: 
https://htcf.wustl.edu/files/LdbbjVd3 
RNA-seq data and processed files: 
https://htcf.wustl.edu/files/NeAbNQX2 
Additionally, these files have been deposited in 
the Short Read Archive/GEO database 
(http://www.ncbi.nlm.nih.gov/geo/).  
GEO accession # in process. 
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Fig. 1. Concordance between Brd4-bound enhancers, H3K27ac enrichment, and gene expression in 
mouse GBM astrocytes. (A) A representative example of concordant Brd4 and H3K27ac binding at high 
and low-enriched regions in male and female GBM astrocytes. (B, C) Heatmaps and intensity plots of 
H3K27ac signal at sex-biased Brd4-enriched peaks (+/- 10 Kb from the Brd4 peak center) in male (B) and 
female (C) GBM cells. For each sex-biased Brd4-enriched peak, the expression values of the nearest gene 
are presented in a dot plot in which the yellow-dotted line depicts the average gene expression levels of 50 
genes (Density refers to the fraction of genes). These analyses revealed that Brd4 binding sites are 
significantly enriched at H3K27ac candidate enhancer regions and display concordant gene expression 
levels indicative of active Brd4-bound enhancers (p < 0.01).  
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Fig. 2. Male and female GBM cells have sex-biased Brd4-bound enhancers. (A) Venn-diagram showing 
the number of unique male (2679), unique female (2778), and overlapping (10,312) Brd4-enriched peaks 
identified in GBM astrocytes. (B) A heatmap depiction of the number of Brd4 insertions at male and female-
biased Brd4-enriched peaks in GBM astrocytes (normalized data). (C) A heatmap analysis of H3K27ac 
signal intensity (read depth) at male and female-biased Brd4-enriched peaks in GBM astrocytes. (D) Nkx2.1 
and (E) Zic1/4 illustrate male-specific and female-biased genes, respectively, associated with differential 
Brd4 binding affinity and H3K27ac enrichment. The x-axis (blue arrows) of all tracks corresponds to 
genomic location of the gene. The y-axis of Calling Card tracks represents the log10 scale of sequencing 
reads for each insertion as indicated by circles. The y-axis of ChIP-seq tracks represents the number of 
uniquely mapped reads. (F) Violin plot illustrating the full distribution range of the enrichment signal for male 
and female biased-loci and shared peaks at different genomic locations. (G) RNA abundance (RNA 
sequencing) in male and female GBM cells for differentially regulated sex-biased Brd4-bound genes (n=3). 
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(H)  Pathway enrichment analysis for differentially regulated sex-biased Brd4-bound genes in male and 
female GBM astrocytes. (I) Concordance in sex-specific gene expression patterns between murine GBM 
lines and human GSCs. Volcano plot depicting all mouse sex-biased significantly expressed genes with 
color-coded concordant human sex-biased genes (blue circles_male-biased genes; red circles_female-
biased genes; log2FC 1.5 and FDR 0.05) genes. The x-axis represents mouse log2 fold change of 
male/female ratio for each significantly expressed sex-biased gene with its corresponding (-) log10 FDR 
value on the y-axis.   (J) Gene expression pattern, whole-exome sequencing and clinical phenotype data 
from the TCGA GBM datasets for 2 representative examples of concordant human and mouse male (blue) 
and female (red) sex-biased genes.  
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Fig. 3. Brd4 inhibition has opposing effects on clonogenicity in mouse and human male and female GBM 
cells. (A) Normalized Brd2, Brd3 and Brd4 mRNA expression in male and female GBM cells under basal 
conditions. Brd3 and Brd4 are expressed at equivalent levels between male and female GBM cells, while 
Brd2 is expressed at higher levels in female cells. (B) Brd2, Brd3, and Brd4 mRNA expression following 
lentiviral shRNA infection. mRNA levels in knockdown samples were normalized to their respective control. 
(C) Normalized clonogenic cell frequency as determined by ELDA assay in control and Brd2, Brd3, and 
Brd4 knockdown male and female GBM cell lines. Knockdown of Brd4 and Brd3 suppresses clonogenic 
frequency in male GBM cells while female cells showed a significant increase in clonogenic frequency 
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following Brd4 knockdown only. Brd2 depletion was without effect. All treatment groups were normalized to 
control clonogenic frequency levels. (D) Tabular representation of the BET inhibitors currently in clinical 
trials and their selectivity to the three BET family members. (E) Normalized clonogenic cell frequency as 
determined by ELDA assay in male and female GBM cells treated with DMSO (control) or the indicated 
BET inhibitor. BET inhibitors significantly reduced clonogenic cell frequency in male cells, and significantly 
increased clonogenic cell frequency in female cells. Shaded bars are used to indicate the effect of RVX208, 
a Brd2/3 inhibitor as a control for Brd4 inhibition. (F) Frequency of clonogenic stem-like cells as determined 
by ELDA assay in male and female GBM cells treated with DMSO or JQ1 (Brd2/3/4 inhibitor). Male cells 
exhibited greater clonogenic cell activity than female cells under control conditions. JQ1 significantly 
reduced clonogenic cell frequency in male cells to levels almost equivalent to female cells under control 
conditions, while female cells exhibited an increase in their clonogenic cell frequency. (G) Frequency of 
clonogenic stem-like cells was measured by ELDA in male and female GBM astrocytes following RVX-208 
treatment, a BD2 inhibitor with selectivity to Brd2 and Brd3. No significant change in clonogenic frequency 
was observed in male and female GBM astrocytes following RVX208 treatment. (H) Proliferation assays 
were performed in mouse GBM cells treated with DMSO or JQ1. Male cells exhibited greater proliferation 
than female cells under control conditions. JQ1 significantly reduced growth in male cells to female basal 
growth level. (I) Proliferation rates of male and female GBM astrocytes were unaffected by RVX-208 
treatment. (J) Normalized clonogenic cell frequency as determined by ELDA assay in male and female 
human primary GBM cells treated with DMSO (control), JQ1, or CPI0610. JQ1 treatment significantly 
reduced clonogenic cell frequency in human primary GBM male cells, and slightly increased clonogenic cell 
frequency in human primary GBM female cells. CPI0610 treatment had a similar response pattern as JQ1 
in male and female human GBM primary cells. (K) Tabular representation of the sex-biased growth 
response of human GBM cells to BETi treatment. Male GBM cells are more sensitive to BETi treatment 
than female GBM cells (Cancer Therapeutics Response Portal). (*=p <0.05, **=p <0.01, ***=p <0.001, 
****=p <0.0001 as determined by two-tailed t-test or one-way ANOVA).  
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Fig. 4. Male and female GBM cells have sex-biased Brd4-bound enhancers and concordant gene 
expression. Brd4 insertions, H3K27ac signal, and gene expression values (normalized Reads Per Kilobase 
Million (RPKM)) of the nearest gene(s) in male (x-axis) and female (y-axis) GBM astrocytes for male-biased 
(A), female-biased (B), and shared (C) genes are plotted. The percentage of genes enriched in each sex is 
indicated at the top left (female) and bottom right (male) of each graph.  (Far right column) Log2 fold 
changes (Log2FC) of the gene expression value following JQ1 treatment are plotted as above. Most genes 
are located in the bottom, left quadrant, indicating down regulation of the gene in both sexes following JQ1.  
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Fig. 5. Stem cell pathways regulated by sex-biased Brd4-bound enhancers. (A) Pathway analysis of sex-
biased Brd4-bound enhancers in male and female GBM astrocytes revealed an enrichment of stem cell 
pathways. Male GBM cells were highly enriched for cancer, neoplastic and pluripotent stem cell pathways. 
while female GBM cells were mainly enriched for neural stem cell pathways. Representative examples of 
these enriched pathways in male (B) and female (C) GBM astrocytes. Male-biased genes in stem cell 
pathways included oncogenes such as Myc, Tet1 and Lif, while female-biased genes included tumor 
suppressors such as Six 2 and Six 3. (D) Pathway analysis on sex-biased Brd4 regulated genes revealed 
that the cancer stem cell pathway was significantly affected by JQ1 treatment. Male genes (blue) were 
downregulated by JQ1 while female genes (red) were upregulated by JQ1. Value above/below gene box 
indicates the ratio of fold change expression of JQ1/DMSO in male (blue) or female (red) GBM cells. 
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Fig. 6. BET inhibitors have opposing effects on in vivo tumorigenicity in male and female GBM astrocytes. 
(A) Representative flank tumors from DMSO or JQ1 treated male GBM astrocyte-initiated tumors. (B) 
Representative flank tumors from DMSO or CPI0610 treated female GBM astrocyte-initiated tumors. (C) 
Fraction of male and female GBM cell implants that formed tumors following treatment with DMSO, JQ1 
(500 nM), or CPI0610 (1  µM). JQ1-treated male GBM cells were significantly less likely to form tumors than 
DMSO-treated male GBM cells (Fisher’s exact test p <0.0003), while CPI0610-treated female GBM cells 
were significantly more likely to form tumors than DMSO-treated female GBM cells (Fisher’s exact test p 
<0.0092). The bar graph represents the percent tumor formation under each treatment condition. Notably, 
JQ1-treated male GBM cells show a decrease in their tumor formation capacity equivalent to the control 
DMSO-treated female GBM cells, whereas CPI0610-treated female GBM cells had an increase in tumor 
formation capacity almost equivalent to control DMSO-treated male GBM cells. 
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Supplementary Materials and Methods 

Mouse male and female GBM cells.  
Male and female astrocytes were isolated from the neocortices of postnatal day 1 Nf1fl/fl GFAP Cre mice and genotyped 
for sex using Jarid1c and Jarid1d PCR. Male and female Nf1−/− astrocytes were then infected with retrovirus encoding a 
flag-tagged dominant-negative form of p53 (DNp53) and EGFP resulting in male and female astrocytes null for Nf1 and p53 
function. The DNp53 plasmid consists of amino acids 1–14 of the transactivation domain followed by amino acids 303–393, 
thus lacking the DNA binding domain. Cells were grown in DMEM/F12 media supplemented with 10% FBS and 1% penicillin-
streptomycin. These astrocytes serve as a model of GBM and are referred to throughout the text as male and female GBM 
astrocytes. Cell cycle analysis and metaphase spreads of male and female GBM astrocytes reveal similar aneuploidy with 
2N and 4N subpopulations with varying and overlapping chromosome numbers that ranged between 50 and 120, and 41 
and 111 respectively (1).  
 
Chromatin immunoprecipitation sequencing (ChIP-seq) for H3K27ac.  
10 million male and female GBM cells were treated with 0.05% DMSO or 500 nM JQ1 for 24 hours. Following treatment, 
cells were then prepared for various downstream analyses including ChIP-seq for H3K27ac. Briefly, cells were fixed in 1% 
formaldehyde prepared in DMEM/F12 and incubated for 10 minutes at room temperature with gentle rocking.  Fixation was 
quenched by the addition of glycine to a final concentration of 125 mM and incubation for 10 minutes at room temperature 
with gentle rocking. Cells were then washed with cold PBS and harvested by scraping in 5 ml of cold PBS.  Cells were 
transferred to 15 mL conical tubes and pelleted with a 5-minute spin (1,000g) at 4ºC. Sonication was performed on an 
Epishear probe-in sonicator (Active Motif) at 40% amplitude for 8 cycles of 30 seconds, with 30 seconds of rest between 
each cycle.  ChIP-seq libraries were constructed as previously described (2), with an antibody that recognizes H3K27Ac 
(Active Motif, 39133, rabbit polyclonal). ChIP-seq libraries were constructed with sample-specific barcodes, and pooled 
before sequencing on a HiSeq 2500 (Illumina). 
 
RNA-sequencing.  
Male and female GBM cells (Nf1-/-;DNp53 astrocytes) were generated as previously reported (Sun et al., 2015) and grown 
in DMEM/F12 media supplemented with 10% FBS and 1% penicillin-streptomycin. Total RNA was isolated from male and 
female GBM cells that were treated with DMSO (0.05%) or JQ1 (500 nM for 24 hours) using the RNeasy Mini Kit from 
QIAGEN (Hilden, Germany), following the kit protocol. PolyA Selection was performed to create RNA Seq libraries. Cell 
mRNA was extracted from total RNA using a Dynal mRNA Direct kit. The quantity of RNA was measured using a 
spectrophotometer (NanoDrop 2000c; Thermo Scientific). Samples with an RNA concentration A260/A280 ≥1.8 ng/μl, and 
purity A230/A260 ≥ 2.0 ng/μl were selected. The Agilent 2100 Bioanalyzer was used to determine the RNA integrity number. 
The degradation level was identified using the RNA 6000 Nano LabChip kit (Agilent). Samples with RNA integrity number 
> 9.8 were further processed using TruSeq mRNA Library Preparation Kit (Illumina) and then sequenced on a HiSeq 25000 
(Illumina).   
 
Pathway analysis.  
Pathway enrichment analysis for differentially regulated genes was performed using a combination of KEGG pathway and 
Genomatix Pathway System (GePS). GePS uses information extracted from public and proprietary databases to display 
canonical pathways and or to create and extend networks based on literature data.  These sources include NCI-Nature 
Pathway Interaction Database, Biocarta, Reactome, Cancer Cell Map, and the ENCODE Transcription Factor project data. 
All data for pathway analyses are presented with adjusted corrected p-values. 
 
Human glioma stem-like cells (GSCs) gene expression data analysis. 
 RNA-sequencing data were derived from GSCs published in Mack et al., 2019 (3). Data from FASTQ files were trimmed 
with TrimGalore, which implements Cutadapt (4) and FastQC (5), to remove low quality reads and trim adapaters. Reads 
were aligned to Gencode v29 using Salmon (6) with correction for GC bias, positional bias and sequence-specific bias. The 
R/Bioconductor (7) package tximport (8) was used to generate TPM values. Low expressed genes without at least 1 count 
in 4 samples were excluded from analysis. Comparisons were performed using DESeq2 (9) on raw counts. 
 
Quantitative Real-Time PCR.  
Total RNA was isolated using QIAGEN RNeasy Mini Kit from male and female GBM cells (Nf1-/-;DNp53 astrocytes) infected 
with shRNA lentivirus against Brd2, Brd3 or Brd4. cDNA was generated using the QuantiTect Reverse Transcription Kit 
(Qiagen). Quantitative RT-PCR was performed using gene-specific primers and iTaq SYBR Green PCR master mix (Biorad, 
CA). Data was analyzed by standard ΔCq method (2-ΔΔCq) where ΔCq is the difference between the gene of interest and 
GAPDH control Cq value. Sequences for primers specific for each Brd family member are provided in SI Appendix, Table 
5. 
 
shRNA lentiviral infection and knockdown of Brd2, Brd3 and Brd4.  
Brd2, Brd3 and Brd4 knockdown lines were generated by infecting male and female GBM cells (Nf1-/-;DNp53 astrocytes) 
with lentiviral shRNAs against Brd2, Brd3 or Brd4.  All Knockdown lines were selected with puromycin (2.5 µg/ml) in media 
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for 1-2 weeks and the survivors were expanded for downstream target knockout analysis. Five different shRNAs specific to 
each of the Brd family members were evaluated and the shRNA with the most robust knockdown was used for the 
downstream functional experiments. Sequences for shRNAs are provided in SI Appendix, Table 5. 
 
Clonogenic cell frequency assay: Extreme Limiting Dilution Assays (ELDA analysis).   
Male and female mouse GBM cells (Nf1-/-;DNp53 astrocytes, 2 lots of male and female cells) or human male and female 
primary GBM cell lines (3 male and 3 female human primary GBM cell lines were kindly provided to us by Dr. Albert Kim) 
were treated with DMSO (0.05%), iBET762 (4 µM), CPI203 (0.5 µM), CPI0610 (1 µM), JQ1 (500 nM), OTX015 (2.5 µM), 
PFI1 (5 µM) or RVX-208 (5 µM) for 24 hours or with shRNAs against Brd2, Brd3, or Brd4. The timing and dosing of each 
drug was based on previously published data (10-14). Clonogenic capacity was then assessed by the Extreme Limiting 
Dilution Assay (ELDA). The frequency of clonogenic stem cells was evaluated by the cells’ ability to form tumor-spheres in 
low-adherent conditions as previously reported (15). Briefly, cells were harvested into a single cell suspension and plated 
in neurosphere media containing EGF, FGF and mouse LIF on 96-well ultra-low attachment plates in a serial dilution ranging 
from 3000 cells/well to 1 cell/well (3000, 600, 120, 24, 5 and 1 cells; n=14-18 wells/cell density). Sphere formation was 
measured 7 days after plating. Clonogenic cell frequency was then analyzed using the Extreme Limiting Dilution Analysis 
software (16). 
 
Growth assays.  
Growth kinetics of male and female GBM cells (Nf-/-;DNp53 astrocytes) treated with DMSO (0.05%), JQ1 (500 nM), or RVX-
208 (5µM) for 24 hours were examined by counting live cell number using an automated T4 cell counter as previously 
described with minor modifications (15). Briefly, cells were harvested and plated in a 6-well plate at a density of 2 x 104 
cells/well (2 technical replicates per treatment/genotype/time point). 4 hours post plating, cells were harvested by 
trypsinization and counted in the presence of trypan blue. This time point was designated as the starting point (T0) of the 
time course. Cells were then harvested and counted every 24 hours for a total of 3 days (24, 48 and 72 hours). This 
experiment was repeated three times. 
 
Cancer Therapeutic Response Portal data analysis.   
Drug response data were derived from the Cancer Therapeutic Response Portal (CTRP). The outcome variable was area 
under the curve (AUC) for each cell line and drug treatment. Glioblastoma cell lines were segregated by male vs. female 
sex, and AUC for each drug was analyzed by sex using the R/Bioconductor package limma (17). 
 
In vivo tumorigenesis: flank implantation.    
Flank tumors were generated by implanting GBM astrocytes subcutaneously into left side flanks. These cells were treated 
with 0.05% DMSO, 500 nM JQ1 or 1  µM CPI0610 for 24 hours, followed by EGF treatment at 50ng/ml for one week. 1.5 
million female cells or 5000 male cells treated with DMSO, JQ1 or CPI0610 were then harvested and resuspended in 100 
µl of 1:1 media to matrigel (BD Biosciences) and injected into the flanks of mice. Mice were monitored weekly and tumor 
growth and formation were monitored blindly for 8-16 weeks with thrice weekly micrometer measurements in 3 dimensions. 
Animals were used in accordance with an animal studies protocol (no. 20180206) approved by the Animal Studies 
Committee of the Washington University School of Medicine per the recommendations of the Guide for the Care and Use 
of Laboratory Animals (NIH).  
 
Bioinformatic motif analysis.  
To identify DNA motifs that are associated with sex-biased Brd4 binding, we used the HOMER toolkit (v4.11) (18).  Briefly, 
to find motifs enriched under male-biased peaks, we used the sequences under male-biased Brd4 peaks as input to 
HOMER, and used sequences from female-biased peaks, or all Brd4 peaks, as background.  We used the following HOMER 
command: (findMotifsGenome.pl mm10 -nomotif -preparsedDir -bg).  We found motifs enriched under female-biased peaks 
in a similar fashion using the corresponding sequence files.   
 

Statistical analysis.  
All experiments in this study were carried out at least three times. ELDA experiments with JQ1 and CPI0610 treatment were 
performed three times (n=3) in two or three different mouse GBM lots of cells, as indicated for each experiment. ANOVA, 
two-tailed Student’s t-test and Fisher’s exact test were used to compare the differences in all functional measurements 
between BET inhibitors and control group (DMSO), and a p-value < 0.05 was considered statistically significant. 

To test if upregulated genes in male cells compared to female cells and vice versa are significantly enriched for 
H3K27ac binding, the normalized H3K27ac signal intensities (reads) from 1kb upstream of the gene start site to 1kb 
downstream of the end of the gene were used for the correlation analysis. A paired Mann-Whitney-Wilcoxon test was used 
to compare normalized H3K27ac signal intensities between male and female cells and a p-value less than 0.01 was 
considered statistically significant.  

To investigate if Brd4-proximal genes are significantly downregulated upon JQ1 treatment compared to Brd4-distal 
genes, we first defined Brd4 proximal genes as the closest genes to Brd4 binding sites and Brd4 distal genes as genes 
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located near sites that are not enriched for Brd4 binding sites. Brd4 proximal and distal genes (500 genes each) were 
randomly selected. A Mann-Whitney-Wilcoxon test was used to compare the expression profiles before and after JQ1 
treatment of Brd4 proximal and distal genes for male and female respectively and a p-value less than 0.01 was considered 
statistically significant. 
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Fig. S1. Quality assessment of transposon Calling Card, H3K27ac ChIP-seq and RNA-seq experiments. Correlation 
heatmaps for transposon Calling Card (A), H3K27ac ChIP-seq (B) and RNA-seq (C, D) were prepared using replicates of 
male and female GBM samples. Venn diagrams in (B) depict the shared H3K27ac-enriched peaks among replicates in male 
and female GBM cells. 
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Fig. S2. BET inhibitors have opposing effects on clonogenic stem cell frequency in male and female GBM cells. Frequency 
of clonogenic stem-like cells as determined by ELDA assay in male and female GBM cells treated with DMSO or (A) 
iBET762, (B) CPI203 (C) CPI0610 (D) OTX015 (E) PFI1. Male cells exhibited greater clonogenic cell activity than female 
cells under control conditions. BET inhibition reduced clonogenic cell frequency in male cells, while female cells exhibited 
an increase in their clonogenic cell frequency. 
 

 

 

 

 

 

 

 

 

 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted November 9, 2020. ; https://doi.org/10.1101/199059doi: bioRxiv preprint 

https://doi.org/10.1101/199059


7 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. S3. Sex-specific response to BET inhibitor treatment is evident in human primary GBM cells. Normalized clonogenic 
cell frequency as determined by ELDA assay in male (A) and female (B) human primary GBM cells treated with DMSO 
(control), JQ1, or CPI0610. JQ1 treatment significantly reduced clonogenic cell frequency in human primary GBM male 
cells, and significantly increased clonogenic cell frequency in 1 out of 3 human primary GBM female cells. CPI0610 
treatment had a similar response pattern as JQ1 in male and female human GBM primary cells. (*=p <0.05, **=p <0.01 as 
determined by unpaired two-tailed t-test). 
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Fig. S4. JQ1 effect on gene expression in male and female GBM cells. (A) Heat map of gene expression changes (log2; 
upregulated in red and downregulated in blue) upon JQ1 treatment in male and female GBM cells. (B) Boxplot of gene 
expression changes (log2) of Brd4 proximal and distal genes following JQ1 treatment of male (blue) and female (red) GBM 
cells. The gene expression profile of genes in close proximity to Brd4 binding sites is compared to distal genes by a Mann-
Whitney-Wilcoxon test. Brd4 proximal genes are significantly downregulated compared to Brd4 distal genes in both male 
and female GBM cells following JQ1 treatment (p< 2x10-16). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted November 9, 2020. ; https://doi.org/10.1101/199059doi: bioRxiv preprint 

https://doi.org/10.1101/199059


9 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S5. Brd4 is the main Brd family member responsible for the sex-specific response to BETi treatment. Normalized 
clonogenic cell frequency as determined by ELDA assay in male and female GBM cells treated with DMSO or the indicated 
BET inhibitor, with or without Brd4 knockdown. No significant difference in the effect on clonogenic cell frequency is 
observed between control and Brd4 knockdown cells treated with BET inhibitors, indicating that Brd4 is the main Brd family 
member responsible for this sexually dimorphic response to BETi treatment in male and female cells.  (*=p <0.05, **=p 
<0.01 as determined by unpaired two-tailed t-test).  
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Table S1. Pathway enrichment analysis for sex-biased Brd4-regulated genes 
in male and female GBM cells as identified by Brd4 calling cards and H3K27ac 
ChIP_seq*  

Pathway description Adjusted  
p-value # of Genes 

Male GBM Cells: 1740 genes   
Glioblastoma < 0.0001 349 

Cell proliferation < 0.0001 224 

Cell cycle  < 0.0001 152 

Regulation of transcription < 0.0001 113 

Tumor angiogenesis 5.00E-03 70 

Cancer stem cells  < 0.0001 41 

Epidermal growth factor receptor signaling 2.00E-03 15 

Female GBM Cells: 1604 genes   

Cell differentiation < 0.0001 386 

Glioblastoma < 0.0001 320 

Regulation of transcription < 0.0001 181 

Cell migration < 0.0001 161 

Neural stem cells < 0.0001 72 

Negative regulation of angiogenesis 1.00E-03 13 

Kinase suppressor of Ras 1.00E-03 8 
*Subset of pathway enrichment analysis 
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Table S2. Differentially regulated sex-biased Brd4-bound genes in male and female GBM cells   

Sex-biased 
regulated 
genes 

RNA-seq log2 fold 
change (male vs. 

female)  
Adjusted              
p-value 

Brd4 Calling 
cards 

enrichment 
ratio (male 
vs. female) 

Adjusted              
p-value 

H3K27ac log2 fold 
change (male vs. 

female) 
Adjusted              
p-value 

 
Col25a1 4.64 6E-09 21.28 1E-18 4.47 6E-25  

Blnk 4.64 1E-19 5.64 4E-10 5.42 3E-17  

Gm11549 4.60 3E-23 29.69 4E-125 3.73 4E-37  

Rassf10 4.52 8E-13 2.44 4E-04 3.00 8E-18  

Mlc1 4.38 1E-22 4.99 2E-06 1.98 3E-07  

Klhl13 4.31 2E-20 35.28 2E-40 0.85 1E-02  

Gng2 4.29 1E-23 22.64 2E-85 6.63 4E-28  

Cntnap4 4.24 5E-10 9.40 3E-12 3.96 4E-05  

Endou 4.22 5E-08 3.88 4E-03 1.96 6E-24  

Adssl1 4.18 6E-29 4.99 2E-06 0.67 2E-03  

Matn2 4.14 9E-32 4.16 3E-14 2.93 3E-04  

Xdh 4.12 2E-08 3.18 1E-09 1.14 3E-03  

Aldh1a3 4.04 2E-23 3.21 7E-18 1.31 2E-04  

Grpr 4.03 8E-14 26.73 6E-27 3.52 2E-02  

Pyroxd2 4.02 3E-06 2.99 4E-02 2.07 4E-04  

Galnt15 4.01 4E-20 5.60 4E-13 2.44 3E-04  

Foxl1 4.00 1E-11 3.18 4E-03 2.66 3E-25  

Gria1 4.00 1E-16 5.95 3E-19 2.16 7E-20  

Pir 3.99 1E-22 6.18 4E-10 1.72 2E-13  

Scml4 3.95 6E-27 2.21 4E-16 3.96 1E-08  

Ndp 3.93 4E-07 4.53 2E-74 1.41 2E-03  

Ahr 3.85 1E-25 8.88 2E-48 3.07 1E-06  

Lpar1 3.84 2E-24 5.40 2E-27 2.87 8E-05  

Ces1f 3.83 6E-13 2.07 3E-02 2.29 2E-14  

Ndnf 3.82 2E-08 3.86 7E-05 2.60 2E-03  

Gm10421 3.81 7E-10 9.50 9E-34 4.11 3E-10  

Fam167a 3.81 3E-16 4.76 2E-06 1.93 2E-14  

Lgals3 3.80 5E-08 1.88 1E-12 1.27 8E-11  

Fam19a2 3.79 2E-11 2.81 6E-37 1.21 3E-02  

Car2 3.78 8E-08 3.65 3E-07 1.94 2E-03  

Gprc5c 3.77 2E-06 5.16 2E-06 1.75 6E-04  

Npepl1 3.72 6E-21 4.34 6E-25 0.52 4E-02  

Mt1 3.72 6E-09 2.40 2E-02 0.84 4E-03  

Peli2 3.69 4E-06 2.80 8E-04 0.79 2E-02  

Fam83b 3.62 2E-06 58.36 1E-21 2.61 1E-04  

Frmd5 3.55 2E-05 1.94 1E-04 0.78 2E-02  

Cda 3.55 4E-15 3.14 4E-05 1.60 2E-03  

Pou3f2 3.53 3E-06 1.41 2E-06 0.62 2E-03  

Nalcn 3.52 1E-05 2.65 5E-77 1.49 5E-04  

Shtn1 3.50 4E-28 30.62 7E-33 4.37 7E-08  

Kcnn3 3.49 5E-21 3.57 2E-09 1.28 8E-12  

Crabp1 3.48 9E-05 85.68 1E-36 5.83 2E-36  

Pdk4 3.48 6E-26 1.59 2E-02 0.79 1E-02  

Mt2 3.48 1E-08 2.40 2E-02 0.84 4E-03  

Npy4r 3.48 1E-05 7.51 9E-10 0.74 3E-02  
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Pi15 3.46 3E-05 6.06 2E-15 1.92 6E-03  

Cpa4 3.43 6E-10 4.61 9E-06 2.26 1E-13  

Kazald1 3.43 2E-18 2.83 4E-13 0.79 4E-03  

Alk 3.42 7E-10 8.94 2E-18 3.37 2E-15  

Itga11 3.40 4E-06 4.30 1E-02 4.59 2E-12  

Sucnr1 3.40 3E-26 1.43 4E-04 1.36 9E-06  

Aqp1 3.39 4E-06 23.62 3E-21 5.81 3E-13  

Dock8 3.38 4E-06 4.63 5E-93 4.13 5E-21  

Loxl4 3.36 5E-33 2.99 4E-02 2.07 4E-04  

Trpv4 3.33 5E-16 13.58 4E-53 2.66 8E-23  

Cyp1b1 3.30 1E-04 10.80 3E-203 4.94 8E-19  

Cxcl14 3.28 5E-08 6.02 1E-05 2.18 3E-18  

Tgfbi 3.27 3E-18 9.74 2E-21 1.78 1E-12  

Kcnk10 3.26 2E-19 18.17 1E-14 1.20 4E-05  

Igf2bp3 3.25 8E-16 3.78 8E-15 1.99 1E-12  

A830082K12Rik 3.24 2E-26 1.84 6E-11 0.76 1E-02  

Trhr 3.23 2E-07 14.19 6E-186 4.03 5E-03  

Aldh3a1 3.23 3E-13 7.84 3E-20 0.77 7E-03  

Epha3 3.23 6E-18 4.10 4E-02 1.83 4E-04  

Slc22a4 3.22 4E-05 3.65 3E-07 2.83 4E-09  

Cdk18 3.20 1E-18 4.44 2E-07 1.67 6E-15  

Ccdc122 3.18 1E-18 2.60 4E-23 1.82 5E-03  

Meis1 3.17 6E-23 2.43 5E-04 4.64 9E-07  

Slc5a7 3.16 1E-03 12.77 5E-62 1.98 2E-10  

Tgm2 3.15 5E-23 10.14 4E-09 1.81 3E-14  

Sorcs2 3.15 2E-33 11.32 2E-16 1.14 3E-04  

Cgref1 3.11 7E-05 3.10 2E-12 1.45 3E-05  

Gpr85 3.09 1E-16 17.72 3E-36 4.54 7E-17  

Nr2f1 3.08 6E-30 2.58 6E-20 1.25 7E-07  

C1qtnf1 3.08 3E-15 6.02 1E-05 1.03 3E-07  

Gmpr 3.07 5E-19 2.82 3E-06 4.38 7E-10  

Pdgfb 3.06 1E-25 3.93 3E-08 0.89 1E-04  

Myo1d 3.06 1E-25 12.13 4E-38 1.86 2E-23  

Fam110c 3.03 3E-10 7.14 9E-30 1.26 9E-06  

Cd28 3.03 1E-04 2.98 3E-05 2.32 9E-04  

Shh 3.02 2E-13 9.72 3E-12 3.38 5E-06  

A230065H16Rik 3.01 1E-04 7.12 3E-11 1.21 2E-08  

Psca 2.99 2E-13 2.37 4E-03 0.57 7E-03  

Gprin3 2.98 4E-14 1.63 7E-03 0.84 2E-02  

Lgals2 2.95 5E-24 2.09 1E-03 1.43 1E-13  

Chst3 2.95 4E-16 2.96 5E-15 1.23 5E-13  

Aspa 2.95 5E-18 2.40 3E-09 3.88 1E-03  

Mettl24 2.92 2E-03 6.68 1E-28 6.49 2E-17  

Snhg18 2.89 2E-18 2.73 1E-07 1.75 2E-05  

Shisa3 2.88 3E-03 6.85 2E-30 1.65 6E-09  

Rasgrf1 2.86 3E-03 7.09 1E-26 1.92 2E-03  

Gsdmd 2.86 3E-12 2.13 2E-02 0.54 1E-02  

Ccdc3 2.85 1E-04 4.82 1E-05 1.65 1E-02  

Vtcn1 2.85 2E-04 3.11 1E-03 1.17 4E-02  

Artn 2.84 3E-03 11.00 2E-16 4.29 2E-57  

Ret 2.84 1E-04 3.40 1E-07 1.64 3E-09  

Adh7 2.84 6E-31 2.99 1E-05 2.50 6E-05  
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Foxd1 2.83 5E-05 4.04 1E-33 0.99 3E-07  

Hapln1 2.83 2E-03 2.21 2E-05 1.09 8E-04  

Tet1 2.82 2E-25 2.77 2E-07 3.53 2E-10  

Aebp1 2.81 7E-30 3.01 6E-03 1.90 6E-06  

Cd109 2.80 3E-35 2.55 2E-15 1.00 2E-03  

Cd300lb 2.78 1E-09 2.48 5E-09 0.86 7E-05  

Tmem200c 2.78 5E-03 4.15 2E-13 2.70 1E-33  

Apbb1ip 2.76 3E-20 3.56 9E-05 0.90 5E-04  

Sybu 2.75 3E-07 4.17 2E-04 5.41 1E-09  

Lipg 2.74 2E-15 2.09 3E-02 1.89 3E-07  

Sh2d4a 2.74 2E-03 3.44 2E-44 1.91 6E-03  

Nrp2 2.74 6E-36 2.48 3E-06 1.32 8E-05  

Krt80 2.71 2E-03 58.36 1E-21 2.05 2E-14  

Ddx3y 2.67 7E-03 107.53 1E-50 6.62 4E-19  

Agap2 2.65 1E-06 3.49 8E-13 1.34 1E-03  

Ccbe1 2.64 3E-06 9.73 2E-17 4.59 3E-06  

Tenm4 2.64 1E-21 6.02 1E-05 4.82 3E-37  

Efemp1 2.63 2E-34 4.33 4E-09 1.29 5E-10  

Krt87 2.62 7E-03 9.24 4E-48 4.17 2E-67  

Atp8a1 2.61 1E-30 6.85 2E-30 1.65 6E-09  

Crygs 2.61 6E-07 2.34 4E-08 0.68 2E-03  

Slc6a15 2.60 9E-03 69.29 5E-27 3.16 1E-36  

Traf1 2.60 1E-04 3.53 7E-11 2.88 8E-07  

Chmp4c 2.59 4E-11 3.80 7E-13 1.47 4E-02  

Dlx6os1 2.58 1E-06 3.40 4E-03 2.19 1E-06  

Mlip 2.58 4E-04 2.50 4E-02 2.61 1E-04  

Igfbp3 2.57 1E-19 3.63 1E-05 2.05 7E-23  

Papln 2.56 4E-03 4.69 1E-15 1.60 3E-02  

Nfatc2 2.56 8E-07 4.06 1E-04 1.80 6E-03  

Syt8 2.55 2E-03 5.23 4E-10 1.49 5E-14  

Gm4262 2.54 6E-05 1.74 5E-05 1.10 3E-07  

Mn1 2.54 5E-15 12.65 3E-114 4.14 1E-05  

Asb4 2.54 2E-03 3.61 2E-10 0.79 1E-02  

Ano1 2.54 2E-20 5.93 3E-28 2.71 1E-15  

Fam135b 2.53 8E-04 2.80 1E-10 2.21 3E-02  

Arhgef19 2.53 3E-17 1.62 2E-02 0.44 2E-02  

Mfsd6 2.52 1E-27 2.23 8E-03 1.37 3E-07  

Oacyl 2.51 1E-02 4.46 4E-05 1.32 6E-03  

Npas3 2.51 3E-35 1.87 4E-06 1.25 9E-09  

Dlgap2 2.51 2E-03 2.79 3E-02 1.60 2E-05  

Cd38 2.50 2E-05 2.16 3E-03 1.23 1E-04  

A930001A20Rik 2.49 1E-02 4.82 1E-05 1.17 4E-02  

Itgb8 2.48 2E-23 1.82 3E-07 0.68 2E-02  

AA467197 2.48 1E-03 7.11 1E-16 2.08 1E-20  

Sash1 2.48 1E-14 4.28 2E-15 3.24 4E-04  

Col1a1 2.48 7E-27 1.81 4E-02 0.77 4E-05  

Ttyh1 2.48 2E-06 7.26 9E-10 2.62 3E-05  

Nebl 2.48 2E-30 2.96 1E-07 1.00 4E-05  

A330074K22Rik 2.46 4E-12 3.28 8E-03 0.54 3E-02  

Faim2 2.44 1E-04 4.32 4E-05 3.23 2E-44  

Edn2 2.43 2E-02 6.02 1E-05 6.00 7E-14  

Pantr1 2.41 4E-22 1.43 1E-15 0.76 5E-03  
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Fgfrl1 2.40 6E-22 4.51 2E-03 1.84 3E-03  

Txlnb 2.40 5E-12 3.37 1E-03 2.22 6E-03  

Scd1 2.39 7E-21 5.52 7E-26 0.82 4E-04  

C1ql3 2.38 2E-17 2.39 1E-35 2.39 2E-03  

Edil3 2.38 3E-11 2.21 2E-05 1.09 8E-04  

Adgrg6 2.38 2E-36 8.44 2E-09 1.56 2E-03  

Sele 2.37 2E-03 9.23 4E-07 2.56 4E-05  

Pde8a 2.36 1E-31 2.06 1E-03 1.16 2E-05  

Hspb7 2.36 3E-04 3.53 2E-16 1.19 2E-05  

Agmo 2.35 2E-02 72.02 7E-29 1.99 1E-02  

Col1a2 2.32 8E-27 3.75 1E-67 1.44 6E-09  

Kcnj16 2.31 2E-02 6.27 2E-06 1.20 5E-08  

Plb1 2.30 4E-12 1.72 2E-02 1.27 5E-12  

Fbn2 2.29 4E-17 18.17 1E-14 4.99 9E-15  

Rem2 2.29 3E-03 1.86 3E-02 0.62 3E-03  

Upp1 2.27 1E-09 3.35 1E-05 1.27 3E-03  

Arhgef3 2.27 2E-03 9.07 7E-35 1.34 2E-04  

Scube3 2.24 2E-14 80.21 1E-34 6.79 4E-29  

Zkscan2 2.24 5E-03 7.93 8E-37 5.58 1E-10  

Egr3 2.24 4E-29 3.11 1E-03 0.92 3E-06  

Kif21a 2.24 1E-37 7.20 2E-14 1.80 4E-06  

Klf12 2.22 8E-06 23.62 3E-21 1.92 3E-07  

Pak6 2.22 8E-03 2.13 2E-03 1.69 3E-04  

Ddit4 2.19 5E-11 2.16 3E-04 0.91 1E-02  

Elmo1 2.18 3E-11 2.93 2E-06 0.88 8E-03  

Sorbs2os 2.17 9E-05 2.02 2E-16 1.14 2E-08  

Nov 2.16 2E-07 2.23 4E-03 3.01 2E-03  

Adamtsl1 2.16 1E-21 3.45 5E-05 2.06 3E-02  

Socs1 2.15 4E-12 4.64 1E-09 1.75 1E-07  

Sema6a 2.15 6E-14 18.00 2E-60 4.33 5E-05  

Galnt13 2.14 4E-07 5.87 4E-13 2.33 3E-05  

Tnfrsf1b 2.14 3E-18 1.93 3E-02 1.03 6E-06  

Elovl7 2.13 1E-04 7.16 1E-06 0.89 1E-02  

Macrod1 2.11 2E-12 1.68 2E-02 0.59 1E-03  

Insm1 2.10 2E-06 6.69 1E-12 4.41 3E-04  

Nav1 2.10 6E-37 1.92 2E-02 1.05 3E-03  

Msx3 2.10 2E-04 5.76 1E-17 6.50 1E-16  

Tcn2 2.09 2E-06 2.64 2E-06 1.99 6E-05  

Clip4 2.09 7E-26 8.94 2E-18 3.37 2E-15  

Apoh 2.09 7E-03 5.66 7E-17 1.60 4E-07  

Sox5 2.08 2E-13 22.06 6E-20 3.81 2E-03  

Eef2k 2.08 9E-22 1.90 9E-04 1.68 1E-08  

Slc7a7 2.07 9E-05 2.09 8E-08 0.92 1E-02  

Idua 2.05 1E-08 4.51 2E-03 1.84 3E-03  

Tspan11 2.04 1E-02 2.58 9E-08 1.79 3E-05  

Gfra2 2.02 2E-05 3.13 9E-09 1.44 3E-04  

Bin3 2.02 3E-26 3.11 1E-03 0.92 3E-06  

Kdm5d 2.02 5E-02 74.75 9E-31 6.69 2E-20  

Armc2 2.02 3E-05 11.22 1E-22 2.96 9E-11  

Laptm4b 2.01 2E-19 5.11 8E-05 1.24 4E-02  

Kcnn4 2.01 3E-02 2.15 4E-06 1.74 5E-08  

Uty 2.01 5E-02 121.18 8E-59 6.78 9E-18  
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Cdk6 2.01 7E-15 7.80 2E-07 2.20 1E-02  

Frmd4b 2.00 3E-19 4.34 1E-14 1.37 2E-05  

Sema5a 2.00 1E-21 6.62 3E-23 4.38 1E-05  

Lacc1 2.00 6E-22 2.60 4E-23 1.82 5E-03  

Lix1 1.99 5E-02 3.59 3E-09 1.15 7E-04  

Prr33 1.99 3E-05 2.91 4E-07 5.14 4E-82  

Tex26 1.99 2E-02 2.74 4E-05 0.45 3E-02  

Mr1 1.99 9E-14 3.18 3E-02 0.45 3E-02  

Fam92b 1.98 4E-02 3.28 8E-03 0.54 3E-02  

Slc25a30 1.96 3E-29 2.20 2E-02 1.69 8E-04  

Lemd1 1.95 2E-05 3.14 4E-05 0.68 5E-04  

Ank2 1.94 2E-21 4.22 7E-15 2.20 8E-06  

Arhgef37 1.94 6E-05 7.56 1E-21 2.34 2E-14  

Qrfpr 1.94 4E-03 3.28 6E-04 2.16 2E-04  

Rgs8 1.93 4E-14 6.96 9E-16 0.58 1E-02  

Map2 1.93 8E-23 5.28 5E-04 2.14 2E-03  

Gadd45a 1.93 9E-05 6.02 1E-05 1.55 1E-07  

Fam81a 1.92 2E-09 2.69 3E-05 1.40 9E-04  

M1ap 1.91 6E-04 1.98 2E-05 1.21 3E-02  

Adgrb1 1.91 4E-03 3.80 5E-04 2.53 9E-39  

Rab7b 1.89 5E-07 3.66 7E-11 0.75 2E-03  

Col14a1 1.88 3E-02 3.16 4E-07 0.69 4E-03  

Fmo5 1.87 6E-05 19.66 3E-29 1.73 1E-08  

Cdkn2b 1.87 7E-16 2.21 1E-10 1.97 2E-02  

Ccdc65 1.87 7E-06 3.18 4E-03 1.37 5E-12  

Gamt 1.87 2E-12 2.34 1E-03 1.53 7E-03  

Fgfbp1 1.86 2E-04 2.16 3E-03 1.23 1E-04  

Oaf 1.85 2E-09 13.88 4E-24 3.77 1E-12  

Madd 1.84 4E-24 2.94 1E-09 1.96 1E-07  

Syt13 1.84 2E-04 5.28 3E-25 1.93 6E-06  

Wnt5b 1.83 5E-03 3.15 3E-06 1.49 1E-10  

Cfap54 1.83 2E-08 2.35 5E-13 1.20 5E-06  

Aqp5 1.83 1E-06 3.86 7E-05 2.73 3E-30  

Inpp4b 1.82 2E-02 4.46 4E-05 0.96 1E-02  

Hacl1 1.82 9E-17 1.44 2E-05 0.51 8E-03  

Unc13c 1.82 2E-08 5.53 9E-05 1.63 1E-04  

Rnls 1.81 3E-06 4.30 1E-02 4.72 3E-06  

A730020E08Rik 1.80 5E-02 11.46 1E-22 1.99 6E-11  

Sh3kbp1 1.80 1E-23 3.85 1E-06 1.97 9E-03  

Gnpda1 1.80 5E-07 1.90 3E-05 2.05 1E-15  

Arhgap24 1.80 4E-09 3.67 2E-03 4.88 3E-07  

Tbx20 1.79 4E-07 2.51 6E-10 1.09 6E-07  

Camk1d 1.78 3E-23 4.82 1E-05 1.65 1E-02  

Serinc5 1.76 7E-20 15.13 3E-19 3.52 3E-17  

Tor3a 1.76 4E-17 1.96 2E-06 1.93 2E-09  

Ccser2 1.74 1E-36 8.00 1E-11 0.41 3E-02  

Map2k6 1.74 4E-07 2.35 1E-08 1.66 2E-04  

Tbx3 1.74 6E-12 11.38 4E-51 2.39 1E-19  

Eml1 1.73 5E-13 19.21 5E-28 4.82 2E-36  

Meis2 1.73 1E-26 3.61 4E-144 4.74 2E-14  

Dpp6 1.72 1E-02 16.62 5E-12 4.62 9E-06  

Nr1h5 1.72 5E-02 72.02 7E-29 3.18 4E-04  
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Lrrc7 1.70 3E-04 4.82 1E-05 2.13 2E-06  

Inpp5k 1.70 5E-21 3.59 2E-04 2.46 2E-07  

Pdzd7 1.69 1E-06 1.62 6E-03 0.79 4E-03  

Cdk19 1.69 2E-20 2.04 2E-03 1.81 2E-05  

Rai14 1.67 5E-29 3.49 6E-04 3.65 4E-05  

Calcoco1 1.66 4E-08 2.54 1E-08 0.94 2E-06  

Kalrn 1.66 1E-18 4.97 8E-18 1.09 4E-07  

Vax1 1.65 8E-08 10.83 2E-73 5.82 7E-49  

Apln 1.65 4E-08 2.20 6E-12 1.94 1E-02  

Zfp13 1.63 8E-08 2.75 4E-02 1.25 7E-04  

Dnm3 1.63 2E-02 2.85 4E-15 1.71 7E-09  

Epb41l4a 1.63 2E-25 24.40 1E-22 2.79 2E-03  

Rab3b 1.62 2E-06 20.51 3E-17 2.23 2E-16  

Pld2 1.61 6E-06 5.12 1E-14 2.28 2E-07  

Ropn1l 1.60 1E-04 8.12 2E-08 0.76 1E-02  

Pak1 1.60 4E-18 5.11 8E-05 2.26 2E-02  

Pde1b 1.59 5E-10 10.60 3E-10 4.61 1E-07  

Os9 1.59 2E-11 3.49 8E-13 1.34 1E-03  

Slc35b3 1.58 1E-12 2.39 9E-30 0.87 4E-03  

Atp2a3 1.58 3E-02 4.14 6E-03 4.73 1E-05  

Ociad2 1.57 2E-18 1.90 1E-03 1.87 2E-04  

Hs1bp3 1.57 5E-09 3.97 6E-03 1.16 1E-03  

Sox9 1.56 1E-07 2.21 1E-13 1.22 4E-04  

Akap6 1.56 7E-12 6.58 2E-88 4.36 1E-03  

Cryl1 1.56 5E-06 3.88 4E-03 1.38 1E-02  

Ttll7 1.55 2E-21 3.63 1E-03 2.81 2E-07  

Eno4 1.55 9E-04 2.19 1E-03 1.94 9E-03  

Nadk2 1.54 9E-14 11.57 4E-47 1.92 8E-04  

Eps8 1.54 9E-14 5.94 2E-15 2.63 3E-04  

Skap2 1.53 4E-10 23.62 3E-21 2.75 8E-08  

Tinagl1 1.52 6E-11 2.56 2E-02 1.01 6E-06  

Rapgef5 1.51 1E-05 3.67 2E-03 1.17 2E-03  

Fzd3 1.51 2E-13 4.13 1E-34 1.63 1E-02  

Adamtsl4 1.51 2E-07 3.83 2E-15 1.35 1E-08  

Adgrl3 1.51 4E-24 5.83 1E-14 3.07 2E-06  

Cbr2 1.50 2E-06 5.53 9E-05 3.59 2E-13  

Sorbs2 1.49 1E-27 2.02 2E-16 1.14 2E-08  

Stard13 1.48 6E-19 1.98 3E-21 1.83 4E-03  

Dcxr 1.47 8E-06 5.53 9E-05 3.59 2E-13  

Cngb1 1.47 5E-03 9.69 4E-08 1.84 2E-03  

Akap7 1.46 2E-13 2.54 8E-03 1.17 4E-02  

Apol6 1.46 8E-03 2.61 7E-04 2.37 8E-22  

Ank 1.46 9E-09 2.20 1E-07 1.14 1E-05  

Gabrb3 1.46 1E-02 3.51 6E-09 1.47 4E-03  

Mpzl1 1.46 1E-09 2.90 5E-03 2.18 9E-08  

Epm2a 1.45 2E-06 2.68 4E-08 0.73 3E-02  

Nanog 1.45 1E-03 2.99 4E-02 0.56 4E-02  

Bcas3 1.45 2E-09 7.71 5E-17 2.70 6E-03  

A930004D18Rik 1.44 9E-12 3.52 9E-36 1.16 6E-05  

Stk10 1.43 7E-08 2.40 2E-02 1.37 6E-05  

Lsp1 1.43 9E-07 2.91 4E-07 5.14 4E-82  

Rb1 1.42 2E-13 1.29 5E-04 3.21 7E-12  
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Synrg 1.42 5E-15 2.71 2E-02 1.30 1E-08  

Ptgfr 1.42 7E-04 2.98 3E-05 1.79 1E-02  

Bhlhe22 1.42 3E-04 3.50 1E-58 4.56 1E-12  

Rufy1 1.42 3E-24 3.23 9E-25 1.01 3E-02  

Litaf 1.42 9E-19 1.74 5E-05 1.10 3E-07  

Upp2 1.41 5E-04 2.41 1E-06 1.47 1E-03  

Mmp19 1.41 3E-04 2.49 4E-05 0.89 2E-04  

Pink1 1.40 4E-08 3.14 4E-05 1.60 2E-03  

Cp 1.40 2E-04 1.25 5E-03 1.77 1E-03  

Polm 1.39 6E-08 3.45 3E-12 2.21 1E-02  

Dlgap1 1.38 2E-02 1.39 1E-03 1.19 4E-09  

Osr1 1.38 2E-10 3.37 2E-04 3.92 1E-06  

St6gal1 1.37 2E-10 2.76 2E-05 0.69 2E-04  

Prkar1b 1.37 2E-03 12.41 2E-13 1.30 5E-04  

Rhobtb2 1.37 3E-07 4.32 6E-06 0.91 7E-03  

Aig1 1.36 8E-12 6.27 2E-06 2.11 1E-05  

Azin2 1.35 2E-06 3.11 7E-07 1.20 1E-06  

Irx3 1.35 1E-10 10.72 2E-20 5.95 2E-13  

Gsn 1.34 5E-09 2.53 6E-08 0.54 3E-02  

Ctnnd2 1.33 3E-06 2.64 3E-04 3.86 5E-03  

Tbc1d32 1.33 3E-18 3.50 4E-06 1.12 5E-03  

Mitf 1.33 7E-04 11.71 1E-23 1.30 2E-06  

Dubr 1.33 9E-06 9.53 8E-38 2.49 1E-17  

Pax9 1.32 1E-09 5.35 6E-29 2.60 2E-03  

Nemp2 1.32 2E-10 2.23 8E-03 1.37 3E-07  

Gm10125 1.31 4E-03 2.86 3E-04 1.13 5E-02  

Maml3 1.31 8E-08 3.08 2E-07 1.67 2E-12  

Tbccd1 1.31 2E-10 3.60 2E-06 1.75 4E-02  

Acaa2 1.31 6E-21 58.36 1E-21 4.76 1E-20  

Rorb 1.31 1E-08 8.33 4E-26 1.57 8E-13  

Kitl 1.30 1E-06 11.96 2E-12 1.53 2E-03  

Gramd4 1.28 6E-19 3.11 7E-07 0.64 1E-03  

Ift88 1.27 2E-10 2.12 1E-05 0.74 6E-05  

Il34 1.27 7E-05 4.25 4E-10 1.35 3E-07  

Scd2 1.26 3E-08 2.19 3E-06 0.90 1E-05  

Dok1 1.25 5E-08 1.98 2E-05 1.21 3E-02  

Ccser1 1.24 2E-04 11.46 1E-22 1.99 6E-11  

Klhl8 1.24 7E-09 1.88 5E-15 0.46 3E-02  

Ptprn2 1.24 2E-04 130.76 0E+00 8.23 2E-34  

Pccb 1.23 3E-10 4.61 9E-06 2.33 2E-03  

Nav3 1.23 5E-05 18.04 2E-37 1.89 7E-13  

Pacrg 1.22 3E-02 5.11 8E-05 2.00 2E-05  

Vamp4 1.22 1E-10 3.55 2E-29 2.19 2E-11  

Raph1 1.22 5E-14 2.98 3E-05 2.32 9E-04  

Ptgfrn 1.22 1E-11 7.76 1E-10 1.98 4E-10  

Hint3 1.22 1E-06 1.89 6E-03 2.17 1E-08  

Hbp1 1.22 8E-08 2.72 8E-28 1.83 3E-16  

Xrcc5 1.20 2E-13 2.93 3E-14 0.85 1E-02  

Dact2 1.18 1E-03 2.00 4E-03 0.58 9E-03  

Itgbl1 1.18 5E-02 1.66 2E-09 1.49 5E-04  

C030037D09Rik 1.18 2E-06 6.10 1E-17 2.60 1E-07  

Plvap 1.17 5E-05 3.05 7E-11 1.86 4E-04  
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Sesn1 1.17 3E-09 4.63 3E-14 2.80 2E-09  

Sptbn2 1.17 1E-02 3.84 1E-07 0.84 1E-02  

Pibf1 1.16 2E-08 2.26 2E-06 3.24 6E-08  

Gm16596 1.16 4E-02 3.94 6E-20 2.27 2E-10  

Gpalpp1 1.16 3E-16 5.33 4E-07 3.02 2E-07  

Lipa 1.14 9E-09 4.62 5E-15 1.31 4E-02  

Sbno2 1.14 6E-09 2.18 3E-09 1.52 3E-13  

Pthlh 1.14 3E-02 6.77 1E-38 5.51 7E-11  

Mccc1 1.14 2E-07 2.16 2E-03 3.02 3E-04  

Abr 1.14 2E-15 3.34 1E-06 1.82 2E-17  

Syne2 1.14 3E-06 88.41 2E-38 2.69 1E-05  

Lef1 1.13 1E-04 2.36 4E-07 0.57 2E-02  

Kat6b 1.13 8E-10 4.13 1E-21 1.34 4E-02  

Ctdsp2 1.13 1E-09 3.11 2E-10 1.68 1E-06  

Tshz1 1.12 3E-17 8.58 8E-57 2.00 1E-07  

Cerk 1.12 3E-05 3.11 7E-07 0.64 1E-03  

Marcks 1.12 3E-04 5.53 9E-05 0.67 1E-02  

Sugt1 1.12 2E-19 15.80 4E-30 2.41 6E-05  

Trib2 1.11 8E-05 2.74 2E-04 1.42 2E-02  

Tcf4 1.11 3E-13 1.38 3E-04 0.56 8E-03  

Cyb5r3 1.10 7E-08 2.36 2E-03 0.61 8E-03  

Tspan14 1.10 3E-09 2.14 1E-03 0.83 1E-04  

Lhx9 1.09 2E-05 3.13 7E-05 2.20 5E-07  

Zfyve26 1.09 2E-09 2.46 2E-07 1.19 2E-03  

Ntn4 1.09 9E-09 2.11 1E-03 0.71 3E-02  

Slit3 1.09 9E-05 2.74 4E-05 0.55 8E-03  

Mtss1 1.08 2E-06 4.99 2E-06 2.54 1E-18  

Daam1 1.08 2E-19 2.35 1E-04 2.36 2E-07  

Zhx2 1.07 3E-10 80.21 1E-34 2.55 3E-14  

Aqp11 1.07 2E-02 3.59 2E-04 1.38 3E-08  

Psap 1.07 2E-08 3.10 6E-03 1.06 3E-02  

Zfp286 1.07 6E-05 5.84 2E-09 0.88 5E-04  

Limk2 1.06 1E-07 1.68 4E-02 0.96 2E-03  

Sox21 1.06 2E-05 1.62 6E-03 1.42 5E-13  

Lta4h 1.05 2E-19 2.39 3E-05 1.51 8E-07  

Rab36 1.05 3E-04 2.23 4E-06 0.77 3E-05  

Mecom 1.05 4E-05 5.11 8E-05 3.23 2E-07  

Tsc22d3 1.05 1E-05 3.80 5E-04 2.68 8E-03  

Rab32 1.04 7E-06 4.41 2E-11 1.44 2E-02  

Pcnx 1.04 1E-10 3.03 3E-03 1.31 1E-02  

Btg1 1.04 5E-05 3.43 2E-09 2.84 3E-26  

Rabggta 1.04 3E-10 3.35 2E-13 1.15 1E-02  

Pnpo 1.04 2E-02 2.10 6E-09 0.86 4E-05  

Zadh2 1.03 3E-10 1.57 4E-03 0.72 5E-03  

Foxc2 1.03 7E-07 3.18 4E-03 2.66 3E-25  

Lrig3 1.03 3E-10 2.90 1E-51 2.56 9E-05  

Rnaseh2b 1.01 1E-06 7.67 1E-28 5.44 9E-12  

Rap1gap2 1.01 1E-06 17.40 3E-13 1.79 4E-02  

Kif16b 1.01 9E-08 5.04 3E-03 0.88 4E-02  

Ttc23 1.01 7E-12 6.52 7E-05 2.28 6E-07  

Agpat3 1.01 9E-10 7.16 1E-06 0.93 5E-03  

Trim66 1.00 2E-02 2.93 7E-08 2.36 8E-08  
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Sh3pxd2b 1.00 2E-06 2.93 2E-02 0.80 1E-03  

Fbxo16 1.00 9E-03 7.80 2E-07 1.40 5E-03  

Pcolce2 0.99 2E-07 2.66 1E-11 3.89 8E-24  

Slc16a7 0.99 8E-04 8.33 1E-15 0.95 2E-04  

Bach2 0.98 5E-05 5.05 3E-22 1.32 3E-03  

Pter 0.98 9E-09 2.39 1E-35 2.39 2E-03  

Osbpl6 0.98 5E-08 46.42 6E-102 5.61 4E-12  

Syn1 0.98 8E-03 1.96 4E-22 1.10 3E-02  

Zbtb20 0.97 1E-05 1.93 8E-09 0.65 2E-03  

Arrdc3 0.97 2E-07 8.73 1E-21 0.70 3E-02  

C430049B03Rik 0.97 1E-02 3.27 2E-05 2.77 2E-09  

Tnfaip8 0.97 6E-11 2.88 2E-07 1.99 2E-05  

Arhgap18 0.97 7E-05 2.63 1E-03 3.65 1E-04  

Cacnb2 0.97 2E-09 4.65 6E-05 1.60 2E-02  

Cd47 0.96 2E-06 2.56 2E-03 1.44 1E-02  

Sirt5 0.96 1E-04 5.04 3E-03 4.34 3E-05  

Decr1 0.96 1E-05 8.87 9E-26 3.75 2E-06  

Borcs6 0.96 8E-06 5.38 7E-17 4.40 1E-09  

Arid5b 0.96 4E-08 1.60 3E-02 2.06 2E-02  

Fbln1 0.96 1E-03 5.85 2E-18 0.74 3E-02  

Ndst3 0.95 6E-04 5.64 4E-10 0.89 1E-02  

Cpq 0.95 4E-04 5.04 3E-03 4.03 4E-08  

Cog3 0.95 9E-12 2.20 2E-02 1.69 8E-04  

Cbr4 0.94 7E-07 3.07 1E-04 0.80 1E-03  

Wasf1 0.93 7E-05 6.77 5E-08 2.01 1E-04  

Lrp10 0.93 5E-06 1.86 3E-02 0.62 3E-03  

Zscan2 0.93 7E-03 1.42 2E-02 0.49 2E-02  

Eva1c 0.92 4E-08 2.42 6E-16 0.64 1E-03  

Prcp 0.92 2E-10 4.20 1E-12 1.35 2E-02  

Bbs10 0.92 7E-04 2.65 8E-05 1.04 5E-02  

Cbx7 0.92 1E-03 1.72 1E-02 1.87 2E-02  

Cfap61 0.92 2E-02 2.05 3E-20 1.47 5E-10  

Cyp46a1 0.92 2E-02 4.90 1E-24 4.05 3E-27  

Sms 0.91 2E-02 2.28 7E-05 1.58 1E-03  

Btc 0.91 1E-02 2.11 1E-06 1.38 4E-02  

Cdc40 0.90 9E-10 4.97 1E-08 1.75 4E-03  

Perp 0.89 2E-03 5.49 7E-11 0.96 2E-02  

Abcc4 0.89 2E-06 6.52 7E-05 2.25 7E-05  

Nox4 0.89 2E-07 4.30 1E-02 0.95 4E-03  

Ebf1 0.89 7E-05 2.16 2E-02 1.23 4E-07  

Zfp827 0.88 3E-06 3.07 3E-02 1.69 5E-03  

Msi2 0.88 7E-08 6.10 1E-17 2.60 1E-07  

Spata13 0.88 1E-04 15.84 8E-11 2.43 2E-12  

Skida1 0.87 3E-06 1.60 6E-19 1.97 2E-15  

Runx3 0.87 2E-02 3.19 2E-03 3.04 2E-38  

Cpne8 0.86 2E-06 3.05 1E-10 1.00 6E-03  

Mtss1l 0.86 1E-02 4.25 4E-10 1.35 3E-07  

Mbtd1 0.86 4E-04 2.94 8E-07 1.61 7E-05  

Spry2 0.86 1E-10 4.24 3E-09 0.65 1E-02  

Yeats4 0.86 3E-10 4.07 3E-15 1.65 2E-03  

Slc29a3 0.85 9E-06 4.38 2E-22 1.74 2E-11  

Wdr59 0.85 2E-09 5.13 7E-11 1.14 3E-02  

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted November 9, 2020. ; https://doi.org/10.1101/199059doi: bioRxiv preprint 

https://doi.org/10.1101/199059


20 
 

Pcyt1b 0.85 4E-04 3.12 1E-07 2.25 4E-04  

Ralgapa2 0.85 2E-07 4.97 7E-27 1.56 1E-06  

B130024G19Rik 0.85 3E-02 2.88 2E-10 1.81 9E-03  

Fam181b 0.85 4E-02 4.20 1E-12 1.35 2E-02  

Gmds 0.85 2E-09 2.90 2E-05 0.88 5E-02  

Usp53 0.85 4E-04 1.96 7E-05 2.36 2E-02  

Mtmr9 0.84 3E-07 4.09 2E-09 0.92 3E-05  

Apobec3 0.84 1E-04 1.72 1E-02 1.87 2E-02  

Bcr 0.84 6E-07 12.86 1E-14 1.00 7E-09  

Mid2 0.84 9E-09 3.28 1E-02 2.68 8E-03  

Heatr5a 0.83 1E-05 4.46 4E-05 2.15 2E-02  

Micu1 0.83 1E-06 1.54 2E-05 1.62 3E-08  

Stx8 0.83 3E-06 85.68 1E-36 1.57 9E-12  

Epdr1 0.83 5E-05 2.22 1E-03 1.31 9E-03  

Poli 0.83 2E-05 2.17 4E-09 1.19 4E-07  

Arntl 0.83 8E-07 5.31 1E-05 3.18 3E-13  

Ttc33 0.82 3E-08 2.56 2E-04 3.31 2E-12  

Sfxn3 0.82 2E-04 1.62 6E-03 0.79 4E-03  

Nufip1 0.82 2E-05 5.33 4E-07 3.02 2E-07  

Slc35e3 0.81 2E-02 1.59 2E-08 0.94 3E-02  

Tob1 0.81 2E-04 3.02 6E-05 1.56 1E-07  

L3mbtl3 0.81 2E-09 2.68 7E-11 0.71 3E-02  

Myo1e 0.80 4E-07 2.69 3E-05 1.40 9E-04  

Pou3f3 0.80 7E-04 1.43 1E-15 0.76 5E-03  

Dap 0.79 6E-03 1.99 6E-05 1.66 6E-04  

Narf 0.79 7E-05 2.61 3E-02 0.89 4E-02  

Akr1e1 0.79 1E-04 3.53 3E-21 2.59 8E-03  

Suox 0.79 1E-03 9.46 1E-28 1.18 5E-04  

Angptl2 0.79 8E-05 3.55 3E-17 0.78 1E-02  

Snx13 0.79 2E-07 2.73 1E-07 1.38 2E-05  

Frs2 0.79 8E-09 2.46 2E-53 1.04 3E-03  

Slc7a11 0.79 5E-03 1.71 8E-03 0.87 4E-02  

Trps1 0.78 6E-07 3.09 1E-02 0.71 7E-03  

Fryl 0.78 5E-09 5.28 5E-04 1.44 5E-06  

Casp6 0.78 3E-07 2.42 3E-02 4.02 6E-07  

Gtf2f2 0.78 8E-06 6.27 2E-06 0.84 3E-02  

Cyb561d1 0.77 6E-03 4.14 9E-08 1.14 2E-03  

Elf1 0.77 2E-06 15.80 4E-30 2.41 6E-05  

Lcmt1 0.77 5E-07 5.16 2E-12 1.47 7E-06  

Cacna1a 0.77 2E-03 2.34 2E-02 1.72 5E-22  

Mink1 0.76 2E-04 5.12 1E-14 2.28 2E-07  

Zfp68 0.76 8E-05 1.96 1E-02 2.23 6E-03  

Mapk1ip1l 0.76 4E-07 1.57 5E-02 1.62 4E-07  

Mkrn1 0.76 7E-05 4.82 1E-05 1.18 1E-03  

Akap17b 0.75 8E-04 2.52 3E-02 1.20 3E-03  

Epb41l2 0.74 2E-07 3.27 2E-06 1.53 7E-07  

Irf2bpl 0.74 2E-04 3.94 1E-26 3.45 9E-08  

Fnip1 0.74 1E-03 11.05 3E-10 1.15 1E-02  

Tm4sf1 0.74 2E-02 1.64 4E-29 4.78 5E-10  

Pam 0.74 2E-06 2.56 2E-04 2.75 3E-03  

Ube2b 0.74 6E-05 5.56 1E-17 3.49 2E-09  

Clip3 0.73 1E-02 6.52 7E-05 0.55 5E-02  
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Mapre3 0.73 8E-03 1.60 2E-02 0.78 9E-03  

Gdnf 0.73 5E-04 5.85 7E-56 1.81 9E-03  

Radil 0.73 3E-03 2.09 7E-04 1.84 2E-17  

Hexb 0.73 1E-02 3.19 2E-03 1.71 6E-10  

Rab5b 0.73 4E-03 9.46 1E-28 1.18 5E-04  

Cd9 0.73 1E-06 5.16 2E-06 1.81 4E-10  

Lama5 0.73 6E-06 2.11 1E-03 0.88 4E-05  

Arf6 0.72 3E-05 1.54 4E-02 0.52 1E-02  

Ptger4 0.72 1E-02 3.27 8E-10 0.99 6E-04  

Xkr6 0.71 6E-04 20.62 3E-73 3.90 7E-22  

Nid2 0.71 6E-04 2.27 4E-05 0.95 3E-02  

Spag9 0.71 3E-06 3.02 6E-05 1.56 1E-07  

Wbp4 0.71 3E-06 2.94 1E-13 2.95 3E-07  

Enpp5 0.71 4E-02 1.74 8E-04 0.76 7E-03  

Bmper 0.70 2E-02 3.50 1E-51 2.10 2E-08  

Fnip2 0.70 3E-04 6.23 2E-12 5.58 4E-28  

Msra 0.70 3E-03 5.53 9E-05 1.80 1E-03  

Mkl2 0.70 5E-04 11.96 2E-12 1.09 3E-03  

Lif 0.69 2E-02 7.26 9E-10 1.55 5E-08  

Dtd2 0.69 4E-04 4.46 4E-05 2.15 2E-02  

Pttg1ip 0.69 7E-06 2.49 2E-02 1.18 5E-03  

Cyb5a 0.69 8E-06 1.91 2E-10 0.71 5E-02  

Notch2 0.68 5E-07 1.73 6E-06 1.37 3E-03  

Prdm16 0.68 3E-03 10.72 4E-57 2.08 1E-20  

Sh3pxd2a 0.68 1E-03 4.91 4E-04 1.95 2E-16  

Unc119 0.67 2E-02 2.19 3E-06 1.69 5E-20  

Tom1l2 0.67 3E-03 4.79 9E-09 0.58 4E-02  

Mrpl52 0.67 3E-03 2.09 8E-08 0.92 1E-02  

Acot13 0.67 4E-04 5.12 3E-58 1.77 5E-07  

Vta1 0.67 2E-06 4.91 4E-04 2.03 4E-04  

Sipa1l2 0.66 2E-04 3.37 1E-03 1.80 2E-15  

Prex2 0.66 6E-04 3.73 1E-02 0.89 8E-04  

Amigo1 0.66 5E-02 4.14 9E-08 1.14 2E-03  

Zeb1 0.66 2E-06 2.86 3E-04 1.13 5E-02  

Bbs9 0.65 7E-03 3.68 5E-07 2.69 2E-05  

Ghitm 0.65 3E-07 2.48 6E-09 0.41 3E-02  

Itpkb 0.65 2E-02 9.69 4E-08 1.40 5E-05  

Mxi1 0.65 1E-04 3.28 1E-02 3.27 9E-08  

Abhd2 0.65 1E-04 2.85 3E-11 2.47 7E-09  

Ric8b 0.65 2E-06 23.62 3E-21 1.83 4E-06  

Wwc1 0.65 8E-04 3.47 9E-27 3.11 1E-03  

Shroom4 0.64 2E-05 3.02 3E-16 1.64 4E-02  

Plekha7 0.64 6E-03 3.45 2E-08 1.48 7E-13  

Lnpep 0.64 1E-06 3.59 3E-09 1.15 7E-04  

Vcpkmt 0.63 1E-02 2.06 1E-14 0.54 5E-03  

Tbce 0.63 5E-04 2.82 1E-04 1.43 3E-04  

Hdac5 0.63 3E-03 2.61 1E-09 0.46 2E-02  

Plekhb2 0.62 2E-04 20.19 1E-98 3.68 2E-42  

Llgl1 0.62 7E-03 3.28 1E-03 1.41 1E-03  

Cdh13 0.61 8E-04 3.12 9E-11 1.64 1E-15  

Trim45 0.61 4E-03 3.11 1E-03 1.17 4E-02  

Nprl3 0.61 2E-04 2.96 3E-13 1.73 4E-05  
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Plekha5 0.61 1E-04 2.39 7E-11 5.26 7E-10  

Pyurf 0.61 1E-03 4.12 6E-16 1.77 5E-07  

Sil1 0.61 2E-04 3.16 2E-31 1.99 1E-08  

Cacnb3 0.60 2E-03 2.33 3E-04 1.71 2E-11  

Runx2 0.59 6E-03 4.09 6E-21 2.63 9E-03  

Sdccag8 0.59 7E-04 10.22 8E-43 3.28 5E-10  

Xpo7 0.59 3E-03 4.02 9E-04 1.14 3E-03  

Nceh1 0.59 4E-04 4.46 4E-05 3.66 8E-11  

Ugp2 0.58 6E-04 2.43 3E-05 1.21 4E-02  

Slc17a5 0.57 9E-03 2.71 4E-03 2.72 5E-33  

Asap1 0.57 2E-04 3.34 9E-15 1.05 3E-08  

Avpi1 0.57 2E-03 1.68 1E-03 0.94 1E-04  

Sgms2 0.56 2E-04 2.28 5E-09 0.72 7E-03  

Fibp 0.56 3E-03 1.73 3E-03 1.16 3E-05  

Sgpl1 0.56 1E-04 2.73 6E-07 1.24 7E-04  

St3gal4 0.56 4E-04 3.80 3E-02 0.79 2E-05  

Zfyve21 0.55 9E-04 5.23 4E-10 1.25 3E-02  

Aldh3a2 0.55 2E-04 7.84 3E-20 0.77 7E-03  

Rreb1 0.55 7E-03 3.88 4E-09 2.87 1E-05  

Dbnl 0.55 1E-02 18.30 1E-26 1.69 3E-07  

Map3k13 0.55 1E-02 8.74 1E-17 1.53 1E-06  

Ndfip2 0.54 2E-04 2.56 2E-02 1.41 7E-11  

Wdr7 0.54 3E-04 7.80 2E-07 0.86 3E-02  

Ccdc6 0.54 3E-03 2.14 2E-05 0.93 2E-03  

Flii 0.54 9E-05 3.28 1E-03 1.41 1E-03  

Pdxk 0.52 1E-02 2.35 4E-02 0.88 1E-06  

Fam172a 0.52 9E-04 2.82 1E-04 0.95 1E-02  

Kat7 0.51 5E-04 4.76 2E-06 1.21 7E-03  

Akt3 0.51 3E-03 7.56 1E-24 3.28 5E-10  

Fundc1 0.51 3E-03 2.47 2E-07 1.58 7E-05  

Adck2 0.50 3E-02 2.54 8E-03 2.16 4E-06  

Lancl2 0.50 2E-02 4.12 6E-16 1.77 5E-07  

Prps1l3 0.50 7E-03 3.14 2E-14 1.48 2E-16  

Heca 0.50 7E-03 3.37 1E-03 2.22 6E-03  

Rnf32 0.49 3E-03 2.37 3E-04 1.59 2E-12  

Btd 0.49 2E-02 1.46 6E-04 0.51 8E-03  

Prkca 0.49 2E-03 5.66 7E-17 1.60 4E-07  

Ube2e2 0.49 2E-03 3.10 3E-12 0.81 3E-02  

Epn2 0.48 5E-03 5.13 7E-11 3.60 1E-04  

Gab1 0.48 3E-02 2.18 2E-11 1.20 3E-03  

Rab30 0.48 2E-03 1.81 4E-05 1.54 1E-03  

Atxn10 0.48 2E-04 3.19 8E-47 5.06 3E-12  

Kdm4a 0.48 4E-03 5.82 6E-20 4.30 4E-09  

Nln 0.47 4E-04 1.75 4E-03 1.39 1E-11  

Utrn 0.47 7E-04 2.05 7E-13 2.80 2E-05  

Rapgef6 0.47 2E-02 11.05 3E-10 1.15 1E-02  

Fam114a2 0.46 5E-03 5.95 3E-19 2.16 7E-20  

Klf10 0.46 4E-03 3.73 1E-02 1.84 4E-04  

Lrrc28 0.46 3E-02 6.52 7E-05 2.28 6E-07  

Akap11 0.46 6E-03 2.51 2E-20 0.91 2E-03  

Dnajc7 0.46 8E-04 5.58 1E-14 1.15 8E-05  

Pbx1 0.46 1E-02 4.32 9E-07 1.13 2E-06  
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Commd1 0.46 3E-02 3.58 1E-06 1.78 2E-07  

Cant1 0.45 2E-02 4.46 4E-05 1.03 3E-07  

Ghr 0.45 3E-02 2.23 8E-03 1.56 7E-03  

Pvt1 0.45 3E-02 2.71 6E-05 1.51 3E-08  

Tns3 0.45 3E-02 2.63 1E-03 1.17 1E-06  

Mcu 0.45 4E-02 1.54 2E-05 1.62 3E-08  

Sec63 0.45 2E-03 2.21 4E-16 3.96 1E-08  

Ppp3ca 0.45 9E-04 2.55 5E-14 2.02 7E-07  

Sh2b3 0.44 4E-02 4.99 2E-06 1.70 2E-03  

Specc1l 0.44 1E-03 12.86 1E-14 1.00 7E-09  

Pde3b 0.44 1E-03 19.73 7E-16 1.35 1E-02  

Trim16 0.44 3E-02 5.84 2E-09 0.88 5E-04  

Atg7 0.44 1E-02 1.68 9E-05 1.27 2E-08  

Nf1 0.44 7E-03 2.33 1E-02 2.90 3E-09  

Fgd6 0.44 5E-03 7.48 2E-07 2.59 5E-04  

Chmp6 0.43 5E-02 1.76 4E-03 1.50 2E-04  

Fto 0.43 5E-02 10.72 2E-20 5.95 2E-13  

Arid1b 0.43 4E-02 9.34 2E-19 1.75 3E-11  

Lrp6 0.43 2E-03 4.61 9E-06 2.30 2E-10  

Osbpl8 0.43 2E-02 2.46 7E-04 1.82 2E-04  

Nrp1 0.42 1E-02 2.10 3E-02 0.78 4E-02  

Tbcc 0.42 2E-02 2.37 7E-07 0.59 1E-02  

Terf2 0.42 1E-02 4.33 1E-10 0.81 4E-02  

Atg101 0.42 2E-02 2.15 2E-10 1.09 7E-06  

Rabl3 0.42 3E-02 4.51 2E-03 2.31 1E-02  

Klhl22 0.42 5E-02 5.02 4E-10 1.24 9E-06  

Samd4 0.41 9E-03 3.21 2E-15 3.49 5E-05  

Dym 0.41 2E-02 2.95 1E-02 1.24 2E-03  

Sort1 0.41 5E-02 2.03 5E-04 2.06 3E-20  

Stim2 0.41 3E-02 2.97 3E-34 0.56 1E-02  

Rims2 0.40 2E-02 5.95 3E-19 3.45 2E-05  

Tmem164 0.40 3E-02 3.73 1E-02 2.02 5E-02  

Mon2 0.40 9E-04 1.89 5E-16 1.04 2E-03  

Plekhh2 0.40 1E-02 2.58 3E-16 1.78 2E-09  

Inf2 0.40 3E-02 4.99 2E-06 0.67 2E-03  

Papolg 0.40 2E-02 16.62 5E-12 4.83 2E-13  

Tmem2 0.40 2E-03 2.87 5E-08 1.21 1E-03  

Nr2f2 0.40 3E-02 1.88 8E-30 1.07 5E-09  

Jarid2 0.38 2E-02 3.63 1E-05 1.02 2E-03  

Rnh1 0.38 3E-03 1.83 4E-02 0.61 2E-02  

Fbxo4 0.37 2E-02 2.38 9E-03 0.88 3E-05  

Dock5 0.37 2E-02 5.84 2E-09 0.54 2E-02  

Btbd3 0.37 4E-03 3.58 2E-13 2.64 1E-11  

Abl2 0.37 3E-02 1.68 5E-06 1.18 3E-03  

Ppp1r12a 0.36 2E-02 2.52 3E-02 1.21 4E-02  

Smad5 0.35 3E-02 29.06 7E-30 0.93 9E-04  

Dnajb12 0.35 5E-02 2.16 3E-04 0.91 1E-02  

Osbpl3 0.34 5E-02 2.50 1E-05 1.06 4E-02  

Zc3h14 0.34 2E-02 2.47 3E-02 0.71 5E-04  

Ifngr1 0.33 3E-02 12.60 9E-21 4.09 1E-08  

Slc35d1 0.33 4E-02 2.47 3E-02 0.94 7E-03  

Exoc4 0.33 2E-02 2.80 8E-04 1.81 9E-06  
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Ctnna1 0.32 2E-02 3.16 2E-31 1.99 1E-08  

Camsap2 0.32 3E-02 3.12 5E-04 1.81 3E-03  

Ak5 0.32 4E-02 1.89 2E-03 1.92 2E-02  

Anxa5 0.32 8E-03 3.06 3E-09 0.95 5E-03  

Exoc6b 0.32 4E-02 4.91 4E-04 1.86 1E-04  

Oxr1 0.32 4E-02 5.67 1E-08 4.08 3E-05  

Ino80c 0.31 5E-02 4.02 9E-04 1.59 4E-03  

Tab2 0.30 5E-02 14.68 4E-18 2.15 4E-15  

Nav2 0.30 3E-02 2.33 1E-02 1.43 2E-07  

Dync1i2 0.28 3E-02 3.62 8E-39 1.83 1E-02  

Zc2hc1a -0.26 5E-02 0.13 1E-08 -5.68 8E-15  

Tbc1d1 -0.28 4E-02 0.38 2E-05 -2.66 2E-07  

Rnf111 -0.28 5E-02 0.22 8E-03 -1.92 3E-07  

Sub1 -0.29 4E-02 0.01 2E-48 -6.85 4E-22  

Abcd3 -0.29 4E-02 0.69 2E-02 -1.27 1E-03  

Trim56 -0.30 2E-02 0.41 7E-09 -1.34 3E-04  

Nbea -0.31 3E-02 0.30 3E-07 -2.35 8E-03  

Golph3 -0.31 5E-02 0.21 3E-04 -4.46 4E-06  

Dnajc13 -0.31 3E-02 0.10 1E-09 -2.18 1E-05  

Crk -0.31 4E-02 0.21 3E-04 -1.16 5E-02  

Parg -0.31 3E-02 0.11 2E-15 -1.99 1E-05  

Cdyl -0.32 5E-02 0.10 2E-19 -1.51 3E-05  

Sp3 -0.32 2E-02 0.53 7E-03 -3.89 2E-04  

Igf1r -0.32 3E-02 0.21 5E-07 -1.84 5E-09  

Tapt1 -0.32 2E-02 0.25 3E-02 -5.72 6E-13  

Map3k7 -0.33 8E-03 0.34 2E-16 -1.84 4E-09  

Fam49b -0.36 5E-02 0.34 2E-04 -2.17 2E-04  

Pgrmc2 -0.36 2E-02 0.16 1E-11 -3.03 2E-21  

Wwp1 -0.37 6E-03 0.22 9E-15 -1.94 1E-08  

Mpdz -0.37 3E-02 0.36 9E-03 -5.36 5E-10  

Slmap -0.37 2E-02 0.40 3E-12 -4.54 9E-06  

Dhx30 -0.38 3E-02 0.44 4E-04 -5.11 4E-09  

Six4 -0.38 2E-02 0.40 2E-10 -1.15 2E-04  

Edrf1 -0.38 3E-02 0.01 2E-38 -3.77 5E-07  

Mcc -0.38 1E-02 0.48 2E-02 -1.76 6E-04  

Pi4k2b -0.39 5E-02 0.46 5E-04 -0.56 4E-03  

Cops8 -0.39 3E-02 0.24 8E-06 -1.63 1E-02  

Skil -0.40 5E-02 0.50 3E-07 -1.71 1E-03  

Ikzf2 -0.40 2E-02 0.17 1E-27 -3.08 2E-11  

Esyt2 -0.40 8E-03 0.20 7E-10 -1.83 2E-02  

Nup88 -0.40 3E-02 0.09 1E-10 -1.35 6E-03  

Aco1 -0.40 4E-02 0.40 2E-09 -1.32 3E-02  

Tmed8 -0.40 1E-02 0.21 6E-05 -0.85 5E-03  

Uggt1 -0.40 2E-02 0.06 1E-11 -1.92 2E-02  

Vps13a -0.40 4E-02 0.28 4E-04 -2.39 1E-10  

Prdm15 -0.41 2E-02 0.40 5E-04 -1.25 9E-04  

Snx25 -0.41 2E-02 0.38 2E-12 -1.86 6E-03  

Irak1bp1 -0.41 2E-02 0.47 4E-07 -4.09 1E-04  

Fam120a -0.41 2E-02 0.33 7E-08 -1.38 3E-02  

Mttp -0.42 5E-02 0.45 5E-08 -0.48 2E-02  

Pomp -0.42 2E-02 0.16 7E-11 -5.94 5E-14  

Nepro -0.43 2E-02 0.03 3E-69 -4.22 6E-10  
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Bhlhb9 -0.43 5E-03 0.04 5E-22 -2.62 7E-08  

Me1 -0.44 7E-03 0.05 6E-18 -1.41 7E-05  

Maea -0.44 1E-02 0.09 1E-10 -1.39 1E-05  

Smg7 -0.44 6E-04 0.50 1E-03 -0.99 3E-03  

Trmt5 -0.44 1E-02 0.46 1E-10 -2.49 3E-03  

Ubr3 -0.45 2E-03 0.24 7E-03 -2.98 1E-22  

Tbc1d12 -0.45 1E-02 0.23 3E-04 -2.94 4E-07  

Polr2m -0.45 4E-03 0.31 6E-06 -1.92 2E-04  

Slx4ip -0.45 2E-02 0.01 1E-34 -3.24 2E-18  

Gng12 -0.46 3E-04 0.01 7E-29 -3.36 1E-06  

Cdh2 -0.46 2E-04 0.50 8E-09 -4.92 9E-08  

Itpr1 -0.46 2E-02 0.07 3E-09 -1.56 7E-10  

Kifap3 -0.46 2E-03 0.13 1E-08 -2.83 9E-03  

Slc25a13 -0.46 3E-02 0.08 5E-69 -2.33 3E-04  

Fbxo33 -0.47 6E-03 0.16 2E-04 -0.72 3E-02  

Zbtb2 -0.47 3E-02 0.58 7E-03 -2.41 2E-06  

Fndc3b -0.47 1E-03 0.33 3E-03 -1.38 9E-12  

Atrn -0.47 8E-04 0.25 6E-06 -0.85 4E-02  

Naa10 -0.48 4E-02 0.11 1E-06 -1.32 2E-06  

Api5 -0.48 2E-02 0.02 9E-20 -3.87 6E-04  

Armc8 -0.48 6E-04 0.14 6E-07 -1.05 3E-03  

Zcchc2 -0.48 2E-03 0.01 2E-44 -1.37 4E-05  

Rtfdc1 -0.49 5E-04 0.22 6E-12 -1.21 3E-02  

Braf -0.49 3E-04 0.24 2E-11 -2.94 2E-02  

Mgat5 -0.50 1E-02 0.10 2E-18 -1 1E-03  

Sec61a1 -0.50 3E-04 0.22 7E-10 -1.27 1E-05  

Scaf4 -0.50 2E-02 0.35 7E-10 -1.52 2E-07  

Cenpc1 -0.51 9E-03 0.43 6E-03 -1.83 1E-04  

Snx18 -0.51 5E-03 0.43 1E-07 -3.08 2E-03  

Fstl1 -0.51 1E-04 0.29 8E-03 -1.15 3E-02  

Jade1 -0.51 5E-02 0.07 1E-27 -3.72 4E-05  

Nfib -0.51 2E-03 0.29 1E-74 -3.41 1E-08  

Ptprk -0.52 5E-04 0.27 6E-04 -2.7 1E-03  

Fosl2 -0.53 6E-03 0.43 3E-03 -3.02 1E-11  

Rnf6 -0.53 2E-04 0.35 3E-05 -2.28 4E-07  

Bnip2 -0.53 8E-04 0.08 2E-47 -4.65 2E-05  

Pdzd8 -0.55 6E-04 0.65 2E-06 -0.68 1E-03  

Mto1 -0.56 3E-03 0.25 2E-04 -1.78 7E-12  

Ksr1 -0.56 4E-02 0.12 1E-09 -1.84 8E-10  

Dennd1a -0.57 2E-02 0.16 2E-07 -1.67 5E-05  

Mllt3 -0.57 9E-05 0.23 2E-06 -3.58 5E-04  

Mavs -0.57 5E-03 0.29 5E-06 -2.52 1E-04  

Srfbp1 -0.57 4E-03 0.52 4E-05 -2.05 2E-08  

Hdac4 -0.57 1E-04 0.15 2E-29 -1.5 2E-04  

Ablim1 -0.58 1E-02 0.02 9E-20 -6.33 6E-16  

Inip -0.58 9E-03 0.21 7E-10 -5.34 2E-10  

Map2k1 -0.59 1E-05 0.14 7E-16 -5.29 2E-25  

Clpb -0.59 6E-03 0.22 1E-10 -1.21 2E-04  

Chordc1 -0.59 2E-04 0.01 9E-31 -1.08 2E-02  

Nsun2 -0.59 4E-02 0.29 5E-02 -2.51 1E-04  

Ppp6c -0.60 2E-06 0.45 6E-03 -2.98 1E-10  

Mrps28 -0.60 5E-03 0.27 5E-07 -0.9 1E-03  
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Prtg -0.60 3E-04 0.08 8E-13 -0.96 1E-07  

Prss23 -0.60 5E-03 0.47 5E-02 -2.56 6E-04  

Etv6 -0.60 2E-04 0.25 2E-04 -1.43 9E-05  

D5Ertd579e -0.60 8E-06 0.31 2E-02 -1.21 2E-03  

Mrps6 -0.61 1E-05 0.45 2E-02 -2.52 2E-04  

Usp47 -0.61 1E-05 0.05 7E-49 -6.4 7E-17  

Cxxc5 -0.62 5E-03 0.23 9E-20 -0.73 5E-02  

Slc25a28 -0.62 8E-05 0.29 8E-03 -1.53 8E-05  

Arpp19 -0.62 1E-05 0.12 1E-38 -1.68 4E-06  

Hdac9 -0.62 2E-02 0.26 1E-15 -1.94 7E-04  

Gle1 -0.62 5E-04 0.61 7E-03 -1.42 4E-03  

Senp5 -0.63 2E-04 0.01 1E-32 -2.04 8E-04  

Setbp1 -0.63 3E-06 0.31 6E-05 -1.42 3E-02  

Lzic -0.63 3E-06 0.23 1E-08 -1.23 5E-03  

Tmem70 -0.64 3E-04 0.07 2E-10 -2.61 9E-04  

Dagla -0.64 2E-02 0.36 2E-02 -0.57 7E-03  

Znhit6 -0.64 2E-03 0.40 1E-05 -2.49 3E-07  

Bbs4 -0.64 4E-03 0.12 1E-09 -0.79 1E-02  

Plekhm3 -0.65 2E-04 0.32 6E-08 -1.94 4E-14  

Stam2 -0.65 7E-05 0.08 7E-21 -1.54 3E-13  

Steap2 -0.65 3E-03 0.54 1E-02 -2.49 7E-03  

Prkce -0.66 1E-04 0.19 1E-08 -2.78 7E-13  

Prkci -0.66 1E-03 0.50 3E-07 -1.71 1E-03  

Ptbp2 -0.66 1E-03 0.08 6E-14 -0.87 4E-02  

Masp1 -0.66 1E-04 0.30 3E-06 -4.04 3E-07  

Tdrkh -0.67 3E-02 0.10 3E-25 -6.09 5E-16  

Hes1 -0.67 1E-04 0.57 2E-03 -0.57 2E-02  

Trabd2b -0.67 3E-03 0.20 1E-05 -1.6 8E-09  

Rab11a -0.68 6E-05 0.21 9E-08 -2.81 5E-12  

Antxr2 -0.68 2E-04 0.12 1E-10 -2.19 8E-04  

Bmp2k -0.68 2E-04 0.18 5E-05 -2.96 4E-02  

Lrba -0.69 9E-05 0.27 2E-02 -2.98 3E-04  

Ryk -0.69 6E-05 0.37 5E-03 -0.55 4E-03  

Orc4 -0.69 2E-03 0.04 3E-26 -1.04 3E-02  

Ctif -0.69 1E-03 0.16 1E-08 -1.28 1E-03  

Fam98b -0.69 6E-04 0.26 4E-29 -2.67 7E-13  

Zfx -0.70 3E-03 0.57 7E-09 -0.94 1E-03  

Neo1 -0.70 4E-09 0.41 4E-02 -4.96 6E-06  

Six3 -0.70 2E-02 0.03 5E-35 -3.74 2E-34  

Tmem161b -0.71 2E-03 0.42 4E-36 -0.62 5E-03  

Tmeff2 -0.71 2E-02 0.11 6E-81 -5.16 5E-20  

Uchl5 -0.72 2E-02 0.21 5E-07 -2.97 3E-19  

Usp6nl -0.72 4E-07 0.31 2E-11 -1.81 5E-02  

Nipa2 -0.72 8E-04 0.08 5E-15 -2.59 7E-10  

Ercc6 -0.72 3E-07 0.38 3E-04 -1.16 7E-04  

Tns1 -0.73 4E-03 0.11 2E-12 -4.58 7E-19  

Xpnpep1 -0.73 1E-05 0.29 5E-06 -6.63 7E-20  

Polh -0.73 4E-02 0.34 2E-02 -1.14 2E-03  

Limd2 -0.73 4E-04 0.37 8E-04 -2.28 3E-03  

Atp6v0e -0.74 1E-05 0.45 1E-11 -2.3 2E-02  

Cdk8 -0.74 4E-04 0.26 2E-02 -2.28 4E-07  

Pola1 -0.74 4E-02 0.06 6E-97 -2.98 1E-05  
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Rnf24 -0.75 7E-06 0.18 4E-07 -2.04 7E-07  

Cox7a2 -0.75 2E-03 0.35 3E-03 -0.7 5E-02  

Adpgk -0.75 2E-06 0.12 1E-09 -0.79 1E-02  

Tmem268 -0.75 2E-02 0.03 2E-33 -5.73 1E-12  

Pygb -0.75 2E-03 0.11 2E-12 -2.66 5E-07  

Znfx1 -0.75 1E-04 0.29 8E-07 -4.04 1E-05  

Hccs -0.75 4E-08 0.10 1E-09 -4.08 1E-05  

Efna5 -0.75 3E-04 0.26 1E-04 -1.23 3E-05  

Zbtb21 -0.76 1E-06 0.11 1E-11 -3.59 2E-06  

Col4a1 -0.76 3E-08 0.32 5E-15 -5.7 1E-15  

B3galt1 -0.76 1E-04 0.05 2E-15 -1.36 1E-03  

Il6st -0.76 3E-06 0.16 2E-04 -1.47 3E-02  

Rpp30 -0.76 1E-02 0.16 4E-18 -1.39 8E-05  

Igfbp7 -0.76 8E-03 0.35 6E-07 -3.46 6E-27  

Palld -0.77 1E-03 0.49 2E-04 -2.17 3E-05  

Paqr3 -0.77 1E-03 0.18 5E-05 -2.96 4E-02  

Tspan3 -0.78 1E-09 0.50 5E-03 -0.76 1E-02  

Scarb1 -0.78 4E-05 0.06 4E-14 -1.76 1E-11  

Arfgap1 -0.78 6E-10 0.05 1E-16 -4.63 3E-18  

Smyd4 -0.79 3E-05 0.47 1E-04 -0.53 2E-02  

Plce1 -0.79 3E-03 0.01 1E-34 -5.18 3E-16  

Setmar -0.80 1E-02 0.02 3E-25 -1.56 7E-10  

Ext1 -0.80 6E-09 0.13 8E-08 -1.3 6E-03  

Pdia6 -0.80 8E-04 0.63 1E-04 -1.25 1E-02  

Myef2 -0.80 3E-02 0.24 8E-06 -0.82 3E-04  

Dbr1 -0.80 5E-04 0.14 6E-07 -1.05 3E-03  

Tram2 -0.80 4E-04 0.13 1E-05 -1.42 4E-02  

Mtpn -0.81 4E-08 0.31 3E-03 -2.67 8E-03  

Dph3 -0.82 1E-08 0.51 4E-03 -1.99 1E-05  

Fam171a1 -0.82 2E-06 0.44 2E-08 -1.04 2E-02  

E2f6 -0.82 8E-05 0.57 7E-04 -1.86 5E-04  

Itga8 -0.82 1E-02 0.32 4E-11 -2.68 2E-03  

Dab2 -0.82 8E-06 0.26 1E-04 -4.96 1E-07  

Intu -0.82 1E-04 0.11 2E-12 -2.21 1E-24  

Tenm3 -0.82 4E-04 0.02 9E-20 -5.8 6E-13  

Dkc1 -0.82 2E-02 0.11 2E-12 -4.58 1E-16  

Cxadr -0.83 1E-03 0.28 2E-03 -3.28 2E-06  

Gbf1 -0.83 2E-05 0.22 3E-09 -0.85 2E-05  

Pelo -0.83 4E-05 0.04 9E-74 -1.79 2E-03  

Znrf2 -0.83 2E-10 0.29 9E-04 -1.5 1E-03  

Fgfr1op -0.83 4E-05 0.14 6E-10 -1.25 2E-03  

Fam98a -0.84 5E-04 0.21 5E-72 -1.22 3E-02  

Cxcl12 -0.84 2E-03 0.05 1E-20 -1.41 5E-03  

Hebp2 -0.85 4E-02 0.17 6E-08 -3.12 2E-04  

Mcm4 -0.85 5E-02 0.11 1E-11 -1.36 5E-04  

Slc18a2 -0.86 6E-05 0.65 2E-06 -0.68 1E-03  

Dner -0.86 2E-02 0.13 1E-08 -2.04 2E-16  

Col5a2 -0.86 5E-09 0.51 2E-04 -0.73 3E-02  

Slc39a10 -0.86 9E-06 0.01 1E-52 -3.84 2E-03  

Peak1 -0.86 2E-11 0.63 3E-02 -1.73 1E-03  

Gm11266 -0.87 8E-03 0.29 1E-74 -3.41 1E-08  

Smim13 -0.87 1E-08 0.51 9E-04 -0.9 1E-03  
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Ndc80 -0.87 9E-03 0.07 7E-37 -2.44 2E-09  

Hmmr -0.87 3E-03 0.16 3E-63 -1.75 1E-02  

Fzd8 -0.88 6E-03 0.35 3E-02 -0.84 2E-03  

Traip -0.88 2E-02 0.01 9E-31 -0.57 2E-02  

Uqcc1 -0.88 2E-10 0.26 3E-17 -1.92 8E-11  

Col4a2 -0.89 3E-10 0.32 5E-15 -5.7 1E-15  

Gulp1 -0.89 1E-06 0.25 4E-18 -1.24 3E-03  

Wdr75 -0.90 2E-04 0.43 2E-18 -1.69 3E-04  

Galc -0.90 5E-13 0.39 1E-02 -2.02 6E-03  

Anapc15 -0.90 5E-04 0.40 5E-04 -1.4 1E-05  

Kcnf1 -0.90 6E-03 0.27 1E-04 -1.75 1E-09  

Alcam -0.90 1E-02 0.05 1E-134 -1.39 9E-03  

Rb1cc1 -0.90 2E-06 0.09 1E-148 -2.05 5E-04  

Coro1c -0.91 2E-06 0.26 2E-02 -1.23 2E-02  

Nup205 -0.91 7E-04 0.25 5E-03 -3.92 9E-08  

Mettl15 -0.91 5E-06 0.28 1E-28 -0.87 1E-02  

Tpbg -0.92 1E-12 0.46 5E-06 -2.04 3E-03  

Add3 -0.94 1E-06 0.12 3E-22 -2.38 2E-09  

Shcbp1 -0.95 1E-02 0.07 2E-25 -1.38 1E-02  

Cacna1c -0.95 4E-07 0.24 7E-03 -3.04 4E-14  

Topors -0.95 7E-10 0.40 3E-02 -3.21 6E-04  

Pdlim1 -0.96 8E-04 0.23 4E-02 -2.27 2E-04  

Wdr1 -0.96 2E-13 0.17 1E-06 -2.22 1E-03  

Pdlim5 -0.96 8E-09 0.12 3E-141 -3.02 6E-04  

Tmem47 -0.96 5E-07 0.02 3E-25 -3.02 6E-13  

Glis3 -0.97 3E-05 0.28 2E-03 -0.86 7E-04  

Macf1 -0.97 3E-05 0.11 2E-12 -1.69 5E-05  

Six2 -0.97 7E-05 0.03 5E-35 -3.74 2E-34  

Kif11 -0.98 6E-03 0.23 4E-02 -1.75 5E-02  

Snx24 -0.99 1E-06 0.40 7E-04 -0.92 4E-02  

Tipin -0.99 4E-03 0.14 7E-16 -5.29 2E-25  

Tnnt2 -0.99 1E-03 0.41 6E-03 -0.96 9E-05  

Dmd -1.00 8E-11 0.09 8E-13 -3.02 6E-13  

Arhgap26 -1.00 3E-05 0.06 8E-13 -1.45 3E-02  

Prim2 -1.01 2E-03 0.29 5E-02 -2.22 1E-03  

Cnn3 -1.01 2E-07 0.60 2E-02 -0.7 2E-02  

Tanc2 -1.02 8E-05 0.09 1E-10 -3.92 3E-08  

Kif18a -1.02 2E-03 0.28 1E-28 -0.87 1E-02  

Bbs5 -1.03 2E-06 0.13 2E-18 -2.53 1E-04  

Phldb2 -1.03 1E-12 0.02 1E-102 -2.72 4E-04  

Pkia -1.04 8E-13 0.13 1E-08 -5.68 8E-15  

Swap70 -1.04 1E-12 0.19 1E-10 -0.99 4E-02  

Ctnnd1 -1.04 9E-07 0.38 1E-38 -0.89 3E-02  

Lrr1 -1.06 2E-02 0.05 1E-16 -2.79 4E-04  

Zfp229 -1.06 3E-08 0.12 1E-69 -0.59 7E-03  

Snx7 -1.06 5E-09 0.17 9E-06 -5.4 1E-15  

Atp11a -1.06 6E-17 0.08 8E-28 -2.98 8E-15  

Zfp697 -1.07 9E-07 0.37 2E-04 -1.06 2E-03  

Nmnat1 -1.07 5E-10 0.23 1E-08 -1.23 5E-03  

Mcm10 -1.07 1E-02 0.31 1E-06 -0.86 5E-02  

Adamts5 -1.08 3E-06 0.08 6E-14 -3.41 1E-05  

Crim1 -1.08 4E-07 0.43 5E-05 -2.69 2E-11  
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Mrc2 -1.08 6E-09 0.03 7E-85 -0.54 2E-02  

Cenpk -1.08 5E-04 0.24 2E-38 -1.16 2E-02  

Atxn1 -1.09 7E-10 0.18 1E-08 -1.55 3E-03  

Msx1 -1.09 1E-05 0.06 1E-33 -7.36 9E-27  

Slc7a1 -1.10 1E-03 0.19 1E-05 -2.87 4E-05  

Cyb561 -1.10 8E-05 0.19 1E-08 -3.92 3E-08  

Mcts2 -1.10 3E-09 0.47 4E-05 -1.23 5E-06  

Gins1 -1.12 7E-03 0.32 2E-05 -3.21 3E-02  

Tsc22d2 -1.12 4E-13 0.44 2E-23 -2.55 4E-04  

Mturn -1.13 1E-03 0.29 9E-04 -1.5 1E-03  

Phgdh -1.13 1E-02 0.36 2E-14 -0.76 2E-02  

Pcdh18 -1.14 8E-13 0.01 1E-36 -4.72 3E-05  

Rif1 -1.14 4E-07 0.30 3E-02 -1.2 3E-04  

Ptprd -1.15 5E-03 0.26 9E-04 -1.89 3E-03  

Taf4b -1.15 2E-04 0.46 1E-02 -0.93 3E-02  

Trmt61a -1.16 1E-05 0.34 2E-09 -2.01 9E-03  

Tnfaip3 -1.16 8E-06 0.47 4E-11 -0.92 1E-03  

Hs6st1 -1.16 2E-06 0.06 1E-11 -1.92 2E-02  

Nup160 -1.17 7E-06 0.16 3E-05 -3.12 4E-05  

Snai2 -1.17 8E-05 0.30 5E-08 -0.78 1E-03  

Arhgap29 -1.18 2E-10 0.32 1E-02 -1.32 3E-04  

Atp1a1 -1.18 8E-12 0.36 2E-02 -0.76 6E-04  

Gca -1.18 3E-03 0.14 7E-19 -1.14 6E-03  

Dut -1.18 2E-03 0.48 2E-04 -4.3 2E-04  

Rbms1 -1.18 1E-20 0.18 1E-08 -1.7 5E-05  

Fendrr -1.18 8E-03 0.08 7E-21 -2.71 2E-11  

Clmp -1.18 1E-05 0.37 5E-29 -1.37 2E-06  

Srd5a1 -1.19 4E-05 0.29 5E-02 -2.51 1E-04  

Il7 -1.20 3E-04 0.30 5E-03 -1.93 2E-06  

Col4a6 -1.20 4E-09 0.40 6E-17 -0.88 1E-02  

Zdhhc13 -1.21 4E-09 0.07 3E-09 -1.22 8E-06  

Col3a1 -1.21 2E-09 0.51 2E-04 -0.73 3E-02  

Adam9 -1.23 9E-13 0.51 3E-18 -1.35 7E-05  

Nmt2 -1.23 8E-15 0.40 3E-02 -1.04 2E-02  

Hells -1.23 2E-03 0.23 3E-04 -2.94 4E-07  

Pde4b -1.24 7E-16 0.17 9E-06 -1.37 6E-03  

Enpp1 -1.24 7E-04 0.43 1E-19 -1.48 2E-03  

Cst3 -1.24 3E-05 0.09 2E-37 -1.79 1E-04  

Cers6 -1.25 2E-11 0.04 8E-25 -4.84 2E-09  

Gnao1 -1.25 8E-05 0.12 2E-14 -1.24 5E-03  

Otx1 -1.26 9E-09 0.08 2E-56 -2.42 1E-08  

Serp1 -1.26 7E-19 0.44 2E-23 -2.55 4E-04  

Depdc1a -1.26 8E-03 0.60 3E-02 -4.11 3E-03  

Ergic1 -1.27 3E-08 0.45 1E-11 -2.3 2E-02  

Fat1 -1.27 2E-09 0.11 1E-63 -2.03 2E-06  

Agap1 -1.28 2E-15 0.32 6E-03 -1.45 2E-09  

Glce -1.28 1E-18 0.20 7E-46 -2.95 4E-05  

Snx30 -1.28 7E-10 0.17 2E-14 -2.27 5E-05  

Tpd52 -1.29 2E-03 0.26 3E-19 -2.66 1E-08  

Hs6st2 -1.29 1E-08 0.02 3E-25 -5.13 2E-11  

Bcl6 -1.30 2E-15 0.38 3E-02 -1.32 3E-03  

Arap2 -1.31 1E-10 0.07 3E-09 -1.75 6E-03  
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Bmpr1b -1.32 3E-03 0.07 2E-25 -5.86 2E-13  

Mid1 -1.32 2E-18 0.02 6E-269 -4.73 3E-19  

S1pr1 -1.32 3E-05 0.49 8E-08 -4.35 3E-06  

C030034I22Rik -1.33 1E-02 0.49 1E-03 -1.1 3E-02  

Cask -1.33 7E-28 0.35 3E-05 -2.58 4E-04  

Tnfaip6 -1.33 5E-09 0.30 3E-02 -1.2 3E-04  

Loxl1 -1.34 4E-10 0.19 8E-08 -0.83 8E-03  

Dhfr -1.34 5E-04 0.21 5E-07 -0.74 4E-02  

Map4k3 -1.34 6E-23 0.64 5E-06 -1.39 4E-05  

Ifitm3 -1.35 2E-09 0.49 1E-03 -1.86 2E-02  

Plcb4 -1.35 2E-18 0.06 4E-14 -1.96 5E-05  

Plcxd2 -1.37 1E-07 0.18 1E-22 -5.43 1E-10  

Col4a5 -1.37 8E-12 0.20 3E-27 -1.72 4E-04  

Entpd6 -1.38 1E-12 0.11 2E-12 -2.66 5E-07  

Lhfp -1.39 3E-23 0.20 3E-36 -2.18 4E-03  

Plekha1 -1.40 2E-12 0.11 1E-06 -3.99 3E-04  

Ptgs2os -1.40 1E-03 0.29 3E-20 -2.98 1E-09  

Fam72a -1.41 7E-06 0.03 3E-57 -4.39 4E-07  

Slit2 -1.41 4E-13 0.15 4E-06 -3.1 2E-04  

Hspa5 -1.41 6E-16 0.47 3E-04 -2.88 4E-12  

Pfkp -1.41 1E-28 0.14 5E-23 -1.96 8E-03  

Epha4 -1.42 3E-10 0.10 3E-85 -4.01 2E-05  

Nhsl2 -1.43 1E-11 0.11 1E-06 -2.65 3E-21  

Gm13889 -1.43 1E-03 0.19 5E-05 -1.74 1E-13  

Slc7a5 -1.43 2E-05 0.29 2E-22 -0.74 2E-02  

Tbx18 -1.45 2E-18 0.04 2E-179 -6.72 8E-21  

Cenpi -1.45 1E-05 0.40 8E-13 -4.52 1E-10  

Myrf -1.45 3E-04 0.36 2E-02 -0.57 7E-03  

Six1 -1.46 5E-14 0.05 1E-182 -7.03 1E-50  

B4galt4 -1.46 5E-20 0.11 3E-22 -2.52 2E-03  

Pla2g4c -1.47 3E-02 0.04 2E-23 -2.55 1E-05  

Podxl -1.48 2E-07 0.15 2E-23 -1.8 2E-08  

Thsd7a -1.49 2E-03 0.09 9E-12 -0.9 2E-02  

Ptprg -1.49 1E-29 0.31 6E-06 -3.85 2E-09  

Chrm3 -1.50 2E-03 0.07 3E-09 -3.22 5E-03  

Eif2ak4 -1.50 1E-22 0.63 2E-03 -1.82 4E-02  

Prkaa2 -1.52 3E-07 0.34 1E-03 -1.63 7E-04  

Fam83c -1.54 3E-02 0.31 4E-11 -0.51 1E-02  

Robo1 -1.54 1E-02 0.04 5E-22 -2.96 8E-07  

Tln2 -1.54 1E-16 0.56 4E-03 -1.75 5E-05  

Amot -1.54 1E-38 0.19 3E-09 -5.06 4E-12  

Rspo2 -1.55 1E-06 0.42 2E-05 -2.16 3E-08  

Slco3a1 -1.55 4E-18 0.35 3E-05 -0.81 1E-02  

Rhoj -1.57 2E-22 0.47 1E-02 -4.06 1E-06  

Sp8 -1.57 4E-11 0.18 4E-17 -1.22 4E-02  

Sytl2 -1.58 3E-17 0.22 3E-25 -2.32 3E-02  

Ifih1 -1.58 1E-05 0.14 7E-19 -1.14 6E-03  

Cass4 -1.59 4E-02 0.22 6E-12 -1.21 3E-02  

Jph2 -1.61 3E-03 0.06 3E-23 -1.5 1E-12  

Slc24a3 -1.61 3E-15 0.12 2E-16 -1.45 3E-05  

Rnd3 -1.63 5E-31 0.34 2E-02 -3.37 3E-05  

Nedd9 -1.64 7E-27 0.04 5E-22 -2.06 2E-03  
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Cpd -1.64 7E-31 0.08 4E-39 -1.19 9E-03  

Manf -1.64 8E-19 0.32 4E-07 -0.71 4E-03  

Cald1 -1.64 2E-52 0.55 2E-03 -3.9 8E-10  

Foxd2os -1.65 2E-09 0.04 4E-29 -6.75 8E-21  

Fabp5 -1.65 3E-04 0.15 4E-06 -4.58 4E-06  

Zfp760 -1.65 7E-19 0.12 1E-69 -0.59 7E-03  

Slc25a25 -1.65 9E-22 0.32 1E-05 -2.85 8E-05  

Hunk -1.65 4E-15 0.35 7E-10 -1.52 2E-07  

Itgb1 -1.66 3E-39 0.20 4E-25 -2.25 2E-03  

Tpm1 -1.66 1E-26 0.29 3E-18 -1.12 1E-03  

Csrnp1 -1.66 6E-16 0.27 1E-13 -1.7 9E-03  

Optc -1.66 3E-04 0.30 3E-07 -0.97 2E-02  

Gm12603 -1.67 1E-04 0.60 4E-11 -2.04 1E-03  

Proser2 -1.68 8E-06 0.24 2E-06 -2.09 1E-02  

Nod1 -1.69 4E-09 0.01 2E-40 -7.26 2E-25  

Runx1 -1.69 3E-20 0.17 1E-06 -1.45 5E-03  

Rora -1.69 1E-03 0.01 2E-40 -2.04 1E-05  

Col18a1 -1.69 2E-27 0.26 2E-02 -1.65 1E-05  

Akap12 -1.72 2E-38 0.58 7E-03 -2.41 2E-06  

Akip1 -1.73 8E-28 0.40 5E-04 -2.97 9E-03  

Heg1 -1.73 3E-13 0.24 3E-04 -1.81 3E-02  

Nectin1 -1.73 2E-15 0.24 1E-03 -1.29 2E-07  

Ptprj -1.73 3E-38 0.16 2E-04 -3.12 4E-05  

Shroom3 -1.73 1E-12 0.25 3E-22 -2.78 3E-15  

Pde1a -1.74 6E-11 0.06 5E-27 -3.11 3E-07  

Il1rapl1 -1.74 2E-02 0.13 1E-08 -1.7 3E-03  

Apol9a -1.74 1E-02 0.09 1E-18 -3.42 1E-10  

Bnc2 -1.75 5E-16 0.13 1E-19 -5.14 1E-15  

Plpp3 -1.76 2E-13 0.34 1E-03 -1.63 7E-04  

Sulf1 -1.77 4E-11 0.21 2E-08 -2.26 4E-03  

Dlx2 -1.78 2E-11 0.04 0E+00 -4.87 2E-09  

Tox -1.80 4E-04 0.01 9E-57 -5.44 5E-09  

Gpsm1 -1.80 2E-34 0.24 7E-28 -1.32 3E-04  

Hpse -1.81 5E-02 0.01 8E-59 -1.31 3E-06  

Fzd5 -1.81 8E-34 0.51 3E-07 -1.28 5E-02  

Dhrs3 -1.82 4E-09 0.29 8E-03 -0.72 6E-03  

Ezr -1.82 5E-35 0.12 4E-28 -1.6 1E-14  

Ccna1 -1.84 9E-04 0.08 6E-22 -2.79 8E-07  

Sema3c -1.84 3E-14 0.03 3E-57 -4.36 3E-05  

Dusp19 -1.84 4E-19 0.37 5E-03 -0.77 8E-04  

Lrch2 -1.88 2E-26 0.26 7E-10 -2.4 3E-05  

Sh3gl3 -1.92 1E-08 0.73 9E-07 -1.09 5E-02  

Adam12 -1.92 4E-20 0.10 2E-20 -2.85 4E-16  

Dnah6 -1.94 5E-02 0.25 5E-08 -1.39 5E-04  

Tpd52l1 -1.97 7E-04 0.19 1E-05 -3.85 7E-08  

Tmem30b -1.97 5E-02 0.20 2E-15 -3.96 5E-10  

Hipk2 -1.98 1E-17 0.09 1E-18 -0.61 5E-02  

Grk5 -1.99 2E-22 0.14 6E-07 -5.32 2E-07  

Dusp4 -2.00 2E-22 0.55 9E-05 -0.81 8E-05  

Adra1d -2.01 4E-12 0.07 3E-32 -2.12 9E-05  

Abi3bp -2.01 2E-03 0.18 1E-03 -3.51 8E-06  

Pmaip1 -2.03 1E-04 0.15 4E-06 -1.39 3E-02  
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Ccdc187 -2.03 1E-04 0.16 2E-10 -1.26 8E-05  

Oasl2 -2.05 2E-03 0.01 3E-98 -0.67 5E-03  

Gdf6 -2.06 2E-29 0.38 2E-04 -1.01 3E-02  

Gm9767 -2.07 4E-02 0.15 4E-06 -5.65 2E-12  

Ugcg -2.07 3E-42 0.25 5E-26 -0.87 1E-03  

Tmem200a -2.08 5E-17 0.15 4E-06 -5.65 2E-12  

Boc -2.09 6E-33 0.20 1E-05 -1.9 3E-06  

Acta2 -2.09 4E-33 0.68 6E-03 -0.8 8E-03  

Clcn5 -2.11 3E-30 0.33 5E-23 -1.06 3E-02  

Snai3 -2.12 9E-03 0.25 3E-02 -0.42 5E-02  

Inhba -2.16 4E-23 0.01 2E-42 -1.76 1E-03  

Gm17750 -2.17 2E-04 0.20 6E-174 -1.19 2E-02  

Serpine2 -2.17 6E-05 0.05 4E-41 -5.44 2E-10  

Myzap -2.18 8E-04 0.31 6E-06 -1.92 2E-04  

Tll1 -2.19 4E-08 0.04 5E-22 -0.96 4E-03  

Fam198a -2.19 3E-04 0.25 3E-02 -1.27 1E-02  

Sgcd -2.21 2E-17 0.18 2E-11 -3.84 3E-06  

Ngf -2.22 1E-21 0.45 6E-03 -0.53 4E-03  

Arl5a -2.22 1E-39 0.09 3E-171 -5.92 8E-12  

Igll1 -2.27 2E-02 0.35 6E-03 -2.36 3E-04  

Pex5l -2.29 2E-02 0.01 1E-50 -3.51 2E-15  

Serpinf1 -2.31 6E-32 0.25 4E-05 -0.53 2E-02  

Arhgef5 -2.31 5E-07 0.11 1E-11 -0.92 6E-03  

Fibin -2.32 3E-09 0.02 5E-18 -0.9 2E-04  

Itih2 -2.33 7E-05 0.07 3E-09 -5.23 1E-09  

Trpm3 -2.34 1E-11 0.10 3E-27 -6.06 7E-14  

Tmem71 -2.36 2E-02 0.17 6E-08 -0.74 4E-02  

Lin7a -2.37 2E-02 0.02 9E-20 -5.08 1E-08  

Prl2c3 -2.37 2E-02 0.60 2E-04 -1.25 2E-02  

Dpyd -2.37 6E-03 0.15 1E-38 -2.51 1E-02  

Slc8a1 -2.38 1E-20 0.08 4E-23 -1.32 1E-02  

Pag1 -2.40 3E-39 0.15 4E-06 -4.58 4E-06  

Eya2 -2.40 2E-04 0.01 1E-54 -5.83 1E-13  

Gpr1 -2.40 1E-02 0.05 7E-49 -0.78 3E-02  

Camk4 -2.41 1E-10 0.24 2E-26 -2.07 2E-03  

Pip4k2a -2.42 2E-63 0.11 2E-43 -1.5 8E-05  

Flrt2 -2.46 6E-41 0.07 7E-45 -5.97 2E-13  

Lox -2.49 2E-55 0.52 4E-05 -2.05 2E-08  

Gnai1 -2.49 5E-11 0.02 5E-18 -2.52 1E-02  

Dusp1 -2.50 1E-26 0.62 4E-02 -0.58 5E-02  

Lyn -2.51 7E-47 0.07 1E-35 -1.05 9E-03  

Cttnbp2 -2.52 1E-08 0.22 1E-30 -1.17 3E-03  

Ripk2 -2.53 1E-45 0.31 3E-03 -3.5 2E-05  

Pappa -2.53 5E-25 0.14 1E-25 -1.11 2E-04  

Lgsn -2.54 1E-02 0.23 4E-02 -2.93 4E-08  

Il1rap -2.55 3E-44 0.29 8E-07 -3.39 8E-06  

Pitx3 -2.57 1E-02 0.22 3E-09 -0.85 2E-05  

Pawr -2.58 9E-29 0.13 4E-50 -1.62 9E-04  

Ptprq -2.58 1E-02 0.11 5E-28 -2.04 3E-02  

Epha7 -2.60 8E-05 0.11 1E-07 -1.41 2E-04  

Dock3 -2.62 1E-36 0.32 4E-07 -0.71 4E-03  

Vgll3 -2.64 4E-29 0.24 5E-49 -4.61 1E-06  
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Palm2 -2.64 8E-11 0.10 2E-14 -1.28 1E-04  

Irs1 -2.65 1E-49 0.24 6E-08 -1.32 3E-04  

Cntnap2 -2.66 3E-04 0.01 2E-40 -3.34 4E-06  

Ptgs2 -2.66 9E-15 0.29 3E-20 -2.98 1E-09  

Lama2 -2.66 6E-28 0.22 4E-16 -2.3 1E-23  

Apob -2.69 7E-03 0.28 7E-05 -1.17 1E-03  

Emx2 -2.72 1E-52 0.27 2E-63 -1.21 5E-07  

Rsad2 -2.73 3E-03 0.01 9E-57 -0.89 3E-02  

Lmcd1 -2.73 1E-47 0.18 2E-11 -0.97 2E-04  

Lhx2 -2.74 4E-37 0.17 3E-29 -1.67 5E-05  

Moxd1 -2.75 6E-03 0.37 1E-06 -1.93 2E-02  

Efnb2 -2.77 8E-69 0.51 6E-07 -1.21 2E-04  

Arhgap31 -2.78 9E-56 0.14 5E-23 -3.38 3E-06  

Foxd2 -2.85 5E-15 0.04 4E-29 -6.75 8E-21  

Ntf3 -2.85 7E-04 0.11 2E-16 -5.24 2E-11  

Spats2l -2.86 6E-11 0.06 1E-52 -3.59 2E-03  

Tnc -2.87 2E-64 0.19 4E-41 -2.32 5E-07  

Carmn -2.88 1E-09 0.25 6E-06 -1.27 4E-12  

Rbfox1 -2.91 2E-03 0.16 1E-08 -2.89 2E-07  

Aldh1a1 -2.94 4E-04 0.38 1E-02 -1.93 6E-03  

Pax6 -2.95 5E-109 0.14 2E-40 -4.69 1E-10  

Kcnq5 -2.98 7E-52 0.11 1E-08 -4.89 2E-07  

Wbscr17 -2.98 8E-60 0.14 1E-36 -3.84 3E-07  

Klf2 -2.98 2E-44 0.11 1E-06 -1.38 9E-05  

Cxcl1 -2.98 3E-13 0.53 1E-04 -1.58 1E-02  

Fbxl7 -2.99 1E-25 0.08 7E-21 -4.59 9E-10  

Abcc12 -2.99 1E-35 0.26 1E-04 -1.54 2E-04  

Spry1 -3.00 3E-40 0.17 1E-18 -0.89 3E-02  

Chsy3 -3.01 2E-11 0.11 1E-08 -2.2 1E-04  

Slco1a5 -3.02 2E-26 0.47 1E-24 -1.44 1E-02  

Trank1 -3.03 3E-07 0.02 9E-20 -4 2E-12  

Gabrg3 -3.03 2E-03 0.02 9E-20 -5.49 3E-18  

Cdh11 -3.03 4E-116 0.00 1E-123 -4.91 7E-13  

Grb10 -3.05 3E-21 0.30 5E-08 -5.59 9E-12  

Dcn -3.07 9E-07 0.02 9E-20 -4.65 1E-06  

Vit -3.09 9E-38 0.23 1E-24 -4.4 3E-13  

Itga4 -3.12 1E-24 0.34 6E-16 -2.02 6E-03  

Tspan12 -3.14 1E-25 0.18 1E-03 -2.73 7E-06  

Gpr176 -3.16 6E-12 0.30 2E-14 -1.82 4E-02  

Neb -3.17 5E-13 0.01 6E-87 -5.95 4E-52  

Steap1 -3.19 1E-37 0.23 4E-02 -2.49 7E-03  

Opn5 -3.20 8E-04 0.15 2E-43 -1.95 2E-04  

F3 -3.23 2E-127 0.69 2E-02 -1.27 1E-03  

Cftr -3.23 2E-26 0.22 1E-30 -1.17 3E-03  

Hoxb9 -3.28 8E-05 0.06 1E-11 -6.72 2E-19  

Nlgn1 -3.28 1E-04 0.13 1E-08 -3.43 1E-04  

Tceal7 -3.32 2E-04 0.02 3E-86 -2.55 1E-05  

Samd12 -3.37 1E-04 0.20 2E-03 -2.93 2E-03  

Ascl2 -3.37 4E-04 0.06 1E-11 -3.07 8E-06  

Ptgs2os2 -3.37 3E-04 0.20 2E-13 -4.06 4E-03  

Nkain2 -3.39 7E-12 0.23 3E-41 -5.06 9E-09  

Nova1 -3.39 2E-15 0.16 1E-19 -4.44 7E-22  
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Tslp -3.39 5E-05 0.32 6E-19 -2.82 8E-16  

Tnfsf18 -3.41 4E-10 0.28 1E-02 -4.89 6E-08  

Nsg1 -3.42 1E-33 0.09 2E-39 -4.1 1E-08  

Aass -3.43 3E-04 0.01 1E-36 -6.61 9E-20  

Luzp2 -3.46 2E-04 0.01 2E-48 -2.15 4E-20  

Dkk2 -3.47 2E-10 0.01 0E+00 -5.73 9E-12  

Akain1 -3.47 2E-04 0.11 2E-44 -1.1 3E-02  

Samd5 -3.49 1E-08 0.02 9E-20 -2.97 4E-13  

Mdga2 -3.52 2E-05 0.05 6E-18 -1.05 4E-02  

Slc14a1 -3.54 2E-04 0.24 5E-10 -0.99 3E-02  

Foxf1 -3.54 6E-40 0.08 7E-21 -2.71 2E-11  

Ptprb -3.55 2E-09 0.25 2E-27 -3.67 3E-08  

Ptchd4 -3.55 3E-27 0.05 2E-114 -1.44 4E-03  

Bmp6 -3.56 2E-22 0.30 5E-03 -1.36 4E-05  

Cep126 -3.61 4E-28 0.26 6E-09 -2.89 2E-03  

Hhip -3.63 1E-15 0.23 1E-03 -1.74 8E-03  

Itga1 -3.64 1E-90 0.03 9E-46 -3.66 3E-07  

Dmrta2 -3.70 5E-66 0.04 4E-29 -1.86 5E-06  

E330013P04Rik -3.71 7E-09 0.35 1E-05 -2.39 4E-04  

Has2 -3.74 8E-34 0.29 2E-11 -6.31 2E-15  

Tusc1 -3.75 9E-19 0.04 5E-22 -7.06 9E-21  

Fgf5 -3.78 2E-21 0.06 8E-13 -1.63 8E-07  

Sema3a -3.80 4E-52 0.09 1E-270 -5.77 8E-12  

Adam19 -3.80 8E-52 0.01 2E-42 -3.4 1E-18  

Mme -3.88 8E-19 0.09 9E-12 -2.92 3E-03  

Nkain4 -3.91 1E-07 0.05 1E-16 -4.63 3E-18  

Gm16897 -3.91 1E-16 0.25 4E-47 -2.91 1E-02  

Baiap2l1 -3.93 6E-40 0.01 3E-67 -5.59 6E-11  

Syt1 -3.95 2E-21 0.06 8E-13 -2.56 3E-11  

Zfhx4 -3.95 3E-96 0.08 3E-32 -5.07 2E-07  

Brinp1 -3.96 9E-06 0.00 2E-255 -6.48 9E-19  

Casp14 -4.03 6E-06 0.03 5E-35 -7.79 6E-31  

Pax6os1 -4.07 4E-06 0.01 9E-31 -4.96 3E-08  

Adcy1 -4.08 2E-36 0.28 2E-03 -1.68 4E-03  

Gja5 -4.10 4E-08 0.29 8E-03 -1.83 7E-05  

Ptprt -4.14 9E-15 0.01 1E-36 -2.89 4E-05  

Serpine1 -4.15 2E-53 0.41 7E-09 -1.34 3E-04  

Igf1 -4.17 8E-59 0.16 2E-07 -1.5 2E-04  

Zic5 -4.21 2E-55 0.12 3E-122 -0.57 5E-02  

Mb21d1 -4.27 2E-24 0.25 2E-04 -1.78 7E-12  

Lor -4.27 8E-07 0.07 2E-10 -3.27 8E-04  

Kcnh5 -4.32 1E-20 0.07 1E-19 -4.06 1E-06  

Zic2 -4.34 2E-81 0.12 3E-122 -0.57 5E-02  

Cyfip2 -4.39 5E-97 0.09 1E-10 -6.03 6E-15  

Tacr1 -4.40 1E-13 0.29 3E-36 -1.38 2E-05  

Ism1 -4.40 1E-26 0.14 6E-10 -3.95 3E-04  

Wnt2 -4.49 9E-09 0.17 1E-30 -3.48 3E-13  

Eva1a -4.59 3E-35 0.02 9E-20 -1.79 2E-12  

Itgb6 -4.65 8E-13 0.26 6E-09 -2.12 4E-03  

Epas1 -4.66 2E-45 0.28 6E-08 -2.78 7E-13  

Galnt18 -4.69 6E-77 0.06 1E-55 -4 3E-06  

Jazf1 -4.77 1E-53 0.20 1E-05 -3.88 3E-07  
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Acss1 -4.84 1E-26 0.13 8E-08 -5.38 7E-10  

Tmem56 -4.87 8E-50 0.15 1E-44 -3.92 1E-08  

Zfp423 -4.94 2E-74 0.07 1E-27 -2.71 3E-02  

Gm5089 -4.96 1E-21 0.23 2E-59 -0.86 3E-02  

Stox2 -4.99 8E-58 0.07 3E-09 -1.07 3E-02  

Pax2 -5.01 4E-66 0.07 2E-10 -6.16 2E-14  

Cdh6 -5.06 4E-15 0.01 9E-31 -2.84 4E-04  

Cd34 -5.19 2E-114 0.25 4E-47 -2.91 1E-02  

Hgf -5.24 5E-11 0.13 8E-08 -2.23 4E-02  

Lrrc4c -5.32 3E-23 0.07 2E-10 -0.9 2E-03  

Mbnl3 -5.37 9E-14 0.07 2E-10 -5.16 5E-09  

Rassf6 -5.39 2E-36 0.54 1E-06 -1.83 6E-15  

Chrdl1 -5.46 3E-131 0.48 4E-07 -2.47 7E-03  

A730020M07Rik -5.46 7E-16 0.26 4E-22 -1.45 6E-04  

Prdm8 -5.54 3E-30 0.06 8E-13 -1.63 8E-07  

Wnk2 -5.60 4E-48 0.24 5E-05 -1.38 3E-02  

Alx1 -5.62 3E-13 0.01 1E-54 -7.34 2E-36  

Plxdc2 -5.73 4E-20 0.02 9E-20 -6.5 1E-17  

Rasgrp3 -5.93 3E-107 0.04 8E-39 -1.55 1E-03  

Chodl -5.93 3E-21 0.12 1E-09 -1.53 2E-03  

Dach1 -5.94 3E-15 0.02 8E-69 -1.18 2E-02  

Prdm6 -5.97 2E-15 0.03 1E-39 -7.12 1E-24  

Aff3 -5.98 6E-64 0.07 2E-10 -5.45 8E-11  

Arx -5.99 7E-71 0.08 2E-127 -5.33 2E-12  

Cacnb4 -6.01 1E-116 0.03 3E-66 -2.52 1E-02  

Oasl1 -6.05 1E-23 0.01 6E-259 -0.67 5E-03  

Speer3 -6.15 3E-34 0.07 3E-09 -5.06 2E-10  

Alx4 -6.21 2E-31 0.01 1E-54 -7.01 2E-23  

Igsf11 -6.26 3E-32 0.02 9E-20 -3.9 7E-05  

Grem2 -6.30 3E-24 0.01 1E-109 -6.57 7E-19  

Rtn1 -6.34 2E-120 0.11 3E-23 -0.75 2E-03  

Zic3 -6.39 3E-286 0.13 6E-95 -2.52 3E-04  

Tmem45a -6.46 7E-124 0.04 7E-53 -1.73 2E-04  

Ptgis -6.52 1E-39 0.01 1E-52 -1.68 9E-18  

Igfbp2 -6.53 2E-176 0.05 3E-28 -1.88 9E-17  

Rims1 -6.55 1E-19 0.11 1E-07 -4.89 2E-07  

Svep1 -6.65 8E-75 0.02 3E-25 -5.02 6E-14  

Adm -6.66 2E-224 0.45 2E-08 -0.86 4E-02  

Sema3e -6.69 1E-85 0.02 2E-84 -1.35 3E-07  

Eya1 -6.87 1E-159 0.04 1E-199 -1.46 2E-05  

Plekhg1 -6.88 9E-36 0.71 3E-02 -0.76 1E-05  

Cthrc1 -6.92 5E-38 0.26 1E-07 -1.23 3E-04  

Crct1 -6.96 5E-84 0.45 3E-03 -5.36 2E-10  

Pax3 -7.00 1E-31 0.62 4E-02 -2.68 1E-04  

Lrp2 -7.03 9E-257 0.33 6E-06 -2.47 3E-18  

Tmem163 -7.29 1E-87 0.10 2E-18 -1 1E-03  

Slc35f1 -7.35 4E-196 0.02 3E-25 -6.48 3E-17  

Ptprz1 -7.74 2E-34 0.01 2E-38 -6.17 2E-14  

Slco4a1 -7.83 4E-44 0.10 1E-38 -2.08 2E-02  

Zic4 -8.13 2E-177 0.11 6E-81 -2.22 2E-10  

Zic1 -8.22 0E+00 0.08 2E-190 -2.21 3E-15  

Frzb -8.59 1E-91 0.01 1E-32 -1.44 1E-02  
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Tmem35a -8.70 4E-98 0.40 8E-13 -4.52 1E-10  

Npr3 -8.85 1E-181 0.01 1E-36 -5.38 1E-38  

Neto1 -8.94 4E-76 0.02 1E-168 -1.79 2E-03  

 
       

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted November 9, 2020. ; https://doi.org/10.1101/199059doi: bioRxiv preprint 

https://doi.org/10.1101/199059


37 
 

     

Table S3. Genes with concordant gene expression in human GSCs and mouse GBM cells 

Genes Human GSCs                   
Linear Fold Change (M/F) 

Human GSCs 
Adjusted p-value 

Mouse GBM Cells        
Linear Fold Change (M/F) 

Mouse GBM Cells 
Adjusted p-value 

DDX3Y 1527.91 3.99E-271 6.37 6.92E-03 
APBB1IP 59.00 4.01E-02 6.77 3.37E-20 
NSG2 22.47 1.40E-04 19.41 7.01E-14 
SYT13 18.46 6.74E-04 3.58 2.37E-04 
CRABP1 18.01 3.86E-04 11.18 8.59E-05 
GLT1D1 13.71 2.01E-03 13.94 1.11E-13 
GPR37L1 10.02 6.59E-03 5.50 1.54E-02 
RET 9.98 3.28E-04 7.16 9.57E-05 
NRXN1 9.51 3.54E-02 4.70 9.20E-09 
DOC2B 9.50 4.06E-03 5.42 4.08E-04 
CAMK1G 7.97 4.31E-02 6.64 4.83E-03 
ALDH1L1 7.01 5.14E-03 14.61 2.63E-05 
GFRA1 6.97 2.40E-02 2.94 2.96E-06 
TEK 6.68 4.10E-02 13.64 6.98E-09 
FUT9 6.52 3.28E-02 13.66 6.15E-10 
SCG3 6.00 2.34E-02 9.00 1.03E-04 
GPD1 5.83 4.57E-03 5.21 8.43E-17 
STXBP2 5.28 1.50E-02 3.82 4.74E-05 
NOTUM 5.21 2.34E-02 5.37 1.33E-08 
TMEM151B 4.66 1.50E-02 2.98 6.61E-03 
KCNAB1 4.58 3.09E-03 5.94 5.19E-20 
PHYHD1 4.51 4.10E-02 6.36 3.88E-05 
ATP8A1 4.09 6.83E-03 6.09 1.15E-30 
MYO7A 4.09 9.18E-03 12.17 9.78E-20 
WNT10A 4.03 2.05E-02 9.58 5.30E-05 
AOC3 3.33 1.70E-02 6.13 9.24E-10 
HID1 3.26 2.28E-02 8.08 4.06E-38 
PCDHB15 2.88 5.39E-03 3.69 4.72E-02 
ADHFE1 2.86 2.09E-02 10.56 1.01E-17 
RAPGEF5 2.85 4.76E-02 2.85 1.09E-05 
ITGA10 0.27 4.66E-02 0.25 1.86E-08 
CARMN 0.20 3.19E-02 0.14 1.35E-09 
SERPINF1 0.10 1.70E-03 0.20 6.38E-32 
XIST 0.0018 8.81E-112 0.0088 4.13E-49 
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Table S5. Real-time quantitative PCR primers and lentivirus shRNA target sequences 
Target Forward qPCR primer Reverse qPCR primer Mouse shRNA target sequence 

Mouse Brd2 TGCTGCAAAACGTGACTC GTAAAGCTGGTACAGAAGCC CAGCCCAAGAAATCTAAGAAA 

Mouse Brd3 GAAAAAGGCTCCCACCAAG GCTAAGTTGTCGCTTTTCATC CCTCTCCCTTAGTAACTTGAA 

Mouse Brd4 GGAACTTCCTCCCAAAAAGAC TGCCGCTTCTCCTCATAAG GCCATCTACACTACGAGAGTT 
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