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RESEARCH ARTICLE Open Access

Genome-wide identification of direct HBx
genomic targets
Francesca Guerrieri1, Laura Belloni1, Daniel D’Andrea2, Natalia Pediconi3, Loredana Le Pera1,2, Barbara Testoni4,
Cecilia Scisciani5, Oceane Floriot4, Fabien Zoulim4, Anna Tramontano1,2,6 and Massimo Levrero1,4,5,7*

Abstract

Background: The Hepatitis B Virus (HBV) HBx regulatory protein is required for HBV replication and involved in HBV-
related carcinogenesis. HBx interacts with chromatin modifying enzymes and transcription factors to modulate histone
post-translational modifications and to regulate viral cccDNA transcription and cellular gene expression. Aiming to
identify genes and non-coding RNAs (ncRNAs) directly targeted by HBx, we performed a chromatin
immunoprecipitation sequencing (ChIP-Seq) to analyse HBV recruitment on host cell chromatin in cells replicating HBV.

Results: ChIP-Seq high throughput sequencing of HBx-bound fragments was used to obtain a high-resolution,
unbiased, mapping of HBx binding sites across the genome in HBV replicating cells. Protein-coding genes and ncRNAs
involved in cell metabolism, chromatin dynamics and cancer were enriched among HBx targets together with genes/
ncRNAs known to modulate HBV replication. The direct transcriptional activation of genes/miRNAs that potentiate
endocytosis (Ras-related in brain (RAB) GTPase family) and autophagy (autophagy related (ATG) genes, beclin-1, miR-
33a) and the transcriptional repression of microRNAs (miR-138, miR-224, miR-576, miR-596) that directly target the HBV
pgRNA and would inhibit HBV replication, contribute to HBx-mediated increase of HBV replication.

Conclusions: Our ChIP-Seq analysis of HBx genome wide chromatin recruitment defined the repertoire of genes and
ncRNAs directly targeted by HBx and led to the identification of new mechanisms by which HBx positively regulates
cccDNA transcription and HBV replication.
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Background
Despite the availability of an effective prophylactic vac-
cine and potent antiviral therapies hepatitis B virus
(HBV) is still a major health problem. Over 240 million
people chronic hepatitis B virus (HBV) carriers world-
wide remain at risk of developing hepatocellular carcin-
oma (HCC) [1, 2]. The persistence of viral replication
in the liver and high serum HBV-DNA levels correlate
with disease severity, progression of liver fibrosis and
HCC development in the clinical setting [2].
The HBV regulatory protein HBx is both required

for HBV replication [3] and implicated in HBV-related
oncogenesis [4]. The mechanisms underlying the

pleiotropic activities of HBx have been only partially
elucidated. HBx regulates transcription both directly,
at the chromatin level, and indirectly, by affecting
intracellular signaling pathways that modulate the ac-
tivity of multiple transcription factors [4]. HBx has
been shown to target the epigenetic control of cellular
genes expression by interacting with chromatin modi-
fying enzymes [5–7]. HBx is also recruited to the
cccDNA in HBV-infected cells [3] and is required for
the transcription of all viral RNAs from the cccDNA
minichromosome in the nucleus [3, 8]. HBx is thought
to regulate cccDNA transcription by two main mecha-
nisms: a) the degradation of the Smc5/6 restriction
factor mediated by the DDB1 – Cul4 E3 ligase com-
plex [9, 10] and b) the prevention of cccDNA epigen-
etic silencing by the histone deacetilase HDAC1 [8],
the protein arginine N-methyltransferase 1 (PRMT1)
[11], the Tudor-domain protein Spindlin-1 [12] and
the histone methyl-transferase SETDB1 [13, 14].
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Additional HBx activities that boost HBV replication
are DNA Methyltransferase 3 Alpha (DNMT3A)
downregulation mediated by miR-101 induction [15],
the elevation of cytosolic calcium levels [16] and the
induction of autophagy [17].

Results
ChIP-Seq analysis of genome wide HBx recruitment
To obtain a high-resolution, unbiased, mapping of HBx
binding sites across the genome we sequenced HBx-bound
fragments by ChIP-Seq in a cccDNA-driven HBV replica-
tion system [18]. Four independent anti-HBx paired ChIPs
were carried out on formaldehyde-crosslinked chromatin
from mock and HBV-transfected HepG2 cells. On average,
~62% of the reads could be aligned to the hg19 version of
the human genome (Additional file 1: Figure S1a); ~1% of
the total number of reads aligned to the HBV genome (ayw
strain, NCBI Reference Sequence: NC_003977.2) and ~1%
of reads falls on the mitochondrial genome. All reads with

multiple alignments and mismatches with the reference ge-
nomes were excluded (~6.3% with at least one unknown
base, ~11% with multiple alignment and ~13% with 1 or 2
mismatches). ~4000 statistically significant peaks/run (P-
value < 10−4) were detected. About 12% of the HBx peaks
were located within 10kb from the transcription start site
(TSS) of known genes, 44.6% were located in intergenic re-
gions and 39.5% within introns (Additional file 1: Figure
S1b-S1c).

Functional analysis of the genes potentially regulated by
HBx
We first performed a functional enrichment analysis of
the whole genome repertoire of the genes potentially regu-
lated by HBx in HBV replicating HepG2 cells. Figure 1a
shows the categories enriched, respectively, among the
KEGG and Reactome Biological Pathways; the Gene Ontol-
ogy (GO) Biological Processes and the InterPro families, a
database that integrates diverse information about protein

Fig. 1 Functional analysis of protein-coding genes potentially regulated by HBx. a Biological Pathways (KEGG, REACTOME), Biological Processes
(GO) and Protein families, domains and important sites (InterPro) over-represented (Benjamini-corrected p-value < 5×10−2) from the analysis of
~5500 protein-coding genes with HBx-binding sites are shown. In each plot, the categories are in descending order with respect to the associ-
ated gene number, with the corresponding color scale of p-values shown on the right. b Validation of HBx occupancy on selected gene pro-
moters in independent ChIP experiments. ChIP results are expressed as Fold Induction (FI) of the % of Input. Histograms show the mean from
three independent experiments; bars indicate SD. P-values: * 0,02≤ P < 0,05; ** 0,01≤ P < 0.02; *** 0,005≤ P < 0.01. Gene specific promoter primer
pairs are detailed in Additional file 1: Table S6
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families, domains and functional sites. Overall, the results
show a significant enrichment in genes involved in cell
metabolism, chromatin dynamics and cancer, but also in
biological pathways that have been associated with the
control of HBV replication [i.e. Ras/Src [19], calcium
transport, endocytosis]. It is important to underline that,
since the HBx ChIP-Seq dataset was generated in HBV
replicating HepG2 cells, which are derived from a primary
liver tumor, and that an enrichment in genes belonging to
the metabolism, chromatin dynamics and cancer pathways
is often found in many immortalized and transformed cell
lines, a number of the HBx genomic binding sites we
found might reflect a bias for transcriptionally active chro-
matin regions in the “tumor cell” chromatin environment.
Independent anti-HBx ChIP experiments confirmed HBx

recruitment, with a 3 to 8-fold enrichment relative to the
control IgG ChIPed samples, to the promoter regions of se-
lected genes belonging to different functional categories
[Hsa04144: Rab1A, Rab2B, Rab5B; GO:0006357: SREBP2,
Beclin1; Has04010: Traf2; Hsa05200: Stat1; IPR013032:
Lama3; GO:0045892: Dnmt3B] in HBV replicating HepG2
cells (Fig. 1b) and in HBV-infected NTCP-HepG2 cells
(Additional file 1: Figure S2a) and primary human hepato-
cytes from 2 different donors (Additional file 1: Figure S2b).
Validated PCR primers for genomic target sites that

were negative for anti-HBx ChIP-Seq peak assignment
showed no enrichment in the HBx immunoprecipitated
chromatin, thus confirming the lack of off-target HBx
recruitment and the specificity of the anti-HBx ChIP
(Additional file 1: Figure S3).

HBx directly enhances endocytosis
The enrichment of genes involved in endocytosis among
HBx targets (Fig. 1a) represents a potential link between
its role in viral replication [20, 21] and its contribution to
liver cancer development [22]. Our ChIP-Seq analysis
showed that HBx is recruited and potentially regulates 24
members of the Ras-related in brain (RAB) GTPase family
of genes, including several RAB GTPases implicated in
endocytosis (Additional file 1: Table S1). HBx binding to
the RAB1A, RAB2B and RAB5B promoter regions (see
Fig. 1b) was accompanied by an increase in promoter-
bound histone H4 acetylation (Fig. 2a) and RAB1A,
RAB2B and RAB5B expression (Fig. 2b) in HBV-wt repli-
cating cells but not in HBx-mt replicating cells. The up-
regulation of RAB1A, RAB2B and RAB5B expression was
confirmed in HBV-infected NTCP-HepG2 cells (Fig. 2c)
and human primary hepatocytes (PHH) (Fig. 2d). The
specificity of HBx binding to the RAB1A, RAB2B and
RAB5B promoter regions was further confirmed in
NTCP-HepG2 cells infected with HBV-wt and HBx-mt
virus (Additional file 1: Figure S4). Notably, HBV-wt
HepG2 replicating cells showed a robust uptake of trans-
ferrin, with intense perinuclear accumulation, whereas

transferrin distribution was more diffuse in mock HepG2
cells and in HBx-mt HepG2 replicating cells due to a di-
minished rate of transferrin internalization (Fig. 3).
HBx is also recruited to and potentially regulates several

genes involved in autophagy, including Beclin-1, SREBP2
and several members of the ATG (AuTophaGy related)
gene family (Additional file 1: Table S1). HBV has been
show to induce ER stress and cellular autophagy, which is
known to enhance viral replication and virions assembly
[17]. Beclin-1 is a major effector of autophagy in mamma-
lian cells and has been shown to be upregulated in HBV-
related HCCs, HBx-overexpressing cells and 2.2.15 HBV
replicating cells [23]. The SREBP-2 transcription factor,
known to be a major regulator of cholesterol metabolism,
has also been involved in the direct activation of several
genes involved in autophagy [24]. HBx recruitment to the
Beclin-1 and SREBP2/miR-33a promoter regions was con-
firmed in independent ChIP experiments performed in
HBV-wt replicating cells (Fig. 1b). HBV-wt replicating
cells, but not HBx-mt replicating cells, displayed higher
levels of histone H4 acetylation on the Beclin-1 and
SREBP2 promoters as compared to HBV mock cells
(Fig. 2a) and increased expression of Beclin-1 and SREBP2
(Fig. 2b). These results were confirmed in HBV-infected
NTCP-HepG2 cells (Fig. 2c) and HBV-infected human
primary hepatocytes (PHH) (Fig. 2d). Altogether, these re-
sults indicate that HBx targets endocytosis and autophagy
gene expression in HBV replicating cells.

ChIP-Seq identifies ncRNAs directly targeted by HBx
Analyses of the distribution of all the anti-HBx ChIP-
Seq peaks revealed the occurrence of putative HBx bind-
ing sites in 16 lncRNA promoters and 32 lncRNA intra-
genic regions, in 44 snoRNA, 3 snRNA and 75 miRNA
promoter regions (Additional file 1: Figure S1d). 39 out
of the 75 HBx targeted miRNAs are classified as intra-
genic [25] and 15 of them display HBx peaks in the pro-
moter region of their target genes. Independent anti-
HBx ChIP experiments in HBV replicating HepG2 cells
(Fig. 4a), HBV-infected NTCP-HepG2 cells (Additional
file 1: Figure S5a) and PHHs (Additional file 1: Figure
S5b) confirmed HBx binding to selected miRNA pro-
moters (>4-fold enrichment relative to the control IgG
ChIPed samples in 11 out of 13). Primers designed to
overlap an HBx peak detected with a higher P-value (P
= 1E-3) showed no enrichment in anti-HBx ChIPed
DNA (Additional file 1: Figure S6).
The 75 miRNAs targeted by HBx include several miR-

NAs that have been implicated in the regulation of specific
liver functions (n = 9), in HBV replication (n = 6), in hepato-
carcinogenesis (n = 12), cancer (n = 30) and others the func-
tion of which is not yet known (n = 40) (Additional file 1:
Table S2). The analysis of the selected miRNA promoter se-
quences bound by HBx using the Genomatix MatInspector
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resource showed the presence of binding sites for multiple
transcription factors that have been reported to interact
with HBx, including NFAT, CREB, NFkB, SREBP1, STAT,
E2F and SMAD [4], a finding consistent with a mechanism
of piggy-backing for HBx mediated by multiple transcrip-
tion factors (Additional file 1: Table S3).
Next, we analyzed the impact of HBx chromatin re-

cruitment on the expression of HBx targeted miRNAs.
Figure 4b shows the differential expression, analyzed by
real-time qPCR, of the 15 miRNAs encoded from the 13
promoters used for the independent validation of HBx
chromatin recruitment in Fig. 4a. 8 miRNAs [miR-1913,
miR-129-3p miR-129-5p, miR-26b; miR-551b-3p, miR-
551b-5p, miR-3648, miR-3687] are consistently upregu-
lated (>1.3 fold) and 5 miRNAs [miR-138, miR-224,
miR-302e, miR-576-3p, miR-596] are downregulated
(<0.7 fold) in HBV-wt HepG2 replicating cells. 4

miRNAs [miR-21, miR-26a-5p, miR-452, miR-552] are
apparently not modulated or only slightly modulated by
HBV replication in this assay (Fig. 4b). Notably, con-
cordant results were obtained for 9/13 miRNAs included
in the miRNAs Taqman microarrays profiles from HBV-
infected (12 dpi) PHHs (Fig. 4c and Additional file 1:
Figure S7). miR-21 and miR-452, that were only slightly
up-regulated 48 h after transfection in HBV-replicating
HepG2 cells, were significantly up-regulated in PHH 12
days after infection. HBV up-regulation of miR-21 ex-
pression is consistent with previous reports [26]. miR-
552 was dowregulated in HBV-wt replicating HepG2
cells at 48 h withouth reaching <0.7 fold threshold but
its levels were significantly reduced in HBV-infected
PHH. miR-596 was dowregulated 48 h after transfection
in HBV-wt replicating HepG2 cells and significantly up-
regulated in HBV-infected PHH.

Fig. 2 HBx ChIP-seq identifies direct target genes involved in endocytosis. a H4 acetylation on Rab1A, Rab2B, Rab5B, Srebp2 and Beclin 1 genes
promoters assessed in independent ChIP experiments. Anti-AcH4 ChIPed chromatin from mock, HBV-wt and HBx-mt HBV replicating HepG2 cells
and NTCP-HepG2 HBV-infected cells. Results are expressed as in Fig. 1b. b–d qPCR quantification of Rab1A, Rab2B Rab5B, Srebp2 and Beclin-1
mRNA levels in mock, HBV-wt and HBx-mt HepG2 cells replicating HBV (b) HBV-infected NTCP-HepG2 (c) and PHHs (d). Results are expressed as
fold induction relative to the mock-transfected/infected controls (Ctl) after normalization to endogenous human β-actin mRNAs. Data represent
means ± SD from at least three independent experiments performed in duplicate. P-values: * 0,02 ≤ P < 0,05; ** 0,01 ≤ P < 0.02; *** 0,005≤ P < 0.01
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HBx recruitment impacts on H4 histone acetylation of
neighboring chromatin promoters. As shown in Fig. 4d,
H4 acetylation was decreased on the promoter regions
of miR-138-2, miR-224, miR-302e, miR-576-3p and miR-
596, all repressed by HBx. Conversely, HBx recruitment
was accompanied by an increased H4 acetylation at the
miR-26b promoter (Fig. 4d), whose expression is acti-
vated in HBV-wt replicating HepG2 cells and HBV-
infected PHH (Fig. 4b and Additional file 1: Figure S5).
These results confirm the HBx ability to influence tran-
scription by directly modulating the epigenetic status of
target promoters and provide a mechanism for miRNA
repression by HBx.

A subset of HBx targeted miRNAs represses HBV
replication
A number of miRNAs directly or indirectly promote or
repress HBV replication (see ref. [27] and Additional file
1 : Table S4). Thus, miR-122 abrogates p53-mediated in-
hibition of HBV replication by targeting cyclin G1 and
its interaction with p53 [28]. miR-372/373 and miR-501
promote HBV gene expression by targeting the tran-
scription factor nuclear factor I/B [29] and HBXIP [30],
respectively. miR-1 increases HBV transcription and rep-
lication by targeting HDAC4, which in turn represses
HBV transcription [31]. miR-15b potentiates HBV repli-
cation by targeting HNF1a and relieving its repressive
activity on HBV Enhancer 1 [32]. Conversely, miR-141
suppresses HBV expression and replication in HepG2
cells by targeting PPARa [33] and mir-130a inhibits
hepatitis B virus replication by targeting PGC1α and
PPARγ [34]. miR-199a-3p and miR-210 [35], miR-15a/
miR-16-1 [36], the miR-17-92 cluster [37] and miR-1231
[38] have been shown to target HBV mRNAs directly
and to inhibit HBV replication. None of these miRNAs

showed HBx recruitment in our ChIP-Seq analysis, nei-
ther to their putative promoter sequence nor to the pro-
moter regions of their host genes, with the exception of
miR-15a and miR16.1 that are embedded into the DLeu2
lncRNA gene, the promoter of which harbors an HBx
binding peak.
We investigated whether the miRNAs repressed by HBx

binding to their regulatory regions might directly target
HBV transcripts, and in particular the HBV pgRNA. HBx
repression could relieve the miRNA-directed down-
regulation of HBV replication and unveal new miRNA–
dependent auto-regulatory loops in HBV replicating cells.
In silico analysis revealed the presence of several putative
seed sequences on the HBV genome specific for HBx-
regulated miRNAs, which are also conserved across HBV
genotypes (Additional file 1: Table S5). As shown in Fig. 5a,
pre-miR-138, pre-miR-224 and pre-miR-596 overexpression
reduces HBV pgRNA levels, whereas pre-miR-302e does
not. Similarly, pre-mir-26a2, that is not modulated by HBV
in our systems and we use as a control, did not affect HBV
pgRNA levels (Fig. 5a). Notably, co-transfection of HBV-wt
together with pre-miR-138-2, pre-miR-224, and pre-miR-
596 resulted in a significant reduction of HBV replication,
measured as cytoplasmic core particles associated rcHBV-
DNA (Fig. 5b). Altogether, these results suggest that HBx
repression of miR-138, miR-224 and miR-596 expression
relieves the negative effects of these miRNAs on HBV repli-
cation. On the other hand, mir-302e likely downregulates
HBV regulation indirectly, by targeting one or more genes
involved in the regulation of HBV replication.
In order to better characterize the interplay between

HBx, HBx-targeted miRNAs and HBV replication, we
selected miR-224, whose expression is repressed by HBV
replication (ref [39] bis and Fig. 4b and c) and increased
in HCC patients [39–42] where its expression is driven

Fig. 3 HBx directly enhances endocytosis. Endocytosis of transferrin is increased in HBV-wt replicating HepG2 cells. Representative images of Alexa
Fluor 594-conjugated human transferrin uptake (red, left panels), nuclear staining with Hoechst (blue, middle panels) and nuclear GFP positive
transfected cells (green, right panels) in mock, HBV-wt and HBx-mt HBV transduced HepG2 cells. Histograms represent the mean and SD of Alexa
488-conjugated transferrin signal quantified by ImageJ software in 100 cells from each of 3 independent experiments
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Fig. 4 (See legend on next page.)
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by the TNF/LT-NFkB signaling [42]. Alignment of ChIP-
Seq HBx occupancy on the intronic miR-224 regulatory
region revealed the presence of a NFkB/p65 consensus
motif, which is known to be a direct transcriptional
regulator of miR-224 expression and up-regulation in
human hepatocellular carcinoma [42]. HBx recruitment
is accompanied by a strong co-recruitment of p65 and
the DNMT3A DNA methyltransferase (Fig. 5c) in the
same region of the miR-224 promoter, that is accompan-
ied by an hypoacetylation of Histone 4 lysines (Fig. 4d).
We also show that exogenously expressed HBx repressed
miR-224 promoter in a transient luciferase reporter
assay (Fig. 5d). Altogether these results strongly suggest
the recruitment of HBx as part of a transcriptionally in-
active NFkB/p65 complex on the miR-224 promoter,
which is responsible for the silencing of miR-224
transcription.
Next, to confirm that the inhibition of HBV replication

by miR-224 is indeed the result of a direct targeting of
HBV 3.5Kb/pgRNA, the 5 putative seed sequences identi-
fied by the RNAhybrid software in the HBV genome
(Fig. 6a) were cloned at the 3′UTR of the Renilla Lucifer-
ase gene in the pRL-TK vector (Fig. 6b). Co-transfection
of the different Renilla Luciferase constructs together with
pre-miR-224 showed a significative inhibition of the Lucif-
erase activity for constructs containing seed 1 and seed 4,
thus confirming that HBV is a direct target of miR-224
which inhibits viral replication by directly binding HBV
genome on seed 1 and seed 4 (Fig. 6b).

Discussion
Our ChIP-Seq genome wide analysis of HBx chromatin
recruitment in HBV replicating cells provides a reper-
toire of genes and ncRNAs directly targeted by HBx and
led us to propose new mechanisms by which HBx po-
tentiates HBV replication. As already mentioned, a pos-
sible limitation of our study is that our HBx ChIP-Seq
data set was generated in HBV replicating HepG2 cells,
which are transformed cells derived from primary liver
tumor, wild type for p53 and mutated for β-catenin. In-
deed, some of the “enriched genes” are associated with
pathways, such as metabolism, chromatin dynamics and
cancer, that are often found to be deregulated in

transcriptomic analysis of immortalized and tumor cell
lines. It cannot be excluded that a number of HBx gen-
omic binding sites identified in our study might reflect a
bias for transcriptionally active chromatin regions
present in HepG2 cells. It is conceivable that the same
regions might not be transcriptionally active, and there-
fore potentially not be targeted by HBx, in normal hepa-
tocytes (i.e. a human liver recently infected by HBV or
primary human hepatocytes infected in vitro by HBV).
However, strong clinical evidence links HBV replication
with the development of HBV-related HCCs and HBx
expression has been widely implicated in HCC develop-
ment and progression. Thus, a repertoire of HBx gen-
omic binding sites identified in a tumor derived
hepatocytic cell line, such as the HepG2 cells, might be
very relevant for HBV-induced hepatocarcinogenesis.
Most HBx targets validated in our study have been con-
firmed in primary hepatocytes from different donors
and, notably, HBx is recruited very early post-infection
on the regulatory sequence of miR-21, a well established
onco-miR, also in HBV-infected primary human
hepatocytes.
We found that HBx activates several genes and miRNAs

that potentiate endocytosis and autophagy to favor HBV
replication, and represses miRNAs (miR-224, miR-138
and miR-596) that potentially target the HBV pgRNA and
would inhibit HBV replication (Fig. 7). Thus, HBx binding
to the cccDNA increases pgRNA transcription and HBV
replication and, at the same time, HBx protects the
pgRNA from the negative effects of miRNAs miR-224,
miR-138 and miR-596 by targeting their promoters and
inhibiting their expression. To better characterize the
interplay between HBx, HBx targeted miRNAs and HBV
replication we focused on miR-224. The down-regulation
of miR-224 expression in HBV replicating cells (ref [35]
and Fig. 4b and c) and HBV infected primary hepatocytes
(Additional file 1: Figure S5) is in apparent contradiction
with the reported up-regulation of miR-224 in elevated in
HCC [40–42] including HBV-related HCCs [42]. Notably,
Amaddeo et al. have reported that HBx inactivating muta-
tions, including missense/stop and frameshift mutations
as well as deletions, are selected in HBV-related HCCs
that carry a lower number of viral copies as compared to

(See figure on previous page.)
Fig. 4 ChIP-seq miRNA peak validation and HBx targeted miRNAs expression. a HBx occupancy on the putative promoter regions (−5000 + 1000
nt relative to position +1 of each miRNA in MirBase v18) of selected miRNAs (Additional file 1: Figure S1d) was validated in independent ChIP
experiments. Cross-linked chromatin from mock or HBV-wt replicating HepG2 cells was immunoprecipitated with a specific anti-HBx antibody or
relevant IgG controls, and then analyzed by real-time qPCR using specific primer pairs (see Additional file 1: Table S6). ChIP results are expressed
as Fold Induction (FI) of the % of Input and the histograms show the mean from three independent experiments; bars indicate SD. b–c miRNA
profiles were analyzed by real-time qPCR, and normalized with respect to RNU38, in mock, HBV-wt and HBx-mt replicating HepG2 cells (b) and by
Taqman PCR-arrays in HBV infected (12 dpi) PHHs (c). Data represent means ± SD from at least three independent experiments performed in du-
plicate. d HBx recruitment impacts on H4 histone acetylation of neighboring chromatin promoters. Anti-AcH4 ChIPs were performed and analysed
as in a). P-values: * 0,02≤ P < 0,05; ** 0,01 ≤ P < 0.02; *** 0,005≤ P < 0.01
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the non-tumor tissues [43]. Although it would be challen-
ging to obtain a formal demonstration in vivo, it is tempt-
ing to speculate that, in the early phases of HBV infection,
HBx binding at or near the p65/NFkB sites in the miR-
224 promoter leads to the repression of miR-224 expres-
sion, that would be detrimental for viral replication,
whereas HBx inactivation leaves the miR-224 promoter
free to respond to TNF/LT-NFkB signaling in HCCs and
highly displastic nodules.

Conclusions
The analysis of HBx genome wide chromatin recruit-
ment provides a repertoire of genes and ncRNAs directly
targeted by HBx and led to the identification of new

mechanisms by which HBx positively regulates cccDNA
transcription and HBV replication.

Methods
Cell cultures
HepG2 (ATCC HB-8065), HepG2.2.15 (a HepG2 clone
transfected with a plasmid containing two head-to-tail
dimers of the HBV genome, kindly provided by H. Will,
MPI, Martinsried, Germany) and NTCP-HepG2 (a
HepG2 clone transfected with a plasmid expressing the
HBV receptor Na+-taurocholate cotransporting polypep-
tide (NTCP), kindly provided by S Urban, Heidelberg
University, Germany) cells were cultured in supple-
mented Dulbecco’s modified Eagle’s medium (DMEM)

Fig. 5 Impact of HBx-targeted miRNAs on 3.5Kb/pgRNA transcription and HBV replication. a HepG2 cells are co-transfected with linear wild type
HBV genomes (HBV) and the indicated pre-hsa-miRNAs. HBV 3.5Kb/pgRNA levels were determined by real-time qPCR using specific primers. Re-
sults were expressed as fold induction relative to mock controls (Ctl) after normalization towards endogenous human β-actin mRNAs. b rcHBV-
DNA levels associated to cytoplasmatic core particles were determined by real-time qPCR after normalization to β-globin. Histograms represent
the mean from 3 independent experiments; bars indicate SDs. P values were determined using the Student’s t test. *P < 0.05. c DNMT3A and p65
recruitment on miR224 promoter. ChIPed chromatin from mock and HBV-wt replicating HepG2 cells. Results are expressed as in Fig. 4a. d Left
panel. Putative regulatory region (−2500/+1000 from TSS) and schematic representation of the luciferase construct containing the miR-224 pro-
moter region. The sequence was analyzed by motif software (http://www.genome.jp/tools/motif/) using a cut off score of 85%. Black diamonds
represent p53 binding sites; white circles represent NFkB consensus; white triangles represent AP1 consensus; black rectangles represent TCF/LEF
consensus and grey star represents HNF-3β consensus. Right panel. HepG2 cells were transfected with 250 ng of the −1841/+1035 miR-224 lucifer-
ase construct together with 250 ng of HBx expression vector. Luciferase activity was assayed 30h after transfection and expressed as fold induc-
tion over the control. Histograms represent the mean of 3 independent experiments each performed in duplicate; bars indicate S.D. P-values: *
0,02≤ P < 0,05; ** 0,01≤ P < 0.02; *** 0,005≤ P < 0.01
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as described [44] and maintained in a 5% CO2 humidi-
fied incubator at 37 C.

Transient transfection of full-length HBV DNA genomes
The pCR.HBV.A.EcoRI and the pCR.HBXmt.A.EcoRI
plasmids were restricted by EcoRI-PvuI (New England
Biolabs) to generate monomeric linear full-length WT

(genotype A, adw) and HBx-mt (carrying a termination
site at the codon 8 of the X ORF) HBV genomes [44]. Lin-
ear HBV monomers were transfected into HepG2 human
hepatoma cells using the Mirrus Bio transIT-LT1 (Mir
2300A). Briefly, 2–3 × 106 or 1–2 × 107 HepG2 cells are
seeded in 100-mm or 150-mm-diameter Petri dishes, re-
spectively, transfected after 24 h with 1 to 2 μg of digested

Fig. 6 Direct targeting of HBV 3.5Kb/pgRNA by miR-224. a In silico analysis of the HBV genome, performed with the RNAhybrid tool on the Biele-
feld University Bioinformatics Server, revealed the presence of several putative miR-224 seed sequences that are conserved across HBV genotypes.
b Upper panels. Schematic representation of the putative seed sequences of HBV genome cloned on the 3′ UTR of the Renilla luciferase gene in
the pRL-TK vector (Promega). Lower panels. HepG2 cells were transfected with the above indicated luciferase constructs together with 30nM of
pre-miR-224 or its relative control. Luciferase activity was assayed 30h after transfection and expressed as fold induction over the control. All histo-
grams represent the mean of three indipendent experiments each performed in duplicate; bars indicate S.D. P-values: * 0,02≤ P < 0,05; ** 0,01≤
P < 0.02; *** 0,005≤ P < 0.01. Grey stars, HBV genotype A; black stars, genotype A, C, D. c Proposed model for a differential modulation of miR-224
expression by HBx and inflammatory cytokines in ealrly phases of HBV infection and in HCC
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HBV DNA and harvested 48 h post-transfection. A GFP
expression vector (500 ng) was included to assess transfec-
tion efficiency (range 28%–32%). The HBV region span-
ning the predicted ends of the linear dsDNA was
amplified and sequenced to exclude the generation of cir-
cular HBV DNA molecules carrying sequence modifica-
tions at the recombination site. Southern blot analysis has
shown that the HBV cccDNA species in the nuclear ex-
tracts from HepG2 transfected cells co-migrate with the
cccDNA isolated from an HBV-infected liver used as a
positive control and are converted into a linear DNA by
XhoI digestion [18].

Primary culture of human hepatocytes and HBV infection
Primary human hepatocytes (PHH) (provided by Prof.
M. Rivoire) were prepared from HBV, HCV and HIV
negative adult patients undergoing lobectomy or seg-
mental liver resection for medically required purposes
unrelated to this research program. PHH were prepared
and cultured as described elsewhere [45]. Briefly, the
cells are plated overnight in collagen-coated dishes (BD
Biosciences) at 2×105 cells/cm2 in William’s medium
(Life Technologies) supplemented with 10% FetalClone
II (Thermo Scientific), 1% penicillin/streptomicine and
1% glutamine (Life Technologies), as well as 5 μg/ml In-
sulin and 5×10-7 M hydrocortisone hemisuccinate
(Sigma Aldrich). After 24 h PHH are extensively washed
in serum-free medium and kept in serum-free medium
for one more day to counter select the growth of con-
taminating fibroblast and endothelial cells, and infected
48 hours after plating with HBV virus (i.e. inoculum)
produced in HepG2.2.15 cells [46].

ChIP assays
Cells are resuspended in 0,2–0,4 ml of ChIP lysis buffer
(50 mM Tris HCL, pH 8, 0.5% NP40, 1 mM EDTA, and
100 mM NaCL), incubated 10 min at 4°C and the lysate
centrifuged at 10,000 g for 2 min. The nuclei are fixed in
1% formaldehyde for 30 min at 4°C, extracted with a 20
mM Tris, pH 8, 3 mMMgCl2, 20 mM KCl buffer contain-
ing protease inhibitors, pelleted by microcentrifugation
and lysed in SDS lysis buffer (1% sodium dodecyl sulfate,
10 mM EDTA, 50 mM Tris-chloride, pH 8.1) containing
protease inhibitors. Chromatin is sonicated using a Bior-
uptor Sonicator (Diagenode Inc) to generate 300- to 1000-
bp DNA fragments (5 pulses of 45 s at 80% power) for
ChIP and 200- to 300-bp DNA fragments (total time of 20
min, 30 s ON, 30 s OFF) for ChIP-Seq. After microcentri-
fugation, the supernatant is diluted 1:10 in dilution buffer
(0.01% sodium dodecyl sulfate, 1.1% Triton X-100, 1.2
mM EDTA, 16.7 mM Tris-chloride, pH 8.1, 167 mM
NaCl, containing protease inhibitors). 100 μl of antibody-
coupled magnetic beads (Invitrogen Dynalbeads) are
added to each 1 ml chromatin preparation and incubated
on a rotator for 14–16 h at 4°C. The antibodies used are
anti-HBx (MA1-081; mouse monoclonal IgG1), anti-
AcH4 (06–866, Upstate; rabbit polyclonal IgG recognizing
histone H4 acetylated at lysines 6, 9, 13, and 17), anti-
DNMT3A (sc-20703; Santa Cruz Biotechnology Inc.),
anti-p65 (sc-372; Santa Cruz Biotechnology Inc.). Nonspe-
cific immunoglobulins (Santa Cruz Biotechnology Inc.)
are used as negative controls. After the reverse cross-
linking, immunoprecipitated chromatin was purified by
phenol/chloroform (1:1) extraction and ethanol precipita-
tion. ChIPed chromatin is analyzed by real-time PCR
amplification using either primers (NCC1 and CCCAS)
and probes (FL and Red) specific for the HBV cccDNA [3]
or specific primers for genes and miRNAs promoters and
the SYBR Green DNA Master mix (Applied Biosystems,
Inc., Foster City, US-CA) (Additional file 1: Table S6). For
ChIP-Seq chromatin is prepared from ~2×107 cells / ex-
perimental point and processed according to the Illumina
ChIp-Seq libraries generation protocol (IP-102-1001) and
sequenced on Illumina GAII/GAIIx platforms. The eluate
was quantified by using a Qubit (Invitrogen) fluorometer.
The quality of each anti-HBx ChIP processed for ChIP-
Seq was prealably assessed by controlling HBx binding to
the HBV cccDNA [8] and to the MT1F gene promoter
[47]. DNA fragments recovered from reverse cross-linked
chromatin are repaired, ligated to adapters, size selected
and PCR-amplified to generate NGS libraries following
the Illumina DNA Library Construction Kit.

ChIP-Seq data analysis
Reads (36 bp) were mapped to the UCSC human gen-
ome hg19 using Bowtie (version 0.12.9) [48]. Uniquely
aligned reads with no mismatches were retained for

Fig. 7 Schematic representation of HBx-dependent mechanisms that
contribute to boost HBV replication
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subsequent analyses. Peak-calling was performed using
model-based analysis for ChIP-seq (MACS, version
1.4.2) [49], following the protocol described in Feng et
al. [50]. Peak-calling was performed against a refer-
ence input sample from the same HepG2 cell line.
Home-made Perl scripts (www.biocomputing.it;
“Tools” section; Scripts related to Guerrieri et al.)
were used to locate HBx candidate binding sites along
the genome, taking into account three categories: pro-
moters (10 kb upstream or 1 kb downstream the tran-
scriptional start site (TSS) of genes), intragenic (from
1 kb after TSS up to the transcript end site (TES)) and
intergenic. For microRNAs, in particular, the promoter
HBx binding sites were located within the range of
(−5000; +1000) bps relative to the TSS. All potential
target protein-coding genes were annotated according
to UCSC, RefSeq and GenCode; for non-coding genes
(snoRNAs, snRNAs and lincRNAs) we referred to the
Ensembl Annotation and for microRNAs to the miR-
Base database v18 [51].

Functional enrichment analyses of candidate HBx target
genes
All protein-coding genes with putative HBx binding sites
(promoters or intragenic) were analysed by DAVID [52]
and FIDEA [53] web servers using KEGG [54] and Reac-
tome pathways [55, 56], the InterPro families [57] and
the Gene Ontology (GO) Biological Processes [58]. Only
biological terms with Benjamini-corrected p-value < 0.05
were considered enriched.

Plasmids and luciferase assay
The miR-224 promoter region −1841/+1035 (relative to
the pre-miR sequence was amplified by PCR from HepG2
genomic DNA with the following primers: luc-miR-
224_FOR 5′-AATCCTGTGCACCTCATCCTCTGT-3′;
luc-miR-224_REV 5′-GACGAGCGGAG AAGGTTCTT-
3′. The amplified region was cloned into the pGL3 Basic
Vector (Promega, Madison, WI, USA) using the T4 DNA
ligase (Promega, Madison, WI, USA) and the construct
was confirmed by sequencing. Putative miR-224 seed se-
quences in the HBV genome (genotipe A; ADW) were
amplified by PCR with specific primers (Additional file 1:
Table S6), cloned in the 3′ UTR of the Renilla luciferase
gene in the pRL-TK vector (Promega) and confirmed by
sequencing. For luciferase assay, cells are transfected with
the indicated luciferase reporter constructs and expression
vectors using the Lipofectamine Plus reagent (Invitrogen
Inc., Carlsbad, CA, USA). Luciferase activity in cell lysates
is measured using the Luciferase Assay System (Promega,
Madison, WI, USA) 30 h after transfection and the results
normalized for protein levels (Bradford, Bio-Rad Labora-
tories, Hercules, CA, USA). Pre-miRNA-224 and anti-
miRNA-224 (Ambion #AM17100 and #AM17000) are

transfected with the Lipofectamine plus reagent (Invitro-
gen Inc., Carlsbad, CA, USA) at a final concentration of
30 nmol/l and cells were analyzed 30 h after transfection.

HBV pgRNA and cellular mRNA analysis
Total RNA was extracted using the TRIzol reagent (Invitro-
gen). RNA samples are treated with RQ1 RNase-Free
DNase (Promega) for 30 min at 37°C and RNA quality and
quantity monitored by ethidium bromide staining and UV
absorbance. For pgRNA analysis, 2 μg of DNase-treated
RNA are reverse transcribed (ThermoScript RT-PCR
System, Invitrogen) and quantified by real-time PCR ana-
lysis (Light Cycler; Roche Diagnostics) using the following
pgRNA-specific primers and probes: forward primer, 5′-
GCCTTAGAGTCTCCTGAGCA-3′, reverse primer, 5′-
GAGGGAGTTCTTCTTCTAGG-3′, FRET hybridization
probes, 5′–AGTGTGGATTCGCACTCCTCCAGC-FL-3′,
and Red640-5′ATAGACCACCAAATGCCCCTATCTTAT
CAAC-3′. RNA samples are normalized using the
hGAPDH housekeeping gene Light Cycler Set (Roche
Diagnostics). miRNAs and mRNAs levels in cultured cells
were assayed, after reverse transcription (ThermoScript,
Invitrogen, Inc., Carlsbad, US-CA) using miRNA specific
stem-loop primers or random primers, by quantitative
qPCR using either a specific TaqMan FAM-probe (Applied
Biosystems, Inc.) with the specific primers. Results were
normalized with respetct to RNU38 or β-actin and
expressed as described above.

Taqman® array microRNA cards
Total RNA is extracted from PHH at different time points
after HBv infection with TRIzol® reagent (Life Technologies)
according to manufacturer’s instructions. The Megaplex™
RT primer human pool A + B v3.0 (Life Technologies) was
used for miRNA-specific reverse transcription. RNA quality
and quantity were monitored by ethidium-bromide staining
and by UV absorbance. The Megaplex™ RT product was
then loaded on Taqman® microRNA cards A + B and run
performed with default thermal cycling conditions (Taq-
man® array user bulletin – Life Technologies). Data were
collected through SDS 2.3 software and analyzed through
RQ Manager 1.2 program (Life Technologies).

Core-particles associated HBV DNA purification and
quantitation
Cells are washed with ice-cold PBS, lysed in 50 mmol Tris–
HCl, pH 7.4, 1 mmol EDTA, and 1% NP-40 (lysis buffer A)
and nuclei pelleted by centrifugation for 1 min at 10,000 g.
The supernatants are adjusted to 100 mmol MgCl2, treated
with 100 mg/ml of DNase I for 30 min at 37°C and then
with 0.5 mg/ml proteinase K and 1% SDS for 2 h at 50°C.
Nucleic acids are purified by phenol- chloroform (1:1) ex-
traction and ethanol precipitation adding glycogen. HBV
DNA is quantified by real-time PCR in a Light Cycler
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instrument (Roche) using the following primers and probes:
forward, 5′-CTCGTGGTGGACTTCTCTC-3′, and reverse
5′-CAGCAGGATGAAGAGGAA-3′. We also used spe-
cific FRET hybridization probes: 5′-CACTCACCAACCTC
CTGTCCTCCAA-FL-3′, Red640, 5′-TGTCCTGGTTAT
CGCTGGATGT GTCT-3′. Amplifications were performed
as follows: 95°C for 5 min, followed by 45 cycles at 95°C for
10 s, 58°C for 10 s, and 72°C for 20 s.

Immunofluoresence and transferrin-uptake assay
HepG2 cell lines were grown overnight on glass coverslips
in 6-well plates. The cells were serum-starved at 37 °C for
1 h in starving medium (DMEM 0%), then incubated at
37 °C for 15–20 min in starving medium containing 25
μg/ml of biotinylated holo-transferrin (Sigma T-3915).
Cells were fixed in 4% paraformaldehyde at room
temperature for 20 min, washed thrice with PBS, permea-
bilised, blocked with TBS + 0.2% Saponin + 10% serum
anti rabbit for 15 min, and then incubated at 37 °C for 1 h
with 1:500 dilution of Streptavidin from Molecular Probes
conjugated to the fluorophor Alexa 594 (Invitrogen). After
three washes with TBS + 0.02% Saponin + 1% serum, the
coverslips were mounted onto glass slides. Images of
Transferrin, DAPI and GFP-fluorescence were acquired
using a Zeiss 510 Meta confocal microscope (all images
were obtained with the same exposure setting). Alexa 594-
conjugated transferrin signal intensity was quantified for
10 transfected cells in each set, and the mean intensity cal-
culated and normalized against that of the nontransfected
cells (Mock) with the software ImageJ.

Statistics
P values were determined using the 2-tailed Student’s t test.
Wilcoxon rank-sum test was used for nonparametric pair-
wise comparisons. P < 0.05 was considered significant.
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Exp Name #Good 
unique reads 

#Uniquely 
mapped reads 

%Uniquely 
mapped reads 

SAP Input 33,167,085 25,687,082 77 

SAP HBx_wt_1 29,109,646 21,261,284 73 

SAP HBx_wt_2 13,090,991 7,994,287 61 

IFO Input 17,516,410 12,157,995 69 

IFO HBx_wt_1 17,148,341 7,996,242 47 

IFO HBx_wt_3 15,629,897 7,141,652 46 

Hsa-miR fdr Hsa-miR fdr Hsa-miR fdr Hsa-miR fdr
Hsa-miR-224 0 Hsa-miR-3139 0.24 Hsa-miR-4698 0.76 Hsa-miR-3617 1.75
Hsa-miR-452 0 Hsa-miR-548p 0.24 Hsa-miR-640 0.79 Hsa-miR-944 1.80
Hsa-miR-21 0 Hsa-miR-302e 0.25 Hsa-miR-4740 0.80 Hsa-miR-26a-2 2.14
Hsa-miR-3648 0 Hsa-miR-663a 0.29 Hsa-miR-4662b 0.80 Hsa-miR-4488 2.15
Hsa-miR-576 0.14 Hsa-miR-138-2 0.30 Hsa-miR-5698 0.82 Hsa-miR-3197 2.26
Hsa-miR-1913 0.14 Hsa-miR-551b 0.36 Hsa-miR-4681 0.82 Hsa-miR-4770 2.42
Hsa-miR-26b 0.15 Hsa-miR-5095 0.47 Hsa-miR-584 0-84 Hsa-miR-543 2.76
Hsa-miR-5588 0.15 Hsa-miR-4682 0.51 Hsa-miR-4648 0.87 Hsa-miR-495 2.76
Hsa-miR-3691 0.15 Hsa-miR-1539 0.55 Hsa-miR-3650 0.88 Hsa-miR-4664 3.54
Hsa-miR-4703 0.16 Hsa-miR-4429 0.59 Hsa-miR-133a-2 0.89 Hsa-miR-4317 3.73
Hsa-miR-5193 0.16 Hsa-miR-663b 0.59 Hsa-miR-3914-1 0.95 Hsa-miR-4321 3.87
Hsa-miR-943 0.16 Hsa-miR-663a 0.63 Hsa-miR-3170 0.95 Hsa-miR-3648 11.1
Hsa-miR-129-1 0.16 Hsa-miR-4666a 0.67 Hsa-miR-548a-2 1.04 Hsa-miR-3687 11.1
Hsa-miR-552 0.17 Hsa-miR-3648 0.69 Hsa-miR-3622b 1.18 Hsa-miR-4448 37.5
Hsa-miR-3657 0.17 Hsa-miR-3687 0.69 Hsa-miR-4286 1.22 Hsa-miR-3916 37.6
Hsa-miR-1973 0.17 Hsa-miR-639 0.69 Hsa-miR-555 1.23 Hsa-miR-4442 37.9
Hsa-miR-4276 0.17 Hsa-miR-596 0.70 Hsa-miR-4429 1.24 Hsa-miR-4446 38.0
Hsa-miR-3909 0.18 Hsa-miR-4501 0.71 Hsa-miR-4425 1.25 Hsa-miR-4438 43.1
Hsa-miR-4476 0.18 Hsa-miR-378g 0.73 Hsa-miR-4309 1.29   
Hsa-miR-1244-2 0.20 Hsa-miR-3667 0.73 Hsa-miR-639 1.73   
Hsa-miR-626 0.22 Hsa-miR-4710 0.74 Hsa-miR-5006 1.74   

d 

c b 

a 



Figure S1. HBx ChIP-Seq experiments analysis. Libraries were sequenced using the 
Illumina Genome Analyzer II (two IFO libraries) or the Genome Analyzer IIx (two SAP 
libraries). Total input DNA from each experiment served as control sample. a) Number of 
reads obtained in the different experiments; b) Histogram showing the distribution of peaks 
with respect to the Transcription Start Site (TSS); c) Distribution of HBx peaks in the 
different genomic regions. d) list of the 75 HBx targeted miRNA promoters sorted 
according to their False Discovery Rate (FDR). 



Figure S2. HBx occupancy on cellular promoters in: a) NTCP-HepG2 cells 
and b) PHHs infected with HBV-wt virus. Anti-HBx ChIPed chromatin from 
NTCP-HepG2 cells (a) and PHHs (b) infected with HBV-wt virus is analyzed with 
primers specific for the SREBP2 and Beclin-1 promoters. ChIP results are 
expressed as % of Input. Histograms show the mean from two independent 
experiments; bars indicate SD. 
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Figure S3. HBx occupancy on the control RFP2 promoter. HBx occupancy on 
the RFP2 promoter showed no HBx enrichment in independent ChIP experiments. 
Results are expressed as in Figure S2. 
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Figure S4. HBx occupancy on cellular promoters in NTCP-HepG2 cells 
infected with wild-type and mt-HBx HBV. Anti-HBx ChIPed chromatin from 
NTCP-HepG2 cells infected with HBV-wt and HBV-mt-HBx virus is analyzed with 
primers specific for the RAB1A, RAB2B, RAB5B, Beclin-1 and SREBP2 promoters. 
ChIP results are expressed as Fold Induction (FI) of the % of Input. Histograms 
show the mean from three independent experiments; bars indicate SD.  
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Figure S5. HBx occupancy on miRNAs promoters in: a) NTCP-HepG2 cells 
and b) PHHs infected with HBV-wt virus. Anti-HBx ChIPed chromatin from 
NTCP-HepG2 cells (a) and PHHs (b) infected with HBV-wt virus is analyzed with 
primers specific for the miR-224 and miR-21 promoters. Results are expressed as 
in Figure S2. 
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Figure S6. ChIP validation of high P value HBx peak. HBx occupancy on 
miR-23a (peak P value =1E-3) showed no enrichment in anti-HBx in an 
independent ChIP validation experiment. Results are expressed as in Figure S2.  
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Figure S7. HBx targeted miRNAs expression in HBV-infected Primary Human 
Hepatocytes. miRNAs expression was analysed by Taqman PCR-arrays in HBV 
infected (12 dpi) Primary Human hepatocytes (PHH).  
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Table  S1 
Rab family & ATG family  table 

 
Genes Location

 
RAB1A, RAB2B, RAB5A, RAB6C, RAB8A, RAB12, RAB27A,
RAB28, RAB31, RAB38, RAB11FIP2, RAB11FIP3

 
Promoter

 

 
RAB3B, RAB3C, RAB3D, RAB4A, RAB5B, RAB8BA, RAB8B,
RAB10, RAB18, RAB27A, RAB28, RAB31P, RAB37, RAB32, 
RAB11FIP3, RAB11FIP5

 
In gene

 
ATG4B

 
Promoter

 
ATG3, ATG4B, ATG5, ATG7, ATG9A, ATG10, ATG16L1, ATG9B

 
In gene

 



Table  S2 
HBx targeted miRNAs functions (PubMed) 

Gene Liver HCC HBV Cancer NA
     

Gene Liver HCC HBV Cancer NA

     



Table  S3 
TF binding sites overlapping HBx peaks 

(Genomatix MatInspector) 

  
  NFAT CREB NFkB p53 STAT E2F SMAD 

miR-224 

miR-129-1 

miR-138-2 

miR-302e 

miR-596 

miR-26a-2 

miR-26b 

miR-551b 

miR-552 

miR-1913 

miR-576 

miR-3648 

miR-21 



Table  S4 
miRNAs that activate or repress HBV replication 

 HBV 
replication

Target / 
mechanisms References

miR-1 up HDAC4 23

miR-15a
miR-16-1 down Viral RNAs 28

miR-15b up HNF1a 24

miR-17-92 
cluster down Viral RNAs 29

miR-122 down Cyclin G1-p53 20

miR-130a down PGC1a-PPARg 26

miR-141 down PPARa 25

miR-372/373 up nuclear factor I/B 21

miR-199a-3p
miR-210 down Viral RNAs 27

miR-1231 down Viral RNAs 30

miR-501 up HBXIP 22



Table  S5 
miRNA seeds predicted in HBV pgRNA sequence and conserved across HBV genotypes 

(RNA-hybrid a) 

miRNA Seeed 5p Seed 3p

21 -22,2 kcal/mol -21,4 kcal/mol

26a-2 -17,8 kcal/mol -19,6 kcal/mol

26b -21,5 kcal/mol -25,4 kcal/mol

129-1 -24,5 kcal/mol -27,9 kcal/mol

138-2 -31,2 kcal/mol -22,3 kmol/cal

224 -27 kcal/mol -25,8 kcal/mol

302e -22,6 kcal/mol /

452 -25,6 kcal/mol -19,7 kcal/mol

551b -26,2 kcal/mol -24,8 kmol/cal

552 -25 kcal/mol /

576 -22,2 kcal/mol -23,3 kcal/mol

596 -31,3 kcal/mol /

1913 -35 kcal/mol /

3648 -29,8 kcal/mol /

3687 -24,6 kcal/mol /

a KrugerJ & Rehmsmeier M, NAR 2006, 24, W451-W454 
 



Table  S6 
List of primers used thoughout the manuscript 

ChIP primers Forward Reverse
SREBP2 5′- CCCTCTCCAGCCTCAGACAATGA-3′ 5′-GGCACATTCACCTGCTTGCTAACT-3 ′

RAB1A 5′- AACTTGCACTACTGCCTCCTGTCA-3 5′-TTAGGCCACCAGGGATTGTTCACT-3 ′

RAB2B 5′- GCCACTGTGTCTGGCCCATAATTT-3′ 5′-CCCTTGATCCTTCTTCCTGTTCCT-3 ′

RAB5B 5′- CTTGTTGGCTGGACATGGT-3 ′ 5′-GCTATGGATGAGAGAATGGAGG-3 ′

BECLIN1 5- CAGTACATCCTGAGCCAGAAC-3 ′ 5-GGGTGCATGAAGAGGTATAGTC -3 ′

TRAF2 5- CCCAGGTTCAAGTGATTTTCCT-3 ′ 5′-CTGGGCATGGTGGCAGATGC-3 ′

STAT1 5- GAGGCAGCCATTCGGGAATCTA-3 ′ 5′-CTCACCTCGCAACACCTGATCC-3 ′

LAMA3 5- CACCATGCCTGGCTAAGT-3 ′ 5′-TGATATCAAAAGCGCAAGCA-3 ′

DNMT3B 5- CCATAAAGTGACCTTCTGG-3 ′ 5′-CTGCTGCTCCTCAATACACCAA-3 ′

hsa-mir-21 5′-CCGGCATAGGTCCATCTCTGCA 3′ 5′-TCAGCCCGAAACTTCCCAGAG-3′

hsa-mir-26a-2 5′-CACGTGGCCAGCACTGTTAAATGA-3′ 5′-GGTTACTACTGATTTCCCTGCCTG -3′

hsa-mir-26b 5′-AAAGAAGTGCACGGGCAACGG-3′ 5′-GCGCTTTCCTCTCCCTCTGTGAA -3′

hsa- mir-129-1 5′-TCTGGGCCTCACTTATGCCAC-3′ 5′-ATGCTGGGAGAGCTGTGTGACCTT -3′

hsa-mir-138-2 5′- ACCCTGGTACAAGCCAGAGGAAAT-3′ 5′-ACAAGCTGAGGCGGGAAGACATAA-3′

hsa-mir-224 5′-CAGAGCAACCCTGGAAACACTCTT -3′ 5′-AGCAGAACAAGATGCCTCTCACGA-3′

hsa-mir-302e 5′-GAAGAGACAACACAGAAGCTCAGCAG-3′ 5′-CATGTTAGGTCATTGGGAAGTGAGGG-3′

hsa-mir-551B 5′-CAGAAACTGATGGGACTGATCTGC -3′ 5′- TGACGAGATATAGTGGCTTGCCTG-3′

hsa-mir-552 5′-GTGATGGACACACACACACACACA-3′ 5′-ACAGCTCACCAGTCTTACCCAGAT -3′

hsa-mir-576 5′- TTGGGTCAAGAGTCAGAAGTTT -3′ 5′- TGGCTTCTACTTGTCCTTTCC -3′

hsa-mir-596 5′-GGGAGGAAGGAAGGAAAGAAA -3′ 5′-TCTGTGAAAGCTGGATGCTAA -3′

hsa-mir-1913 5′-TTGAAAGTGTTCTGCGCTATCC-3′ 5′-ACCTGGGCTGAAGGAGATTTA -3′

hsa-mir-3648 5′-GGCCGTGCCTGAGGTTTCT -3′ 5′-AACGGACGTGAAGCCGGTGA -3′

mRNA primers Forward Reverse Probe
SREBP2 5′-GCCCTGGAAGTGACAGAGAG -3′ 5′-TGCTTTCCCAGGGAGTGA -3′ #21, cat.no. 04686942001

RAB1A  5′-GGGAAAACAATCAAGCTTCAAA 
-3 5′-CTGGAGGTGATTGTTCGAAAT -3′ #72, cat. no. 04688953001

RAB2B 5′-ACAAATCAAACTGCAAATCTGG 
-3′ 5′-AACGGGTGATAGAACGGAAG -3′ #61, cat. no. 04688597001

RAB5B 5′-GCCAAGACAGCTATGAACGTG -3 
′ 5′-GCCAAGACAGCTATGAACGTG -3′ #72, cat.no. 04688953001

BECLIN1 5'-GCAGCTGGATAAGCTGAAGA-3' 5'-CGACCCAGCCTGAAGTTATT-3'  

miRNAs primers
miRNAs Probe miRNAs Probe
hsa-mir-21 ID 000397 hsa-mir-452 ID 002329

hsa-mir-26a ID 000405 hsa-mir-551B -3p ID 001535

hsa-mir-26b ID 000407 hsa-mir-551B -5p ID 002346

hsa-mir-33a ID 002135 hsa-mir-552 ID 001520

hsa- mir-129-5p ID 000590 hsa-mir-576-3p ID 002351

hsa- mir-129-3p ID 002298 hsa-mir-596 ID 001550

hsa-mir-138 ID 002284 hsa-mir-1913 ID 121113

hsa-mir-224 ID 002099 hsa-mir-3648 ID 464401

hsa-mir-302e ID 002802 hsa-mir-3687 ID 464645

RNU38B ID 001004   



miRNAs PreMir
hsa-mir-26a-5p PM10249 hsa-mir-302e PM13467

hsa-mir-138-5p PM11727 hsa-mir-596 PM11608

hsa-mir-224-5p PM12571  

Primers specific for  
SEED sequences Forward Reverse

Seed1 5’-ACCCTGTGACGAACATGGAGAACA-3’ 5’-ACACATCCAGCGATAACCAGGACA-3’

Seed2 5’-ACAGGCTTTCACTTTCTCGCCAAC-3’ 5’-AGTTCCGATGAGCTTTGCTCCAGA-3’

Seed3 5’-TTTCCATGGCTGCTAGGCTGTACT-3’ 5’-AACGTGCAGAGGTGAAGCGAAGT-3’

Seed4 5’-ATAAATTGGTCTGCGCACCAGCAC-3’ 5’-ACGGAAGGAAAGAAGTCAGAAGGC-3’
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Supplementary Table 1 
Primers and probes for used for HBV DNA, HBV RNA and cccDNA quantification. 

HBV primers 
Forward GCTGACGCAACCCCCACT 

Reverse AGGAGTTCCGCAGTATGG 

RPLPO primers 
Forward CACCATTGAAATCCTGAGTGATGT 

Reverse TGACCAGCCCAAAGGAGAAG 

GUS primers 
Forward CGTGGTTGGAGAGCTCATTTGGAA 

Reverse ATTCCCCAGCACTCTCGTCGGT 

cccDNA 

primers 
Forward CTC CCC GTC TGT GCC TTC T 

Reverse GCC CCA AAG CCA CCC AAG 

probe 
Forward GTT CAC GGT GGT CTC CAT GCA ACG T 

Reverse AGG TGA AGC GAA GTG CAC ACG GAC C 

Globine 

primers 
Forward ACA CAA CTG TGT TCA CTA GC 

Reverse CAA CTT CAT CCA CGT TCA CC 

probe 
Forward CAA ACA GAC ACC ATG GTG CAC CTG ACT CCT GAG GA 

Reverse AAG TCT GCC GTT ACT GCC CTG TGG GGC AA 



Supplementary Table  

List of unique genes showing an increased (UP) or decreased (DOWN) 
chromatin accessibility in HBV infected human primary hepatocytes 

2 h post-infection 24 h post-infection 72 h post-infection 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
MIR7977 C1QL2 PPP1R2P3 MIR3922 BCL2L14 MIR6076 
LURAP1L TAS2R1 CINP DMRT2 MEOX2-AS1 TUBB4A 
GRID1-AS1 LINC01254 HACE1 SSH2 OPA1-AS1 CDH6 
MIR548BB MIR924 DSG1-AS1 PTPN4 C14orf180 FAT3 
MIR3170 AACS TMEM167A HLA-DQB1 ITGB6 GRIK4 
GALNT15 EBF1 LINC00603 SNORA105A NDST4 LRRC32 
SEMA5A-AS1 LOC100294145 VRK2 EYA4 RNF219-AS1 LINGO2 
MADCAM1 YTHDC2 TBC1D23 OAZ1 ADAMTSL1 LINC00494 
LINC01309 MIR1202 DRD3 DNAH5 ROCK1 LINC01949 
MIR4637 NBEAL1 APOLD1 DEPDC1 EIF3E WWOX 
HEATR9 LINC00238 CTD-2194D22.4 ZADH2 ELFN1 GZMH 
MIR3152 MTCL1 TBC1D5 PTPRS LOC93463 C3orf79 
ARMC7 SAMD4A LINC01127 TARS ANKRD33 COPB1 
LINC01029 BARD1 LOC105378098 STMND1 SPTBN1 RFX2 
LINC00538 PMEPA1 TENM2 DST DAZL SELL 
LOC102724957 IZUMO3 ITGA8 LOC105372028 LINC02026 METTL4 
METTL4 CSMD1 ADAMTSL1 VASH1 LOC101929468 LINC01250 
DLGAP1 ZDHHC21 FAM133CP UBE2QL1 CNTNAP5 SEPT10 
GPR25 PPP4R3A MIR548AD SLC6A3 NAALADL2-AS1 DPYD-AS2 
LINC02111 SMU1 CDH18 SPRED2 SEPT7P2 LINC01121 
HGC6.3 ATP6V1C1 LOC101927168 PLXNA2 FAM120C ISY1-RAB43 
MIR6083 SIAH3 OPCML JARID2 LINC01608 PRG1 
SMCO1 ACVR2A PPM1A LINC01239 SNX14 MIR3936 
FUNDC2P2 WDFY2 CSMD3 KIF21A COL6A4P2 PLBD1 
CCR7 IPMK E2F7 LRFN5 DMD GDNF-AS1 
NIPSNAP3B MIR4454 GPR151 LOC101927697 LOC645166 OR4E1 
LOC101928591 PLA2G5 MIR548AD EDN1 ZNF385B MYOM3 
SUN1 GNG4 MGC32805 LSP1P3 MDGA2 LINC00967 
CEP76 ITGA5 C7orf72 PPP2R2A RUNX2 RCE1 
PLIN3 MIR4324 APOL5 BRE-AS1 LOC644919 PROSER2 
RXFP2 POTEA AHCYL2 ACSM6 HYI ELAVL2 
CD28 ANKRD55 LINC01242 SCN7A SMAD7 PPM1M 
TLE6 AKAIN1 PIN1P1 LINC01714 LINC01258 KCNQ1 
PEG13 NSFP1 WDR89 TRIO PTPRD-AS2 NRIP1 
AA06 MAP2 ARPC5L WFDC3 DEPDC1 FCRL4 
UTY LINC00601 LINC00906 TEK LCORL LOC101929243 
SF3B1 LRRC37A2 LINC01568 ROCK1 LOC646241 FBXO22 
PCAT1 MAGEB16 OR5T2 TTC39C ERCC6L REEP6 
ONECUT3 FNIP2 SEPT10 MIR4477A LOC284395 MIR548AU 
JPH1 FAM46A CHL1 CD200R1 MIR2115 CLDN5 
COQ10A PTPRS MSR1 PHEX-AS1 LRFN5 TICAM1 
POM121L12 FGGY FAM46A MYOM1 LRRTM4 PACRGL 
CDH18 GPR21 EGFR-AS1 LINGO4 LINC01913 PTPRD 
LOC101928161 TOX3 ARHGAP29 MLANA DAPK1 LRRTM3 
NPSR1 TRIO MT1M RORA LAMA4 PPP1R1C 
ARL8B SLC9A2 MEAT6 NDUFV2 FLJ37505 DCD 
CX3CR1 LOC102723692 SNX5 DLEC1 UBBP4 PEX14 
LOC101929122 TMEM45B SMAD7 BTBD2 LCAL1 UHRF1 
RGPD1 SLC7A11-AS1 LINC01848 SCHLAP1 LOC102546299 SLC1A4 
NECTIN1 MEAT6 TINAG DMRT1 RTKN2 PSMD6-AS2 
TMC3 B3GALT1 BBOX1 RDM1 LINC01697 MIR1296 
DNAH10 TMEM261 PRDM15 TRIP13 ST8SIA4 ZBTB16 
ARID5B CCDC71L MS4A13 TRIO DTL RARB 
LOC100131532 KIAA0040 VWC2L LINC00367 HULC REREP3 
BAIAP2L1 LINC00999 FAM134B SLC25A51 TMEM261 ANAPC10 
LINC00906 LINC01060 CLUL1 OR2F1 EMB EVL 
VAX1 LOC101926915 LINC01395 TAF1L TNR TPD52L3 
ACBD3 CA12 KCNK18 LINC01107 LOC100132078 PI4KAP1 
CCBE1 LINC02052 MAPK13 LOC101928622 LINC01648 PLOD2 
KIF16B LINC01126 KCMF1 UBAP2 GAS6-AS1 ROPN1L 
CSF3R MIR3973 LOC105369486 SLC8A2 C3orf58 MIR1587 
TTC39A RAB4A DICER1 LEPROT CLECL1 NNMT 
BTBD3 LINC01601 IL1RL1 SLC29A4 ACSBG1 ADAT3 
OTUB1 RORA-AS2 MIR4473 SORT1 BAP1 TYRP1 



2 h post-infection 24 h post-infection 72 h post-infection 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
SNORA4 
DMRT2 
ANKK1 
NRG1 
ATP2C1 
XIRP2 
KCTD3 
KIF26B 
MAP7 
GNE 
PLXNA2 
TNRC18 
MIR4777 
STAC3 
TEK 
EPS15L1 
DDX1 
LINC00563 
GLDC 
IZUMO3 
CDH11 
MISP 
LOC101928052 
FBXO7 
SMYD3 
ZSCAN30 
MCF2L2 
LOC401134 
BRCAT107 
TMTC1 
SALL2 
FAM63B 
ATP2C2 
DNAJC25-GNG10 
RAB11FIP2 
TMX3 
OR4E1 
DNAH7 
TRMT10C 
HDHD2 
CELF2 
NCOA2 
IFT43 
LOC645166 
CAPZA3 
ACACA 
HNRNPKP3 
HNRNPA3 
RGS2 
CRBN 
FREM2 
MIR1237 
CHD1 
C19orf25 
EDN2 
LINC01923 
OSCP1 
GNS 
SLC1A5 
NCKAP5 
IQGAP2 
MIR548AG1 
BMPER 
UGT2A3 
FST 
LINC01007 
CTNND2 
NPR3 
CD2AP 
LINGO2 
LINC01654 
MLLT10P1 
LINC00836 
SLC25A51 
NPR3 
RUSC2 

LINC00376 
NIT2 
LYPD1 
PP2D1 
RERE 
SEPT9 
JMJD1C 
UBE2D1 
ZNF521 
MS4A10 
ADCYAP1 
C5orf22 
LINC01602 
NWD1 
EPAS1 

RPS29 
C19orf47 
LOC102724691 
GBX1 
LINC00261 
CPNE8 
ABCG2 
LINC01519 
MAMDC2 
LINC01123 
STAMBPL1 
CTSO 
GRM5-AS1 
TMEM119 
MVB12B 
LOC101927588 
C7orf71 
LINC01898 
LOC101928535 
RPL13AP17 
LINC01611 
B3GALNT1 
POU4F2 
COL8A1 
SHROOM4 
MSC-AS1 
RAB18 
LOC101928851 
LOC101927907 
NHSL1 
LRIG3 
LINC00906 
CAT 
NRG1-IT1 
MIR592 
MIR4438 
CCDC26 
BMPR1B 
MYF6 
DHFR2 
ICA1L 
TTC6 
BASP1 
MRPS30 
DLGAP1 
SHB 
PKHD1 
MIR8066 
RAI14 
ABCG2 
ACTR6 
LOC105370605 
LOC102723661 
LOC101927911 
LINC01020 
SEMA6A 
CSMD3 
MAN1A1 
LINC00613 
LOC729506 
SH3BP4 
LINC00458 
GNA11 
GMPR 
MYO6 
MAPRE2 
DOCK3 
PXDN 
KIF16B 
LOC105369509 
PTGS2 
LINC01192 
LINC01243 
ZNF8 
TBX18 
UCHL5 

LINC01121 
MIR4643 
CELF5 
GTF2IP1 
SYAP1 
MARCH6 
SF3A3 
LOC101929563 
LOC100507194 
MIR1267 
CBX4 
DRD2 
TRIO 
CYP46A1 
CCDC140 
NUDT12 
SH3YL1 
NNT-AS1 
RASSF5 
LYPD6B 
LINC00593 
LOC105374972 
RORA 
GLIS3 
IMPG1 
KCNQ5-AS1 
IL15 
CXADR 
TP53TG3 
USP17L6P 
ANK3 
SMARCA2 
FAM183BP 
CTNND2 
PCCB 
CBX4 
SLC41A3 
WASF3 
NTS 
EDN1 
LOC105377962 
NTRK3-AS1 
ECT2L 
PLA2G4B 
GIPC3 
LOC101928226 
AKT3 
LINC00603 
LOC101929698 
ADGRL4 
LINC01256 
LOC101927752 
LINC01361 
MIR187 
F5 
PDE1C 
LEPROT 
MGC16025 
PGR 
CNTFR 
ARHGEF10L 
LOC100130264 
GRHPR 
PRSS48 
LINC00550 
ALG1L2 
EDN1 
MIR3134 
CDH18 
PEX5L 
SRD5A2 
CCDC71L 
FGF10 
CYP4F12 
DLGAP1-AS2 
PIP 

PRR18 
LSAMP-AS1 
LOC101927272 
PACRG-AS3 
LOC105372038 
SNORA107 
SSBP3 
LOC105369739 
NCS1 
PABPC4L 
FBXL5 
SUSD6 
TRAPPC11 
UBE2U 
ACER2 
VSTM2A 
FRMPD2 
ZSCAN20 
LINC01468 
SGIP1 
CSNK1G2-AS1 
FUT10 
CYP2C18 
LINC01910 
C4orf33 
PRKCZ 
PDE3A 
UBBP4 
FLJ26245 
LOC105378146 
LOC100506858 
FNDC3A 
NANOS1 
ACAP2 
POLR2M 
RSPRY1 
ACO1 
LOC105371046 
PPFIA2 
LRRTM3 
PCNX1 
ACTR3BP5 
FAT2 
PDE4B 
LOC105369860 
MIR2054 
MYT1L 
CELSR2 
BANF2 
KCNA5  
PKIB 
LOC441025 
LINC01790 
GRID2 
LINGO1-AS2 
ALG10 
ROBO2 
HOMER1 
UBE2NL 
KIAA1324L 
PPT1 
RPS6KC1 
VAPA 
POU4F3 
MIR1260B 
RAB3C 
SLCO4C1 
LINC00348 
TMEM120B 
LINC01235 
CARMIL1 
ATF3 
TUNAR 
WDR18 
LINC01376 
LRRIQ1 

ABL1 
TSSK1B 
SYNDIG1 
MLIP 
MOV10L1 
FCGBP 
POM121L2 
TMEM261 
MIR4306 
GHR 
SELENOP 
AMACR 
LOC100506858 
LINC01781 
MBOAT4 
SVIL-AS1 
CTNND2 
NDFIP1 
PRMT8 
FAM84B 
ABHD6 
ETV6 
SIK2 
SIK2 
PSG7 
PLEKHA7 
PCSK2 
SULF2 
LINC00535 
STMN4 
LOC105374704 
ATP1A1 
LINC02072 
MIR6788 
LINC-PINT 
SEMA6A-AS1 
SLC2A2 
LINC01288 
LINC01600 
ENO4 
LINC01696 
STBD1 
PSPC1 
ARHGAP18 
RIC1 
MIR548AC 
KIF26B 
ASCC3 
LOC105376194 
STUM 
IL1R1 
VGLL2 
IMPAD1 
MTO1 
RNF185 
LINC01929 
IMPA1 
DPP6 
RND3 
FAM46A 
OR56A1 
NFIB 
GOLGA2P2Y 
ZNF665 
LOC645166 
ZCCHC6 
LOC101927849 
KCNE4 
SLC17A6 
DLGAP1-AS4 
LINC00200 
SNORA87 
MIR3152 
NPAS2 
PSAT1 
LINC00907 



2 h post-infection 24 h post-infection 72 h post-infection 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
Chromatin 

accessibility UP 
Chromatin 

accessibility DOWN 
KIF2A 
MIR4445 
TM4SF1 
LINC01793 
MN1 
FUT6 
TFEC 
KCNAB1 
LOC389705 
PFKP 
CDH26 
MIR548AG2 
OSTF1 
KIF4B 
CMSS1 
CCNYL2 
EDIL3 
GRIN2D 
LOC100506858 
MIR924 
ATL2 
CD226 
DNAH5 
ZBTB20-AS3 
C4orf26 
LINC01029 
NLGN4Y 
RNLS 
BEND5 
CCNY 
LINC01182 
MIPOL1 
FAM170A 
LOC101927078 
TRPM2 
TMCC1 
KIAA1217 
FAM201A 
LINC01299 
MIR5582 
LOC105379514 
RNF180 
TUBB6 
LOC101927450 
LINC01243 
NEGR1 
LOC103352541 
STPG2-AS1 
PIN4P1 
TUSC5 
PTPRD-AS2 
RANBP3L 
LINC02027 
MTRNR2L6 
SLC4A7 
LOC101929563 
NGF 
NBEA 
GLI3 
CEP192 
KDM6A 
STPG2-AS1 
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RAB37, RAD51AP2, GPT2, TMEM184C, GRIFIN, CCNT2, LINC00290, LINC01103, LINC00898, TESMIN, PTX3, TPO, 
LOC100287632, PTCHD4, LOC101927243, MIR4459, LOC153910, LOC101927588, SERPINA7, PLCL2, LINC01039, 
LOC105369187, ACAT1, LOC105378146, TYR, KIF5C, LOC105376430, NOBOX, SMG1P2, SSBP2, SPATA4, 
CNTNAP5, TENM4, SREBF2, IRX1, MIR548BA, MSL3,  LNX1, SNX16, GATSL2, LINC01435, LINC01085, EFHB, MEIS2, 
ZFYVE28, LOC643711, ASZ1, DIO3OS, EMB,SCG5, BCKDHB, IQCA1, USP22, KCNN3, LRRC4C, LOC101927557, INTU, 
AP1S3, C3orf67-AS1, COBL, PCDHA4, LOC105375972, MIR4465, KCNJ3, NEB, SMARCA2, VIPR2, CD180, ATP5G3, 
GIMD1, EDN2, ZNF733P, ACTG1P4, DCDC2C, MME, ROBO2, TNFAIP8L3, CDH9, RAP2A, TRAM1L1, ANGPT1, 
LOC644919, NIPBL-AS1, IPMK, LOC101928137, BNC2, ROCK1P1, SCML4, RAB35, LINC00366, RAB28, CKMT2-AS1, 
ARIH2OS, ANO3, EMBP1, LINC01411, LINC02015, C19orf35, KLF12, LOC105378269, SNAR-H, SCUBE3, SNORA107, 
LINC02114, TFPI, STXBP6, FRG1CP, GBA3, RGS18, SREK1, DMRTA1, GGT7, PLCE1-AS2, CCDC167, MYO16-AS1, 
ATOH1, ZNF733P, KL, MPO, CTTNBP2NL, KDM4A, LINC00680, ZNF407, LINC00578, FAM13A-AS1, LRP1B, 
LOC400940, TRIM42, FAM27B, LINC01246, FXYD6, NPTXR, KLF9, LOC100507468, LINC01760, AKAP7, DNAJC6, 
HCG25, LOC105369911, MAF, MIR4439, LINC00867, UNC5C, GALNT2, MTHFD2P1, DACH1, BBX, LINC00371, CD226, 
MIR4268, RNF7, FAM133CP, AKAIN1, MROH2B, TFG, REG3A, LOC101928944, ADGRL1, DEPDC1, MBL2, 
MIR3976HG, DNAH11, TRAF6, LOC100287944, MIR5007, PDE10A, TRIQK, NOX4, FAM46C, LINC01793, MTRNR2L3, 
LOC401134, BMP3, LINC00316, EXT1, PRICKLE2, TMEM106B, MAPKAP1, MIR4426, NBPF20, CDRT15P1, MIR378H, 
KLF5, MIS18BP1, ANXA5, LINC01592, GOT2, CWH43, DOCK3, RGS21, MIR548AB, LOC102723778, CALB2, 
LINC01608, PTPRD-AS1, LRRTM4, PRDM13, LINC01087, ZNHIT6, ARHGAP15, YWHAEP7, CACNG5, LINC01605, 
LINC00680, GOLGA6C, PLEKHM2, P2RY1, STXBP6, TOMM70, YIPF7, LOC105369785, SLC44A1, LOC101927686, 
NKAIN2, LINC01625, KIF13B, LINC02035, MVK, FEZF2, FAM71C, LOC101927815, ZFHX4-AS1, ETNK1, 
LOC105378183, AASDH, MCTP2, SLC9A9-AS1, MTRNR2L6, ATP8A2, MIR6124, PRG4, AXIN2, LOC101928944, 
PRKCH, ZFPM2-AS1, CBLN1, BMPER, LINC00347, TRHDE-AS1, RNU2-1, PDGFC, RAG2, LOC105376365, ELF2, 
LOC100996349, UBE2E3, XPNPEP2, MYO1B, NR2F1-AS1, CCSER1, MEAT6, AREG, CDH10, LINC01118, FRG1CP, 
GATA5, TBC1D4, FTMT, LOC105374704, KCNK12, LINC01959, SEMA6D, YTHDC2, SPATA4, SEC31B, 
LOC101929621, LINC00392, DSCAM-IT1, GNPDA2, MBOAT1, LOC105369891, LOC105370369, NPVF, EGFLAM-AS4, 
AQP4, LINC00972, LINC00907, CDH8, LINC01676, LOC102467214, MUT, TCF7L1, LINC00693, RPTOR, FXYD4, ARX, 
LINC01192, CD48, MIR1267, EMB, LRP1B, LINC01309, GAREM2, LOC101927078, MGAT4C, SNTG1, MIR4774, 
LOC340017, CXXC4, LINC01947, LVCAT5, DCN, TRIB2, KCNH7, BTC, CABLES1, ZBBX, LMX1A, MIR8084, GHSR, 
LOC101928433, LOC101928052, RNU105B, APBA2, EGFLAM, LOC105370586, ZNF536, TMEM45A, PDE4DIP, HCN1, 
SNORA98, POTEA, MOXD1, PTPRD-AS2, BNC2, LINC01361, LOC257396, MIR4650-1, LINC00456, DISC1FP1, 
RBFOX1, EDIL3, LOC101928372, LOC101927849, MIR4735, DLC1, IL15, DUSP6, TRIO, DBET, CCR4, LINC00636, 
CDH6, PRR16, GLRA1, COL11A1, LOC439933, MDGA2, LINC01602, PLXNC1, MBL2, LOC100287010, LINC02032, 
BLOC1S5, LOC100129138, SRGAP2C, HMCN1, RNLS, CCT5, C22orf24, GABBR2, QKI, C10orf107, SMAD5, 
ACTR3BP5, LINC01242, LINC00358, LINC01297, TEX26, LOC653712, PDPR, RAMP3, LOC440040, NLGN1-AS1, 
OR4F17, FRG2EP, FBXO15, GRIN2B, OR2T33, ADGRA2, MIR4445, AFF3, PRR20B, LRRC37A, ARHGAP32, PDGFC, 
LINC01600, RAD18, DPP10-AS3, BCL2L11, DUSP26, DIO2, LINC00879, PKHD1, KDM4C, RAMP3, KCNH8, SMIM23, 
NEU4, LINC02103, TRIB2, PLAC4, HCN1, LOC100192426, SND1, LINC01052, ZNF733P, SH2D7, LYST, LHFP, TPK1, 
PCDH15, ACO1, LOC101928052, LINC01592, LINC00587, FRG1CP, MTAP, LOC101928052, TMEM266, MIR499A, 
SERINC1, RABGAP1L, RP1L1, RIIAD1, PACRG, ABCA8, LOC102723439, LIMS1, MIR1263, SAMD9, MCC, MIR8066, 
LOC101927100, LINC00924, NAB1, HIP1, CIB4, HSPA12A, OCSTAMP, RNF4, LOC339593, MTUS2, MMP16, TMEM261, 
SIK2, FGF14, CTSO, MIR1973, HNRNPKP3, CXCL12, SUCNR1, LINC02085, RTKN2, PLD5, MIR3170, LOC102725080 
IL15, LINC00434, ARG1, GIMD1, COL6A3, MIR7157, VPS4B, MIR302F, C1QTNF3-, AMACR, ANO5, TAGAP, FRG1CP, 
ZNF717, LNCPRESS2, HTR1B, CYP2C19, LINC00293, SCG2, SYN2, DIAPH3-AS1, MIR2054, MTSS1, PTN, SORCS3, 
PRKAG2, CAPS2, MAGED4B, TDO2, KIF17, GNPDA2, SCN3B, SOX1, NFASC, C5orf47, DRD1, LOC101926942, 
GPR176, LOC100131496, ETS1, CSMD3, LOC101927915, LINC01252, GALNT1, MIR7641-2, LINC01207, 
LOC100133920, CTNNA3, AHCTF1P1, MIR147A, MIR4643, UCK2, FAM170A, RANBP3L, LOC102467222, EMBP1, 
MIR4641, CCNY, LOC101927269, ZAN, ZNF716, GLYATL1, LAMC1, CACNA1A, OR7E156P, ACTR3BP5, EPHA7, 
MAT2B, IQCJ, METRNL, NPY5R, LOC644285, TMCO5A, ARHGAP42, KIF26B, LINC01847, LOC100507534, 
LOC101929470, LOC441666, LOC389705, ANKRD20A5P, SYT10, CYP7B1, LILRA5, PLOD2, LNPEP, LINC00273, 
LINC02120, LOC101928510, RUFY1, LINC00922, WNT16, PON1, TACR3, RNGTT, CYP4Z1, SLC16A7, CST9L, 
LOC100133920, FGF8, LINC02126, FAM95C, DIRC3, LOC101927050, NXPH2, LOC100507377, ROBO2, GFRA1, 
TMED4, LINC00423, LINC00593, SLC8A1-AS1, FRAS1, NOVA1, BOLA3, C8orf87, STN1, XIAP, NT5C1B, LINC01372, 
TYRP1, LUCAT1, UGT8, XIRP2, MIR4459, DCLK2, GPC6-AS2, CTNNA2, HDDC2, LINC01821, DNAH6, WDR18, NMBR, 
NXPH1, C11orf49, LOC90768, LOC101927691, DPYS, LOC100506675, LINC02120, TMEM71, MIR4799, LINC01324, 
USP12-AS1, IL1RAP, GBE1, PLCL2, AASDH, LINC02059, CACNA1I, MET, CNTN6, DHFRP3, MIR4465, TBC1D14, 
NBPF8, MAPRE1, SP4, INPP4B, HTR2A, CXCL8, LINC00609, CNTNAP5, LINC00491, LINC00363, ATP5G3, XKR9, 
LOC644919, CCT6B, BMPER, LOC643542, LINC00273, RGS17, RAI14, LOC644669, OR6P1, NPY, FAM193A, 
LOC105369509, ARMC2-AS1, MIR6888, LOC101929721, MRC1, MTRNR2L1, LINC02032, LINC01309, LOC101929411, 
LSM6, MIR592, LINC01372, XIRP2, PCDH7, C5orf52, SSX2IP, NRG1-IT3, LOC102467222, WSCD2, LINC01582, VSX2, 
BCOR, LOC10013033,1 VWCE, CNTLN, BBS7, NFU1, MEI4, PI4K2B, FAM19A2, UBASH3A, LOC105374704, 
PPARGC1A, LARP1B, MIR5007, OR8S1, LOC101927069, EPAS1, LOC101927087, DIAPH3-AS1, UBE2E1, ZNF638, 
SNORA70B, LINC01098, MAP3K7, CHRNA9, STPG2, TRIML1, RRM1, MRPS25, LINC01950, GNB5, TET2-AS1, ASIC5, 
FAM230C, VAV1, ATMIN, LOC101927822, LINC01209, PRKAR1A, LINC01781, PAK5, OSTF1, FRG1CP, CTNND2, 
TTC29, LINC01474, GBE1, LOC102723886, VCY1B, FYN, SLC9A2, ARHGAP26- AS1, MIR4500, SLC39A12-AS1, 
ADAMTS16, GRID1-AS1, OLFM3, CNR1, BTNL8, DCDC5, LVCAT1, MIR4473, ZNF716, CDH12, LINC00997, 
LOC105372028, LOC100506422, CDH19, MIR4454, ALG10B, C2orf76, LOC101928944, GORASP2, DACH1, MANEA-
AS1, OR4D11, SMA4, ESR1, OR8K1, LOC729506, ARSB, RFC3, CHRNB3, RAI2, LINC01393, LINC00316, POU4F3, 
IPO11-LRRC70, MIR135A2, OR10W1, WWOX, STOML3, SLC39A9, GFRA4, SH3GL2, NLGN1-AS1, CERS6, SOX5, 
TCOF1, NEDD1, DENND1A, BRCAT107, VPS13D, PLCE1-AS2, C7orf71, SLC8A1, LINC00290, LINC00613, RPL38, 
MIR4454, RIMS2, LINC01242, TENM4, LINC00879, BMP7-AS1, LINC00564, NEIL3, ALG10B, C8orf34-AS1, CDS1, 
LOC101929116, LINC01378, MIR5702, OR7E37P, KCNC2, MIR548AU, EIF5A2, LINC01184, WDFY3-AS2, RPS7P5, 
RERGL, LOC101929550, TRIM49B, CCDC144NL- AS1, ATOH1, TLE1 
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31711601

-28052
N

M
_001166058

relaxin/insulin like fam
ily peptide receptor 2

protein-coding
AAC

S
0.012994649672535

-3.66
chr12

125057741
125057961

-7516
N

M
_001319839

acetoacetyl-C
oA synthetase

protein-coding
EBF1

0.0133910769079382
-3.36

chr5
158769199

158769380
330473

N
M

_001324109
early B-cell factor 1

protein-coding
LO

C
100294145

0.0135403765102475
-4.03

chr6
32916595

32916800
22521

N
R

_037178
uncharacterized LO

C
100294145

ncR
N

A
C

D
28

0.0135733884962174
3.14

chr2
203693486

203693644
-12910

N
M

_006139
C

D
28 m

olecule
protein-coding

TLE6
0.0144519992188119

2.93
chr19

2969093
2969333

-8320
N

R
_138612

transducin like enhancer of split 6
protein-coding

YTH
D

C
2

0.0152282845664534
-3.96

chr5
113835424

113835612
321856

N
M

_001345975
YTH

 dom
ain containing 2

protein-coding
PEG

13
0.0155046635713508

3.61
chr8

140169401
140169578

-68954
N

R
_144431

paternally expressed 13
ncR

N
A

AA06
0.0156020082361353

3.3
chr17

33627373
33627571

-93712
N

R
_037584

uncharacterized LO
C

100506677
pseudo

U
TY

0.015650771247608
3.59

chrY
13552972

13553139
-72385

N
M

_001258257
ubiquitously transcribed tetratricopeptide repeat containing, Y-linked

protein-coding

Supplem
entary

Table
List ofgenes w

ith altered chrom
atin accessibility 2

hrs post-infection 
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D
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N
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G
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SF3B1
0.0157938939667043

3.46
chr2

197407219
197407669

27649
N

M
_001005526

splicing factor 3b subunit 1
protein-coding

PC
AT1

0.016062986791325
2.84

chr8
126851525

126851703
-161540

N
R

_045262
prostate cancer associated transcript 1 (non-protein coding)

ncR
N

A
O

N
EC

U
T3

0.0162183039850832
2.97

chr19
1733091

1733351
-20442

N
M

_001080488
one cut hom

eobox 3
protein-coding

JPH
1

0.0162640673322914
3.83

chr8
74265250

74265507
55983

N
M

_001317830
junctophilin 1

protein-coding
C

O
Q

10A
0.0163095472265002

3.89
chr12

56278201
56278383

11009
N

M
_001099337

coenzym
e Q

10A
protein-coding

PO
M

121L12
0.016703377375279

3.17
chr7

53386177
53386332

350598
N

M
_182595

PO
M

121 transm
em

brane nucleoporin like 12
protein-coding

M
IR

1202
0.0169323590774415

-4
chr6

155910193
155910387

-36507
N

R
_031606

m
icroR

N
A 1202

ncR
N

A
N

BEAL1
0.0169630520140878

-4.27
chr2

203087541
203087710

72746
N

M
_001114132

neurobeachin like 1
protein-coding

C
D

H
18

0.0175241370630679
2.91

chr5
20899130

20899293
-323338

N
M

_001291956
cadherin 18

protein-coding
LIN

C
00238

0.0180788983093802
-3.92

chr14
65979808

65980072
-506431

N
R

_110307
long intergenic non-protein coding R

N
A 238

ncR
N

A
LO

C
101928161

0.0183432177799607
3.09

chr2
133267149

133267409
1084

N
R

_110294
uncharacterized LO

C
101928161

ncR
N

A
N

PSR
1

0.0185919402321231
3.57

chr7
34690047

34690466
31971

N
M

_207172
neuropeptide S receptor 1

protein-coding
AR

L8B
0.0186048029748406

3.46
chr3

5129145
5129344

6999
N

M
_018184

AD
P ribosylation factor like G

TPase 8B
protein-coding

C
X3C

R
1

0.018633047596395
3.2

chr3
39250780

39251026
29133

N
M

_001337
C

-X3-C
 m

otif chem
okine receptor 1

protein-coding
LO

C
101929122

0.0186898310853942
3.42

chr6
159179715

159179891
-9796

N
R

_121668
uncharacterized LO

C
101929122

ncR
N

A
M

TC
L1

0.0187763491674134
-3.05

chr18
8747338

8747756
30176

N
M

_015210
m

icrotubule crosslinking factor 1
protein-coding

R
G

PD
1

0.0199860775392017
3.44

chr2
87979082

87979530
6484

N
M

_001024457
R

AN
BP2-like and G

R
IP dom

ain containing 1
protein-coding

SAM
D

4A
0.0203273908285343

-3.53
chr14

54727945
54728161

-26735
N

M
_001161577

sterile alpha m
otif dom

ain containing 4A
protein-coding

N
EC

TIN
1

0.0207393918102737
2.74

chr11
119713042

119713365
15522

N
M

_203286
nectin cell adhesion m

olecule 1
protein-coding

TM
C

3
0.0211899455492221

2.67
chr15

81373886
81374186

41
N

M
_001080532

transm
em

brane channel like 3
protein-coding

D
N

AH
10

0.0212210227934924
3.19

chr12
123739229

123739388
-23187

N
M

_207437
dynein axonem

al heavy chain 10
protein-coding

BAR
D

1
0.0214866661760563

-3.83
chr2

214695925
214696089

113704
N

M
_001282543

BR
C

A1 associated R
IN

G
 dom

ain 1
protein-coding

PM
EPA1

0.0215508263186894
-3.81

chr20
57753466

57753624
-42009

N
M

_199171
prostate transm

em
brane protein, androgen induced 1

protein-coding
AR

ID
5B

0.0215735653314915
3.18

chr10
61951253

61951839
50292

N
M

_032199
AT-rich interaction dom

ain 5B
protein-coding

IZU
M

O
3

0.0217135423653089
-3.17

chr9
25004212

25004409
-458634

N
M

_001271706
IZU

M
O

 fam
ily m

em
ber 3

protein-coding
LO

C
100131532

0.02190895107796
3.27

chr6
170001164

170001323
38620

N
R

_027434
uncharacterized LO

C
100131532

ncR
N

A
BAIAP2L1

0.0219747935205575
2.57

chr7
98470328

98470693
-69395

N
M

_018842
BAI1 associated protein 2 like 1

protein-coding
LIN

C
00906

0.0221634752632242
2.82

chr19
28901156

28901536
-63785

N
R

_027318
long intergenic non-protein coding R

N
A 906

ncR
N

A
VAX1

0.0222024319519768
3.64

chr10
117140556

117140726
-2340

N
M

_199131
ventral anterior hom

eobox 1
protein-coding

AC
BD

3
0.0222860444711419

3.1
chr1

226168633
226169223

17794
N

M
_022735

acyl-C
oA binding dom

ain containing 3
protein-coding

C
C

BE1
0.022342514659669

3.74
chr18

59548146
59548297

149191
N

M
_133459

collagen and calcium
 binding EG

F dom
ains 1

protein-coding
KIF16B

0.0225048458543974
3.41

chr20
16533606

16533804
39729

N
M

_001199865
kinesin fam

ily m
em

ber 16B
protein-coding

C
SM

D
1

0.0225512072869785
-3.97

chr8
5128053

5128245
-133343

N
M

_033225
C

U
B and Sushi m

ultiple dom
ains 1

protein-coding
ZD

H
H

C
21

0.022738231276169
-2.69

chr9
14652894

14653067
40502

N
M

_178566
zinc finger D

H
H

C
-type containing 21

protein-coding
PPP4R

3A
0.0231081967953466

-2.84
chr14

91581484
91581713

-71118
N

M
_001284280

protein phosphatase 4 regulatory subunit 3A
protein-coding

C
SF3R

0.0231393528543887
2.62

chr1
36630394

36630582
-147174

N
M

_000760
colony stim

ulating factor 3 receptor
protein-coding

SM
U

1
0.0231914570931774

-2.62
chr9

33101303
33101482

-24676
N

M
_018225

D
N

A replication regulator and spliceosom
al factor

protein-coding
ATP6V1C

1
0.0233522712102892

-3.33
chr8

103006168
103006417

-14728
N

M
_001695

ATPase H
+ transporting V1 subunit C

1
protein-coding

TTC
39A

0.0238515719984039
2.93

chr1
51314236

51314448
7926

N
M

_001297665
tetratricopeptide repeat dom

ain 39A
protein-coding

SIAH
3

0.0238988781623651
-3.77

chr13
45836099

45836491
15416

N
M

_198849
siah E3 ubiquitin protein ligase fam

ily m
em

ber 3
protein-coding

BTBD
3

0.0239986459773624
3.33

chr20
12048769

12048939
130989

N
M

_001282551
BTB dom

ain containing 3
protein-coding

O
TU

B1
0.0240298242812867

2.4
chr11

64036463
64036699

50728
N

R
_003089

O
TU

 deubiquitinase, ubiquitin aldehyde binding 1
protein-coding

SN
O

R
A4

0.0245460473274974
2.95

chr3
186791453

186791625
3926

N
R

_002588
sm

all nucleolar R
N

A, H
/AC

A box 4
snoR

N
A

AC
VR

2A
0.0247274384100102

-3.86
chr2

147564700
147564870

-279732
N

M
_001278579

activin A receptor type 2A
protein-coding

D
M

R
T2

0.0247560942356952
3.24

chr9
1472733

1472897
422195

N
M

_181872
doublesex and m

ab-3 related transcription factor 2
protein-coding

AN
KK1

0.0248496243226195
2.47

chr11
113387427

113388058
-49

N
M

_178510
ankyrin repeat and kinase dom

ain containing 1
protein-coding

W
D

FY2
0.0250583831717412

-3.06
chr13

51684021
51684790

100057
N

M
_052950

W
D

 repeat and FYVE dom
ain containing 2

protein-coding
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G
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IPM
K

0.0251470595883928
-2.81

chr10
57992705

57992930
275117

N
M

_152230
inositol polyphosphate m

ultikinase
protein-coding

N
R

G
1

0.0251998616984254
3.12

chr8
32966652

32966811
244978

N
M

_001322197
neuregulin 1

protein-coding
ATP2C

1
0.0253260825039996

3.38
chr3

130905244
130905702

10883
N

M
_001001486

ATPase secretory pathw
ay C

a2+ transporting 1
protein-coding

XIR
P2

0.025399389761448
2.94

chr2
166988656

166988881
100281

N
M

_001199143
xin actin binding repeat containing 2

protein-coding
KC

TD
3

0.0255996215870951
3.36

chr1
215548131

215548323
-19152

N
M

_016121
potassium

 channel tetram
erization dom

ain containing 3
protein-coding

KIF26B
0.0258521682653248

3.12
chr1

245235067
245235239

80168
N

M
_018012

kinesin fam
ily m

em
ber 26B

protein-coding
M

AP7
0.0263020882962981

3.68
chr6

136582783
136583146

-32145
N

M
_001198616

m
icrotubule associated protein 7

protein-coding
G

N
E

0.0263416581121416
3.17

chr9
36240379

36240606
18007

N
M

_001190383
glucosam

ine (U
D

P-N
-acetyl)-2-epim

erase/N
-acetylm

annosam
ine kinase

protein-coding
M

IR
4454

0.0263588736479066
-3.27

chr1
229131589

229131787
43113

N
R

_039659
m

icroR
N

A 4454
ncR

N
A

PLXN
A2

0.0266116988025156
3.17

chr1
208310788

208310966
-66557

N
M

_025179
plexin A2

protein-coding
TN

R
C

18
0.0269369272447968

2.95
chr7

5362440
5362629

61012
N

M
_001080495

trinucleotide repeat containing 18
protein-coding

PLA2G
5

0.0269689639099663
-3.35

chr1
20089510

20089671
19382

N
M

_000929
phospholipase A2 group V

protein-coding
M

IR
4777

0.0270738415276069
3.03

chr2
231307286

231307465
-55333

N
R

_039937
m

icroR
N

A 4777
ncR

N
A

G
N

G
4

0.027269100344063
-3.09

chr1
235604355

235604545
45543

N
M

_001098722
G

 protein subunit gam
m

a 4
protein-coding

STAC
3

0.0277019289171556
2.73

chr12
57287321

57287597
-36266

N
M

_145064
SH

3 and cysteine rich dom
ain 3

protein-coding
TEK

0.0277134035674124
3.25

chr9
27127172

27127358
18124

N
M

_001290077
TEK receptor tyrosine kinase

protein-coding
EPS15L1

0.0278016259230087
3.42

chr19
16434216

16434376
37716

N
R

_047665
epiderm

al grow
th factor receptor pathw

ay substrate 15 like 1
protein-coding

D
D

X1
0.0278676047416308

2.91
chr2

15618904
15619102

27382
N

M
_004939

D
EAD

-box helicase 1
protein-coding

ITG
A5

0.0280079404053959
-1.99

chr12
54415391

54415771
3685

N
M

_002205
integrin subunit alpha 5

protein-coding
LIN

C
00563

0.028233213274236
3.13

chr13
46318853

46319011
-21088

N
R

_047493
long intergenic non-protein coding R

N
A 563

ncR
N

A
G

LD
C

0.0282891553721113
2.94

chr9
6545296

6545461
100314

N
M

_000170
glycine decarboxylase

protein-coding
IZU

M
O

3
0.0284745004682989

2.71
chr9

24852266
24852971

-306942
N

M
_001271706

IZU
M

O
 fam

ily m
em

ber 3
protein-coding

M
IR

4324
0.0285394160340261

-3.39
chr19

49245242
49245518

63488
N

R
_036209

m
icroR

N
A 4324

ncR
N

A
C

D
H

11
0.0286279095491569

2.9
chr16

63984764
63985317

1137097
N

M
_001797

cadherin 11
protein-coding

M
ISP

0.0286383892230219
2.5

chr19
766237

766542
15276

N
R

_135168
m

itotic spindle positioning
protein-coding

PO
TEA

0.0287825125698099
-3.02

chr8
43280919

43281167
-11399

N
M

_001005365
PO

TE ankyrin dom
ain fam

ily m
em

ber A
protein-coding

LO
C

101928052
0.0288635442366286

3.5
chr4

161952436
161952612

-70209
N

R
_125888

uncharacterized LO
C

101928052
ncR

N
A

AN
KR

D
55

0.0289363316477154
-3.99

chr5
56177423

56177602
55847

N
M

_024669
ankyrin repeat dom

ain 55
protein-coding

AKAIN
1

0.0289713045471146
-3.37

chr18
4830815

4831077
366310

N
M

_001145194
A-kinase anchor inhibitor 1

protein-coding
FBXO

7
0.0290636612526028

2.43
chr22

32571683
32571985

96597
N

M
_001257990

F-box protein 7
protein-coding

N
SFP1

0.0290977515267246
-3.51

chr17
46598577

46598782
7945

N
R

_033799
N

-ethylm
aleim

ide-sensitive factor pseudogene 1
pseudo

SM
YD

3
0.0292095374683513

3.02
chr1

246116261
246116553

301005
N

M
_022743

SET and M
YN

D
 dom

ain containing 3
protein-coding

M
AP2

0.0292736888643935
-3.16

chr2
209334368

209334737
-89495

N
M

_001039538
m

icrotubule associated protein 2
protein-coding

LIN
C

00601
0.029315855707129

-3.66
chr10

126436109
126436268

-14309
N

R
_073453

long intergenic non-protein coding R
N

A 601
ncR

N
A

ZSC
AN

30
0.0293870588126322

2.79
chr18

35289513
35289793

592
N

M
_001288711

zinc finger and SC
AN

 dom
ain containing 30

protein-coding
LR

R
C

37A2
0.0294493300175409

-3.65
chr17

46501692
46501888

-10920
N

M
_001006607

leucine rich repeat containing 37 m
em

ber A2
protein-coding

M
C

F2L2
0.0296289485115738

2.75
chr3

183378399
183378631

49754
N

M
_015078

M
C

F.2 cell line derived transform
ing sequence-like 2

protein-coding
LO

C
401134

0.0296936929889463
2.94

chr4
65027248

65027651
-22949

N
R

_033976
uncharacterized LO

C
401134

ncR
N

A
M

AG
EB16

0.0299230951096738
-2.91

chrX
35443014

35443301
-355185

N
M

_001099921
M

AG
E fam

ily m
em

ber B16
protein-coding

BR
C

AT107
0.0303232211974105

2.77
chr5

44536611
44536771

-26409
N

R
_131946

breast cancer-associated transcript 107
ncR

N
A

FN
IP2

0.0303839336013969
-3.66

chr4
158890472

158890655
84469

N
M

_001323916
folliculin interacting protein 2

protein-coding
TM

TC
1

0.0303961613279439
3.61

chr12
29906334

29906532
-121674

N
M

_175861
transm

em
brane and tetratricopeptide repeat containing 1

protein-coding
SALL2

0.0305719192244567
2.67

chr14
21525914

21526171
366

N
M

_001291447
spalt like transcription factor 2

protein-coding
FAM

63B
0.0305837952611253

2.08
chr15

58795860
58796680

24908
N

M
_001040453

fam
ily w

ith sequence sim
ilarity 63 m

em
ber B

protein-coding
ATP2C

2
0.0306473930722624

2.52
chr16

84367465
84367718

-932
N

M
_001286527

ATPase secretory pathw
ay C

a2+ transporting 2
protein-coding

FAM
46A

0.030723179097624
-3.58

chr6
81076246

81076445
676366

N
M

_017633
fam

ily w
ith sequence sim

ilarity 46 m
em

ber A
protein-coding

PTPR
S

0.0308268125872134
-3.34

chr19
5265273

5265439
75447

N
M

_130855
protein tyrosine phosphatase, receptor type S

protein-coding
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D
N

AJC
25-G

N
G

10
0.0309466708864858

2.75
chr9

111641236
111641401

9966
N

M
_004125

D
N

AJC
25-G

N
G

10 readthrough
protein-coding

R
AB11FIP2

0.0309825201710405
2.97

chr10
117960580

117960746
85940

N
M

_014904
R

AB11 fam
ily interacting protein 2

protein-coding
TM

X3
0.0310820384417511

3.7
chr18

68388012
68388202

327009
N

M
_019022

thioredoxin related transm
em

brane protein 3
protein-coding

O
R

4E1
0.031111265498585

2.92
chr14

22076733
22076886

-405792
N

M
_001317107

olfactory receptor fam
ily 4 subfam

ily E m
em

ber 1 (gene/pseudogene)
protein-coding

FG
G

Y
0.0313011551881316

-3.15
chr1

59317179
59317562

7292
N

M
_001244714

FG
G

Y carbohydrate kinase dom
ain containing

protein-coding
D

N
AH

7
0.0315937371798118

2.71
chr2

196051816
196052195

16807
N

M
_018897

dynein axonem
al heavy chain 7

protein-coding
TR

M
T10C

0.0316302886167508
2.8

chr3
101551999

101552181
-9746

N
M

_017819
tR

N
A m

ethyltransferase 10C
, m

itochondrial R
N

ase P subunit
protein-coding

H
D

H
D

2
0.0317092517099528

3.14
chr18

47106997
47107455

43274
N

M
_032124

haloacid dehalogenase like hydrolase dom
ain containing 2

protein-coding
C

ELF2
0.0321282019622511

3.57
chr10

10803546
10803704

4914
N

M
_001326327

C
U

G
BP, Elav-like fam

ily m
em

ber 2
protein-coding

G
PR

21
0.0321660486495814

-2.9
chr9

123046661
123047013

13194
N

M
_005294

G
 protein-coupled receptor 21

protein-coding
N

C
O

A2
0.032367458174871

2.86
chr8

70255902
70256117

147246
N

M
_001321713

nuclear receptor coactivator 2
protein-coding

IFT43
0.032416890901636

2.77
chr14

76001734
76002010

16119
N

R
_045664

intraflagellar transport 43
protein-coding

LO
C

645166
0.0327153931336301

2.45
chr1

144893598
144893798

175527
N

R
_027354

lym
phocyte-specific protein 1 pseudogene

pseudo
C

APZA3
0.0329332276354735

3.44
chr12

18905338
18905509

167312
N

M
_033328

capping actin protein of m
uscle Z-line alpha subunit 3

protein-coding
AC

AC
A

0.0329952518173111
3.03

chr17
37309036

37309220
-9361

N
M

_198837
acetyl-C

oA carboxylase alpha
protein-coding

H
N

R
N

PKP3
0.0331379609405046

2.75
chr11

43052203
43052812

216862
N

R
_033868

heterogeneous nuclear ribonucleoprotein K pseudogene 3
pseudo

TO
X3

0.0332025849906617
-3.57

chr16
52496677

52496861
50125

N
M

_001080430
TO

X high m
obility group box fam

ily m
em

ber 3
protein-coding

TR
IO

0.0333836754044159
-3.22

chr5
14354654

14354840
211045

N
M

_007118
trio R

ho guanine nucleotide exchange factor
protein-coding

SLC
9A2

0.0334032607840978
-3.12

chr2
102640932

102641150
21507

N
M

_003048
solute carrier fam

ily 9 m
em

ber A2
protein-coding

H
N

R
N

PA3
0.0334909177876978

2.78
chr2

176948998
176949332

-263529
N

R
_138470

heterogeneous nuclear ribonucleoprotein A3
protein-coding

LO
C

102723692
0.0335925801728471

-3.57
chr16

16982360
16982534

-152057
N

R
_135179

uncharacterized LO
C

102723692
ncR

N
A

R
G

S2
0.0338652228781427

3.04
chr1

192790176
192790392

-18755
N

M
_002923

regulator of G
-protein signaling 2

protein-coding
C

R
BN

0.0343505204042145
2.84

chr3
3318344

3318512
-138711

N
M

_001173482
cereblon

protein-coding
FR

EM
2

0.0344405440078429
3.22

chr13
38730340

38730542
43405

N
M

_207361
FR

AS1 related extracellular m
atrix protein 2

protein-coding
M

IR
1237

0.0344697557585728
2.18

chr11
64379547

64379822
11082

N
R

_031602
m

icroR
N

A 1237
ncR

N
A

TM
EM

45B
0.0345026613458705

-3.23
chr11

129786142
129786353

-29534
N

M
_001331210

transm
em

brane protein 45B
protein-coding

C
H

D
1

0.0347573951713755
3.18

chr5
98891529

98891693
34923

N
M

_001270
chrom

odom
ain helicase D

N
A binding protein 1

protein-coding
C

19orf25
0.0350361335930624

2.22
chr19

1471023
1471197

8119
N

M
_152482

chrom
osom

e 19 open reading fram
e 25

protein-coding
SLC

7A11-AS1
0.0351889499706202

-2.92
chr4

137820079
137820261

-268844
N

R
_038380

SLC
7A11 antisense R

N
A 1

ncR
N

A
M

EAT6
0.0353375635417427

-3.38
chr6

164317797
164318047

504141
N

R
_131926

m
elanom

a-associated transcript 6
ncR

N
A

ED
N

2
0.0353487499444445

3
chr1

41482776
41482939

1826
N

R
_126098

endothelin 2
protein-coding

B3G
ALT1

0.0354595916157943
-3.37

chr2
167787512

167787711
-31061

N
M

_020981
beta-1,3-galactosyltransferase 1

protein-coding
LIN

C
01923

0.0355542654914578
3.71

chr2
198437290

198437536
-62316

N
R

_110267
long intergenic non-protein coding R

N
A 1923

ncR
N

A
TM

EM
261

0.0355775622860996
-3.61

chr9
7473351

7473530
326366

N
M

_001318058
transm

em
brane protein 261

protein-coding
O

SC
P1

0.0360173362087644
2.67

chr1
36431015

36431237
19359

N
M

_145047
organic solute carrier partner 1

protein-coding
G

N
S

0.0363216988064608
3.13

chr12
64706566

64706722
52802

N
M

_002076
glucosam

ine (N
-acetyl)-6-sulfatase

protein-coding
SLC

1A5
0.0364112346844723

2.87
chr19

46804707
46804878

-16207
N

M
_005628

solute carrier fam
ily 1 m

em
ber 5

protein-coding
N

C
KAP5

0.0365384475427193
2.71

chr2
133700002

133700168
-131625

N
M

_207481
N

C
K associated protein 5

protein-coding
IQ

G
AP2

0.0365975052165283
2.78

chr5
76332090

76332256
-71082

N
M

_006633
IQ

 m
otif containing G

TPase activating protein 2
protein-coding

M
IR

548AG
1

0.0369031874820239
3.19

chr4
60680465

60680621
-242076

N
R

_039652
m

icroR
N

A 548ag-1
ncR

N
A

C
C

D
C

71L
0.0369124114870842

-2.49
chr7

106621297
106621644

39718
N

M
_175884

coiled-coil dom
ain containing 71-like

protein-coding
BM

PER
0.03699678626822

3.16
chr7

34239415
34239580

334586
N

M
_133468

BM
P binding endothelial regulator

protein-coding
U

G
T2A3

0.037429214665149
2.51

chr4
68895688

68895952
55971

N
R

_024010
U

D
P glucuronosyltransferase fam

ily 2 m
em

ber A3
protein-coding

KIAA0040
0.0374317363421064

-2.71
chr1

175167470
175167632

25262
N

M
_014656

KIAA0040
protein-coding

LIN
C

00999
0.0379200476612775

-3.17
chr10

38429690
38429880

1639
N

R
_024497

long intergenic non-protein coding R
N

A 999
ncR

N
A

FST
0.0379340098360524

2.94
chr5

53324109
53324334

-156213
N

M
_013409

follistatin
protein-coding

LIN
C

01007
0.038026099990676

2.35
chr7

101598630
101598810

-29714
N

R
_103747

long intergenic non-protein coding R
N

A 1007
ncR

N
A



G
ene N

am
e

p value
log2           

Fold C
hange

C
hr

Start
End

D
istance       
to TSS

N
earest Prom

oter 
ID

G
ene  D

escription
G

ene         
Type

C
TN

N
D

2
0.0383475108744326

2.63
chr5

11283202
11283416

305608
N

M
_001288715

catenin delta 2
protein-coding

N
PR

3
0.0384086806852077

2.47
chr5

32794285
32794507

83064
N

M
_000908

natriuretic peptide receptor 3
protein-coding

C
D

2AP
0.0384551435238963

3.14
chr6

47481912
47482090

4212
N

M
_012120

C
D

2 associated protein
protein-coding

LIN
G

O
2

0.0384601536786631
2.99

chr9
29056042

29056554
156702

N
M

_001258282
leucine rich repeat and Ig dom

ain containing 2
protein-coding

LIN
C

01654
0.0385012069084928

2.71
chr1

17938995
17939283

-126518
N

R
_125946

long intergenic non-protein coding R
N

A 1654
ncR

N
A

M
LLT10P1

0.0387865364866868
3.15

chr20
30652152

30652319
-248773

N
R

_045115
m

yeloid/lym
phoid or m

ixed-lineage leukem
ia; translocated to, 10 pseudogene 1

pseudo
LIN

C
01060

0.0388043106677037
-2.72

chr4
188914263

188915024
459065

N
R

_033869
long intergenic non-protein coding R

N
A 1060

ncR
N

A
LIN

C
00836

0.0388556552388748
2.45

chr10
25650077

25650632
-1358

N
R

_108067
long intergenic non-protein coding R

N
A 836

ncR
N

A
LO

C
101926915

0.0389028870356047
-3.03

chr6
46273886

46274232
-2265

N
R

_125838
uncharacterized LO

C
101926915

ncR
N

A
SLC

25A51
0.0390262268089809

2.82
chr9

37879645
37879869

24596
N

M
_033412

solute carrier fam
ily 25 m

em
ber 51

protein-coding
N

PR
3

0.039186345420097
2.35

chr5
32687392

32687596
-23143

N
M

_001204376
natriuretic peptide receptor 3

protein-coding
R

U
SC

2
0.039209576809738

2.47
chr9

35538833
35538999

284
N

M
_001135999

R
U

N
 and SH

3 dom
ain containing 2

protein-coding
KIF2A

0.0392169408952471
2.38

chr5
62162446

62163008
-143435

N
M

_001243953
kinesin fam

ily m
em

ber 2A
protein-coding

M
IR

4445
0.0392386034877956

3.46
chr3

109554193
109554558

-48453
N

R
_039647

m
icroR

N
A 4445

ncR
N

A
TM

4SF1
0.039348113782636

3.43
chr3

149417482
149417676

-39798
N

M
_014220

transm
em

brane 4 L six fam
ily m

em
ber 1

protein-coding
LIN

C
01793

0.0394676049178432
2.69

chr2
59728106

59728280
510485

N
R

_110219
long intergenic non-protein coding R

N
A 1793

ncR
N

A
C

A12
0.0395270967544349

-2.38
chr15

63331473
63331773

50487
N

M
_206925

carbonic anhydrase 12
protein-coding

LIN
C

02052
0.0396588756568454

-2.58
chr3

186514592
186515319

-21294
N

R
_033844

long intergenic non-protein coding R
N

A 2052
ncR

N
A

LIN
C

01126
0.0397044664796747

-2.94
chr2

43397377
43397544

170249
N

R
_027251

long intergenic non-protein coding R
N

A 1126
ncR

N
A

M
N

1
0.0397657070419207

2.38
chr22

27697665
27697944

103694
N

M
_002430

M
N

1 proto-oncogene, transcriptional regulator
protein-coding

FU
T6

0.0398520462505295
2.06

chr19
5838102

5838572
1394

N
M

_001040701
fucosyltransferase 6

protein-coding
TFEC

0.0406765883208978
2.26

chr7
115997085

115997352
-28905

N
M

_001244583
transcription factor EC

protein-coding
KC

N
AB1

0.0406805506406443
3.58

chr3
156286332

156286506
-4568

N
M

_172159
potassium

 voltage-gated channel subfam
ily A m

em
ber regulatory beta subunit 1

protein-coding
LO

C
389705

0.0408845267409729
2.15

chr9
14993269

14993613
114

N
R

_003920
chrom

osom
e 4 open reading fram

e 27 pseudogene
pseudo

PFKP
0.0409885425346045

2.81
chr10

3046072
3046226

-21371
N

M
_001323068

phosphofructokinase, platelet
protein-coding

C
D

H
26

0.041094902393441
2.86

chr20
60010975

60011133
14692

N
M

_021810
cadherin 26

protein-coding
M

IR
548AG

2
0.0413223177190319

3.01
chr20

60568322
60568484

3841
N

R
_039653

m
icroR

N
A 548ag-2

ncR
N

A
M

IR
3973

0.0415662558981225
-3.51

chr11
35999792

35999957
-10224

N
R

_039769
m

icroR
N

A 3973
ncR

N
A

O
STF1

0.0418298750002473
2.71

chr9
75273337

75273763
185068

N
M

_012383
osteoclast stim

ulating factor 1
protein-coding

KIF4B
0.0418514381367556

3.04
chr5

155547553
155547711

533877
N

M
_001099293

kinesin fam
ily m

em
ber 4B

protein-coding
C

M
SS1

0.0421906658995165
2.45

chr3
99795073

99795265
-22665

N
M

_032359
cm

s1 ribosom
al sm

all subunit hom
olog (yeast)

protein-coding
C

C
N

YL2
0.0422142418170764

2.66
chr10

42453974
42454314

18096
N

R
_103829

cyclin Y-like 2 (pseudogene)
pseudo

ED
IL3

0.042348380230676
3.01

chr5
84813347

84813504
-428558

N
M

_005711
EG

F like repeats and discoidin dom
ains 3

protein-coding
R

AB4A
0.0423900834248746

-2.36
chr1

229223590
229223827

-47354
N

R
_073545

R
AB4A, m

em
ber R

AS oncogene fam
ily

protein-coding
G

R
IN

2D
0.0424655884983748

2.6
chr19

48397979
48398131

3180
N

M
_000836

glutam
ate ionotropic receptor N

M
D

A type subunit 2D
protein-coding

LIN
C

01601
0.0427500814200583

-3.19
chr18

44595270
44595497

63604
N

R
_131768

long intergenic non-protein coding R
N

A 1601
ncR

N
A

LO
C

100506858
0.0427588839852574

3.08
chr5

2274325
2274503

37787
N

R
_104616

uncharacterized LO
C

100506858
ncR

N
A

M
IR

924
0.0429255337875858

2.79
chr18

38680943
38681179

941114
N

R
_030628

m
icroR

N
A 924

ncR
N

A
ATL2

0.0429581821320631
3.08

chr2
38422098

38422265
-43597

N
M

_001330462
atlastin G

TPase 2
protein-coding

C
D

226
0.0429675493497117

3.02
chr18

69728054
69728215

219719
N

M
_001303618

C
D

226 m
olecule

protein-coding
R

O
R

A-AS2
0.0430010585287045

-3.07
chr15

60722508
60722720

41045
N

R
_120318

R
O

R
A antisense R

N
A 2

ncR
N

A
D

N
AH

5
0.0430075754612667

2.41
chr5

13986342
13986502

-41942
N

M
_001369

dynein axonem
al heavy chain 5

protein-coding
ZBTB20-AS3

0.0430342986271268
2.56

chr3
114874321

114874763
1509

N
R

_126422
ZBTB20 antisense R

N
A 3

ncR
N

A
C

4orf26
0.043690236363545

3.17
chr4

75536500
75536651

-19473
N

R
_046429

chrom
osom

e 4 open reading fram
e 26

protein-coding
LIN

C
01029

0.0440404106725579
2.7

chr18
77919331

77919504
74310

N
R

_104127
long intergenic non-protein coding R

N
A 1029

ncR
N

A
LIN

C
00376

0.0441834116856357
-3.05

chr13
63446420

63446574
-118403

N
R

_126409
long intergenic non-protein coding R

N
A 376

ncR
N

A
N

LG
N

4Y
0.0443431196759791

3.46
chrY

14328683
14328851

-193841
N

M
_001206850

neuroligin 4, Y-linked
protein-coding
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R
N

LS
0.0443702190701183

2.43
chr10

88254216
88254510

328962
N

M
_001031709

renalase, FAD
 dependent am

ine oxidase
protein-coding

BEN
D

5
0.0445320098125782

3.04
chr1

48826350
48826518

-49465
N

M
_001302082

BEN
 dom

ain containing 5
protein-coding

N
IT2

0.0445399743124099
-2.44

chr3
100330000

100330322
-4557

N
M

_020202
nitrilase fam

ily m
em

ber 2
protein-coding

LYPD
1

0.0445492513393136
-3.47

chr2
132589931

132590109
80350

N
M

_001321234
LY6/PLAU

R
 dom

ain containing 1
protein-coding

C
C

N
Y

0.0447379140242039
2.6

chr10
35409221

35409376
72424

N
M

_001282853
cyclin Y

protein-coding
LIN

C
01182

0.0447621495884011
2.35

chr4
13642135

13642433
-12895

N
R

_121681
long intergenic non-protein coding R

N
A 1182

ncR
N

A
M

IPO
L1

0.0448157544138095
3.64

chr14
37277959

37278136
80134

N
M

_001195296
m

irror-im
age polydactyly 1

protein-coding
FAM

170A
0.0448595982072632

3.4
chr5

119662310
119662506

32849
N

M
_182761

fam
ily w

ith sequence sim
ilarity 170 m

em
ber A

protein-coding
LO

C
101927078

0.0449176244449094
3

chr5
114704624

114704785
68709

N
R

_130785
uncharacterized LO

C
101927078

ncR
N

A
TR

PM
2

0.0449720055925
2.08

chr21
44400934

44401308
-24408

N
M

_001320352
transient receptor potential cation channel subfam

ily M
 m

em
ber 2

protein-coding
PP2D

1
0.0451568414964198

-2.97
chr3

20013365
20013572

-1195
N

M
_001252657

protein phosphatase 2C
 like dom

ain containing 1
protein-coding

TM
C

C
1

0.0451626478443241
3.42

chr3
129802643

129802857
77809

N
M

_001017395
transm

em
brane and coiled-coil dom

ain fam
ily 1

protein-coding
R

ER
E

0.0452476662109823
-3.39

chr1
8417097

8417296
6491

N
M

_001042682
arginine-glutam

ic acid dipeptide repeats
protein-coding

KIAA1217
0.0453546462086651

3.2
chr10

24151467
24151647

-57234
N

M
_001282768

KIAA1217
protein-coding

FAM
201A

0.0457882663401929
3.04

chr9
38769184

38769438
148223

N
R

_027294
fam

ily w
ith sequence sim

ilarity 201 m
em

ber A
ncR

N
A

LIN
C

01299
0.0459193779799917

2.76
chr8

65536530
65536681

26061
N

R
_033893

long intergenic non-protein coding R
N

A 1299
ncR

N
A

M
IR

5582
0.0459359044399863

2.41
chr11

46744213
46744372

8900
N

R
_049846

m
icroR

N
A 5582

ncR
N

A
LO

C
105379514

0.0459506042609631
2.6

chr21
9647364

9647524
-14745

N
R

_135513
uncharacterized LO

C
105379514

ncR
N

A
sept-09

0.0460176031479512
-2.26

chr17
77473978

77474196
-1156

N
M

_001113495
septin 9

protein-coding
R

N
F180

0.0461960827566167
3.37

chr5
64074847

64075062
-90889

N
M

_178532
ring finger protein 180

protein-coding
TU

BB6
0.0461968805459582

2.64
chr18

12336554
12337062

28749
N

M
_001303528

tubulin beta 6 class V
protein-coding

JM
JD

1C
0.0462937182020723

-2.77
chr10

63474562
63474963

-8761
N

M
_032776

jum
onji dom

ain containing 1C
protein-coding

LO
C

101927450
0.0464104883198378

2.74
chr9

78753800
78753976

391778
N

R
_109771

uncharacterized LO
C

101927450
ncR

N
A

LIN
C

01243
0.0464395518335581

2.9
chr9

31726723
31727474

-345608
N

R
_135134

long intergenic non-protein coding R
N

A 1243
ncR

N
A

N
EG

R
1

0.0464584470927469
3.23

chr1
72540592

72540751
-258077

N
M

_173808
neuronal grow

th regulator 1
protein-coding

LO
C

103352541
0.0466638328092629

2.8
chr6

140064566
140064788

-73416
N

R
_121624

uncharacterized LO
C

103352541
ncR

N
A

STPG
2-AS1

0.0467088966598815
3.08

chr4
97064430

97064598
-302412

N
R

_102713
STPG

2 antisense R
N

A 1
ncR

N
A

U
BE2D

1
0.0468736038618061

-3.11
chr10

58322737
58322904

-12159
N

M
_001204880

ubiquitin conjugating enzym
e E2 D

1
protein-coding

PIN
4P1

0.0469005329269471
2.87

chr15
44007710

44007885
-129626

N
R

_003571
peptidylprolyl cis/trans isom

erase, N
IM

A-interacting 4 pseudogene 1
pseudo

TU
SC

5
0.0469447082073642

2.73
chr17

1278949
1279099

-639
N

M
_172367

tum
or suppressor candidate 5

protein-coding
PTPR

D
-AS2

0.0470566120979931
2.51

chr9
11187682

11187856
574563

N
R

_110696
PTPR

D
 antisense R

N
A 2 (head to head)

ncR
N

A
ZN

F521
0.0470865768882327

-3.27
chr18

25233804
25233968

118364
N

M
_001308225

zinc finger protein 521
protein-coding

M
S4A10

0.0472328742479918
-2.07

chr11
60775468

60775783
-9723

N
M

_206893
m

em
brane spanning 4-dom

ains A10
protein-coding

R
AN

BP3L
0.0475981192001352

3.22
chr5

36392919
36393086

-91093
N

M
_001161429

R
AN

 binding protein 3 like
protein-coding

LIN
C

02027
0.0476675242460189

2.69
chr3

80574995
80575207

-418767
N

R
_132411

long intergenic non-protein coding R
N

A 2027
ncR

N
A

AD
C

YAP1
0.047778481331758

-2.62
chr18

881967
882228

-22846
N

M
_001099733

adenylate cyclase activating polypeptide 1
protein-coding

C
5orf22

0.0478394769956341
-2.5

chr5
31557293

31557866
25313

N
M

_018356
chrom

osom
e 5 open reading fram

e 22
protein-coding

LIN
C

01602
0.047926686102663

-2.94
chr8

57888333
57888556

-89914
N

R
_130934

long intergenic non-protein coding R
N

A 1602
ncR

N
A

M
TR

N
R

2L6
0.0479569434943269

2.73
chr7

142619358
142619531

-46855
N

M
_001190487

M
T-R

N
R

2-like 6
protein-coding

SLC
4A7

0.0481985890955637
2.72

chr3
27563354

27563516
-79015

N
M

_001321103
solute carrier fam

ily 4 m
em

ber 7
protein-coding

LO
C

101929563
0.0482293626152925

3.1
chr9

23255044
23255306

417224
N

R
_121602

uncharacterized LO
C

101929563
ncR

N
A

N
G

F
0.0484168855444761

2.44
chr1

115214253
115214445

123887
N

M
_002506

nerve grow
th factor

protein-coding
N

BEA
0.0484666244393094

2.32
chr13

35526630
35526790

49961
N

M
_001204197

neurobeachin
protein-coding

G
LI3

0.0486177000388111
3.48

chr7
42401660

42401829
-164725

N
M

_000168
G

LI fam
ily zinc finger 3

protein-coding
C

EP192
0.0487443718395803

2.16
chr18

13003626
13003932

12417
N

M
_032142

centrosom
al protein 192

protein-coding
KD

M
6A

0.0487612640583013
3.17

chrX
44883242

44883434
10163

N
M

_001291418
lysine dem

ethylase 6A
protein-coding

STPG
2-AS1

0.0489235315556565
3.27

chr4
97086581

97086746
-280263

N
R

_102713
STPG

2 antisense R
N

A 1
ncR

N
A



G
ene N

am
e
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hange

C
hr
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D
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N
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oter 
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G
ene  D

escription
G

ene         
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N
W

D
1

0.0489622570481963
-3.04

chr19
16719869

16720064
-10

N
M

_001290355
N

AC
H

T and W
D

 repeat dom
ain containing 1

protein-coding
LIN

C
01242

0.0490714052806714
2.71

chr9
30506154

30506321
-97783

N
R

_046204
long intergenic non-protein coding R

N
A 1242

ncR
N

A
SU

LT1C
2P1

0.0495229900254999
2.81

chr2
108340184

108340406
18057

N
R

_037191
sulfotransferase fam

ily 1C
 m

em
ber 2 pseudogene 1

pseudo
EPAS1

0.0496219619302549
-2.2

chr2
46259636

46260014
-37577

N
M

_001430
endothelial PAS dom

ain protein 1
protein-coding



G
ene N

am
e

p value
log2  

Fold C
hange

C
hr

Start
End

Distance  
to TSS

Nearest Prom
oter 

ID
G

ene  D
escription

G
ene  

Type
M

IR
3922

0.00167846109606298
-4.85

chr12
104754068

104754263
162532

N
R

_037487
m

icroR
N

A 3922
ncR

N
A

PPP1R
2P3

0.0018460989318751
4.97

chr5
156716235

156716399
-134221

N
R

_038443
protein phosphatase 1 regulatory inhibitor subunit 2 pseudogene 3

pseudo
C

IN
P

0.00457042651016713
4.18

chr14
102380658

102380800
-17813

N
M

_032630
cyclin dependent kinase 2 interacting protein

protein-coding
H

AC
E1

0.0046205531201099
4.81

chr6
103676921

103677245
1182463

N
M

_001321083
H

EC
T dom

ain and ankyrin repeat containing E3 ubiquitin protein ligase 1
protein-coding

D
SG

1-AS1
0.00475709102490307

4.58
chr18

31403236
31403427

23657
N

R
_110788

D
SG

1 antisense R
N

A 1
ncR

N
A

TM
EM

167A
0.00604098215635939

4.34
chr5

83197761
83197966

-120410
N

M
_174909

transm
em

brane protein 167A
protein-coding

LIN
C

00603
0.00644505953605041

4.78
chr5

40132305
40132467

80095
N

R
_104633

long intergenic non-protein coding R
N

A 603
ncR

N
A

VR
K2

0.0066774423020012
4.24

chr2
57883083

57883230
-24495

N
M

_001288837
vaccinia related kinase 2

protein-coding
TBC

1D
23

0.00731806720061929
3.96

chr3
100276876

100277229
16235

N
M

_018309
TBC

1 dom
ain fam

ily m
em

ber 23
protein-coding

D
R

D
3

0.00794669164420907
4.07

chr3
114178756

114178933
-68

N
M

_001290809
dopam

ine receptor D
3

protein-coding
D

M
R

T2
0.00796543334352703

-4.86
chr9

1458621
1458788

408084
N

M
_181872

doublesex and m
ab-3 related transcription factor 2

protein-coding
SSH

2
0.00809195414620171

-3.67
chr17

29844398
29844628

-83081
N

M
_001282131

slingshot protein phosphatase 2
protein-coding

APO
LD

1
0.00827310486611747

4.18
chr12

12779552
12779867

-5898
N

M
_030817

apolipoprotein L dom
ain containing 1

protein-coding
C

TD
-2194D

22.4
0.00873940133323193

4.4
chr5

2001470
2001618

114213
N

R
_109912

uncharacterized LO
C

101929081
ncR

N
A

TBC
1D

5
0.00913860739246859

4.54
chr3

17413075
17413395

286785
N

M
_001134381

TBC
1 dom

ain fam
ily m

em
ber 5

protein-coding
PTPN

4
0.00916598067919051

-2.96
chr2

119731258
119731686

-28159
N

M
_002830

protein tyrosine phosphatase, non-receptor type 4
protein-coding

H
LA-D

Q
B1

0.00965465550119866
-3.22

chr6
32668256

32668600
-1739

N
M

_002123
m

ajor histocom
patibility com

plex, class II, D
Q

 beta 1
protein-coding

LIN
C

01127
0.0100821511712936

3.66
chr2

101967841
101968060

-15515
N

R
_103791

long intergenic non-protein coding R
N

A 1127
ncR

N
A

SN
O

R
A105A

0.010092655668002
-3.22

chr5
21806895

21807355
-77329

N
R

_132787
sm

all nucleolar R
N

A, H
/AC

A box 105A
snoR

N
A

LO
C

105378098
0.0106702101561261

4.32
chr6

161636023
161636181

165125
N

R
_134594

uncharacterized LO
C

105378098
ncR

N
A

TEN
M

2
0.0107097476510678

3.88
chr5

167417640
167417791

132877
N

M
_001122679

teneurin transm
em

brane protein 2
protein-coding

EYA4
0.0110737944282832

-3.62
chr6

133472494
133472701

231098
N

M
_001301012

EYA transcriptional coactivator and phosphatase 4
protein-coding

ITG
A8

0.0113204961260818
3.88

chr10
15581179

15581355
139068

N
M

_001291494
integrin subunit alpha 8

protein-coding
O

AZ1
0.011494877649696

-2.9
chr19

2266630
2266799

-2772
N

M
_004152

ornithine decarboxylase antizym
e 1

protein-coding
AD

AM
TSL1

0.0117098481940856
3.91

chr9
18190269

18190475
-283709

N
M

_001040272
AD

AM
TS like 1

protein-coding
FAM

133C
P

0.0117275897401877
4.35

chr10
58757663

58757982
42807

N
R

_027508
fam

ily w
ith sequence sim

ilarity 133, m
em

ber A pseudogene
pseudo

M
IR

548AD
0.0119359960678406

4.27
chr2

35370944
35371158

-100354
N

R
_039629

m
icroR

N
A 548ad

ncR
N

A
D

N
AH

5
0.012983269425378

-3.36
chr5

14025942
14026184

-81583
N

M
_001369

dynein axonem
al heavy chain 5

protein-coding
C

D
H

18
0.013236209074784

4.35
chr5

19973760
19973918

14405
N

M
_004934

cadherin 18
protein-coding

D
EPD

C
1

0.0135066491814665
-4.23

chr1
68818749

68818899
-321603

N
M

_017779
D

EP dom
ain containing 1

protein-coding
ZAD

H
2

0.0136936632028093
-3.77

chr18
74963958

74964242
241413

N
M

_001306093
zinc binding alcohol dehydrogenase dom

ain containing 2
protein-coding

PTPR
S

0.013888260583939
-3.95

chr19
5320714

5320902
19995

N
M

_130853
protein tyrosine phosphatase, receptor type S

protein-coding
LO

C
101927168

0.0140388474813231
2.81

chr18
6653903

6654144
75839

N
R

_134645
uncharacterized LO

C
101927168

ncR
N

A
O

PC
M

L
0.0140895544315469

3.91
chr11

133263318
133263662

269122
N

M
_001319104

opioid binding protein/cell adhesion m
olecule like

protein-coding
PPM

1A
0.0144116504577761

4
chr14

60222915
60223198

-22696
N

M
_177952

protein phosphatase, M
g2+/M

n2+ dependent 1A
protein-coding

TAR
S

0.0144668457801469
-3.88

chr5
33195938

33196279
-244588

N
M

_001258437
threonyl-tR

N
A synthetase

protein-coding
STM

N
D

1
0.0147583160769847

-2.56
chr6

17115868
17116323

13837
N

M
_001190766

stathm
in dom

ain containing 1
protein-coding

D
ST

0.0150413298446148
-2.95

chr6
56637534

56638023
5118

N
M

_015548
dystonin

protein-coding
LO

C
105372028

0.0151419736498011
-2.84

chr18
24991105

24991567
265555

N
R

_134604
uncharacterized LO

C
105372028

ncR
N

A
C

SM
D

3
0.0152612952916675

3.87
chr8

113105441
113105622

271622
N

M
_198124

C
U

B and Sushi m
ultiple dom

ains 3
protein-coding

VASH
1

0.0154753685021713
-3.81

chr14
76599707

76599926
-162076

N
M

_014909
vasohibin 1

protein-coding
U

BE2Q
L1

0.01558324127808
-3

chr5
6476277

6476446
27738

N
M

_001145161
ubiquitin conjugating enzym

e E2 Q
 fam

ily like 1
protein-coding

SLC
6A3

0.015706249211786
-3.02

chr5
1437433

1437782
7821

N
M

_001044
solute carrier fam

ily 6 m
em

ber 3
protein-coding

E2F7
0.0158149640139037

4.08
chr12

77246542
77246720

-181051
N

M
_203394

E2F transcription factor 7
protein-coding

G
PR

151
0.0158777022425558

3.43
chr5

146565886
146566164

-49912
N

M
_194251

G
 protein-coupled receptor 151

protein-coding
SPR

ED
2

0.015939308891163
-4

chr2
65631637

65631802
-199197

N
M

_181784
sprouty related EVH

1 dom
ain containing 2

protein-coding
PLXN

A2
0.0159690435493456

-2.95
chr1

208652422
208652731

-408256
N

M
_025179

plexin A2
protein-coding

Supplem
entary

Table
Listofgenes

w
ith

altered
chrom

atin
accessibility

24
hrs

post-infection 



G
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am
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hange

C
hr
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End

D
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G

ene  D
escription

G
ene         

Type
JAR

ID
2

0.0163646989586876
-3.57

chr6
15254226

15254454
5485

N
M

_001267040
jum

onji and AT-rich interaction dom
ain containing 2

protein-coding
M

IR
548AD

0.016383979763502
3.28

chr2
35472148

35472325
831

N
R

_039629
m

icroR
N

A 548ad
ncR

N
A

LIN
C

01239
0.0165985780824211

-3.67
chr9

23117833
23118024

471728
N

R
_038977

long intergenic non-protein coding R
N

A 1239
ncR

N
A

KIF21A
0.0172064527400032

-3.83
chr12

39474112
39474269

-30800
N

M
_001173463

kinesin fam
ily m

em
ber 21A

protein-coding
LR

FN
5

0.0174466618915173
-3.5

chr14
42455683

42455919
848945

N
M

_001346173
leucine rich repeat and fibronectin type III dom

ain containing 5
protein-coding

LO
C

101927697
0.0175292128206602

-2.84
chr5

158370085
158370239

39611
N

R
_109888

uncharacterized LO
C

101927697
ncR

N
A

M
G

C
32805

0.0176480080852434
3.91

chr5
122500569

122500746
-21570

N
R

_051996
uncharacterized LO

C
153163

ncR
N

A
C

7orf72
0.0176480080852434

3.91
chr7

50179797
50179966

83795
N

M
_001161834

chrom
osom

e 7 open reading fram
e 72

protein-coding
ED

N
1

0.0176599660411047
-2.79

chr6
12348583

12349085
58538

N
M

_001955
endothelin 1

protein-coding
LSP1P3

0.0177933484828549
-3.83

chr5
28787418

28787645
-139339

N
R

_033961
lym

phocyte-specific protein 1 pseudogene 3
pseudo

PPP2R
2A

0.0178503782355238
-3.27

chr8
26185535

26185679
-105884

N
M

_002717
protein phosphatase 2 regulatory subunit Balpha

protein-coding
APO

L5
0.0182900883834954

4.08
chr22

35684526
35684961

-33129
N

M
_030642

apolipoprotein L5
protein-coding

BR
E-AS1

0.018454182477246
-2.81

chr2
27896222

27896831
-5412

N
R

_028308
BR

E antisense R
N

A 1
ncR

N
A

AH
C

YL2
0.0185346037959754

4.2
chr7

129375061
129375221

-502
N

M
_001130722

adenosylhom
ocysteinase like 2

protein-coding
AC

SM
6

0.0185479439116412
-3.02

chr10
95241748

95241981
47664

N
M

_207321
acyl-C

oA synthetase m
edium

-chain fam
ily m

em
ber 6

protein-coding
SC

N
7A

0.0185884992840664
-4.04

chr2
166628847

166629013
-141959

N
M

_002976
sodium

 voltage-gated channel alpha subunit 7
protein-coding

LIN
C

01242
0.018857717102377

4.06
chr9

30328593
30328754

79781
N

R
_046204

long intergenic non-protein coding R
N

A 1242
ncR

N
A

PIN
1P1

0.0193095384731256
3.99

chr1
69991319

69991474
72074

N
R

_023916
peptidylprolyl cis/trans isom

erase, N
IM

A-interacting 1 pseudogene 1
pseudo

LIN
C

01714
0.0193432462130756

-2.09
chr1

8234124
8234498

25639
N

R
_125998

long intergenic non-protein coding R
N

A 1714
ncR

N
A

TR
IO

0.0194711057364159
-2.84

chr5
14265610

14265827
122016

N
M

_007118
trio R

ho guanine nucleotide exchange factor
protein-coding

W
D

R
89

0.0194991613749515
2.97

chr14
63663447

63663614
-21607

N
M

_001258272
W

D
 repeat dom

ain 89
protein-coding

W
FD

C
3

0.0195162174212616
-3.03

chr20
45779067

45779480
12635

N
M

_080614
W

AP four-disulfide core dom
ain 3

protein-coding
TEK

0.0201287509910024
-2.93

chr9
27125048

27125394
16080

N
M

_001290077
TEK receptor tyrosine kinase

protein-coding
R

O
C

K1
0.0201878448746534

-3.84
chr18

19091626
19091815

2020131
N

M
_005406

R
ho associated coiled-coil containing protein kinase 1

protein-coding
AR

PC
5L

0.0206208116118049
3.36

chr9
124894597

124894847
32604

N
M

_030978
actin related protein 2/3 com

plex subunit 5 like
protein-coding

TTC
39C

0.0206367311585076
-3.99

chr18
24076223

24076613
-36935

N
M

_001292030
tetratricopeptide repeat dom

ain 39C
protein-coding

LIN
C

00906
0.0207583138066376

3.66
chr19

28947035
28947154

-18037
N

R
_027318

long intergenic non-protein coding R
N

A 906
ncR

N
A

M
IR

4477A
0.0207686349741845

-3.32
chr20

30106943
30107120

-226568
N

R
_039688

m
icroR

N
A 4477a

ncR
N

A
C

D
200R

1
0.0210296493190514

-3.73
chr3

112931749
112931918

43257
N

M
_138939

C
D

200 receptor 1
protein-coding

LIN
C

01568
0.0210453600996103

4
chr16

73753197
73753493

366540
N

R
_038234

long intergenic non-protein coding R
N

A 1568
ncR

N
A

PH
EX-AS1

0.0212899200808918
-3.21

chrX
22134905

22135303
37879

N
R

_046639
PH

EX antisense R
N

A 1
ncR

N
A

M
YO

M
1

0.0213999959755124
-2.48

chr18
3207611

3208059
12273

N
M

_003803
m

yom
esin 1

protein-coding
O

R
5T2

0.0219829217193681
3.24

chr11
56205257

56205593
27760

N
M

_001004746
olfactory receptor fam

ily 5 subfam
ily T m

em
ber 2

protein-coding
LIN

G
O

4
0.0220030432849005

-3.13
chr1

151809544
151809911

-4285
N

M
_001004432

leucine rich repeat and Ig dom
ain containing 4

protein-coding
sept-10

0.0222493892505717
3.98

chr2
109540821

109540980
72757

N
M

_001321513
septin 10

protein-coding
C

H
L1

0.0222493892505717
3.98

chr3
179838

179988
-16683

N
M

_006614
cell adhesion m

olecule L1 like
protein-coding

M
SR

1
0.0223008156878476

3.85
chr8

16285856
16286066

-93170
N

M
_138715

m
acrophage scavenger receptor 1

protein-coding
FAM

46A
0.0223026078708696

3.96
chr6

81257331
81257480

495306
N

M
_017633

fam
ily w

ith sequence sim
ilarity 46 m

em
ber A

protein-coding
M

LAN
A

0.0223124239732133
-2.86

chr9
5879720

5880070
-11014

N
M

_005511
m

elan-A
protein-coding

EG
FR

-AS1
0.0224740973260902

3.69
chr7

55198300
55198500

-9451
N

R
_047551

EG
FR

 antisense R
N

A 1
ncR

N
A

AR
H

G
AP29

0.0225286124133973
2.76

chr1
94310393

94310649
-62761

N
M

_001328665
R

ho G
TPase activating protein 29

protein-coding
M

T1M
0.022590623978912

3.48
chr16

56632903
56633091

375
N

M
_176870

m
etallothionein 1M

protein-coding
M

EAT6
0.0227866998126211

4.12
chr6

164437035
164437197

384947
N

R
_131926

m
elanom

a-associated transcript 6
ncR

N
A

SN
X5

0.0229269204263302
3.08

chr20
17996065

17996186
-27134

N
M

_001282454
sorting nexin 5

protein-coding
R

O
R

A
0.0230592700261484

-3.33
chr15

60551887
60552073

40528
N

M
_134262

R
AR

 related orphan receptor A
protein-coding

SM
AD

7
0.0233409156118489

3.43
chr18

48958039
48958240

-7428
N

M
_005904

SM
AD

 fam
ily m

em
ber 7

protein-coding
LIN

C
01848

0.0234349038948551
3.03

chr5
109877325

109877874
-5583

N
R

_033175
long intergenic non-protein coding R

N
A 1848

pseudo
TIN

AG
0.0236283337752846

2.42
chr6

54307462
54307903

-723
N

M
_014464

tubulointerstitial nephritis antigen
protein-coding

BBO
X1

0.0236629529424134
2.95

chr11
27081042

27081296
40207

N
M

_003986
gam

m
a-butyrobetaine hydroxylase 1

protein-coding
PR

D
M

15
0.0236744385131973

3.91
chr21

41839935
41840068

23301
N

R
_104260

PR
/SET dom

ain 15
protein-coding
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G
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N

D
U

FV2
0.0240320345142988

-2.5
chr18

8982465
8982693

-120051
N

M
_021074

N
AD

H
:ubiquinone oxidoreductase core subunit V2

protein-coding
M

S4A13
0.0240737333391207

3.11
chr11

60512486
60512712

-2814
N

M
_001100909

m
em

brane spanning 4-dom
ains A13

protein-coding
VW

C
2L

0.024233103384272
3.92

chr2
214225016

214225181
-186470

N
M

_001080500
von W

illebrand factor C
 dom

ain containing protein 2-like
protein-coding

FAM
134B

0.0243315739052413
3.05

chr5
16757784

16757956
-140812

N
M

_001034850
fam

ily w
ith sequence sim

ilarity 134 m
em

ber B
protein-coding

C
LU

L1
0.0245866379503516

3.56
chr18

607681
607831

-8916
N

M
_001318522

clusterin like 1
protein-coding

LIN
C

01395
0.0246319209468919

3.99
chr11

129681472
129681635

-64284
N

R
_120582

long intergenic non-protein coding R
N

A 1395
ncR

N
A

KC
N

K18
0.0247821238063703

3.44
chr10

117201322
117201493

3918
N

M
_181840

potassium
 tw

o pore dom
ain channel subfam

ily K m
em

ber 18
protein-coding

D
LEC

1
0.0251412307854105

-3.25
chr3

38066904
38067084

27789
N

M
_007337

deleted in lung and esophageal cancer 1
protein-coding

BTBD
2

0.0258694797746179
-2.85

chr19
1986292

1986574
29270

N
M

_017797
BTB dom

ain containing 2
protein-coding

M
APK13

0.0262641112221604
3.97

chr6
36108988

36109191
-21395

N
M

_002754
m

itogen-activated protein kinase 13
protein-coding

KC
M

F1
0.0263105243804947

3.52
chr2

84939609
84939802

-31403
N

M
_020122

potassium
 channel m

odulatory factor 1
protein-coding

SC
H

LAP1
0.0263732293237294

-2.77
chr2

180706845
180707415

15026
N

R
_104320

SW
I/SN

F com
plex antagonist associated w

ith prostate cancer 1 (non-protein 
coding)

ncR
N

A

LO
C

105369486
0.0264782789088122

2.99
chr11

110339699
110339866

-15332
N

R
_135100

uncharacterized LO
C

105369486
ncR

N
A

D
IC

ER
1

0.0265866463482418
3.87

chr14
95174428

95174662
-16535

N
M

_030621
dicer 1, ribonuclease III

protein-coding
D

M
R

T1
0.0266192954665201

-3.11
chr9

846927
847118

5332
N

M
_021951

doublesex and m
ab-3 related transcription factor 1

protein-coding
R

D
M

1
0.0267186684584315

-2.9
chr17

35930600
35930887

33
N

R
_027998

R
AD

52 m
otif containing 1

protein-coding
IL1R

L1
0.0268958649366624

3.79
chr2

102302089
102302297

-9309
N

M
_001282408

interleukin 1 receptor like 1
protein-coding

TR
IP13

0.0281800873393137
-3.01

chr5
915340

915522
22577

N
M

_004237
thyroid horm

one receptor interactor 13
protein-coding

TR
IO

0.0281833192431259
-2.3

chr5
14268273

14268612
124740

N
M

_007118
trio R

ho guanine nucleotide exchange factor
protein-coding

LIN
C

00367
0.028373995722897

-3.36
chr13

20993972
20994241

-44678
N

R
_104058

long intergenic non-protein coding R
N

A 367
ncR

N
A

M
IR

4473
0.0283755023308038

2.89
chr9

20125825
20125962

285345
N

R
_039684

m
icroR

N
A 4473

ncR
N

A
R

PS29
0.0284708108829632

3.81
chr14

48936823
48937027

649491
N

M
_001032

ribosom
al protein S29

protein-coding
C

19orf47
0.0285172218095024

4.19
chr19

40329074
40329255

19245
N

R
_046202

chrom
osom

e 19 open reading fram
e 47

protein-coding
SLC

25A51
0.0285648744282328

-2.19
chr9

37964380
37964673

-60173
N

M
_033412

solute carrier fam
ily 25 m

em
ber 51

protein-coding
LO

C
102724691

0.0286429534204952
3.46

chr2
105052809

105053095
-14456

N
R

_110603
uncharacterized LO

C
102724691

ncR
N

A
O

R
2F1

0.028747490145379
-2.7

chr7
143960083

143960256
242

N
M

_012369
olfactory receptor fam

ily 2 subfam
ily F m

em
ber 1 (gene/pseudogene)

protein-coding
G

BX1
0.0289925781443191

3.83
chr7

151148585
151148742

18885
N

M
_001098834

gastrulation brain hom
eobox 1

protein-coding
LIN

C
00261

0.0291249699857289
3.56

chr20
22570526

22570701
8029

N
R

_001558
long intergenic non-protein coding R

N
A 261

ncR
N

A
C

PN
E8

0.0293286382176258
3.46

chr12
38883734

38883924
21789

N
M

_153634
copine 8

protein-coding
ABC

G
2

0.0296001586011524
3.88

chr4
88247445

88247611
-16206

N
M

_001257386
ATP binding cassette subfam

ily G
 m

em
ber 2 (Junior blood group)

protein-coding
LIN

C
01519

0.0297477206969234
3.32

chr10
84825364

84825758
373344

N
R

_120668
long intergenic non-protein coding R

N
A 1519

ncR
N

A
TAF1L

0.0297761908946236
-2.4

chr9
32644243

32645017
-8961

N
M

_153809
TATA-box binding protein associated factor 1 like

protein-coding
M

AM
D

C
2

0.030067987324907
3.8

chr9
70085461

70085627
41963

N
M

_001347990
M

AM
 dom

ain containing 2
protein-coding

LIN
C

01123
0.03019062764657

3.82
chr2

110361837
110361956

22629
N

R
_046112

long intergenic non-protein coding R
N

A 1123
ncR

N
A

LIN
C

01107
0.0303337712163921

-2.7
chr2

238650923
238651072

-95498
N

R
_037809

long intergenic non-protein coding R
N

A 1107
ncR

N
A

LO
C

101928622
0.0303798151170532

-3.8
chr4

33494333
33494535

545459
N

R
_125902

uncharacterized LO
C

101928622
ncR

N
A

STAM
BPL1

0.0304401154973422
3.8

chr10
88897514

88897674
17407

N
M

_020799
STAM

 binding protein like 1
protein-coding

C
TSO

0.0304881500625175
3.33

chr4
156378070

156378287
-424282

N
M

_001334
cathepsin O

protein-coding
U

BAP2
0.0312385589726512

-2.23
chr9

33931733
33932349

2323
N

M
_001282530

ubiquitin associated protein 2
protein-coding

SLC
8A2

0.031266513709182
-3.26

chr19
47456689

47456848
15282

N
M

_015063
solute carrier fam

ily 8 m
em

ber A2
protein-coding

G
R

M
5-AS1

0.0312979245824906
3.95

chr11
88557932

88558050
53415

N
R

_049724
G

R
M

5 antisense R
N

A 1
ncR

N
A

LEPR
O

T
0.0314064291276195

-3.83
chr1

65372549
65372745

-47801
N

M
_001198683

leptin receptor overlapping transcript
protein-coding

TM
EM

119
0.0314726013684511

2.9
chr12

108593909
108594041

4143
N

M
_181724

transm
em

brane protein 119
protein-coding

M
VB12B

0.0315322019370292
3.21

chr9
126342519

126342644
15737

N
M

_001011703
m

ultivesicular body subunit 12B
protein-coding

SLC
29A4

0.031635046442245
-2.58

chr7
5260970

5261583
-21654

N
M

_001040661
solute carrier fam

ily 29 m
em

ber 4
protein-coding

LO
C

101927588
0.0316418485776375

3.31
chr8

124299337
124299495

-52018
N

R
_125420

uncharacterized LO
C

101927588
ncR

N
A

C
7orf71

0.0316819960059669
3.12

chr7
26686575

26686745
47575

N
M

_001302625
chrom

osom
e 7 open reading fram

e 71
protein-coding

LIN
C

01898
0.0317724187538734

3.93
chr18

75875721
75875888

-163401
N

R
_134646

long intergenic non-protein coding R
N

A 1898
ncR

N
A

SO
R

T1
0.0317868072480067

-3.53
chr1

109371359
109371617

21869
N

M
_001205228

sortilin 1
protein-coding
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G
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G
ene         

Type
LIN

C
01121

0.0319576523788556
-3.15

chr2
45285228

45285408
-30377

N
R

_033831
long intergenic non-protein coding R

N
A 1121

ncR
N

A
LO

C
101928535

0.0319577312497688
3.08

chr11
106306946

106307116
55624

N
R

_120551
uncharacterized LO

C
101928535

ncR
N

A
M

IR
4643

0.0319868729388467
-3.85

chr6
91168089

91168394
-353419

N
R

_039786
m

icroR
N

A 4643
ncR

N
A

R
PL13AP17

0.0319927594461418
4.03

chr7
78615191

78615447
268077

N
R

_003680
ribosom

al protein L13a pseudogene 17
pseudo

LIN
C

01611
0.032267387094948

3.66
chr6

84581910
84582082

-107067
N

R
_132100

long intergenic non-protein coding R
N

A 1611
ncR

N
A

B3G
ALN

T1
0.0323833073099633

2.4
chr3

161031190
161031335

73633
N

M
_033169

beta-1,3-N
-acetylgalactosam

inyltransferase 1 (globoside blood group)
protein-coding

PO
U

4F2
0.0324181549484366

3.74
chr4

146756068
146756232

117257
N

M
_004575

PO
U

 class 4 hom
eobox 2

protein-coding
C

ELF5
0.0324520154137756

-2.62
chr19

3290455
3290690

65087
N

R
_033342

C
U

G
BP, Elav-like fam

ily m
em

ber 5
protein-coding

C
O

L8A1
0.0325387301188105

3.63
chr3

99287886
99288052

-350627
N

M
_001850

collagen type VIII alpha 1 chain
protein-coding

G
TF2IP1

0.0325909663355069
-3.36

chr7
73185990

73186157
31144

N
R

_002206
general transcription factor IIi pseudogene 1

pseudo
SH

R
O

O
M

4
0.0325950969767832

3.74
chrX

50708069
50708281

105869
N

R
_027121

shroom
 fam

ily m
em

ber 4
protein-coding

M
SC

-AS1
0.0327280916821511

2.86
chr8

71683552
71683701

-159497
N

R
_033652

M
SC

 antisense R
N

A 1
ncR

N
A

SYAP1
0.0327774038166528

-2.95
chrX

16745453
16746010

26147
N

M
_032796

synapse associated protein 1
protein-coding

R
AB18

0.0328914686685027
2.88

chr10
27483024

27483194
-21065

N
M

_001256410
R

AB18, m
em

ber R
AS oncogene fam

ily
protein-coding

LO
C

101928851
0.0330641780399511

2.34
chr4

57661675
57661894

235912
N

R
_125907

uncharacterized LO
C

101928851
ncR

N
A

LO
C

101927907
0.0332054266145048

3.36
chr2

77028040
77028413

42261
N

R
_110284

uncharacterized LO
C

101927907
ncR

N
A

N
H

SL1
0.0333591886779436

3.44
chr6

138520485
138520709

-21155
N

M
_001144060

N
H

S like 1
protein-coding

LR
IG

3
0.0334160417076283

3.42
chr12

59165136
59165332

-244696
N

M
_153377

leucine rich repeats and im
m

unoglobulin like dom
ains 3

protein-coding
m

ars-06
0.0336338461536775

-3.87
chr5

10344549
10344751

-8989
N

M
_005885

m
em

brane associated ring-C
H

-type finger 6
protein-coding

LIN
C

00906
0.0336645771120947

3.45
chr19

28914458
28914609

-50598
N

R
_027318

long intergenic non-protein coding R
N

A 906
ncR

N
A

C
AT

0.0336851841866944
2.51

chr11
34474271

34474462
35441

N
M

_001752
catalase

protein-coding
N

R
G

1-IT1
0.0338778710045109

3.26
chr8

32140740
32140971

114637
N

R
_104156

N
R

G
1 intronic transcript 1

ncR
N

A
SF3A3

0.0339549643551593
-2.57

chr1
37995851

37996177
-5904

N
M

_001320830
splicing factor 3a subunit 3

protein-coding
M

IR
592

0.0340803875948217
3.1

chr7
126899984

126900427
157979

N
R

_030323
m

icroR
N

A 592
ncR

N
A

LO
C

101929563
0.0341913059413914

-2.25
chr9

23307934
23308889

363988
N

R
_121602

uncharacterized LO
C

101929563
ncR

N
A

M
IR

4438
0.0342138168430065

3.3
chr2

214019349
214019724

261469
N

R
_039640

m
icroR

N
A 4438

ncR
N

A
C

C
D

C
26

0.0343449279627109
3.71

chr8
129708057

129708231
-27905

N
R

_130917
C

C
D

C
26 long non-coding R

N
A

ncR
N

A
LO

C
100507194

0.0343940869398448
-2.23

chr6
3176757

3177127
18825

N
R

_038296
uncharacterized LO

C
100507194

ncR
N

A
BM

PR
1B

0.0345023777109496
3.43

chr4
94769735

94769966
11873

N
M

_001203
bone m

orphogenetic protein receptor type 1B
protein-coding

M
YF6

0.0345087012948412
3.1

chr12
80708734

80708948
1212

N
M

_002469
m

yogenic factor 6
protein-coding

D
H

FR
2

0.034606587930239
3.4

chr3
94130679

94130954
-67593

N
M

_001195643
dihydrofolate reductase 2

protein-coding
IC

A1L
0.0349031709474068

3.71
chr2

202761418
202761566

67742
N

M
_001288624

islet cell autoantigen 1 like
protein-coding

TTC
6

0.0349348463465712
2.92

chr14
37718704

37718900
123603

N
M

_001310135
tetratricopeptide repeat dom

ain 6
protein-coding

BASP1
0.0351706403364739

3.18
chr5

17077728
17077896

-139011
N

M
_001271606

brain abundant m
em

brane attached signal protein 1
protein-coding

M
IR

1267
0.035189936731872

-3.59
chr13

107128556
107128754

402593
N

R
_031671

m
icroR

N
A 1267

ncR
N

A
M

R
PS30

0.035205873659732
2.9

chr5
44879798

44880073
71010

N
M

_016640
m

itochondrial ribosom
al protein S30

protein-coding
D

LG
AP1

0.0352441180691758
3.66

chr18
4505948

4506474
-50945

N
M

_004746
D

LG
 associated protein 1

protein-coding
C

BX4
0.0354214619843197

-2.45
chr17

79874552
79874777

-35250
N

M
_003655

chrom
obox 4

protein-coding
SH

B
0.0354659178551666

1.86
chr9

38153357
38153897

-84414
N

M
_003028

SH
2 dom

ain containing adaptor protein B
protein-coding

PKH
D

1
0.0354803515603095

3.33
chr6

51993737
51993883

93815
N

M
_170724

polycystic kidney and hepatic disease 1 (autosom
al recessive)

protein-coding
M

IR
8066

0.035642668577513
2.77

chr4
101222656

101222869
18110

N
R

_107033
m

icroR
N

A 8066
ncR

N
A

R
AI14

0.0358179183697697
3.3

chr5
34532706

34532827
-123562

N
M

_001145522
retinoic acid induced 14

protein-coding
D

R
D

2
0.0359334508962733

-2.22
chr11

113474277
113474719

781
N

M
_000795

dopam
ine receptor D

2
protein-coding

ABC
G

2
0.0360024231505771

3.07
chr4

88093871
88094157

64845
N

M
_004827

ATP binding cassette subfam
ily G

 m
em

ber 2 (Junior blood group)
protein-coding

TR
IO

0.0360960316118183
-2.83

chr5
14334754

14334957
191153

N
M

_007118
trio R

ho guanine nucleotide exchange factor
protein-coding

AC
TR

6
0.0360997801851409

3.65
chr12

100215150
100215377

14486
N

R
_048568

AR
P6 actin-related protein 6 hom

olog
protein-coding

LO
C

105370605
0.0363692718668869

3.41
chr14

84750981
84751327

-636121
N

R
_135155

uncharacterized LO
C

105370605
ncR

N
A

LO
C

102723661
0.0365066428930189

3.64
chr1

95994664
95994965

2746
N

R
_125991

uncharacterized LO
C

102723661
ncR

N
A

C
YP46A1

0.0365545531270209
-2.99

chr14
99667227

99667372
-17119

N
M

_006668
cytochrom

e P450 fam
ily 46 subfam

ily A m
em

ber 1
protein-coding

C
C

D
C

140
0.0366527262573337

-2.77
chr2

221969252
221969661

-328691
N

M
_153038

coiled-coil dom
ain containing 140

protein-coding
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N

U
D

T12
0.0367894482703298

-3.39
chr5

103674959
103675149

-112253
N

M
_001300741

nudix hydrolase 12
protein-coding

LO
C

101927911
0.0368820057925682

3.42
chr17

2933912
2934036

31921
N

R
_110818

uncharacterized LO
C

101927911
ncR

N
A

LIN
C

01020
0.0369133873285017

3.01
chr5

4957590
4957738

-76695
N

R
_026994

long intergenic non-protein coding R
N

A 1020
ncR

N
A

SEM
A6A

0.03700175396829
3.31

chr5
116667649

116667831
-92814

N
M

_001300780
sem

aphorin 6A
protein-coding

C
SM

D
3

0.0370048030618373
3.39

chr8
113229828

113230044
147217

N
M

_198124
C

U
B and Sushi m

ultiple dom
ains 3

protein-coding
M

AN
1A1

0.0371045004058714
2.83

chr6
119308135

119308482
41458

N
M

_005907
m

annosidase alpha class 1A m
em

ber 1
protein-coding

SH
3YL1

0.0372108504629208
-2.21

chr2
246642

246872
9583

N
M

_001282687
SH

3 and SYLF dom
ain containing 1

protein-coding
LIN

C
00613

0.0372347768226311
3.39

chr4
135238377

135238557
649626

N
R

_103762
long intergenic non-protein coding R

N
A 613

ncR
N

A
N

N
T-AS1

0.0373336028604168
-3.92

chr5
43642445

43642621
-39303

N
R

_073113
N

N
T antisense R

N
A 1

ncR
N

A
R

ASSF5
0.0374685112922722

-2.82
chr1

206557229
206557531

216
N

M
_182665

R
as association dom

ain fam
ily m

em
ber 5

protein-coding
LYPD

6B
0.0375660557926187

-3.59
chr2

149030981
149031156

-7399
N

M
_001317005

LY6/PLAU
R

 dom
ain containing 6B

protein-coding
LIN

C
00593

0.0375664523340004
-3.31

chr15
69802739

69802911
-32409

N
R

_026764
long intergenic non-protein coding R

N
A 593

ncR
N

A
LO

C
729506

0.0376254991799157
3.96

chr5
8300615

8300784
156865

N
R

_039984
uncharacterized LO

C
729506

ncR
N

A
LO

C
105374972

0.0379764352425818
-2.3

chr6
22880914

22881381
-163223

N
R

_134614
uncharacterized LO

C
105374972

ncR
N

A
SH

3BP4
0.0380730990880951

2.73
chr2

235075384
235075753

123584
N

M
_014521

SH
3 dom

ain binding protein 4
protein-coding

LIN
C

00458
0.0381555637188321

3.68
chr13

54137465
54137741

-4732
N

R
_108062

long intergenic non-protein coding R
N

A 458
ncR

N
A

R
O

R
A

0.0382241448209988
-2.83

chr15
61038578

61038859
190585

N
M

_134261
R

AR
 related orphan receptor A

protein-coding
G

LIS3
0.0383227566730988

-2.95
chr9

4143807
4144071

8244
N

M
_152629

G
LIS fam

ily zinc finger 3
protein-coding

IM
PG

1
0.0383375072308888

-3.53
chr6

76701828
76702060

-629266
N

M
_001563

interphotoreceptor m
atrix proteoglycan 1

protein-coding
G

N
A11

0.0383697225561857
1.91

chr19
3098796

3098967
4471

N
M

_002067
G

 protein subunit alpha 11
protein-coding

G
M

PR
0.0383895186831891

2.23
chr6

16245003
16245267

6555
N

M
_006877

guanosine m
onophosphate reductase

protein-coding
KC

N
Q

5-AS1
0.0387505470678911

-2.42
chr6

73174773
73174937

-31341
N

R
_046621

KC
N

Q
5 antisense R

N
A 1

ncR
N

A
M

YO
6

0.0388043490886287
3.36

chr6
75735811

75736104
-13219

N
M

_001300899
m

yosin VI
protein-coding

M
APR

E2
0.039143637810436

2.12
chr18

35085696
35085947

44171
N

R
_046177

m
icrotubule associated protein R

P/EB fam
ily m

em
ber 2

protein-coding
IL15

0.0391717254385967
-2.76

chr4
141942692

141942861
306180

N
M

_000585
interleukin 15

protein-coding
C

XAD
R

0.0392674696753653
-3.39

chr21
17560326

17560585
47549

N
M

_001207066
coxsackie virus and adenovirus receptor

protein-coding
TP53TG

3
0.0393548526802804

-3.2
chr16

33338945
33339097

-21856
N

R
_110910

TP53 target 3
protein-coding

D
O

C
K3

0.0393634756522217
2.9

chr3
50930688

50930871
255538

N
M

_004947
dedicator of cytokinesis 3

protein-coding
PXD

N
0.0394281655075347

3.24
chr2

1886627
1886980

-142256
N

M
_012293

peroxidasin
protein-coding

U
SP17L6P

0.0394607384052715
-2.59

chr4
9406015

9406383
38325

N
R

_027279
ubiquitin specific peptidase 17-like fam

ily m
em

ber 6, pseudogene
pseudo

KIF16B
0.0395808863019469

3.14
chr20

16634873
16635051

-61528
N

M
_001199866

kinesin fam
ily m

em
ber 16B

protein-coding
AN

K3
0.0395873197854135

-3.62
chr10

60309147
60309394

80714
N

M
_020987

ankyrin 3
protein-coding

SM
AR

C
A2

0.0396401075542034
-2.48

chr9
2115953

2116493
-41457

N
M

_001289398
SW

I/SN
F related, m

atrix associated, actin dependent regulator of chrom
atin, 

subfam
ily a, m

em
ber 2

protein-coding

LO
C

105369509
0.0396471580542342

3.62
chr11

115135170
115135349

-198318
N

R
_135108

uncharacterized LO
C

105369509
ncR

N
A

FAM
183BP

0.0397308933482288
-3.27

chr7
38793245

38793558
-106312

N
R

_028347
acyloxyacyl hydrolase (neutrophil)

pseudo
C

TN
N

D
2

0.0397809517811421
-3.12

chr5
11954129

11954300
-50171

N
R

_109988
catenin delta 2

protein-coding
PC

C
B

0.0398809081641958
-2.96

chr3
136276041

136276212
25801

N
M

_000532
propionyl-C

oA carboxylase beta subunit
protein-coding

PTG
S2

0.039881829584069
3.83

chr1
186577278

186577444
103066

N
M

_000963
prostaglandin-endoperoxide synthase 2

protein-coding
C

BX4
0.0400030738776374

-2.36
chr17

79843928
79844325

-4712
N

M
_003655

chrom
obox 4

protein-coding
LIN

C
01192

0.0400293899024345
3.86

chr3
163089789

163089960
213427

N
R

_033945
long intergenic non-protein coding R

N
A 1192

ncR
N

A
SLC

41A3
0.040098233259778

-2.51
chr3

126032541
126032700

24155
N

M
_001008487

solute carrier fam
ily 41 m

em
ber 3

protein-coding
LIN

C
01243

0.0401220712697704
4.03

chr9
31427036

31427222
-45639

N
R

_135134
long intergenic non-protein coding R

N
A 1243

ncR
N

A
W

ASF3
0.040123921444191

-2.83
chr13

26435120
26435526

-122380
N

M
_006646

W
AS protein fam

ily m
em

ber 3
protein-coding

N
TS

0.0401771075254726
-3.14

chr12
85943623

85943821
69427

N
M

_006183
neurotensin

protein-coding
ED

N
1

0.0402353296291226
-2.65

chr6
12492400

12492655
202231

N
M

_001955
endothelin 1

protein-coding
LO

C
105377962

0.0402369002943943
-3.03

chr6
115732656

115732949
-88967

N
R

_134602
uncharacterized LO

C
105377962

ncR
N

A
N

TR
K3-AS1

0.0402938600237409
-2.64

chr15
88246722

88247069
-5835

N
R

_038229
N

TR
K3 antisense R

N
A 1

ncR
N

A
EC

T2L
0.0404621647761807

-2.92
chr6

138816020
138816199

19998
N

M
_001077706

epithelial cell transform
ing 2 like

protein-coding
ZN

F8
0.0404661763469635

3.11
chr19

58268699
58268864

-10171
N

M
_021089

zinc finger protein 8
protein-coding
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PLA2G

4B
0.0405832513331771

-2.3
chr15

41836446
41837149

-2016
N

M
_001114633

phospholipase A2 group IVB
protein-coding

G
IPC

3
0.0406044403013161

-2
chr19

3579987
3580409

-5373
N

M
_133261

G
IPC

 PD
Z dom

ain containing fam
ily m

em
ber 3

protein-coding
TBX18

0.0406435771437021
3.28

chr6
84876637

84876800
-112482

N
M

_001080508
T-box 18

protein-coding
U

C
H

L5
0.0409111802547902

3.29
chr1

193067842
193068018

-7823
N

R
_037607

ubiquitin C
-term

inal hydrolase L5
protein-coding

LO
C

101928226
0.040930584940284

-2.94
chr1

248703866
248704058

6900
N

R
_125950

uncharacterized LO
C

101928226
ncR

N
A

ZEB1
0.0410562468608402

2.59
chr10

31353535
31354063

32178
N

M
_001323671

zinc finger E-box binding hom
eobox 1

protein-coding
AKT3

0.0410690883380926
-3.01

chr1
243819177

243819436
23976

N
M

_005465
AKT serine/threonine kinase 3

protein-coding
G

PC
1

0.0412718068697885
2.91

chr2
240320530

240320706
-115080

N
M

_002081
glypican 1

protein-coding
M

IR
8054

0.041374809662916
3.13

chr11
23942839

23943023
-523741

N
R

_107021
m

icroR
N

A 8054
ncR

N
A

LIN
G

O
2

0.0414291016481568
3.38

chr9
29500965

29501140
-288052

N
M

_001258282
leucine rich repeat and Ig dom

ain containing 2
protein-coding

ZN
F727

0.0414954230608174
2.96

chr7
64043440

64043578
-1934

N
M

_001159522
zinc finger protein 727

protein-coding
N

R
G

1-IT3
0.0416587966381213

3.49
chr8

32493007
32493216

52365
N

R
_047475

N
R

G
1 intronic transcript 3

ncR
N

A
LO

C
105374194

0.0416750712887115
3.92

chr3
166444167

166444285
-454457

N
R

_135545
uncharacterized LO

C
105374194

ncR
N

A
LIN

C
00603

0.0418393222052677
-3.05

chr5
40265965

40266144
213763

N
R

_104633
long intergenic non-protein coding R

N
A 603

ncR
N

A
LO

C
101929698

0.0421369407320162
-3.27

chr20
32532859

32533022
22981

N
R

_110619
uncharacterized LO

C
101929698

ncR
N

A
AD

G
R

L4
0.0421930411911497

-2.68
chr1

79367711
79367925

-361008
N

M
_022159

adhesion G
 protein-coupled receptor L4

protein-coding
LO

C
285766

0.0423321553515464
2.88

chr6
186083

186259
19313

N
R

_126020
uncharacterized LO

C
285766

ncR
N

A
LIN

C
01256

0.0424118724634957
-2.86

chr4
132648290

132648617
57364

N
R

_126401
long intergenic non-protein coding R

N
A 1256

ncR
N

A
LO

C
101927752

0.0424477273091485
-2.46

chr8
1746098

1746523
17024

N
R

_134302
uncharacterized LO

C
101927752

ncR
N

A
C

N
TN

6
0.0424617767650693

2.99
chr3

1110817
1111013

18257
N

M
_014461

contactin 6
protein-coding

LIN
C

01243
0.0425668677670194

3.73
chr9

31563409
31563587

-182008
N

R
_135134

long intergenic non-protein coding R
N

A 1243
ncR

N
A

TM
EM

179
0.042755405930074

3.14
chr14

104624846
104624997

-20161
N

M
_001286390

transm
em

brane protein 179
protein-coding

ST8SIA6
0.0427952187165898

3.89
chr10

17452360
17452505

1955
N

M
_001004470

ST8 alpha-N
-acetyl-neuram

inide alpha-2,8-sialyltransferase 6
protein-coding

H
AC

E1
0.0428354968743661

3.76
chr6

104800572
104800694

58913
N

M
_001321083

H
EC

T dom
ain and ankyrin repeat containing E3 ubiquitin protein ligase 1

protein-coding
LIN

C
01361

0.0429821701274491
-3

chr1
83134516

83134724
-148412

N
R

_110633
long intergenic non-protein coding R

N
A 1361

ncR
N

A
M

IR
187

0.0430813076206922
-2.54

chr18
35893865

35894378
10805

N
R

_029616
m

icroR
N

A 187
ncR

N
A

F5
0.0431142782258829

-3
chr1

169541117
169541314

45316
N

M
_000130

coagulation factor V
protein-coding

ATXN
2

0.0431251434302605
2.54

chr12
111636239

111636682
-36784

N
M

_002973
ataxin 2

protein-coding
PD

E1C
0.0431869990111193

-3.47
chr7

31932469
31932696

138280
N

M
_001191056

phosphodiesterase 1C
protein-coding

LEPR
O

T
0.0432544706773868

-3.06
chr1

65407999
65408274

-12312
N

M
_001198683

leptin receptor overlapping transcript
protein-coding

IM
M

P2L
0.0433547186009881

2.53
chr7

111532121
111532287

30087
N

M
_032549

inner m
itochondrial m

em
brane peptidase subunit 2

protein-coding
R

ER
1

0.043437511193691
2.86

chr1
2401826

2402037
10156

N
M

_007033
retention in endoplasm

ic reticulum
 sorting receptor 1

protein-coding
LIN

C
01813

0.0435870115790664
3.08

chr2
56108986

56109231
-18726

N
R

_135590
long intergenic non-protein coding R

N
A 1813

ncR
N

A
LIN

C
00442

0.0438138845857701
3.64

chr13
19075872

19076078
67716

N
R

_026852
long intergenic non-protein coding R

N
A 442

ncR
N

A
M

G
C

16025
0.0438349529958623

-2.9
chr2

239214189
239214352

-18813
N

R
_026664

uncharacterized LO
C

85009
ncR

N
A

M
IR

7848
0.0439419144813248

3.17
chr8

133000062
133000387

46357
N

R
_107002

m
icroR

N
A 7848

ncR
N

A
LO

C
102724874

0.0441207091573621
3.58

chr8
77935888

77936072
485283

N
R

_125830
uncharacterized LO

C
102724874

ncR
N

A
PG

R
0.0442078185822669

-3.61
chr11

101166159
101166401

-36467
N

M
_000926

progesterone receptor
protein-coding

R
O

R
2

0.0442345023680908
2.94

chr9
92018055

92018375
-68053

N
M

_004560
receptor tyrosine kinase like orphan receptor 2

protein-coding
KC

N
N

2
0.0443485533181295

3.13
chr5

114467907
114468129

34488
N

M
_170775

potassium
 calcium

-activated channel subfam
ily N

 m
em

ber 2
protein-coding

R
AB27B

0.0443614462673438
3.26

chr18
54830811

54831022
2439

N
M

_004163
R

AB27B, m
em

ber R
AS oncogene fam

ily
protein-coding

C
N

TFR
0.044539105996786

-2.09
chr9

34591071
34591265

-1028
N

M
_001207011

ciliary neurotrophic factor receptor
protein-coding

LO
C

100507377
0.044551401840864

3.75
chr12

74017309
74017494

275230
N

R
_038300

uncharacterized LO
C

100507377
ncR

N
A

TR
PS1

0.0447157979734061
3.29

chr8
115228243

115228425
439678

N
M

_001282902
transcriptional repressor G

ATA binding 1
protein-coding

M
YO

F
0.0447460699320353

2.86
chr10

93289367
93289578

192845
N

M
_013451

m
yoferlin

protein-coding
LO

C
105377143

0.0447893794259169
3.18

chr3
66727302

66727433
10969

N
R

_135533
uncharacterized LO

C
105377143

ncR
N

A
AR

H
G

EF10L
0.0448476429482719

-1.84
chr1

17559896
17560602

-20304
N

M
_001319837

R
ho guanine nucleotide exchange factor 10 like

protein-coding
LO

C
100130264

0.0448552992471816
-3.25

chr20
19254177

19254376
30320

N
R

_024564
uncharacterized LO

C
100130264

ncR
N

A
H

SP90B2P
0.0450264005938516

3.28
chr15

99302149
99302472

44785
N

R
_073383

heat shock protein 90 beta fam
ily m

em
ber 2, pseudogene

pseudo
G

R
H

PR
0.0451396523504419

-2.93
chr9

37290992
37291237

-131596
N

M
_012203

glyoxylate and hydroxypyruvate reductase
protein-coding
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PR

SS48
0.0452533055049706

-2.7
chr4

151340922
151341397

63986
N

M
_183375

protease, serine 48
protein-coding

LIN
C

00550
0.0452889139268274

-3.17
chr13

68897426
68897614

-12195
N

R
_038878

long intergenic non-protein coding R
N

A 550
ncR

N
A

ALG
1L2

0.0453479862700715
-3.53

chr3
130036774

130036913
-44988

N
M

_001136152
ALG

1, chitobiosyldiphosphodolichol beta-m
annosyltransferase like 2

protein-coding
ED

N
1

0.0454672854414144
-2.98

chr6
12419655

12420042
129552

N
M

_001955
endothelin 1

protein-coding
FAM

8A1
0.0455553245250473

2.92
chr6

17559972
17560156

-40223
N

M
_016255

fam
ily w

ith sequence sim
ilarity 8 m

em
ber A1

protein-coding
PM

EPA1
0.04568863956363

2.84
chr20

57734441
57734567

-22968
N

M
_199171

prostate transm
em

brane protein, androgen induced 1
protein-coding

R
O

R
2

0.04568863956363
2.84

chr9
91888429

91888569
61663

N
M

_001318204
receptor tyrosine kinase like orphan receptor 2

protein-coding
M

IR
3134

0.045690714731102
-3.36

chr3
15687841

15688026
9438

N
R

_036085
m

icroR
N

A 3134
ncR

N
A

TC
F4

0.0457401001272765
3.18

chr18
55256737

55256979
45763

N
M

_001243236
transcription factor 4

protein-coding
G

BE1
0.0457535456317659

2.68
chr3

81708893
81709064

52821
N

M
_000158

1,4-alpha-glucan branching enzym
e 1

protein-coding
PN

LIP
0.0458777601647955

3.45
chr10

116490221
116490612

-55508
N

M
_000936

pancreatic lipase
protein-coding

SETBP1
0.045912688780881

2.93
chr18

44803144
44803317

122332
N

M
_015559

SET binding protein 1
protein-coding

C
D

H
18

0.0459206263541069
-2.66

chr5
18947178

18947503
938932

N
M

_001291957
cadherin 18

protein-coding
APO

O
P5

0.0460121197812955
3.07

chr16
59367844

59368023
387258

N
R

_028471
apolipoprotein O

 pseudogene 5
pseudo

PEX5L
0.0461634880577258

-3.26
chr3

180210281
180210457

-173316
N

M
_001256751

peroxisom
al biogenesis factor 5 like

protein-coding
SLC

9A4
0.0465242549768386

3.72
chr2

102520302
102520481

47088
N

M
_001011552

solute carrier fam
ily 9 m

em
ber A4

protein-coding
SR

D
5A2

0.0465660261821028
-2.4

chr2
31567792

31568341
12905

N
M

_000348
steroid 5 alpha-reductase 2

protein-coding
M

IR
887

0.046660909407815
2.84

chr5
15951780

15951948
16682

N
R

_030616
m

icroR
N

A 887
ncR

N
A

PSM
B7

0.046662668433576
3.09

chr9
124419975

124420095
-4562

N
M

_002799
proteasom

e subunit beta 7
protein-coding

ZN
F385D

-AS2
0.0467681351719569

3.32
chr3

22485608
22485794

528562
N

R
_046876

ZN
F385D

 antisense R
N

A 2
ncR

N
A

C
C

D
C

71L
0.0468279227796483

-3.12
chr7

106732430
106732616

-71335
N

M
_175884

coiled-coil dom
ain containing 71-like

protein-coding
FG

F10
0.0469182931455934

-3.05
chr5

44090187
44090354

298412
N

M
_004465

fibroblast grow
th factor 10

protein-coding
SN

O
R

D
15B

0.047096613208981
3.82

chr11
75406419

75406673
2125

N
R

_000025
sm

all nucleolar R
N

A, C
/D

 box 15B
snoR

N
A

C
LVS2

0.047096613208981
3.82

chr6
123030341

123030734
34566

N
M

_001010852
clavesin 2

protein-coding
SP140L

0.0471772922166335
3.36

chr2
230360607

230360756
33501

N
M

_001308162
SP140 nuclear body protein like

protein-coding
C

YP4F12
0.0471777450588339

-2.7
chr19

15667154
15667317

-5783
N

R
_117085

cytochrom
e P450 fam

ily 4 subfam
ily F m

em
ber 12

protein-coding
KLH

L3
0.0473229934059101

3.1
chr5

137719574
137719842

1602
N

M
_001257194

kelch like fam
ily m

em
ber 3

protein-coding
D

LG
AP1-AS2

0.0474392780685646
-2.41

chr18
3652869

3653105
49250

N
R

_119377
D

LG
AP1 antisense R

N
A 2

ncR
N

A
AG

PS
0.0475573320736652

3
chr2

177396619
177396816

3974
N

M
_003659

alkylglycerone phosphate synthase
protein-coding

M
IR

4782
0.0475888868965432

3.57
chr2

113676367
113676533

44918
N

R
_039943

m
icroR

N
A 4782

ncR
N

A
C

PS1
0.0476050536783378

1.99
chr2

210549000
210549339

-7430
N

M
_001875

carbam
oyl-phosphate synthase 1

protein-coding
PIP

0.0476619934591291
-2.85

chr7
143140789

143141001
8814

N
M

_002652
prolactin induced protein

protein-coding
D

M
R

T2
0.0476842373100162

3.07
chr9

1291606
1291771

241068
N

M
_181872

doublesex and m
ab-3 related transcription factor 2

protein-coding
LIN

C
01091

0.047791256923292
-2.46

chr4
123819509

123819754
45367

N
R

_027106
long intergenic non-protein coding R

N
A 1091

ncR
N

A
PATE1

0.0478142311626139
3.48

chr11
125728839

125728989
-17379

N
M

_138294
prostate and testis expressed 1

protein-coding
IR

AIN
0.0478582287616755

3.06
chr15

98668790
98668908

-17628
N

R
_126453

IG
F1R

 antisense im
printed non-protein coding R

N
A

ncR
N

A
R

AB11A
0.0478793480666918

-2.53
chr15

65857067
65857272

-12290
N

M
_004663

R
AB11A, m

em
ber R

AS oncogene fam
ily

protein-coding
M

IR
6776

0.0478880684051366
-3.33

chr17
2659635

2659818
33193

N
R

_106834
m

icroR
N

A 6776
ncR

N
A

FAM
105A

0.0480233187737708
-2.59

chr5
14467436

14467735
-114197

N
M

_019018
fam

ily w
ith sequence sim

ilarity 105 m
em

ber A
protein-coding

LO
C

101928820
0.0480439449367098

-2.99
chr6

85248754
85248948

141335
N

R
_134634

uncharacterized LO
C

101928820
ncR

N
A

M
IR

6073
0.0480606361957104

3.53
chr11

15849472
15849639

120066
N

R
_106721

m
icroR

N
A 6073

ncR
N

A
TM

C
C

1
0.048064254946614

-2.92
chr3

129690561
129690761

-1929
N

R
_033361

transm
em

brane and coiled-coil dom
ain fam

ily 1
protein-coding

LO
C

91450
0.0481604715222496

3.02
chr15

77966744
77967018

27344
N

R
_026998

uncharacterized LO
C

91450
ncR

N
A

SM
AD

5
0.0481638786988814

-3.1
chr5

136107849
136108014

-24914
N

M
_001001419

SM
AD

 fam
ily m

em
ber 5

protein-coding
YTH

D
C

2
0.0482741485209411

-2.44
chr5

113753155
113753435

239633
N

M
_001345975

YTH
 dom

ain containing 2
protein-coding

TM
EM

106B
0.048380112702715

3.57
chr7

12129059
12129229

-82078
N

M
_018374

transm
em

brane protein 106B
protein-coding

ATR
X

0.048380112702715
3.57

chrX
77651980

77652144
134207

N
M

_000489
ATR

X, chrom
atin rem

odeler
protein-coding

AN
K3

0.0484142417837067
-3.05

chr10
60123230

60123919
17442

N
M

_001149
ankyrin 3

protein-coding
G

JB2
0.0484339647592279

3.96
chr13

20198723
20198973

-5873
N

M
_004004

gap junction protein beta 2
protein-coding

AN
O

4
0.0486327666555982

3.15
chr12

100866832
100866949

-34756
N

M
_001286616

anoctam
in 4

protein-coding
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U

BAP1L
0.0486653086944772

2.77
chr15

65105630
65105775

657
N

M
_001163692

ubiquitin associated protein 1 like
protein-coding

N
ELL1

0.0486710571139199
-3.18

chr11
21220100

21220432
550715

N
M

_006157
neural EG

FL like 1
protein-coding

C
H

AC
2

0.0486739449093943
2.52

chr2
53437604

53437869
-330047

N
M

_001346127
C

haC
 cation transport regulator hom

olog 2
protein-coding

D
LEU

7-AS1
0.0486864967299535

2.74
chr13

50800778
50800943

-6995
N

R
_046551

D
LEU

7 antisense R
N

A 1
ncR

N
A

LN
C

PR
ESS2

0.0486969227282587
3.14

chr4
92189095

92189256
88127

N
R

_125920
lncR

N
A p53 regulated and ESC

 associated 2
ncR

N
A

LO
C

101927915
0.0488558713071197

-2.41
chr8

137492899
137493288

-79505
N

R
_125428

uncharacterized LO
C

101927915
ncR

N
A

BR
D

3
0.0488791873195468

-3.47
chr9

134080882
134081038

-12941
N

M
_007371

brom
odom

ain containing 3
protein-coding

LR
R

C
17

0.0488918259243005
2.65

chr7
102928656

102928823
15842

N
M

_005824
leucine rich repeat containing 17

protein-coding
SLC

35G
2

0.0489692192112843
3.33

chr3
136790538

136790664
-28418

N
M

_025246
solute carrier fam

ily 35 m
em

ber G
2

protein-coding
C

O
BL

0.0490191358949223
-2.79

chr7
51543889

51544160
-227163

N
M

_001346444
cordon-bleu W

H
2 repeat protein

protein-coding
SN

O
R

A33
0.0490638990868723

-3.06
chr6

132820841
132821023

3713
N

R
_002436

sm
all nucleolar R

N
A, H

/AC
A box 33

snoR
N

A
C

N
TFR

-AS1
0.049107395216069

-1.89
chr9

34547944
34548218

-19931
N

R
_024369

C
N

TFR
 antisense R

N
A 1

ncR
N

A
BPY2

0.0492936855483905
2.84

chrY
24619547

24619850
1694

N
M

_004678
basic charge, Y-linked, 2

protein-coding
IN

TU
0.0494809639551204

2.35
chr4

127538805
127539033

-94013
N

M
_015693

inturned planar cell polarity protein
protein-coding

C
IITA

0.0495019867076472
2.91

chr16
10888988

10889127
11859

N
M

_001286403
class II m

ajor histocom
patibility com

plex transactivator
protein-coding

C
YP3A7

0.0495192116627951
-2.38

chr7
99751539

99751854
-16496

N
M

_000765
cytochrom

e P450 fam
ily 3 subfam

ily A m
em

ber 7
protein-coding

H
AC

E1
0.0496878043551715

3.56
chr6

103541754
103541922

1317708
N

M
_001321083

H
EC

T dom
ain and ankyrin repeat containing E3 ubiquitin protein ligase 1

protein-coding
SR

P14
0.0497305662407535

2.81
chr15

40003454
40003688

35631
N

M
_003134

signal recognition particle 14
protein-coding

TFEB
0.0497319947027034

2.25
chr6

41727566
41727802

6717
N

M
_001271945

transcription factor EB
protein-coding

M
KR

N
9P

0.0498423955668643
-2.86

chr12
87799858

87800097
-15266

N
R

_033410
m

akorin ring finger protein 9, pseudogene
pseudo

O
C

A2
0.0498423955668643

-2.86
chr15

27813423
27813595

285803
N

M
_000275

O
C

A2 m
elanosom

al transm
em

brane protein
protein-coding

M
IR

4454
0.0498659811354539

-2.64
chr5

12772386
12772588

104628
N

R
_039659

m
icroR

N
A 4454

ncR
N

A
C

N
TN

AP2
0.0498786764182062

3.21
chr7

145623626
145623825

-492636
N

M
_014141

contactin associated protein-like 2
protein-coding

O
PR

K1
0.0499513498520724

-3.22
chr8

53527112
53527308

-275513
N

M
_000912

opioid receptor kappa 1
protein-coding
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C
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G
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G
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M
EO

X2-AS1
0.000318131479529961

5.01
chr7

15841167
15841409

152910
N

R
_110094

M
EO

X2 antisense R
N

A 1 (head to head)
ncR

N
A

O
PA1-AS1

0.000469140963215896
4.46

chr3
193717306

193717473
-90057

N
R

_046634
O

PA1 antisense R
N

A 1
ncR

N
A

C
14orf180

0.000516575499668394
4.71

chr14
104476355

104476506
-103254

N
M

_001008404
chrom

osom
e 14 open reading fram

e 180
protein-coding

ITG
B6

0.000710777391317259
2.27

chr2
160221777

160222128
-21639

N
M

_000888
integrin subunit beta 6

protein-coding
N

D
ST4

0.000840593391869134
4.55

chr4
115680031

115680236
-566257

N
M

_022569
N

-deacetylase and N
-sulfotransferase 4

protein-coding
R

N
F219-AS1

0.000840643185625352
4.57

chr13
78276405

78276568
221631

N
R

_047001
R

N
F219 antisense R

N
A 1

ncR
N

A
AD

AM
TSL1

0.000905172581752592
4.12

chr9
18516577

18516837
42626

N
M

_001040272
AD

AM
TS like 1

protein-coding
R

O
C

K1
0.000930708995819819

3.22
chr18

18629444
18629603

2482328
N

M
_005406

R
ho associated coiled-coil containing protein kinase 1

protein-coding
EIF3E

0.000962333295625573
4.44

chr8
108205936

108206154
42685

N
M

_001568
eukaryotic translation initiation factor 3 subunit E

protein-coding
ELFN

1
0.00105780437157664

2.72
chr7

1674979
1675181

-34082
N

M
_001128636

extracellular leucine rich repeat and fibronectin type III dom
ain containing 1

protein-coding
LO

C
93463

0.0010813536897086
2.75

chr2
236874456

236875042
181418

N
R

_135202
uncharacterized LO

C
93463

ncR
N

A
AN

KR
D

33
0.00112672272130934

2.87
chr12

51874499
51874706

-13407
N

M
_001304460

ankyrin repeat dom
ain 33

protein-coding
SPTBN

1
0.00120409058129951

4.49
chr2

54618536
54618698

60223
N

M
_178313

spectrin beta, non-erythrocytic 1
protein-coding

D
AZL

0.00125677464467644
4.84

chr3
16700451

16700611
-95032

N
M

_001351
deleted in azoosperm

ia like
protein-coding

LIN
C

02026
0.00127511932852604

3.92
chr3

194024135
194024311

-20564
N

R
_033944

long intergenic non-protein coding R
N

A 2026
ncR

N
A

LO
C

101929468
0.00131307263693627

3.65
chr4

104394511
104394704

-96358
N

R
_125926

uncharacterized LO
C

101929468
ncR

N
A

C
N

TN
AP5

0.00140769156852111
4.33

chr2
124733919

124734167
708756

N
M

_130773
contactin associated protein like 5

protein-coding
N

AALAD
L2-AS1

0.00142447596493914
4.85

chr3
175606906

175607075
169343

N
R

_046714
N

AALAD
L2 antisense R

N
A 1

ncR
N

A
SEPT7P2

0.00147394869260097
2.64

chr7
45827007

45827167
-58069

N
R

_024271
septin 7 pseudogene 2

pseudo
FAM

120C
0.0015427247155043

3.79
chrX

54162666
54162939

20456
N

M
_017848

fam
ily w

ith sequence sim
ilarity 120C

protein-coding
LIN

C
01608

0.00159577704703767
3.95

chr8
110748422

110748624
278910

N
R

_125416
long intergenic non-protein coding R

N
A 1608

ncR
N

A
SN

X14
0.00160643802244995

3.83
chr6

85575398
85575680

18617
N

M
_001297614

sorting nexin 14
protein-coding

C
O

L6A4P2
0.00163569280617407

2.63
chr3

130182067
130182612

-30481
N

R
_027898

collagen type VI alpha 4 pseudogene 2
pseudo

D
M

D
0.00184159819013682

3.4
chrX

31424168
31424463

83983
N

M
_004014

dystrophin
protein-coding

LO
C

645166
0.00201216732739505

2.72
chr1

143423561
143423784

1012
N

R
_027355

lym
phocyte-specific protein 1 pseudogene

pseudo
ZN

F385B
0.00206464621346405

4.99
chr2

179605722
179605945

-19927
N

R
_104234

zinc finger protein 385B
protein-coding

M
D

G
A2

0.00209093160114678
5.32

chr14
47340887

47341048
2279

N
R

_103766
M

AM
 dom

ain containing glycosylphosphatidylinositol anchor 2
protein-coding

R
U

N
X2

0.00216609210700747
3.48

chr6
45540434

45540594
117937

N
M

_001278478
runt related transcription factor 2

protein-coding
LO

C
644919

0.00216835244601175
4.14

chr14
40295578

40295739
-659053

N
R

_109758
uncharacterized LO

C
644919

ncR
N

A
M

IR
6076

0.00218124124405174
-3.94

chr14
49950843

49951063
-15446

N
R

_106724
m

icroR
N

A 6076
ncR

N
A

H
YI

0.00222811259794472
3.66

chr1
43472877

43473043
-18971

N
M

_001330526
hydroxypyruvate isom

erase (putative)
protein-coding

SM
AD

7
0.00232771643982834

1.91
chr18

48913173
48913491

29475
N

M
_001190823

SM
AD

 fam
ily m

em
ber 7

protein-coding
LIN

C
01258

0.00233466780420293
3.54

chr4
38397059

38397486
125908

N
R

_110951
long intergenic non-protein coding R

N
A 1258

ncR
N

A
PTPR

D
-AS2

0.00235411265799271
4.35

chr9
10904743

10904904
291617

N
R

_110696
PTPR

D
 antisense R

N
A 2 (head to head)

ncR
N

A
D

EPD
C

1
0.00236144671912197

4.51
chr1

68548483
68548633

-51337
N

M
_017779

D
EP dom

ain containing 1
protein-coding

LC
O

R
L

0.00242058761137759
4.69

chr4
18397147

18397317
-375357

N
M

_153686
ligand dependent nuclear receptor corepressor like

protein-coding
LO

C
646241

0.00247529618872356
4.3

chr5
17974501

17974674
167313

N
R

_134287
uncharacterized LO

C
646241

ncR
N

A
ER

C
C

6L
0.00253006157876209

4.1
chrX

72246249
72246418

-7325
N

M
_017669

ER
C

C
 excision repair 6 like, spindle assem

bly checkpoint helicase
protein-coding

LO
C

284395
0.00260686475346161

2.69
chr19

29382313
29382466

143363
N

R
_040029

uncharacterized LO
C

284395
ncR

N
A

M
IR

2115
0.00266311270706123

3.82
chr3

48318669
48318824

-2287
N

R
_031749

m
icroR

N
A 2115

ncR
N

A
LR

FN
5

0.00281792594178422
4.97

chr14
42803218

42803445
1196475

N
M

_001330106
leucine rich repeat and fibronectin type III dom

ain containing 5
protein-coding

LR
R

TM
4

0.00283967436716731
3.82

chr2
77270410

77270613
251922

N
M

_001330370
leucine rich repeat transm

em
brane neuronal 4

protein-coding
TU

BB4A
0.00285369998296327

-3.44
chr19

6501969
6502168

516
N

M
_001289131

tubulin beta 4A class IVa
protein-coding

C
D

H
6

0.00300330718432846
-3.06

chr5
30539090

30539520
-654350

N
M

_004932
cadherin 6

protein-coding
LIN

C
01913

0.00300813017524543
3.14

chr2
41381766

41381963
-495691

N
R

_033996
long intergenic non-protein coding R

N
A 1913

ncR
N

A

Supplem
entary Table 

Listofgenes w
ith altered chrom

atin accessibility 72 hrs post-infection 
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C
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G

ene  D
escription

G
ene          

Type

D
APK1

0.0030084739966362
2.66

chr9
87343803

87344149
-153252

N
M

_001288731
death associated protein kinase 1

protein-coding
LAM

A4
0.00303304294077919

2.77
chr6

112299388
112299984

-44971
N

M
_002290

lam
inin subunit alpha 4

protein-coding
FLJ37505

0.00305619509091283
3.47

chr12
127779211

127779378
-102323

N
R

_033987
uncharacterized LO

C
400087

ncR
N

A
U

BBP4
0.00306743111272877

4.15
chr17

22123944
22124121

-78963
N

R
_144546

ubiquitin B pseudogene 4
pseudo

LC
AL1

0.00307037641056822
3.8

chr6
79355921

79356131
-42642

N
R

_130915
lung cancer associated lncR

N
A 1

ncR
N

A
LO

C
102546299

0.00308130384059806
3.89

chr5
165183752

165183908
713551

N
R

_105065
uncharacterized LO

C
102546299

ncR
N

A
R

TKN
2

0.00312295839653739
2.49

chr10
62280441

62280605
-11660

N
M

_001282941
rhotekin 2

protein-coding
LIN

C
01697

0.00312958002036239
2.89

chr21
28051664

28051856
3346

N
R

_126010
long intergenic non-protein coding R

N
A 1697

ncR
N

A
ST8SIA4

0.00316486905154704
4.34

chr5
101150185

101150380
-246997

N
M

_005668
ST8 alpha-N

-acetyl-neuram
inide alpha-2,8-sialyltransferase 4

protein-coding
D

TL
0.00321992988935371

3.38
chr1

211938908
211939195

-96502
N

M
_001286229

denticleless E3 ubiquitin protein ligase hom
olog

protein-coding
FAT3

0.00322749167071838
-4.19

chr11
92104613

92104782
-247399

N
M

_001008781
FAT atypical cadherin 3

protein-coding
H

U
LC

0.00333500294268826
2.77

chr6
8982603

8982892
330538

N
R

_004855
hepatocellular carcinom

a up-regulated long non-coding R
N

A
ncR

N
A

TM
EM

261
0.00335293433311314

3.9
chr9

8033144
8033294

-233413
N

M
_033428

transm
em

brane protein 261
protein-coding

G
R

IK4
0.00341202192049776

-3.8
chr11

120690148
120690353

125814
N

M
_001282473

glutam
ate ionotropic receptor kainate type subunit 4

protein-coding
EM

B
0.00342066689821084

2.61
chr5

49704637
49705383

736390
N

M
_198449

em
bigin

protein-coding
TN

R
0.00354369329682191

3.43
chr1

175544402
175544609

199111
N

M
_003285

tenascin R
protein-coding

LO
C

100132078
0.00366596557652266

3.26
chr11

111462224
111462396

-44124
N

R
_046085

uncharacterized LO
C

100132078
ncR

N
A

LIN
C

01648
0.00369595329080067

2.57
chr1

30330797
30330959

-293266
N

R
_110790

long intergenic non-protein coding R
N

A 1648
ncR

N
A

G
AS6-AS1

0.00369927565145115
2.34

chr13
113788800

113788975
-26723

N
R

_044995
G

AS6 antisense R
N

A 1
ncR

N
A

C
3orf58

0.00372149498252629
3.71

chr3
144854027

144854209
880793

N
M

_001134470
chrom

osom
e 3 open reading fram

e 58
protein-coding

C
LEC

L1
0.00373291800601734

2.39
chr12

9739715
9740123

-6620
N

M
_001253750

C
-type lectin like 1

protein-coding
AC

SBG
1

0.00377965076153212
2.59

chr15
78245663

78245866
-11057

N
M

_001199377
acyl-C

oA synthetase bubblegum
 fam

ily m
em

ber 1
protein-coding

LR
R

C
32

0.00381805186038032
-4.07

chr11
76605927

76606083
63995

N
M

_005512
leucine rich repeat containing 32

protein-coding
BAP1

0.00386402347546189
3.15

chr3
52386853

52387002
23178

N
M

_004656
BR

C
A1 associated protein 1

protein-coding
PR

R
18

0.00388991633216755
2.55

chr6
166296775

166296925
11533

N
M

_175922
proline rich 18

protein-coding
LSAM

P-AS1
0.00392637506491

2.59
chr3

116129542
116129785

-230361
N

R
_109998

LSAM
P antisense R

N
A 1

ncR
N

A
LIN

G
O

2
0.00396994793282743

-3.9
chr9

28667646
28667887

51539
N

M
_152570

leucine rich repeat and Ig dom
ain containing 2

protein-coding
LIN

C
00494

0.00401015950814457
-3.46

chr20
48372932

48373096
13103

N
R

_026958
long intergenic non-protein coding R

N
A 494

ncR
N

A
LO

C
101927272

0.00402274872617519
2.5

chr16
50644968

50645180
-23781

N
R

_110908
uncharacterized LO

C
101927272

ncR
N

A
LIN

C
01949

0.00418646831459433
-4.57

chr5
87232281

87232441
6840

N
R

_130914
long intergenic non-protein coding R

N
A 1949

ncR
N

A
PAC

R
G

-AS3
0.00429293840976898

2.83
chr6

163231574
163231736

-39653
N

R
_122120

PAC
R

G
 antisense R

N
A 3

ncR
N

A
W

W
O

X
0.00434551237250674

-3.92
chr16

78740450
78740676

641150
N

M
_001291997

W
W

 dom
ain containing oxidoreductase

protein-coding
LO

C
105372038

0.00444668995067161
2.93

chr18
27405221

27405417
-62663

N
R

_134589
uncharacterized LO

C
105372038

ncR
N

A
SN

O
R

A107
0.0045286054887073

3.97
chr13

84535350
84535561

-248199
N

R
_132852

sm
all nucleolar R

N
A, H

/AC
A box 107

snoR
N

A
SSBP3

0.00454349519391172
3.3

chr1
54385020

54385227
21272

N
M

_018070
single stranded D

N
A binding protein 3

protein-coding
LO

C
105369739

0.00455193573570523
3.53

chr12
43108289

43108502
416179

N
R

_135028
uncharacterized LO

C
105369739

ncR
N

A
N

C
S1

0.00456673319171218
2.27

chr9
130219873

130220150
19418

N
M

_001128826
neuronal calcium

 sensor 1
protein-coding

PABPC
4L

0.00458403955217053
3.89

chr4
135037186

135037382
-835536

N
M

_001114734
poly(A) binding protein cytoplasm

ic 4 like
protein-coding

FBXL5
0.00461350266753687

4.21
chr4

15607762
15607937

47563
N

R
_036464

F-box and leucine rich repeat protein 5
protein-coding

SU
SD

6
0.00469681835122881

2.58
chr14

69663414
69663619

51923
N

M
_014734

sushi dom
ain containing 6

protein-coding
TR

APPC
11

0.00482286408674584
3.76

chr4
183726826

183726977
67634

N
M

_199053
trafficking protein particle com

plex 11
protein-coding

U
BE2U

0.00487462207792743
2.66

chr1
64309408

64309616
105894

N
M

_152489
ubiquitin conjugating enzym

e E2 U
 (putative)

protein-coding
AC

ER
2

0.00494087356124411
1.94

chr9
19548384

19549505
140017

N
M

_001010887
alkaline ceram

idase 2
protein-coding

VSTM
2A

0.00500564862266944
2.12

chr7
54546688

54547036
698

N
R

_133927
V-set and transm

em
brane dom

ain containing 2A
protein-coding

FR
M

PD
2

0.00506599913077323
2.73

chr10
48254397

48254728
-2805

N
M

_001318191
FER

M
 and PD

Z dom
ain containing 2

protein-coding
ZSC

AN
20

0.00512328012359842
2.29

chr1
33441019

33441198
-31523

N
M

_145238
zinc finger and SC

AN
 dom

ain containing 20
protein-coding

LIN
C

01468
0.00519524459421287

4.58
chr10

52566817
52567116

-96433
N

R
_120641

long intergenic non-protein coding R
N

A 1468
ncR

N
A

SG
IP1

0.00522297526572635
2.04

chr1
66533580

66534251
-41

N
M

_032291
SH

3 dom
ain G

R
B2 like endophilin interacting protein 1

protein-coding
G

ZM
H

0.00529212036188445
-3.81

chr14
24605553

24605702
4093

N
M

_033423
granzym

e H
protein-coding

C
SN

K1G
2-AS1

0.0054179831846019
3.17

chr19
1964765

1964926
-10296

N
R

_033400
C

SN
K1G

2 antisense R
N

A 1
ncR

N
A
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C
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G
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G
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FU
T10

0.00543414789804882
3.14

chr8
33381637

33381784
91436

N
M

_032664
fucosyltransferase 10

protein-coding
C

YP2C
18

0.00544608943834588
4.72

chr10
94657864

94658037
-25544

N
M

_000772
cytochrom

e P450 fam
ily 2 subfam

ily C
 m

em
ber 18

protein-coding
LIN

C
01910

0.00544646537758895
3.55

chr18
70511629

70511777
-127112

N
R

_110764
long intergenic non-protein coding R

N
A 1910

ncR
N

A
C

3orf79
0.00545553111453442

-3.51
chr3

153791841
153792119

307485
N

M
_001101337

chrom
osom

e 3 open reading fram
e 79

protein-coding
C

4orf33
0.00553150551063327

4.39
chr4

129193627
129193818

97595
N

M
_001099783

chrom
osom

e 4 open reading fram
e 33

protein-coding
PR

KC
Z

0.00555000975664328
3.01

chr1
2085411

2085563
11501

N
M

_001242874
protein kinase C

 zeta
protein-coding

PD
E3A

0.00560452917991013
2.56

chr12
20269426

20269698
-99683

N
M

_000921
phosphodiesterase 3A

protein-coding
U

BBP4
0.00561039731597824

2.97
chr17

22042627
22042800

-160282
N

R
_144546

ubiquitin B pseudogene 4
pseudo

FLJ26245
0.00565750446667771

2.2
chr16

36963959
36964284

1217569
N

R
_033985

uncharacterized LO
C

400533
ncR

N
A

LO
C

105378146
0.00567533004822332

2.8
chr6

168763541
168763835

200694
N

R
_136250

uncharacterized LO
C

105378146
ncR

N
A

LO
C

100506858
0.00573129587247125

3.71
chr5

2429763
2429948

-117654
N

R
_104616

uncharacterized LO
C

100506858
ncR

N
A

C
O

PB1
0.00576535471315005

-2.82
chr11

14443541
14444080

56048
N

M
_016451

coatom
er protein com

plex subunit beta 1
protein-coding

FN
D

C
3A

0.00577366195648685
2.96

chr13
48999014

48999187
22491

N
R

_103528
fibronectin type III dom

ain containing 3A
protein-coding

R
FX2

0.00579802426259119
-4.51

chr19
6120140

6120315
-9574

N
M

_000635
regulatory factor X2

protein-coding
N

AN
O

S1
0.00580814106235966

3.72
chr10

118905722
118905884

-123913
N

M
_199461

nanos C
2H

C
-type zinc finger 1

protein-coding
SELL

0.00590955483040786
-3.24

chr1
169719129

169719519
-7622

N
M

_000655
selectin L

protein-coding
AC

AP2
0.00591291183240616

1.98
chr3

195478594
195479271

-35844
N

M
_012287

ArfG
AP w

ith coiled-coil, ankyrin repeat and PH
 dom

ains 2
protein-coding

PO
LR

2M
0.00592373466370012

2.02
chr15

57732508
57732931

26198
N

M
_001018102

R
N

A polym
erase II subunit M

protein-coding
R

SPR
Y1

0.00595556743045068
2.87

chr16
57200244

57200426
14051

N
M

_133368
ring finger and SPR

Y dom
ain containing 1

protein-coding
AC

O
1

0.00595582000820861
3.24

chr9
32264115

32264309
-120391

N
M

_001278352
aconitase 1

protein-coding
LO

C
105371046

0.00598433998030801
3.03

chr16
1562924

1563084
-17523

N
R

_135176
uncharacterized LO

C
105371046

ncR
N

A
PPFIA2

0.00603200456008884
3.75

chr12
81641707

81641966
-43465

N
M

_001220477
PTPR

F interacting protein alpha 2
protein-coding

LR
R

TM
3

0.00606690287795074
2.9

chr10
66389783

66390189
-536048

N
M

_178011
leucine rich repeat transm

em
brane neuronal 3

protein-coding
PC

N
X1

0.00607688102324815
2.94

chr14
70964454

70964774
57209

N
M

_014982
pecanex hom

olog 1 (D
rosophila)

protein-coding
M

ETTL4
0.00607962897052454

-3.97
chr18

2223794
2224031

347591
N

M
_001308401

m
ethyltransferase like 4

protein-coding
AC

TR
3BP5

0.00608924478416346
3.36

chr10
40461184

40461356
1764674

N
R

_045000
AC

TR
3B pseudogene 5

pseudo
LIN

C
01250

0.00612631108785573
-2.63

chr2
3023716

3024059
102139

N
R

_110228
long intergenic non-protein coding R

N
A 1250

ncR
N

A
FAT2

0.00614795599648376
2.67

chr5
151551039

151551209
17820

N
M

_001447
FAT atypical cadherin 2

protein-coding
PD

E4B
0.00614898556596658

4.4
chr1

65807075
65807237

13983
N

M
_002600

phosphodiesterase 4B
protein-coding

LO
C

105369860
0.00617421187743134

2.16
chr12

78406710
78407320

-47269
N

R
_135021

uncharacterized LO
C

105369860
ncR

N
A

M
IR

2054
0.00620713058040456

3.24
chr4

126147680
126147874

640518
N

R
_031746

m
icroR

N
A 2054

ncR
N

A
M

YT1L
0.00626861748281584

3.77
chr2

2535254
2535411

-204019
N

M
_015025

m
yelin transcription factor 1 like

protein-coding
sept-10

0.00631156821766923
-4.12

chr2
109480541

109480819
132977

N
M

_001321514
septin 10

protein-coding
C

ELSR
2

0.00632466904770201
3.48

chr1
109242118

109242281
-7820

N
M

_001408
cadherin EG

F LAG
 seven-pass G

-type receptor 2
protein-coding

BAN
F2

0.00633031887204402
3.09

chr20
17729182

17729380
29333

N
M

_178477
barrier to autointegration factor 2

protein-coding
KC

N
A5

0.00642128096659378
3.59

chr12
5134307

5134590
90529

N
M

_002234
potassium

 voltage-gated channel subfam
ily A m

em
ber 5

protein-coding
PKIB

0.00646113919398467
2.9

chr6
122540146

122540299
68305

N
M

_001270394
cAM

P-dependent protein kinase inhibitor beta
protein-coding

LO
C

441025
0.00650682446962498

3.64
chr4

75179560
75179710

-174441
N

R
_033964

uncharacterized LO
C

441025
ncR

N
A

D
PYD

-AS2
0.00652479457955517

-3.84
chr1

97499604
97499852

-297193
N

R
_046591

D
PYD

 antisense R
N

A 2
ncR

N
A

LIN
C

01790
0.00653703580543687

4.76
chr2

195049717
195049912

319219
N

R
_110223

long intergenic non-protein coding R
N

A 1790
ncR

N
A

G
R

ID
2

0.00663631167125483
2.99

chr4
93002420

93002843
698232

N
M

_001510
glutam

ate ionotropic receptor delta type subunit 2
protein-coding

LIN
G

O
1-AS2

0.00664376543036377
2.61

chr15
77651834

77652009
-8130

N
R

_120361
LIN

G
O

1 antisense R
N

A 2
ncR

N
A

ALG
10

0.00664615951373052
2.95

chr12
36016916

36017277
1994815

N
M

_032834
ALG

10, alpha-1,2-glucosyltransferase
protein-coding

R
O

BO
2

0.00664663829656909
3.01

chr3
76679709

76679875
-360351

N
M

_002942
roundabout guidance receptor 2

protein-coding
H

O
M

ER
1

0.00664910795870179
3.83

chr5
79537477

79537654
-23729

N
M

_001277078
hom

er scaffolding protein 1
protein-coding

U
BE2N

L
0.00668116134180352

4.49
chrX

143977304
143977591

93376
N

M
_001012989

ubiquitin conjugating enzym
e E2 N

 like (gene/pseudogene)
protein-coding

KIAA1324L
0.0067003809799743

3.97
chr7

87013969
87014165

26167
N

M
_001291991

KIAA1324 like
protein-coding

PPT1
0.00677975379910807

2.64
chr1

40070507
40070787

26823
N

M
_001142604

palm
itoyl-protein thioesterase 1

protein-coding
LIN

C
01121

0.00678978503424825
-3.65

chr2
45373784

45373989
-118945

N
R

_033831
long intergenic non-protein coding R

N
A 1121

ncR
N

A
R

PS6KC
1

0.00679775466957006
3.48

chr1
213455549

213455767
404425

N
M

_001287220
ribosom

al protein S6 kinase C
1

protein-coding
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VAPA
0.00682176296180144

3.21
chr18

10123467
10123618

209584
N

M
_003574

VAM
P associated protein A

protein-coding
PO

U
4F3

0.00696737070778689
3.71

chr5
146284123

146284329
-54798

N
M

_002700
PO

U
 class 4 hom

eobox 3
protein-coding

M
IR

1260B
0.00698905903946083

2.88
chr11

96180262
96180468

-161073
N

R
_036125

m
icroR

N
A 1260b

ncR
N

A
R

AB3C
0.00701201226293203

3.15
chr5

58772141
58772296

189174
N

M
_138453

R
AB3C

, m
em

ber R
AS oncogene fam

ily
protein-coding

SLC
O

4C
1

0.00705555189721742
2.51

chr5
101962529

101962689
333940

N
M

_180991
solute carrier organic anion transporter fam

ily m
em

ber 4C
1

protein-coding
LIN

C
00348

0.00713232522999267
3.44

chr13
70623491

70623688
-391552

N
R

_047699
long intergenic non-protein coding R

N
A 348

ncR
N

A
TM

EM
120B

0.00721428866194988
2.23

chr12
121748459

121748625
35790

N
M

_001080825
transm

em
brane protein 120B

protein-coding
LIN

C
01235

0.00725597228519589
3.57

chr9
13427756

13427920
3491

N
R

_033863
long intergenic non-protein coding R

N
A 1235

ncR
N

A
C

AR
M

IL1
0.00728582112041433

2.98
chr6

25327046
25327281

47735
N

M
_017640

capping protein regulator and m
yosin 1 linker 1

protein-coding
ISY1-R

AB43
0.00728763494786738

-3.68
chr3

129171423
129171592

-10277
N

M
_001204890

ISY1-R
AB43 readthrough

protein-coding
ATF3

0.00742319930061371
3.68

chr1
212589319

212589473
-19232

N
M

_001674
activating transcription factor 3

protein-coding
TU

N
AR

0.00750866743227924
3.14

chr14
95953374

95953599
76714

N
R

_132398
TC

L1 upstream
 neural differentiation-associated R

N
A

ncR
N

A
W

D
R

18
0.00751293275858178

2.44
chr19

964266
964427

-19982
N

M
_024100

W
D

 repeat dom
ain 18

protein-coding
LIN

C
01376

0.00754486274043717
2.04

chr2
19163989

19164311
-137179

N
R

_135287
long intergenic non-protein coding R

N
A 1376

ncR
N

A
LR

R
IQ

1
0.00757102945694449

2.22
chr12

85089676
85090052

53543
N

M
_001079910

leucine rich repeats and IQ
 m

otif containing 1
protein-coding

PR
G

1
0.00758880131458023

-3.89
chr19

43330122
43330338

-18826
N

R
_026881

p53-responsive gene 1
ncR

N
A

KC
N

A4
0.00761606526221012

4.3
chr11

30049178
30049394

-32256
N

M
_002233

potassium
 voltage-gated channel subfam

ily A m
em

ber 4
protein-coding

D
LG

AP1-AS5
0.00762800393418065

3.86
chr18

4199173
4199340

-65346
N

R
_036489

D
LG

AP1 antisense R
N

A 5
ncR

N
A

N
EPR

O
0.00767096551845613

2.29
chr3

113072699
113073038

-53135
N

R
_134969

nucleolus and neural progenitor protein
protein-coding

LIN
C

00330
0.00770192110896021

2.68
chr13

44735030
44735196

74517
N

R
_038433

long intergenic non-protein coding R
N

A 330
ncR

N
A

C
N

O
T9

0.00774886521241172
3.43

chr2
218581456

218581616
12956

N
M

_001271634
C

C
R

4-N
O

T transcription com
plex subunit 9

protein-coding
M

IR
3936

0.00778751500095185
-3.29

chr5
132363371

132363545
2141

N
R

_037500
m

icroR
N

A 3936
ncR

N
A

ATO
H

1
0.00780025918472925

4.3
chr4

93670448
93670627

-158390
N

M
_005172

atonal bH
LH

 transcription factor 1
protein-coding

LIN
C

01242
0.00780891965288126

1.93
chr9

29816612
29816999

591649
N

R
_046204

long intergenic non-protein coding R
N

A 1242
ncR

N
A

PR
EP

0.00781774596484462
2.8

chr6
105379676

105379865
23354

N
M

_002726
prolyl endopeptidase

protein-coding
PO

TEA
0.00782135738649704

2.26
chr8

43237756
43238000

-54564
N

M
_001005365

PO
TE ankyrin dom

ain fam
ily m

em
ber A

protein-coding
TR

Y2P
0.00783168335384426

2.87
chr7

142440324
142440609

-168217
N

R
_036483

trypsinogen-like pseudogene
pseudo

API5
0.00785185688195639

2.94
chr11

43306108
43306260

-5771
N

M
_006595

apoptosis inhibitor 5
protein-coding

M
IR

4666B
0.00787526106557243

2.4
chrX

29478440
29479069

-95524
N

R
_049877

m
icroR

N
A 4666b

ncR
N

A
G

R
IK2

0.00798251521003849
3.83

chr6
102619850

102620024
1220952

N
M

_021956
glutam

ate ionotropic receptor kainate type subunit 2
protein-coding

ZM
AT4

0.00807328739445244
3.81

chr8
40738368

40738575
159353

N
M

_024645
zinc finger m

atrin-type 4
protein-coding

FG
F14

0.00813517325281965
2.37

chr13
102198841

102199131
111700

N
M

_001321933
fibroblast grow

th factor 14
protein-coding

ZN
F716

0.00813744870367916
2.68

chr7
58652476

58652674
1202398

N
M

_001159279
zinc finger protein 716

protein-coding
ALG

10
0.00814735994934152

2.29
chr12

35175613
35175823

1153437
N

M
_032834

ALG
10, alpha-1,2-glucosyltransferase

protein-coding
PD

E5A
0.00825047784037554

3.12
chr4

119647478
119647723

-18774
N

M
_001083

phosphodiesterase 5A
protein-coding

R
IM

S2
0.00826194538094081

3.63
chr8

103787201
103787350

-31913
N

M
_001282881

regulating synaptic m
em

brane exocytosis 2
protein-coding

R
H

O
BTB2

0.00826770304430018
2.06

chr8
22973158

22973863
-13907

N
M

_001160036
R

ho related BTB dom
ain containing 2

protein-coding
LIN

C
00710

0.00827041887632224
2.23

chr10
10924879

10925388
27030

N
R

_024410
long intergenic non-protein coding R

N
A 710

ncR
N

A
FSH

B
0.00827555967652225

1.92
chr11

30196594
30197012

-34213
N

M
_001018080

follicle stim
ulating horm

one beta subunit
protein-coding

LIN
C

00243
0.00840293927033215

2.4
chr6

30815784
30816171

14682
N

R
_130726

long intergenic non-protein coding R
N

A 243
ncR

N
A

C
XC

L1
0.00845217340810244

3.1
chr4

73891927
73892098

22620
N

M
_001511

C
-X-C

 m
otif chem

okine ligand 1
protein-coding

SLC
16A7

0.00851017939098013
3.31

chr12
59796960

59797205
107745

N
R

_073055
solute carrier fam

ily 16 m
em

ber 7
protein-coding

FU
T1

0.00851154638957112
1.96

chr19
48752546

48752939
918

N
M

_001329877
fucosyltransferase 1 (H

 blood group)
protein-coding

C
LIP4

0.00855148367969949
2.56

chr2
29116297

29116461
953

N
M

_001287527
C

AP-G
ly dom

ain containing linker protein fam
ily m

em
ber 4

protein-coding
G

R
IA2

0.00855654484332035
3.14

chr4
157187652

157187801
-32858

N
M

_001083619
glutam

ate ionotropic receptor AM
PA type subunit 2

protein-coding
LR

R
TM

3
0.00856582630280095

2.76
chr10

66281259
66281510

-644650
N

M
_178011

leucine rich repeat transm
em

brane neuronal 3
protein-coding

M
IR

1913
0.00860186150978845

1.9
chr6

166514905
166515180

-5609
N

R
_031734

m
icroR

N
A 1913

ncR
N

A
R

EG
3A

0.00860283184091844
4.02

chr2
79216728

79216890
-57055

N
M

_138937
regenerating fam

ily m
em

ber 3 alpha
protein-coding

BM
PR

1B
0.00861848480737424

4.29
chr4

95156392
95156604

65007
N

M
_001256794

bone m
orphogenetic protein receptor type 1B

protein-coding
PH

LD
B2

0.00873448231382883
2.22

chr3
111803020

111803415
-55963

N
M

_145753
pleckstrin hom

ology like dom
ain fam

ily B m
em

ber 2
protein-coding
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PEG
10

0.00876885622624571
1.88

chr7
94697280

94697790
41210

N
M

_001184962
paternally expressed 10

protein-coding
M

IR
548AA1

0.00883630325866425
2.53

chr8
123315338

123315645
-32543

N
R

_037516
m

icroR
N

A 548aa-1
ncR

N
A

PSAT1
0.00883859451425298

2.51
chr9

78410462
78410693

113502
N

M
_058179

phosphoserine am
inotransferase 1

protein-coding
C

C
N

I2
0.00907451199637456

1.86
chr5

132747151
132747825

43
N

M
_001287253

cyclin I fam
ily m

em
ber 2

protein-coding
H

S3ST1
0.00913798948159257

3.57
chr4

11582381
11582543

-153549
N

M
_005114

heparan sulfate-glucosam
ine 3-sulfotransferase 1

protein-coding
C

AM
K2D

0.00917122817676049
3.07

chr4
113511902

113512160
249896

N
M

_001321567
calcium

/calm
odulin dependent protein kinase II delta

protein-coding
U

R
B2

0.00924145826128904
2.87

chr1
229802747

229802924
176619

N
M

_014777
U

R
B2 ribosom

e biogenesis 2 hom
olog (S. cerevisiae)

protein-coding
LO

C
105377267

0.00928409106009806
3.19

chr4
69153093

69153284
-28912

N
R

_136191
uncharacterized LO

C
105377267

ncR
N

A
N

R
XN

1
0.00933259423188358

3.57
chr2

50442057
50442224

-94384
N

M
_138735

neurexin 1
protein-coding

LO
C

100996724
0.00939199306872944

2.07
chr1

120657897
120658228

7374
N

R
_144517

phosphodiesterase 4D
 interacting protein-like

pseudo
C

9orf72
0.00939617829609683

3.58
chr9

28082613
28082795

-508838
N

M
_145005

chrom
osom

e 9 open reading fram
e 72

protein-coding
LO

C
101929284

0.00944729863500154
3.09

chr5
8846986

8847185
7353

N
R

_109932
uncharacterized LO

C
101929284

ncR
N

A
SN

O
R

A98
0.00946128984038553

2.78
chr6

144989082
144989578

583675
N

R
_132778

sm
all nucleolar R

N
A, H

/AC
A box 98

snoR
N

A
LO

C
101927188

0.00958403175164835
2.85

chr18
6994903

6995070
40309

N
R

_126040
uncharacterized LO

C
101927188

ncR
N

A
M

IR
4431

0.00960218522565381
3.79

chr2
52648359

52648506
54183

N
R

_039630
m

icroR
N

A 4431
ncR

N
A

R
H

O
A

0.00965430649984243
2.86

chr3
49389876

49390072
22123

N
M

_001313947
ras hom

olog fam
ily m

em
ber A

protein-coding
R

BM
19

0.00969735539643447
2.63

chr12
114045490

114045684
-79216

N
M

_001146698
R

N
A binding m

otif protein 19
protein-coding

PR
KD

C
0.00969950391630461

3.11
chr8

47855887
47856042

104219
N

M
_006904

protein kinase, D
N

A-activated, catalytic polypeptide
protein-coding

L3M
BTL3

0.00975392208189243
3.32

chr6
130037399

130037608
17859

N
M

_001346550
l(3)m

bt-like 3 (D
rosophila)

protein-coding
PLBD

1
0.00975816197095886

-2.96
chr12

14619684
14620046

-52008
N

M
_024829

phospholipase B dom
ain containing 1

protein-coding
G

D
N

F-AS1
0.00981752330797934

-2.79
chr5

37892092
37892267

18754
N

M
_001278094

G
D

N
F antisense R

N
A 1 (head to head)

protein-coding
VR

K2
0.00983379569707591

2.17
chr2

57217722
57217893

-689844
N

M
_001288837

vaccinia related kinase 2
protein-coding

H
EY2

0.00985387978812787
4.43

chr6
125737134

125737283
-12378

N
M

_012259
hes related fam

ily bH
LH

 transcription factor w
ith YR

PW
 m

otif 2
protein-coding

O
XG

R
1

0.00985569789549428
3.38

chr13
97051524

97051740
-56902

N
M

_001346195
oxoglutarate receptor 1

protein-coding
LM

O
7D

N
-IT1

0.00986381215595718
3.11

chr13
76189476

76189634
312669

N
R

_126373
LM

O
7D

N
 intronic transcript 1

ncR
N

A
ZN

F544
0.00988721163151098

2.83
chr19

58248691
58248919

19891
N

M
_001320781

zinc finger protein 544
protein-coding

TPTE
0.00990218139838507

2.18
chr21

10746765
10747088

225412
N

M
_199260

transm
em

brane phosphatase w
ith tensin hom

ology
protein-coding

SU
C

LG
2

0.00990621887415555
2.92

chr3
67569438

67569606
85092

N
M

_001177599
succinate-C

oA ligase G
D

P-form
ing beta subunit

protein-coding
M

R
PL46

0.00991020116087559
3.33

chr15
88437489

88437642
29837

N
M

_022163
m

itochondrial ribosom
al protein L46

protein-coding
SPTSSB

0.00991649200440139
2.44

chr3
161319376

161319748
52521

N
M

_001040100
serine palm

itoyltransferase sm
all subunit B

protein-coding
AN

KR
D

20A4
0.00996605173523842

2.74
chr9

64316561
64316722

-52922
N

M
_001098805

ankyrin repeat dom
ain 20 fam

ily m
em

ber A4
protein-coding

FAT4
0.0100737349005398

2.98
chr4

125215762
125215940

-100561
N

M
_001291303

FAT atypical cadherin 4
protein-coding

FAM
230C

0.0102952717229043
2.07

chr13
16984974

16985324
-1210148

N
R

_027278
fam

ily w
ith sequence sim

ilarity 230 m
em

ber C
ncR

N
A

LIN
C

00882
0.0103926788565175

4.07
chr3

106965994
106966196

274543
N

R
_028303

long intergenic non-protein coding R
N

A 882
ncR

N
A

O
R

4F5
0.0104433400274461

4.32
chr1

67945
68099

-1069
N

M
_001005484

olfactory receptor fam
ily 4 subfam

ily F m
em

ber 5
protein-coding

LIN
C

00163
0.0104752151361273

2.12
chr21

44981829
44982244

12050
N

R
_033840

long intergenic non-protein coding R
N

A 163
ncR

N
A

LO
C

100130331
0.0104908594564969

2.52
chr1

237857419
237857609

-4661
N

R
_027247

PO
TE ankyrin dom

ain fam
ily, m

em
ber F pseudogene

pseudo
O

R
4E1

0.010539116489533
-3.55

chr14
22025150

22025353
-354234

N
M

_001317107
olfactory receptor fam

ily 4 subfam
ily E m

em
ber 1 (gene/pseudogene)

protein-coding
M

YO
M

3
0.010607589951212

-2.09
chr1

24070966
24071220

41082
N

M
_152372

m
yom

esin 3
protein-coding

LIN
C

00967
0.0106613183917577

-3.05
chr8

66212551
66212730

20526
N

R
_039979

long intergenic non-protein coding R
N

A 967
ncR

N
A

PO
M

ZP3
0.010683960371534

3.38
chr7

76638453
76638606

-11226
N

M
_012230

PO
M

121 and ZP3 fusion
protein-coding

C
D

99
0.0107410833387331

3.2
chrX

2707303
2707479

16258
N

M
_002414

C
D

99 m
olecule

protein-coding
LIN

C
01207

0.0107815529663775
2.35

chr4
164623356

164623539
-130684

N
R

_038834
long intergenic non-protein coding R

N
A 1207

ncR
N

A
G

M
PS

0.0108581435361011
3.35

chr3
155885872

155886033
15416

N
M

_003875
guanine m

onophosphate synthase
protein-coding

C
15orf32

0.0109158948782249
3.72

chr15
92510665

92510829
39070

N
M

_001301106
chrom

osom
e 15 open reading fram

e 32
protein-coding

R
C

E1
0.0109284706405775

-1.91
chr11

66834379
66834715

-8865
N

M
_005133

R
as converting C

AAX endopeptidase 1
protein-coding

PIC
K1

0.0109336516332475
2.04

chr22
38024730

38024924
-32428

N
M

_001039583
protein interacting w

ith PR
KC

A 1
protein-coding

M
IR

3974
0.0109809511018078

2.99
chr12

17396990
17397145

-276232
N

R
_039770

m
icroR

N
A 3974

ncR
N

A
D

AP
0.0109839680795686

2.71
chr5

10839117
10839276

-77921
N

M
_001291963

death associated protein
protein-coding

LO
C

102467226
0.011016994598997

3.65
chr5

121285844
121286087

-36585
N

R
_104999

uncharacterized LO
C

102467226
ncR

N
A
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AN
KR

D
36C

0.0110767236363352
2.03

chr2
95950613

95950780
41624

N
M

_001310154
ankyrin repeat dom

ain 36C
protein-coding

SPO
C

K1
0.0110777446450977

2.38
chr5

137529412
137529576

-30165
N

M
_004598

SPAR
C

/osteonectin, cw
cv and kazal like dom

ains proteoglycan 1
protein-coding

PR
O

SER
2

0.0111342195617935
-3.72

chr10
11799417

11799600
-23890

N
M

_153256
proline and serine rich 2

protein-coding
R

AB37
0.0111492505215335

3.01
chr17

74669494
74669711

-1515
N

M
_175738

R
AB37, m

em
ber R

AS oncogene fam
ily

protein-coding
R

AD
51AP2

0.0113361283092885
3.25

chr2
17193917

17194090
324436

N
M

_001099218
R

AD
51 associated protein 2

protein-coding
G

PT2
0.0113812372746996

2.14
chr16

46899799
46900032

14801
N

M
_001142466

glutam
ic--pyruvic transam

inase 2
protein-coding

TM
EM

184C
0.0113952299190535

2.54
chr4

147589799
147590508

-27235
N

M
_018241

transm
em

brane protein 184C
protein-coding

G
R

IFIN
0.0114085092401169

1.81
chr7

2459077
2459474

17108
N

M
_001291784

galectin-related inter-fiber protein
protein-coding

C
C

N
T2

0.0114266952378582
2.99

chr2
134964088

134964250
45347

N
M

_001320748
cyclin T2

protein-coding
LIN

C
00290

0.0115068582606414
2.23

chr4
181512040

181512208
-352975

N
R

_033918
long intergenic non-protein coding R

N
A 290

ncR
N

A
LIN

C
01103

0.0115203801482944
2.45

chr2
104549836

104550078
-39448

N
R

_110113
long intergenic non-protein coding R

N
A 1103

ncR
N

A
LIN

C
00898

0.0115322127119181
2.79

chr22
47587127

47587325
44343

N
R

_033377
long intergenic non-protein coding R

N
A 898

ncR
N

A
TESM

IN
0.0115659555668987

2.44
chr11

68748956
68749187

2449
N

M
_001039656

testis expressed m
etallothionein like protein

protein-coding
ELAVL2

0.0116010496516606
-3.43

chr9
24003836

24004056
-177881

N
M

_004432
ELAV like R

N
A binding protein 2

protein-coding
PTX3

0.0116026939501793
1.82

chr3
157437475

157438472
1182

N
M

_002852
pentraxin 3

protein-coding
TPO

0.0116140792902528
1.89

chr2
1344860

1345124
-68469

N
M

_001206745
thyroid peroxidase

protein-coding
LO

C
100287632

0.0116314898759006
3.49

chr6
118801661

118801827
19036

N
R

_037662
selenoprotein K pseudogene

pseudo
PTC

H
D

4
0.0117174158843554

3.53
chr6

48026062
48026216

42550
N

M
_001013732

patched dom
ain containing 4

protein-coding
LO

C
101927243

0.0117684127746113
2.39

chr7
77316695

77316844
-98429

N
R

_110073
uncharacterized LO

C
101927243

ncR
N

A
PPM

1M
0.0118018615832026

-3.06
chr3

52255860
52256057

9788
N

M
_001122870

protein phosphatase, M
g2+/M

n2+ dependent 1M
protein-coding

M
IR

4459
0.0118467445184851

2.62
chr6

132931912
132932109

-17682
N

R
_039664

m
icroR

N
A 4459

ncR
N

A
LO

C
153910

0.0118581779454162
2.34

chr6
142506091

142506248
131667

N
R

_027311
uncharacterized LO

C
153910

ncR
N

A
LO

C
101927588

0.0118803080703814
2.34

chr8
124228820

124229078
18449

N
R

_125420
uncharacterized LO

C
101927588

ncR
N

A
SER

PIN
A7

0.0118841650619708
1.89

chrX
106007876

106008448
30565

N
M

_000354
serpin fam

ily A m
em

ber 7
protein-coding

PLC
L2

0.0119123430190506
3.38

chr3
16747492

16747943
-137242

N
M

_001144382
phospholipase C

 like 2
protein-coding

LIN
C

01039
0.0119162583659758

2.99
chr13

99565766
99565951

-11254
N

R
_126390

long intergenic non-protein coding R
N

A 1039
ncR

N
A

KC
N

Q
1

0.011969287366956
-2.22

chr11
2471785

2472050
10463

N
M

_181798
potassium

 voltage-gated channel subfam
ily Q

 m
em

ber 1
protein-coding

LO
C

105369187
0.0119699018788164

3.02
chr12

65487870
65488120

69316
N

R
_135033

uncharacterized LO
C

105369187
ncR

N
A

AC
AT1

0.0119838181705005
3.85

chr11
108147653

108147820
26205

N
M

_000019
acetyl-C

oA acetyltransferase 1
protein-coding

LO
C

105378146
0.0120111109734921

2.59
chr6

168742903
168743129

221366
N

R
_136250

uncharacterized LO
C

105378146
ncR

N
A

TYR
0.0120471376523202

2.83
chr11

89328076
89328263

150297
N

M
_000372

tyrosinase
protein-coding

KIF5C
0.0120780020000738

2.57
chr2

148852739
148852946

-22381
N

M
_004522

kinesin fam
ily m

em
ber 5C

protein-coding
LO

C
105376430

0.0121573515706288
1.89

chr10
14991476

14991824
19086

N
R

_134493
uncharacterized LO

C
105376430

ncR
N

A
N

O
BO

X
0.0121837029735167

2.82
chr7

144476200
144476456

-66101
N

M
_001080413

N
O

BO
X oogenesis hom

eobox
protein-coding

SM
G

1P2
0.0121986902855629

4.01
chr16

29553648
29553813

41362
N

R
_135305

SM
G

1P2, nonsense m
ediated m

R
N

A decay associated PI3K related kinase 
pseudogene 2

pseudo
SSBP2

0.0122058851803051
3.87

chr5
81820487

81820793
-69387

N
M

_001256734
single stranded D

N
A binding protein 2

protein-coding
SPATA4

0.0122223232382856
1.98

chr4
176225960

176226184
-30401

N
M

_144644
sperm

atogenesis associated 4
protein-coding

C
N

TN
AP5

0.0122479440699126
2.72

chr2
124002639

124002909
-22513

N
M

_130773
contactin associated protein like 5

protein-coding
TEN

M
4

0.0122497862737762
2.83

chr11
80014859

80015089
-574323

N
M

_001098816
teneurin transm

em
brane protein 4

protein-coding
SR

EBF2
0.0123911724244821

3.02
chr22

41859480
41859697

26509
N

M
_004599

sterol regulatory elem
ent binding transcription factor 2

protein-coding
IR

X1
0.0124120416917464

2.35
chr5

4080510
4080683

484542
N

M
_024337

iroquois hom
eobox 1

protein-coding
M

IR
548BA

0.0125166281235182
2.47

chr2
48983944

48984799
-75232

N
R

_107011
m

icroR
N

A 548ba
ncR

N
A

M
SL3

0.0125862137289724
4.22

chrX
11787771

11787932
28235

N
M

_006800
m

ale-specific lethal 3 hom
olog (D

rosophila)
protein-coding

LN
X1

0.0125987310343358
2.51

chr4
53576885

53577397
14445

N
M

_001126328
ligand of num

b-protein X 1
protein-coding

SN
X16

0.0126011836062675
3.07

chr8
81996728

81997033
-154594

N
M

_022133
sorting nexin 16

protein-coding
G

ATSL2
0.0126878681656231

2.39
chr7

75007824
75007972

43080
N

M
_001145064

G
ATS protein like 2

protein-coding
LIN

C
01435

0.0127413865651722
2.08

chr10
108426994

108427328
-357868

N
R

_125760
long intergenic non-protein coding R

N
A 1435

ncR
N

A
LIN

C
01085

0.0127906662252034
2.93

chr4
14369384

14369534
257491

N
R

_033931
long intergenic non-protein coding R

N
A 1085

ncR
N

A
EFH

B
0.0128428624626842

2.21
chr3

19899834
19900049

34273
N

M
_144715

EF-hand dom
ain fam

ily m
em

ber B
protein-coding
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M
EIS2

0.0128764212745164
3.94

chr15
37133878

37134051
-32665

N
M

_001220482
M

eis hom
eobox 2

protein-coding
N

R
IP1

0.0129550398974566
-3.79

chr21
15102663

15102840
-37946

N
M

_003489
nuclear receptor interacting protein 1

protein-coding
ZFYVE28

0.0130035477887253
1.84

chr4
2320608

2321284
43931

N
M

_001172660
zinc finger FYVE-type containing 28

protein-coding
LO

C
643711

0.0131598002035339
3.3

chr12
97671649

97671821
81863

N
R

_077241
platelet activating factor acetylhydrolase 1b catalytic subunit 2 pseudogene

pseudo
ASZ1

0.0131715402638271
2.36

chr7
117393852

117394211
33492

N
M

_001301822
ankyrin repeat, SAM

 and basic leucine zipper dom
ain containing 1

protein-coding
D

IO
3O

S
0.013173446098597

2.18
chr14

101499123
101499300

56465
N

R
_002770

D
IO

3 opposite strand/antisense R
N

A (head to head)
ncR

N
A

FC
R

L4
0.0133287980854694

-3.63
chr1

157636749
157636911

-38750
N

M
_031282

Fc receptor like 4
protein-coding

EM
B

0.0133419684096985
2.05

chr5
49786444

49786612
654872

N
M

_198449
em

bigin
protein-coding

SC
G

5
0.0133627903084562

1.91
chr15

32649393
32649628

7897
N

M
_003020

secretogranin V
protein-coding

BC
KD

H
B

0.0133904541092861
3.96

chr6
80728642

80728822
622122

N
R

_134945
branched chain keto acid dehydrogenase E1 subunit beta

protein-coding
IQ

C
A1

0.0134395971609088
2.33

chr2
236444645

236444953
58898

N
M

_001270585
IQ

 m
otif containing w

ith AAA dom
ain 1

protein-coding
U

SP22
0.013452691643882

2.09
chr17

20998042
20998225

44906
N

M
_015276

ubiquitin specific peptidase 22
protein-coding

LO
C

101929243
0.01347538732145

-3.41
chr6

34639300
34639464

-56772
N

R
_134625

uncharacterized LO
C

101929243
ncR

N
A

KC
N

N
3

0.013481109575601
2.09

chr1
154751754

154751981
107995

N
M

_170782
potassium

 calcium
-activated channel subfam

ily N
 m

em
ber 3

protein-coding
FBXO

22
0.0135426693765801

-2.07
chr15

75885399
75886172

-18074
N

M
_147188

F-box protein 22
protein-coding

LR
R

C
4C

0.013550331608806
2.31

chr11
41431707

41431927
27819

N
M

_020929
leucine rich repeat containing 4C

protein-coding
LO

C
101927557

0.0136076486398652
2.28

chr17
57406794

57406947
116727

N
R

_110808
uncharacterized LO

C
101927557

ncR
N

A
IN

TU
0.0136944437115804

2.81
chr4

127163798
127163962

-469052
N

M
_015693

inturned planar cell polarity protein
protein-coding

AP1S3
0.0138422214184942

2.76
chr2

223889205
223889360

-51680
N

M
_001039569

adaptor related protein com
plex 1 sigm

a 3 subunit
protein-coding

C
3orf67-AS1

0.0138545624106195
2.47

chr3
58794284

58794874
-29892

N
R

_110820
C

3orf67 antisense R
N

A 1
ncR

N
A

C
O

BL
0.0139231878428401

1.97
chr7

51806405
51806803

-489743
N

M
_001346442

cordon-bleu W
H

2 repeat protein
protein-coding

PC
D

H
A4

0.0140092538541238
2.17

chr5
140808635

140808888
1687

N
M

_031500
protocadherin alpha 4

protein-coding
LO

C
105375972

0.0141104136471878
2.48

chr9
9750736

9750916
-48566

N
R

_135135
uncharacterized LO

C
105375972

ncR
N

A
R

EEP6
0.0141143791347379

-1.87
chr19

1501051
1501581

10311
N

M
_001329556

receptor accessory protein 6
protein-coding

M
IR

4465
0.0143324956204818

2.85
chr6

141260684
141260836

576946
N

R
_039675

m
icroR

N
A 4465

ncR
N

A
KC

N
J3

0.0143661683177186
2.08

chr2
154587791

154588025
-110673

N
M

_001260508
potassium

 voltage-gated channel subfam
ily J m

em
ber 3

protein-coding
M

IR
548AU

0.0144841455826818
-3.54

chr2
107419865

107420030
-70422

N
R

_049853
m

icroR
N

A 548au
ncR

N
A

C
LD

N
5

0.0145302280732875
-2.86

chr22
19506403

19506598
18837

N
M

_003277
claudin 5

protein-coding
N

EB
0.0145495989272936

2.71
chr2

151633218
151633393

101182
N

M
_001164508

nebulin
protein-coding

SM
AR

C
A2

0.0146199261272132
4.07

chr9
1605221

1605415
-409901

N
M

_139045
SW

I/SN
F related, m

atrix associated, actin dependent regulator of chrom
atin, 

subfam
ily a, m

em
ber 2

protein-coding
VIPR

2
0.0146585081328304

2.3
chr7

159171598
159172146

-26915
N

R
_130758

vasoactive intestinal peptide receptor 2
protein-coding

C
D

180
0.0146725872079265

2.14
chr5

67102662
67103184

93866
N

M
_005582

C
D

180 m
olecule

protein-coding

ATP5G
3

0.014719084795277
2.85

chr2
175377842

175378198
-196258

N
M

_001689
ATP synthase, H

+ transporting, m
itochondrial Fo com

plex subunit C
3 (subunit 

9)
protein-coding

TIC
AM

1
0.01472662754809

-2.52
chr19

4818017
4818286

13591
N

M
_182919

toll like receptor adaptor m
olecule 1

protein-coding
G

IM
D

1
0.0148034054035991

2.56
chr4

106681416
106681613

-314079
N

M
_001195138

G
IM

AP fam
ily P-loop N

TPase dom
ain containing 1

protein-coding
ED

N
2

0.0148112104266554
3.21

chr1
41689788

41689954
-205188

N
M

_001302269
endothelin 2

protein-coding
ZN

F733P
0.0148589149468242

2.01
chr7

63113967
63114416

189865
N

R
_003952

zinc finger protein 733, pseudogene
pseudo

AC
TG

1P4
0.0149633749013191

1.97
chr1

103569823
103570114

564
N

R
_024438

actin gam
m

a 1 pseudogene 4
pseudo

D
C

D
C

2C
0.0149730659836559

2.33
chr2

3703789
3703936

270
N

M
_001287444

doublecortin dom
ain containing 2C

protein-coding
M

M
E

0.0149859515047458
2.54

chr3
154780515

154780690
-299045

N
M

_000902
m

em
brane m

etalloendopeptidase
protein-coding

R
O

BO
2

0.0150699520740899
2.22

chr3
77039632

77039922
-366

N
M

_002942
roundabout guidance receptor 2

protein-coding
PAC

R
G

L
0.0151456164443736

-2.64
chr4

20773349
20773603

73063
N

M
_001330748

PAR
K2 coregulated like

protein-coding
TN

FAIP8L3
0.0152067102520883

2.63
chr15

51157222
51157390

-52030
N

M
_207381

TN
F alpha induced protein 8 like 3

protein-coding
C

D
H

9
0.015268894250784

3
chr5

27106507
27106685

-68014
N

M
_016279

cadherin 9
protein-coding

R
AP2A

0.0152712611198173
3.71

chr13
97560029

97560193
125890

N
M

_021033
R

AP2A, m
em

ber of R
AS oncogene fam

ily
protein-coding

TR
AM

1L1
0.0152951188308345

2.66
chr4

117134440
117134670

-48975
N

M
_152402

translocation associated m
em

brane protein 1-like 1
protein-coding

AN
G

PT1
0.0153348326185444

3.06
chr8

107356804
107356967

-20370
N

M
_001314051

angiopoietin 1
protein-coding

LO
C

644919
0.0153637479338939

3.22
chr14

40409228
40409409

-545393
N

R
_109758

uncharacterized LO
C

644919
ncR

N
A
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N
IPBL-AS1

0.0153875423175057
4.14

chr5
36806848

36807007
69767

N
R

_046262
N

IPBL antisense R
N

A 1 (head to head)
ncR

N
A

PTPR
D

0.0153945719562654
-3.46

chr9
10560203

10560417
52413

N
M

_002839
protein tyrosine phosphatase, receptor type D

protein-coding
IPM

K
0.0154643540888268

3.91
chr10

57916969
57917142

350879
N

M
_152230

inositol polyphosphate m
ultikinase

protein-coding
LO

C
101928137

0.0154795231671043
2.06

chr12
72740631

72740793
-418478

N
R

_110130
uncharacterized LO

C
101928137

ncR
N

A
BN

C
2

0.0154897983003303
2.83

chr9
16653510

16653666
217200

N
M

_017637
basonuclin 2

protein-coding
R

O
C

K1P1
0.0155669280614306

2.24
chr18

96777
96994

-12180
N

R
_033770

R
ho associated coiled-coil containing protein kinase 1 pseudogene 1

pseudo
SC

M
L4

0.0156158589903548
2.83

chr6
107785351

107785511
38886

N
M

_198081
sex com

b on m
idleg-like 4 (D

rosophila)
protein-coding

R
AB35

0.0156439881955273
2.64

chr12
120099348

120099524
17403

N
M

_001167606
R

AB35, m
em

ber R
AS oncogene fam

ily
protein-coding

LIN
C

00366
0.0156538880817587

1.81
chr13

38582389
38582915

14928
N

R
_046999

long intergenic non-protein coding R
N

A 366
ncR

N
A

R
AB28

0.0156563791184451
2.97

chr4
13340397

13340593
143870

N
M

_004249
R

AB28, m
em

ber R
AS oncogene fam

ily
protein-coding

C
KM

T2-AS1
0.0156872930725125

3.66
chr5

81291740
81291921

9739
N

R
_034122

C
KM

T2 antisense R
N

A 1
ncR

N
A

AR
IH

2O
S

0.0157214074011682
2.35

chr3
48952775

48953147
-33576

N
M

_001123040
ariadne hom

olog 2 opposite strand
protein-coding

AN
O

3
0.0157505095773736

3.53
chr11

25573616
25573811

-615410
N

M
_001313726

anoctam
in 3

protein-coding
LR

R
TM

3
0.015766795002816

-2.99
chr10

67173800
67174065

161666
N

R
_111909

leucine rich repeat transm
em

brane neuronal 3
protein-coding

EM
BP1

0.0158651821847064
2.14

chr1
123868403

123868569
2349374

N
R

_003955
em

bigin pseudogene 1
pseudo

LIN
C

01411
0.0159769026411449

2.21
chr5

174327517
174327723

-8734
N

R
_125806

long intergenic non-protein coding R
N

A 1411
ncR

N
A

PPP1R
1C

0.0159781031780589
-2.23

chr2
182050359

182050677
64694

N
R

_048566
protein phosphatase 1 regulatory inhibitor subunit 1C

protein-coding
LIN

C
02015

0.015982495715654
1.89

chr3
177917647

177917873
100895

N
R

_110826
long intergenic non-protein coding R

N
A 2015

ncR
N

A
D

C
D

0.0159952903560306
-2.53

chr12
54688689

54688864
-40283

N
M

_053283
derm

cidin
protein-coding

C
19orf35

0.0160087434947696
2.42

chr19
2282330

2282479
-222

N
M

_198532
chrom

osom
e 19 open reading fram

e 35
protein-coding

KLF12
0.0160766513195272

3.29
chr13

73891717
73891913

242114
N

M
_007249

Kruppel like factor 12
protein-coding

LO
C

105378269
0.0160986535198164

2.18
chr10

42754766
42754918

-300
N

R
_134498

uncharacterized LO
C

105378269
ncR

N
A

SN
AR

-H
0.0161039193078709

3.02
chr2

77938105
77938262

16843
N

R
_024342

sm
all ILF3/N

F90-associated R
N

A H
snR

N
A

SC
U

BE3
0.0161426724371817

2.72
chr6

35216310
35216476

2331
N

M
_001303136

signal peptide, C
U

B dom
ain and EG

F like dom
ain containing 3

protein-coding
SN

O
R

A107
0.0161543559400134

4.11
chr13

84659336
84659558

-124207
N

R
_132852

sm
all nucleolar R

N
A, H

/AC
A box 107

snoR
N

A
LIN

C
02114

0.0161733392165232
2.53

chr5
4523797

4523946
-249610

N
R

_104619
long intergenic non-protein coding R

N
A 2114

ncR
N

A
TFPI

0.0162017988338494
1.91

chr2
187658492

187659212
-104347

N
M

_001329240
tissue factor pathw

ay inhibitor
protein-coding

STXBP6
0.0162233812091279

2.82
chr14

25210094
25210311

-159905
N

M
_001304476

syntaxin binding protein 6
protein-coding

FR
G

1C
P

0.0162526268348871
1.98

chr20
27436652

27436935
1165872

N
R

_132315
FSH

D
 region gene 1 fam

ily m
em

ber C
, pseudogene

pseudo
G

BA3
0.0162677552661661

2.41
chr4

23237764
23238149

523867
N

M
_001277225

glucosylceram
idase beta 3 (gene/pseudogene)

protein-coding
R

G
S18

0.0162752851466988
4.07

chr1
191873018

191873203
-285352

N
M

_130782
regulator of G

-protein signaling 18
protein-coding

PEX14
0.0162817545719277

-2.34
chr1

10519069
10519595

44386
N

M
_004565

peroxisom
al biogenesis factor 14

protein-coding
SR

EK1
0.0163911641521623

2.65
chr5

66320201
66320475

175503
N

M
_139168

splicing regulatory glutam
ic acid and lysine rich protein 1

protein-coding
D

M
R

TA1
0.0164139381434701

3.35
chr9

22529332
22529526

82588
N

M
_022160

D
M

R
T like fam

ily A1
protein-coding

G
G

T7
0.0164288567886603

3.27
chr20

34864903
34865058

7878
N

M
_178026

gam
m

a-glutam
yltransferase 7

protein-coding
PLC

E1-AS2
0.0164336184813878

2.86
chr10

94188490
94188650

-79776
N

R
_120616

PLC
E1 antisense R

N
A 2

ncR
N

A
C

C
D

C
167

0.0164596986920384
2.03

chr6
37491409

37491583
8428

N
M

_138493
coiled-coil dom

ain containing 167
protein-coding

M
YO

16-AS1
0.0164886461467268

2.08
chr13

108944809
108945023

222387
N

R
_047700

M
YO

16 antisense R
N

A 1
ncR

N
A

U
H

R
F1

0.0165083138605352
-2.46

chr19
4904634

4904793
1633

N
M

_001290050
ubiquitin like w

ith PH
D

 and ring finger dom
ains 1

protein-coding
SLC

1A4
0.0165487521941551

-3.3
chr2

64978574
64978730

-9793
N

M
_001193493

solute carrier fam
ily 1 m

em
ber 4

protein-coding
ATO

H
1

0.0165701949085978
3.27

chr4
93569365

93569515
-259487

N
M

_005172
atonal bH

LH
 transcription factor 1

protein-coding
ZN

F733P
0.0165842465460026

2.97
chr7

62254886
62255066

1049080
N

R
_003952

zinc finger protein 733, pseudogene
pseudo

KL
0.016631573839323

2.07
chr13

32969613
32969876

-46689
N

M
_004795

klotho
protein-coding

M
PO

0.0166356798261378
2.52

chr17
58300505

58300709
-19672

N
M

_000250
m

yeloperoxidase
protein-coding

C
TTN

BP2N
L

0.0166644013040578
2.28

chr1
112329318

112329482
-66778

N
M

_018704
C

TTN
BP2 N

-term
inal like

protein-coding
KD

M
4A

0.0167397535797264
1.85

chr1
43671362

43671549
21329

N
M

_014663
lysine dem

ethylase 4A
protein-coding

LIN
C

00680
0.0167699021823096

2.97
chr6

58839238
58839463

-877904
N

R
_125728

long intergenic non-protein coding R
N

A 680
ncR

N
A

ZN
F407

0.0168282428340268
2.34

chr18
74657592

74657751
26708

N
M

_017757
zinc finger protein 407

protein-coding
PSM

D
6-AS2

0.016847882058369
-2.14

chr3
64003731

64004177
-68

N
R

_038286
PSM

D
6 antisense R

N
A 2

ncR
N

A
LIN

C
00578

0.0168794556282396
2.61

chr3
177516057

177516226
74220

N
R

_047568
long intergenic non-protein coding R

N
A 578

ncR
N

A
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FAM
13A-AS1

0.0169817078542833
2.97

chr4
88721189

88721354
11482

N
R

_002806
FAM

13A antisense R
N

A 1
ncR

N
A

LR
P1B

0.0170552233235751
1.83

chr2
141399654

141400210
731769

N
M

_018557
LD

L receptor related protein 1B
protein-coding

LO
C

400940
0.0170787883083294

2.05
chr2

6037505
6037698

55623
N

R
_026833

uncharacterized LO
C

400940
ncR

N
A

TR
IM

42
0.0171846909532879

3.03
chr3

140699923
140700093

21984
N

M
_152616

tripartite m
otif containing 42

protein-coding
FAM

27B
0.017200493666324

2.04
chr9

67761819
67762023

-35178
N

R
_027422

fam
ily w

ith sequence sim
ilarity 27 m

em
ber B

ncR
N

A
LIN

C
01246

0.0172078215990125
3.16

chr2
6570894

6571052
62814

N
R

_110500
long intergenic non-protein coding R

N
A 1246

ncR
N

A
FXYD

6
0.0172397950333121

1.86
chr11

117860063
117860295

16852
N

M
_001164837

FXYD
 dom

ain containing ion transport regulator 6
protein-coding

N
PTXR

0.0172576180552628
2.71

chr22
38844719

38844894
-794

N
M

_014293
neuronal pentraxin receptor

protein-coding
M

IR
1296

0.017276889628229
-1.93

chr10
63364804

63365179
8057

N
R

_031566
m

icroR
N

A 1296
ncR

N
A

KLF9
0.0173456481492335

2.18
chr9

70398263
70398422

16315
N

M
_001206

Kruppel like factor 9
protein-coding

LO
C

100507468
0.017350980372392

3.23
chr7

69168706
69168874

428705
N

R
_108105

uncharacterized LO
C

100507468
ncR

N
A

LIN
C

01760
0.0173525459885548

2.87
chr1

95286524
95286675

31664
N

R
_135588

long intergenic non-protein coding R
N

A 1760
ncR

N
A

AKAP7
0.017424709613035

3.63
chr6

131167775
131167953

32178
N

M
_016377

A-kinase anchoring protein 7
protein-coding

ZBTB16
0.0174341092965739

-2.03
chr11

114134102
114134296

73633
N

M
_001018011

zinc finger and BTB dom
ain containing 16

protein-coding
D

N
AJC

6
0.0176108705920257

3.14
chr1

65305578
65305770

-3861
N

M
_001256864

D
naJ heat shock protein fam

ily (H
sp40) m

em
ber C

6
protein-coding

R
AR

B
0.0177177218386841

-2.74
chr3

25459210
25459587

1088
N

M
_001290217

retinoic acid receptor beta
protein-coding

H
C

G
25

0.0178468506649152
2.73

chr6
33238603

33238823
-10823

N
R

_044997
H

LA com
plex group 25 (non-protein coding)

ncR
N

A
LO

C
105369911

0.0178474367852255
1.89

chr12
93979156

93979402
-35673

N
R

_135017
uncharacterized LO

C
105369911

ncR
N

A
M

AF
0.0178643282126535

3.24
chr16

79333056
79333229

267583
N

M
_001031804

M
AF bZIP transcription factor

protein-coding
M

IR
4439

0.017917288951952
2.7

chr2
225006543

225006772
3883

N
R

_039641
m

icroR
N

A 4439
ncR

N
A

R
ER

EP3
0.0179498952929988

-3.25
chr15

22307153
22307347

48636
N

R
_033735

arginine-glutam
ic acid dipeptide repeats pseudogene 3

pseudo
LIN

C
00867

0.0179823058113519
2.8

chr10
118469996

118470170
112975

N
R

_108045
long intergenic non-protein coding R

N
A 867

ncR
N

A
U

N
C

5C
0.0180047004607728

4.05
chr4

95637014
95637203

-87898
N

M
_003728

unc-5 netrin receptor C
protein-coding

AN
APC

10
0.0180175751682002

-3.55
chr4

145039669
145039903

57596
N

M
_001318367

anaphase prom
oting com

plex subunit 10
protein-coding

G
ALN

T2
0.0180278072166251

2.19
chr1

230151445
230151601

84328
N

R
_120373

polypeptide N
-acetylgalactosam

inyltransferase 2
protein-coding

M
TH

FD
2P1

0.0180506659185481
1.98

chr3
95340601

95341717
342034

N
R

_077228
m

ethylenetetrahydrofolate dehydrogenase (N
AD

P+ dependent) 2, 
m

ethenyltetrahydrofolate cyclohydrolase pseudogene 1
pseudo

D
AC

H
1

0.0180524452453267
2.75

chr13
71851929

71852082
15187

N
M

_004392
dachshund fam

ily transcription factor 1
protein-coding

EVL
0.0181083090432353

-2.25
chr14

99995744
99995976

24385
N

M
_001330221

Enah/Vasp-like
protein-coding

BBX
0.0182318070611486

1.83
chr3

107525735
107525900

2881
N

M
_001142568

BBX, H
M

G
-box containing

protein-coding
LIN

C
00371

0.0182648804141675
2.44

chr13
51148588

51148754
23551

N
R

_102432
long intergenic non-protein coding R

N
A 371

ncR
N

A
C

D
226

0.0182750557620528
3.08

chr18
70011414

70011613
-54337

N
M

_001303619
C

D
226 m

olecule
protein-coding

M
IR

4268
0.018350682235712

2.73
chr2

220056764
220056916

-150275
N

R
_036228

m
icroR

N
A 4268

ncR
N

A
TPD

52L3
0.0184647876178902

-2.16
chr9

6354082
6354289

25836
N

M
_001001875

tum
or protein D

52 like 3
protein-coding

R
N

F7
0.018481608980873

4.3
chr3

141750989
141751164

12867
N

M
_001201370

ring finger protein 7
protein-coding

FAM
133C

P
0.0185094413237429

3.12
chr10

58754528
58754764

39631
N

R
_027508

fam
ily w

ith sequence sim
ilarity 133, m

em
ber A pseudogene

pseudo
AKAIN

1
0.0185400489693466

3.07
chr18

5133891
5134067

63277
N

M
_001145194

A-kinase anchor inhibitor 1
protein-coding

M
R

O
H

2B
0.0185596344642345

2.03
chr5

41000103
41000291

71145
N

M
_173489

m
aestro heat like repeat fam

ily m
em

ber 2B
protein-coding

TFG
0.0185671916883775

2.46
chr3

100718197
100718370

8741
N

M
_001195478

TR
K-fused gene

protein-coding
R

EG
3A

0.0185860560826103
2.8

chr2
79251283

79251453
-91614

N
M

_138937
regenerating fam

ily m
em

ber 3 alpha
protein-coding

PI4KAP1
0.0185939726366249

-2.53
chr22

18549720
18550024

-1044
N

R
_003563

phosphatidylinositol 4-kinase alpha pseudogene 1
pseudo

LO
C

101928944
0.0186522995197796

3.57
chr11

80393980
80394172

368727
N

R
_120570

uncharacterized LO
C

101928944
ncR

N
A

PLO
D

2
0.0186758019750678

-3.03
chr3

145846101
145846360

315265
N

M
_182943

procollagen-lysine,2-oxoglutarate 5-dioxygenase 2
protein-coding

AD
G

R
L1

0.0186784800851357
2.3

chr19
14222945

14223345
-16960

N
M

_001008701
adhesion G

 protein-coupled receptor L1
protein-coding

D
EPD

C
1

0.018705036900843
3.91

chr1
68876488

68876637
-379341

N
M

_017779
D

EP dom
ain containing 1

protein-coding
M

BL2
0.0187684827719012

2.03
chr10

53071299
53071719

-299809
N

M
_000242

m
annose binding lectin 2

protein-coding
R

O
PN

1L
0.0187934114144943

-1.98
chr5

10452649
10453220

11072
N

M
_031916

rhophilin associated tail protein 1 like
protein-coding

M
IR

3976H
G

0.0188570740470648
3.01

chr18
5747909

5748164
-783

N
R

_038839
M

IR
3976 host gene

ncR
N

A
D

N
AH

11
0.0189896509347449

2.56
chr7

21733786
21734209

190782
N

M
_001277115

dynein axonem
al heavy chain 11

protein-coding
TR

AF6
0.0190346246337555

1.89
chr11

36502775
36503390

7231
N

M
_004620

TN
F receptor associated factor 6

protein-coding
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LO
C

100287944
0.0191426560230749

2.67
chr12

106862471
106862686

-87747
N

R
_040246

uncharacterized LO
C

100287944
ncR

N
A

M
IR

5007
0.0191835591748814

4.02
chr13

55483677
55483867

309318
N

R
_049804

m
icroR

N
A 5007

ncR
N

A
PD

E10A
0.0192150156589225

3.29
chr6

165636215
165636396

25795
N

M
_001130690

phosphodiesterase 10A
protein-coding

TR
IQ

K
0.0192597515120407

2.63
chr8

92888114
92888304

77380
N

M
_001191036

triple Q
xxK/R

 m
otif containing

protein-coding
N

O
X4

0.0193102592282551
3.49

chr11
89619607

89619820
-30102

N
M

_001143837
N

AD
PH

 oxidase 4
protein-coding

FAM
46C

0.0193122946582259
2.12

chr1
117663587

117663838
57730

N
M

_017709
fam

ily w
ith sequence sim

ilarity 46 m
em

ber C
protein-coding

LIN
C

01793
0.0193559379650981

3.88
chr2

59302841
59303020

85222
N

R
_110219

long intergenic non-protein coding R
N

A 1793
ncR

N
A

M
TR

N
R

2L3
0.0194838378213498

1.95
chr20

57358693
57359190

881
N

M
_001190472

M
T-R

N
R

2-like 3
protein-coding

LO
C

401134
0.019508798414092

3.24
chr4

65306097
65306261

-301679
N

R
_033976

uncharacterized LO
C

401134
ncR

N
A

BM
P3

0.0195167173526292
2.04

chr4
81031272

81031603
472

N
M

_001201
bone m

orphogenetic protein 3
protein-coding

LIN
C

00316
0.0195600300578456

1.82
chr21

45367410
45367573

-25501
N

R
_103811

long intergenic non-protein coding R
N

A 316
ncR

N
A

EXT1
0.0196313478268571

2.17
chr8

118075224
118075406

36504
N

M
_000127

exostosin glycosyltransferase 1
protein-coding

M
IR

1587
0.0196539941141185

-3.05
chrX

39936719
39937294

99445
N

R
_039763

m
icroR

N
A 1587

ncR
N

A
PR

IC
KLE2

0.0196541181354051
3.59

chr3
64215172

64215342
10198

N
M

_198859
prickle planar cell polarity protein 2

protein-coding
N

N
M

T
0.0197004012949781

-2.48
chr11

114270678
114270916

-25016
N

M
_006169

nicotinam
ide N

-m
ethyltransferase

protein-coding
TM

EM
106B

0.0197161017656662
3.38

chr7
12031235

12031429
-179890

N
M

_001134232
transm

em
brane protein 106B

protein-coding
M

APKAP1
0.0197693985167084

3.59
chr9

125603862
125604063

103272
N

M
_024117

m
itogen-activated protein kinase associated protein 1

protein-coding
M

IR
4426

0.0197823645227085
2.8

chr16
61276302

61276454
-220612

N
R

_039624
m

icroR
N

A 4426
ncR

N
A

N
BPF20

0.0198141112739942
2.15

chr1
145486872

145487042
-81179

N
M

_001278267
neuroblastom

a breakpoint fam
ily m

em
ber 20

protein-coding
C

D
R

T15P1
0.0198152313685064

2.84
chr17

14011336
14011507

-13077
N

R
_003261

C
M

T1A duplicated region transcript 15 pseudogene 1
pseudo

M
IR

378H
0.0198269713329713

2.44
chr5

154827903
154828095

-1459
N

R
_039667

m
icroR

N
A 378h

ncR
N

A
AD

AT3
0.0199109203363673

-2.1
chr19

1897618
1898053

-7379
N

M
_138422

adenosine deam
inase, tR

N
A specific 3

protein-coding
KLF5

0.0199137696939026
2.56

chr13
73194250

73194429
135547

N
M

_001730
Kruppel like factor 5

protein-coding
M

IS18BP1
0.0199321009153657

2.67
chr14

45332578
45332734

-79254
N

M
_018353

M
IS18 binding protein 1

protein-coding
AN

XA5
0.0199501062339354

2.23
chr4

121718022
121718356

-21197
N

M
_001154

annexin A5
protein-coding

LIN
C

01592
0.0199849573613766

2.93
chr8

68868292
68868479

235805
N

R
_039986

long intergenic non-protein coding R
N

A 1592
ncR

N
A

TYR
P1

0.0199922310868145
-3.23

chr9
12543253

12543407
-150056

N
M

_000550
tyrosinase related protein 1

protein-coding
G

O
T2

0.0200006307870562
4.04

chr16
59063441

59063620
-329173

N
M

_002080
glutam

ic-oxaloacetic transam
inase 2

protein-coding
C

W
H

43
0.0200006307870562

4.04
chr4

49924304
49924480

937750
N

M
_001286791

cell w
all biogenesis 43 C

-term
inal hom

olog
protein-coding

D
O

C
K3

0.02007837791894
2.16

chr3
50921997

50922256
246885

N
M

_004947
dedicator of cytokinesis 3

protein-coding
R

G
S21

0.0201186983885245
2.93

chr1
192263285

192263668
-53516

N
M

_001039152
regulator of G

-protein signaling 21
protein-coding

M
IR

548AB
0.0201295422090967

2.83
chr3

104214485
104214666

-690459
N

R
_039611

m
icroR

N
A 548ab

ncR
N

A
LO

C
102723778

0.0201385954071159
4.11

chr4
31487140

31487298
316075

N
R

_125935
uncharacterized LO

C
102723778

ncR
N

A
C

ALB2
0.0202093897330819

1.93
chr16

71357159
71357359

-1454
N

M
_001740

calbindin 2
protein-coding

LIN
C

01608
0.02023782855562

3.55
chr8

110685403
110685573

341945
N

R
_125416

long intergenic non-protein coding R
N

A 1608
ncR

N
A

ABL1
0.0202683923300254

-1.99
chr9

130771092
130771405

57367
N

M
_007313

ABL proto-oncogene 1, non-receptor tyrosine kinase
protein-coding

PTPR
D

-AS1
0.0203099770004546

2.37
chr9

9206590
9206766

348660
N

R
_121600

PTPR
D

 antisense R
N

A 1
ncR

N
A

LR
R

TM
4

0.0203905905402307
2.19

chr2
77457750

77458269
64424

N
M

_001330370
leucine rich repeat transm

em
brane neuronal 4

protein-coding
PR

D
M

13
0.0204023961769846

2.54
chr6

99710403
99710737

103796
N

M
_021620

PR
/SET dom

ain 13
protein-coding

LIN
C

01087
0.0204552492295214

2.57
chr2

131626900
131627048

-10051
N

R
_108087

long intergenic non-protein coding R
N

A 1087
ncR

N
A

ZN
H

IT6
0.0205109902594781

3.48
chr1

85713612
85713775

-5260
N

M
_017953

zinc finger H
IT-type containing 6

protein-coding
AR

H
G

AP15
0.0205203188301195

2.81
chr2

143333350
143333606

204148
N

M
_018460

R
ho G

TPase activating protein 15
protein-coding

YW
H

AEP7
0.0205627421504587

2.1
chr17

37889017
37889342

-4436
N

R
_024178

tyrosine 3-m
onooxygenase/tryptophan 5-m

onooxygenase activation protein 
epsilon pseudogene 7

pseudo
C

AC
N

G
5

0.0205921358631548
1.95

chr17
66836149

66836781
-40808

N
M

_145811
calcium

 voltage-gated channel auxiliary subunit gam
m

a 5
protein-coding

LIN
C

01605
0.0206018399109642

2.2
chr8

37501207
37501368

-7374
N

R
_121620

long intergenic non-protein coding R
N

A 1605
ncR

N
A

TSSK1B
0.0206152710414604

-2.55
chr5

113379102
113379256

55852
N

M
_032028

testis specific serine kinase 1B
protein-coding

LIN
C

00680
0.0206162631239478

2.33
chr6

58560780
58561485

-599686
N

R
_125728

long intergenic non-protein coding R
N

A 680
ncR

N
A

G
O

LG
A6C

0.0206229955989794
2.26

chr15
75246426

75246628
-12031

N
M

_001164404
golgin A6 fam

ily m
em

ber C
protein-coding

PLEKH
M

2
0.0206470576757046

2.5
chr1

15673352
15673525

-10894
N

M
_015164

pleckstrin hom
ology and R

U
N

 dom
ain containing M

2
protein-coding
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G
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G
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P2R
Y1

0.0206820299246323
3.17

chr3
152957441

152957606
122830

N
M

_002563
purinergic receptor P2Y1

protein-coding
STXBP6

0.0208155209666944
2.9

chr14
25425590

25425751
-375373

N
M

_001304476
syntaxin binding protein 6

protein-coding
SYN

D
IG

1
0.0208479510362528

-2.52
chr20

24419449
24419616

-49667
N

M
_024893

synapse differentiation inducing 1
protein-coding

TO
M

M
70

0.0208694563397138
3.27

chr3
100425362

100425530
-24048

N
M

_014820
translocase of outer m

itochondrial m
em

brane 70
protein-coding

M
LIP

0.0209188923774088
-3.41

chr6
54057260

54057504
38466

N
M

_138569
m

uscular LM
N

A interacting protein
protein-coding

YIPF7
0.0209456048127094

2.63
chr4

44659860
44660090

-8334
N

M
_182592

Yip1 dom
ain fam

ily m
em

ber 7
protein-coding

LO
C

105369785
0.0210798544802137

2.91
chr12

58105319
58105471

17503
N

R
_135022

uncharacterized LO
C

105369785
ncR

N
A

SLC
44A1

0.0210803693349162
2.82

chr9
105159921

105160085
-84602

N
M

_001330731
solute carrier fam

ily 44 m
em

ber 1
protein-coding

M
O

V10L1
0.0211787513470588

-2.22
chr22

50119474
50119821

-27408
N

M
_001164106

M
ov10 R

ISC
 com

plex R
N

A helicase like 1
protein-coding

LO
C

101927686
0.0212720485516417

2.21
chr6

113354463
113354633

295527
N

R
_125844

uncharacterized LO
C

101927686
ncR

N
A

N
KAIN

2
0.0213040960054515

3.19
chr6

123812914
123813085

9153
N

M
_001040214

Sodium
/potassium

 transporting ATPase interacting 2
protein-coding

LIN
C

01625
0.0213182705870582

2.91
chr6

139590493
139590707

-116004
N

R
_033919

long intergenic non-protein coding R
N

A 1625
ncR

N
A

KIF13B
0.0213241261945424

2.12
chr8

29289457
29289888

-26579
N

M
_015254

kinesin fam
ily m

em
ber 13B

protein-coding
LIN

C
02035

0.0213509332142649
2.34

chr3
122898483

122898683
12070

N
R

_024618
long intergenic non-protein coding R

N
A 2035

ncR
N

A
M

VK
0.0214033375125025

2.18
chr12

109604147
109604314

30535
N

M
_001114185

m
evalonate kinase

protein-coding
FEZF2

0.0215083002372027
2.53

chr3
62591264

62591451
-217842

N
M

_018008
FEZ fam

ily zinc finger 2
protein-coding

FAM
71C

0.0215190016083093
2.63

chr12
99540306

99540470
-107362

N
M

_153364
fam

ily w
ith sequence sim

ilarity 71 m
em

ber C
protein-coding

LO
C

101927815
0.0215620507487089

2.04
chr8

3634797
3635004

-906449
N

R
_125426

uncharacterized LO
C

101927815
ncR

N
A

ZFH
X4-AS1

0.0216010981824185
2.21

chr8
76771113

76771353
-87958

N
R

_024360
ZFH

X4 antisense R
N

A 1
ncR

N
A

FC
G

BP
0.0216358733733438

-2.09
chr19

39897925
39898154

36587
N

M
_003890

Fc fragm
ent of IgG

 binding protein
protein-coding

ETN
K1

0.0216545277222911
2.33

chr12
22729125

22729305
104073

N
M

_001039481
ethanolam

ine kinase 1
protein-coding

LO
C

105378183
0.0216689686206653

1.99
chr14

103254179
103254594

-62898
N

R
_135269

uncharacterized LO
C

105378183
ncR

N
A

AASD
H

0.0217123660697768
2.21

chr4
56316034

56316223
71380

N
M

_001323899
am

inoadipate-sem
ialdehyde dehydrogenase

protein-coding
M

C
TP2

0.0217390995497213
2.83

chr15
94313685

94313900
15591

N
M

_018349
m

ultiple C
2 and transm

em
brane dom

ain containing 2
protein-coding

SLC
9A9-AS1

0.0217698276354045
2.4

chr3
143528715

143529111
186667

N
R

_048544
SLC

9A9 antisense R
N

A 1
ncR

N
A

M
TR

N
R

2L6
0.021830459657943

3.14
chr7

142650899
142651049

-15325
N

M
_001190487

M
T-R

N
R

2-like 6
protein-coding

ATP8A2
0.0219234840914039

2.01
chr13

25372470
25372792

620
N

M
_016529

ATPase phospholipid transporting 8A2
protein-coding

M
IR

6124
0.0220678866698519

1.86
chr11

12197823
12198452

34454
N

R
_106739

m
icroR

N
A 6124

ncR
N

A
PR

G
4

0.0222092702631737
3.24

chr1
186137010

186137200
-159168

N
M

_005807
proteoglycan 4

protein-coding
AXIN

2
0.0223239522617612

2.26
chr17

65630501
65630770

-69013
N

M
_004655

axin 2
protein-coding

PO
M

121L2
0.0225431331844441

-2.55
chr6

27280095
27280275

32047
N

M
_033482

PO
M

121 transm
em

brane nucleoporin like 2
protein-coding

LO
C

101928944
0.0225475259115525

3.41
chr11

81293240
81293442

-530538
N

R
_120570

uncharacterized LO
C

101928944
ncR

N
A

PR
KC

H
0.0225667589996543

2.87
chr14

61367478
61367642

46117
N

M
_006255

protein kinase C
 eta

protein-coding
ZFPM

2-AS1
0.0225738277736151

3.28
chr8

106001415
106001627

58982
N

R
_125797

ZFPM
2 antisense R

N
A 1

ncR
N

A
C

BLN
1

0.0226907886226692
2.17

chr16
49302532

49302698
-20784

N
M

_004352
cerebellin 1 precursor

protein-coding
BM

PER
0.0227591801614322

2.18
chr7

33678848
33679183

-225896
N

M
_133468

BM
P binding endothelial regulator

protein-coding
LIN

C
00347

0.0228553200933808
1.86

chr13
74814303

74814755
261686

N
R

_034025
long intergenic non-protein coding R

N
A 347

ncR
N

A
TR

H
D

E-AS1
0.0228656607619212

2.44
chr12

72677564
72677769

-404157
N

R
_026836

TR
H

D
E antisense R

N
A 1

ncR
N

A
R

N
U

2-1
0.0228905032228386

1.82
chr17

43259008
43259251

-7110
N

R
_002716

R
N

A, U
2 sm

all nuclear 1
snR

N
A

PD
G

FC
0.0229206206449056

2.95
chr4

156823887
156824173

147364
N

R
_036641

platelet derived grow
th factor C

protein-coding
TM

EM
261

0.0230503226387189
-3.12

chr9
7936125

7936344
-136428

N
M

_033428
transm

em
brane protein 261

protein-coding
R

AG
2

0.0230886949346319
2.45

chr11
36931235

36931490
-333083

N
M

_001243785
recom

bination activating 2
protein-coding

LO
C

105376365
0.0231257881211574

2.39
chr10

3838413
3838577

4545
N

R
_134490

uncharacterized LO
C

105376365
ncR

N
A

ELF2
0.0231258322882546

2.39
chr4

139152979
139153325

-13676
N

M
_201999

E74 like ETS transcription factor 2
protein-coding

M
IR

4306
0.0231759483121473

-2.52
chr13

99630439
99630909

-12385
N

R
_036191

m
icroR

N
A 4306

ncR
N

A
LO

C
100996349

0.0232046346630242
2.05

chr19
22607194

22607380
-729

N
R

_103470
testis expressed 264 pseudogene

pseudo
U

BE2E3
0.0232398062402015

3
chr2

180903039
180903216

-77258
N

M
_001278555

ubiquitin conjugating enzym
e E2 E3

protein-coding
XPN

PEP2
0.02327396574949

1.83
chrX

129713199
129713518

-25612
N

M
_003399

X-prolyl am
inopeptidase 2

protein-coding
G

H
R

0.0233439830411988
-2.01

chr5
42581828

42582133
16116

N
M

_001242462
grow

th horm
one receptor

protein-coding
M

YO
1B

0.0233613097640666
2.15

chr2
191305000

191305353
59900

N
M

_001161819
m

yosin IB
protein-coding
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G
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G
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N
R

2F1-AS1
0.0233621930998046

2.52
chr5

93249316
93249699

321836
N

R
_109825

N
R

2F1 antisense R
N

A 1
ncR

N
A

C
C

SER
1

0.023382572650723
3.02

chr4
90655533

90655784
420627

N
M

_207491
coiled-coil serine rich protein 1

protein-coding
M

EAT6
0.0234682052724319

2.71
chr6

164907787
164907960

-85810
N

R
_131926

m
elanom

a-associated transcript 6
ncR

N
A

AR
EG

0.0234690246592163
3.46

chr4
74473378

74473541
28361

N
M

_001657
am

phiregulin
protein-coding

C
D

H
10

0.0236170749221
3.27

chr5
24317587

24317760
275826

N
M

_001317224
cadherin 10

protein-coding
LIN

C
01118

0.023619169439112
2.22

chr2
46779835

46780029
-36736

N
R

_034099
long intergenic non-protein coding R

N
A 1118

ncR
N

A
FR

G
1C

P
0.0236401779444645

3.14
chr20

28384115
28384282

218467
N

R
_132315

FSH
D

 region gene 1 fam
ily m

em
ber C

, pseudogene
pseudo

G
ATA5

0.0236892316397422
1.96

chr20
62475396

62475569
488

N
M

_080473
G

ATA binding protein 5
protein-coding

SELEN
O

P
0.0237302695463792

-2.1
chr5

42888943
42889759

-77429
N

M
_001085486

selenoprotein P
protein-coding

AM
AC

R
0.023780282408183

-1.83
chr5

34001308
34001744

6589
N

M
_001167595

alpha-m
ethylacyl-C

oA racem
ase

protein-coding
TBC

1D
4

0.0237915407877346
3.99

chr13
75380815

75380968
101277

N
M

_014832
TBC

1 dom
ain fam

ily m
em

ber 4
protein-coding

FTM
T

0.0238641941488914
3.42

chr5
121891504

121891662
39628

N
M

_177478
ferritin m

itochondrial
protein-coding

LO
C

105374704
0.0238676466309396

3.82
chr5

30289545
30289703

409064
N

R
_134264

uncharacterized LO
C

105374704
ncR

N
A

KC
N

K12
0.0238795082496254

2.23
chr2

47561253
47561478

8966
N

M
_022055

potassium
 tw

o pore dom
ain channel subfam

ily K m
em

ber 12
protein-coding

LIN
C

01959
0.0238837516325145

2.1
chr5

135625233
135625486

28576
N

R
_027127

long intergenic non-protein coding R
N

A 1959
ncR

N
A

LO
C

100506858
0.0239921393750975

-2.79
chr5

2429263
2429480

-117170
N

R
_104616

uncharacterized LO
C

100506858
ncR

N
A

LIN
C

01781
0.0239922426603459

-2.48
chr1

80892462
80892788

251338
N

R
_125942

long intergenic non-protein coding R
N

A 1781
ncR

N
A

SEM
A6D

0.02402035540821
2.34

chr15
46526224

46526452
-657868

N
M

_001198999
sem

aphorin 6D
protein-coding

YTH
D

C
2

0.0240282658707148
2.24

chr5
113752957

113753135
239384

N
M

_001345976
YTH

 dom
ain containing 2

protein-coding
M

BO
AT4

0.0240398438391498
-2.24

chr8
30137189

30137426
7377

N
M

_001100916
m

em
brane bound O

-acyltransferase dom
ain containing 4

protein-coding
SVIL-AS1

0.0241660601250505
-1.83

chr10
29352886

29353176
-56503

N
R

_110921
SVIL antisense R

N
A 1

ncR
N

A
SPATA4

0.024205960416674
2.62

chr4
176150886

176151292
44582

N
M

_144644
sperm

atogenesis associated 4
protein-coding

SEC
31B

0.0242793390409345
2.2

chr10
100498287

100498519
21435

N
M

_015490
SEC

31 hom
olog B, C

O
PII coat com

plex com
ponent

protein-coding
LO

C
101929621

0.0243158187342091
2.43

chr4
108394912

108395173
-162191

N
R

_134679
uncharacterized LO

C
101929621

ncR
N

A
LIN

C
00392

0.0244153455180117
2.71

chr13
73711959

73712118
147794

N
R

_047009
long intergenic non-protein coding R

N
A 392

ncR
N

A
C

TN
N

D
2

0.0244499025680489
-2.61

chr5
11466883

11467042
121955

N
M

_001288716
catenin delta 2

protein-coding
D

SC
AM

-IT1
0.024468536190398

2.14
chr21

40653003
40653164

-22316
N

R
_046774

D
SC

AM
 intronic transcript 1

ncR
N

A
G

N
PD

A2
0.0244801003158106

2.6
chr4

45371971
45372165

-645434
N

R
_073094

glucosam
ine-6-phosphate deam

inase 2
protein-coding

M
BO

AT1
0.024538760785798

2.37
chr6

20183208
20183372

29174
N

R
_073465

m
em

brane bound O
-acyltransferase dom

ain containing 1
protein-coding

LO
C

105369891
0.0245413173452995

2.77
chr12

89844465
89844689

-103116
N

R
_135019

uncharacterized LO
C

105369891
ncR

N
A

LO
C

105370369
0.0245413173452995

2.77
chr13

111589054
111589272

-6846
N

R
_135814

uncharacterized LO
C

105370369
ncR

N
A

N
PVF

0.0245633964955473
1.87

chr7
25313130

25313759
-84958

N
M

_022150
neuropeptide VF precursor

protein-coding
EG

FLAM
-AS4

0.024655711268266
3.4

chr5
38312017

38312189
-21117

N
R

_046219
EG

FLAM
 antisense R

N
A 4

ncR
N

A
N

D
FIP1

0.0246969777786253
-3.37

chr5
142120315

142120516
11656

N
M

_030571
N

edd4 fam
ily interacting protein 1

protein-coding
AQ

P4
0.0247285088933612

2.36
chr18

26971381
26971690

-105691
N

M
_001317387

aquaporin 4
protein-coding

LIN
C

00972
0.0247738513466741

3.54
chr7

85464924
85465106

43893
N

R
_134240

long intergenic non-protein coding R
N

A 972
ncR

N
A

LIN
C

00907
0.0247788787781085

3.71
chr18

42365560
42365750

178987
N

R
_046456

long intergenic non-protein coding R
N

A 907
ncR

N
A

C
D

H
8

0.0248069857650987
3.79

chr16
62267630

62267795
-230877

N
M

_001796
cadherin 8

protein-coding
LIN

C
01676

0.0248168865834829
3.32

chr1
105527200

105527433
91619

N
R

_125954
long intergenic non-protein coding R

N
A 1676

ncR
N

A
LO

C
102467214

0.0248608293979387
2.47

chr5
112572107

112572449
-56158

N
R

_104672
uncharacterized LO

C
102467214

ncR
N

A
M

U
T

0.0248939200117733
2.46

chr6
49194922

49195134
268300

N
M

_000255
m

ethylm
alonyl-C

oA m
utase

protein-coding
TC

F7L1
0.0248994685413589

2.3
chr2

85158900
85159075

25527
N

M
_031283

transcription factor 7 like 1
protein-coding

LIN
C

00693
0.0249000502103792

2.1
chr3

28575301
28575535

140
N

R
_038840

long intergenic non-protein coding R
N

A 693
ncR

N
A

R
PTO

R
0.0249294055194473

2.49
chr17

80619032
80619195

74288
N

M
_020761

regulatory associated protein of M
TO

R
 com

plex 1
protein-coding

FXYD
4

0.0250325310127141
2.12

chr10
43337181

43337340
-34384

N
M

_001184963
FXYD

 dom
ain containing ion transport regulator 4

protein-coding
AR

X
0.0250385160357136

2.07
chrX

25012995
25013414

2744
N

M
_139058

aristaless related hom
eobox

protein-coding
LIN

C
01192

0.0250387038809385
3.22

chr3
163081804

163081953
221423

N
R

_033945
long intergenic non-protein coding R

N
A 1192

ncR
N

A
C

D
48

0.0250979536779129
2.35

chr1
160696191

160696404
15554

N
M

_001256030
C

D
48 m

olecule
protein-coding

M
IR

1267
0.0251028769453223

2.72
chr13

107204205
107204366

326963
N

R
_031671

m
icroR

N
A 1267

ncR
N

A
EM

B
0.0251650229168757

2.98
chr5

50112873
50113041

328443
N

M
_198449

em
bigin

protein-coding
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G
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G
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LR
P1B

0.0251747763080953
3.1

chr2
141952679

141952839
178942

N
M

_018557
LD

L receptor related protein 1B
protein-coding

PR
M

T8
0.0251843280982084

-3.19
chr12

3391018
3391186

9753
N

M
_001256536

protein arginine m
ethyltransferase 8

protein-coding
FAM

84B
0.0252493203566743

-2.27
chr8

126744231
126744453

-185876
N

M
_174911

fam
ily w

ith sequence sim
ilarity 84 m

em
ber B

protein-coding
LIN

C
01309

0.0252966728815779
2.71

chr13
104315246

104315711
890278

N
R

_126374
long intergenic non-protein coding R

N
A 1309

ncR
N

A
G

AR
EM

2
0.0253056189598121

3.63
chr2

26103767
26103959

-69228
N

M
_001168241

G
R

B2 associated regulator of M
APK1 subtype 2

protein-coding
LO

C
101927078

0.0254337533478713
3.41

chr5
114683531

114683706
89795

N
R

_130785
uncharacterized LO

C
101927078

ncR
N

A
M

G
AT4C

0.0254517483851759
2.47

chr12
86565789

86565951
273034

N
M

_013244
M

G
AT4 fam

ily m
em

ber C
protein-coding

SN
TG

1
0.0255146836856778

2.15
chr8

50039938
50040125

-124100
N

M
_001321778

syntrophin gam
m

a 1
protein-coding

M
IR

4774
0.0256862744056141

3.13
chr2

168621823
168621986

38961
N

R
_039933

m
icroR

N
A 4774

ncR
N

A
LO

C
340017

0.0256965125992304
1.85

chr4
157444071

157444574
-128168

N
R

_026992
uncharacterized LO

C
340017

ncR
N

A
C

XXC
4

0.0257004801857867
3.39

chr4
104583641

104583802
-88820

N
M

_025212
C

XXC
 finger protein 4

protein-coding
LIN

C
01947

0.025735960765165
3.24

chr5
166760530

166760744
165733

N
R

_108020
long intergenic non-protein coding R

N
A 1947

ncR
N

A
LVC

AT5
0.025735960765165

3.24
chr7

119682188
119682366

225098
N

R
_131960

liver cancer-associated transcript 5
ncR

N
A

D
C

N
0.0257396864628811

2.67
chr12

91229005
91229653

-46205
N

M
_001920

decorin
protein-coding

TR
IB2

0.0258075811875951
2.19

chr2
12685342

12685524
-31439

N
R

_027303
tribbles pseudokinase 2

protein-coding
KC

N
H

7
0.0258480657135803

2.34
chr2

163155416
163155696

-316809
N

M
_033272

potassium
 voltage-gated channel subfam

ily H
 m

em
ber 7

protein-coding
ABH

D
6

0.0258767029941427
-2

chr3
58246317

58246806
9059

N
M

_001320126
abhydrolase dom

ain containing 6
protein-coding

BTC
0.0258848938504408

1.98
chr4

74769154
74769648

25285
N

M
_001729

betacellulin
protein-coding

C
ABLES1

0.0258976533228971
2.64

chr18
23115304

23115485
-19170

N
M

_001256438
C

dk5 and Abl enzym
e substrate 1

protein-coding
ZBBX

0.0259079062691839
2.6

chr3
167148316

167148676
231787

N
M

_001199202
zinc finger B-box dom

ain containing
protein-coding

LM
X1A

0.0259228375423776
2.29

chr1
165282737

165282930
73408

N
M

_001174069
LIM

 hom
eobox transcription factor 1 alpha

protein-coding
M

IR
8084

0.0259438092377464
2.87

chr8
93003523

93003698
-26141

N
R

_107051
m

icroR
N

A 8084
ncR

N
A

G
H

SR
0.025958739856738

2.1
chr3

172401418
172402086

46704
N

M
_004122

grow
th horm

one secretagogue receptor
protein-coding

LO
C

101928433
0.0260001006753276

3.92
chr6

16752501
16752676

-8550
N

R
_136240

uncharacterized LO
C

101928433
ncR

N
A

ETV6
0.0260615001775708

-2.54
chr12

11712696
11713120

63054
N

M
_001987

ETS variant 6
protein-coding

LO
C

101928052
0.0260990156327188

3.19
chr4

161554021
161554192

-468627
N

R
_125888

uncharacterized LO
C

101928052
ncR

N
A

R
N

U
105B

0.0261587143669827
2.92

chr20
8709841

8710088
-121221

N
R

_004386
R

N
A, U

105B sm
all nucleolar

snoR
N

A
APBA2

0.0261685191944573
2.65

chr15
28922790

28923042
1279

N
M

_005503
am

yloid beta precursor protein binding fam
ily A m

em
ber 2

protein-coding
EG

FLAM
0.0261755182141455

2.19
chr5

38263924
38264193

5649
N

M
_001205301

EG
F like, fibronectin type III and lam

inin G
 dom

ains
protein-coding

SIK2
0.0261961146619585

-2.42
chr11

111671506
111671790

69257
N

M
_015191

salt inducible kinase 2
protein-coding

SIK2
0.0262309310300866

-2.13
chr11

111586492
111586898

-15696
N

M
_015191

salt inducible kinase 2
protein-coding

PSG
7

0.026253898383251
-2.77

chr19
42952214

42952437
-15147

N
M

_001290042
pregnancy specific beta-1-glycoprotein 7 (gene/pseudogene)

protein-coding
LO

C
105370586

0.0262556106653685
2.28

chr14
78941874

78942024
-258033

N
R

_135159
uncharacterized LO

C
105370586

ncR
N

A
ZN

F536
0.0264070033302272

1.97
chr19

30375472
30375649

3167
N

M
_014717

zinc finger protein 536
protein-coding

TM
EM

45A
0.0264596715147954

2.19
chr3

100500332
100500733

7913
N

M
_018004

transm
em

brane protein 45A
protein-coding

PD
E4D

IP
0.0264776998243908

2.16
chr1

148885335
148885515

-1948
N

M
_001195260

phosphodiesterase 4D
 interacting protein

protein-coding
H

C
N

1
0.026532444413925

5.37
chr5

45371515
45371694

324514
N

M
_021072

hyperpolarization activated cyclic nucleotide gated potassium
 channel 1

protein-coding
SN

O
R

A98
0.0266089326400475

3.39
chr6

144438518
144438742

32975
N

R
_132778

sm
all nucleolar R

N
A, H

/AC
A box 98

snoR
N

A
PO

TEA
0.0266221267389193

2.23
chr8

44430868
44431031

1138507
N

M
_001002920

PO
TE ankyrin dom

ain fam
ily m

em
ber A

protein-coding
M

O
XD

1
0.0266426362195678

2.53
chr6

132384848
132385016

16602
N

M
_015529

m
onooxygenase D

BH
 like 1

protein-coding
PTPR

D
-AS2

0.0266605066390579
2.18

chr9
11197519

11197670
584388

N
R

_110696
PTPR

D
 antisense R

N
A 2 (head to head)

ncR
N

A
BN

C
2

0.0266970243252272
2.09

chr9
16876695

16876899
-6009

N
M

_001317939
basonuclin 2

protein-coding
PLEKH

A7
0.0267236049651158

-2.24
chr11

16936622
16936978

77616
N

M
_001329631

pleckstrin hom
ology dom

ain containing A7
protein-coding

LIN
C

01361
0.0267466976919072

3.51
chr1

82596182
82596355

388654
N

R
_110632

long intergenic non-protein coding R
N

A 1361
ncR

N
A

PC
SK2

0.0267846716175966
-2.8

chr20
17268883

17269052
42015

N
M

_002594
proprotein convertase subtilisin/kexin type 2

protein-coding
LO

C
257396

0.0268203682761887
3.22

chr5
53253650

53253806
143886

N
R

_034107
uncharacterized LO

C
257396

ncR
N

A
M

IR
4650-1

0.026839074436338
1.89

chr7
72757827

72757997
60009

N
R

_039793
m

icroR
N

A 4650-1
ncR

N
A

LIN
C

00456
0.0270425024325591

2.68
chr13

97191770
97191941

-12233
N

R
_125725

long intergenic non-protein coding R
N

A 456
ncR

N
A

SU
LF2

0.0270593325716886
-1.96

chr20
47786718

47786898
-192

N
M

_001161841
sulfatase 2

protein-coding
D

ISC
1FP1

0.0271303688415887
2.09

chr11
90363960

90364191
112843

N
R

_104190
D

ISC
1 fusion partner 1 (non-protein coding)

ncR
N

A



G
ene N

am
e

p value
log2        

Fold C
hange

C
hr

Start
End

Distance  
to TSS

Nearest 
Prom

oter ID
G

ene  D
escription

G
ene          

Type

R
BFO

X1
0.0272439694333839

3.67
chr16

6318018
6318187

298399
N

M
_001308117

R
N

A binding protein, fox-1 hom
olog 1

protein-coding
ED

IL3
0.0272995440510437

2.4
chr5

85049159
85049378

-664401
N

M
_005711

EG
F like repeats and discoidin dom

ains 3
protein-coding

LO
C

101928372
0.0273063157383068

2.51
chr1

160933966
160934189

1612
N

R
_110695

uncharacterized LO
C

101928372
ncR

N
A

LO
C

101927849
0.0274204898216639

3.01
chr4

149423429
149423608

269223
N

R
_125887

uncharacterized LO
C

101927849
ncR

N
A

M
IR

4735
0.0274261950600984

3.32
chr1

195040846
195041011

1541553
N

R
_039888

m
icroR

N
A 4735

ncR
N

A
D

LC
1

0.0274312048275212
3.3

chr8
13506876

13507054
7955

N
M

_182643
D

LC
1 R

ho G
TPase activating protein

protein-coding
IL15

0.0274673665579631
2.89

chr4
141605506

141605673
-31007

N
M

_172175
interleukin 15

protein-coding
D

U
SP6

0.0274792820444024
1.85

chr12
89205687

89206281
146875

N
M

_001946
dual specificity phosphatase 6

protein-coding
TR

IO
0.027505388027115

2.52
chr5

14342277
14342441

198657
N

M
_007118

trio R
ho guanine nucleotide exchange factor

protein-coding
D

BET
0.0275604125308049

2.53
chr4

190117035
190117261

52646
N

R
_121644

D
4Z4 binding elem

ent transcript (non-protein coding)
ncR

N
A

C
C

R
4

0.0275617531871602
1.85

chr3
32940310

32940538
-11150

N
M

_005508
C

-C
 m

otif chem
okine receptor 4

protein-coding
LIN

C
00636

0.0276118908248536
2.14

chr3
107938226

107938436
55126

N
R

_015394
long intergenic non-protein coding R

N
A 636

ncR
N

A
C

D
H

6
0.027677359731056

2.85
chr5

30620946
30621120

-572622
N

M
_004932

cadherin 6
protein-coding

PR
R

16
0.0277138415712817

2.63
chr5

120346911
120347076

-117285
N

M
_001300783

proline rich 16
protein-coding

G
LR

A1
0.0277422441370771

2.06
chr5

151858013
151858254

66703
N

M
_001292000

glycine receptor alpha 1
protein-coding

C
O

L11A1
0.0277984228233305

2.52
chr1

102826661
102826813

281759
N

M
_080629

collagen type XI alpha 1 chain
protein-coding

LIN
C

00535
0.0278444698430017

-2.81
chr8

93641909
93642154

58402
N

R
_033858

long intergenic non-protein coding R
N

A 535
ncR

N
A

LO
C

439933
0.0278680249274434

3.36
chr4

35163744
35163915

-1080287
N

R
_122079

uncharacterized LO
C

439933
ncR

N
A

M
D

G
A2

0.0278833810388566
3.06

chr14
47253650

47253879
89482

N
R

_103766
M

AM
 dom

ain containing glycosylphosphatidylinositol anchor 2
protein-coding

STM
N

4
0.0279103204023394

-3.72
chr8

27181529
27181696

76827
N

M
_001283053

stathm
in 4

protein-coding
LO

C
105374704

0.0279422696898209
-3.4

chr5
29806904

29807106
-73555

N
R

_134264
uncharacterized LO

C
105374704

ncR
N

A
LIN

C
01602

0.0280002138879949
2.71

chr8
57975811

57975961
-2472

N
R

_130934
long intergenic non-protein coding R

N
A 1602

ncR
N

A
PLXN

C
1

0.0281107116896142
2.6

chr12
94170909

94171209
22336

N
M

_005761
plexin C

1
protein-coding

M
BL2

0.0281580848004963
2.48

chr10
53469484

53469674
-697879

N
M

_000242
m

annose binding lectin 2
protein-coding

LO
C

100287010
0.0281828470718166

2.55
chr2

104332764
104332951

75475
N

R
_037885

uncharacterized LO
C

100287010
ncR

N
A

LIN
C

02032
0.0282067472832035

1.82
chr3

148315181
148315579

237221
N

R
_134937

long intergenic non-protein coding R
N

A 2032
ncR

N
A

BLO
C

1S5
0.0282398575430224

2.44
chr6

8059098
8059309

5211
N

M
_001199322

biogenesis of lysosom
al organelles com

plex 1 subunit 5
protein-coding

LO
C

100129138
0.028304509107789

2.13
chr1

104147571
104147739

74632
N

R
_033990

TH
AP dom

ain containing, apoptosis associated protein 3 pseudogene
pseudo

ATP1A1
0.0283356191481449

-2.03
chr1

116291058
116291369

-81960
N

M
_000701

ATPase N
a+/K+ transporting subunit alpha 1

protein-coding
SR

G
AP2C

0.0284589977743318
2.14

chr1
121281803

121282166
97017

N
M

_001271872
SLIT-R

O
BO

 R
ho G

TPase activating protein 2C
protein-coding

H
M

C
N

1
0.0284686896195903

2.07
chr1

185789892
185790123

55456
N

M
_031935

hem
icentin 1

protein-coding
R

N
LS

0.0285138363458193
2.45

chr10
88226389

88226549
356856

N
M

_001031709
renalase, FAD

 dependent am
ine oxidase

protein-coding
C

C
T5

0.028537130464208
2.07

chr5
10275910

10276093
25464

N
M

_001306156
chaperonin containing TC

P1 subunit 5
protein-coding

C
22orf24

0.0285487368633429
2.78

chr22
31932274

31932499
6068

N
M

_001302819
chrom

osom
e 22 open reading fram

e 24
protein-coding

G
ABBR

2
0.0285503155623031

2.3
chr9

98494714
98494912

214384
N

M
_005458

gam
m

a-am
inobutyric acid type B receptor subunit 2

protein-coding
Q

KI
0.0285865211026286

2.77
chr6

163526366
163526526

111803
N

M
_001301085

Q
KI, KH

 dom
ain containing R

N
A binding

protein-coding
C

10orf107
0.0285910801951704

2.88
chr10

61587028
61587207

-75844
N

M
_173554

chrom
osom

e 10 open reading fram
e 107

protein-coding
SM

AD
5

0.028606657511394
2.49

chr5
136119835

136120049
-12903

N
M

_001001420
SM

AD
 fam

ily m
em

ber 5
protein-coding

AC
TR

3BP5
0.0286591343719727

3.46
chr10

39241333
39241539

544840
N

R
_045000

AC
TR

3B pseudogene 5
pseudo

LIN
C

01242
0.0286780780582611

3.02
chr9

30276992
30277154

131381
N

R
_046204

long intergenic non-protein coding R
N

A 1242
ncR

N
A

LIN
C

00358
0.0288022019149156

3.12
chr13

62119925
62120177

-90503
N

R
_046995

long intergenic non-protein coding R
N

A 358
ncR

N
A

LIN
C

01297
0.028844073213224

1.94
chr22

15760750
15760969

14185
N

R
_132385

long intergenic non-protein coding R
N

A 1297
ncR

N
A

TEX26
0.0288719479938694

2.26
chr13

30990694
30991061

58180
N

M
_152325

testis expressed 26
protein-coding

LO
C

653712
0.0288816762290502

2.46
chr3

128865223
128865377

6241
N

R
_034179

intraflagellar transport 122 hom
olog (C

hlam
ydom

onas) pseudogene
pseudo

PD
PR

0.0288873973867505
1.83

chr16
70108324

70108532
-5198

N
M

_001322119
pyruvate dehydrogenase phosphatase regulatory subunit

protein-coding
R

AM
P3

0.0288995279150204
2.52

chr7
45348750

45348939
191076

N
M

_005856
receptor activity m

odifying protein 3
protein-coding

LIN
C

02072
0.0289091207153721

-2.9
chr17

51640330
51640482

303691
N

R
_122104

long intergenic non-protein coding R
N

A 2072
ncR

N
A

M
IR

6788
0.0289295852442469

-1.82
chr18

10914815
10915041

-155279
N

R
_106846

m
icroR

N
A 6788

ncR
N

A
LO

C
440040

0.0289343296720732
4.02

chr11
49672442

49672627
114006

N
R

_027044
glutam

ate m
etabotropic receptor 5 pseudogene

pseudo
N

LG
N

1-AS1
0.0289343296720732

4.02
chr3

173899282
173899478

21416
N

R
_046664

N
LG

N
1 antisense R

N
A 1

ncR
N

A
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O
R

4F17
0.0289965332161734

2.37
chr19

141052
141229

30461
N

M
_001005240

olfactory receptor fam
ily 4 subfam

ily F m
em

ber 17
protein-coding

LIN
C

-PIN
T

0.0290782589875161
-1.91

chr7
131088042

131089152
18433

N
R

_024153
long intergenic non-protein coding R

N
A, p53 induced transcript

ncR
N

A
FR

G
2EP

0.0291110424564679
2.29

chr20
29309494

29309663
107383

N
R

_037925
FSH

D
 region gene 2 fam

ily m
em

ber E, pseudogene
pseudo

SEM
A6A-AS1

0.0292091499093372
-2.96

chr5
116492188

116492412
44802

N
R

_109879
SEM

A6A antisense R
N

A 1
ncR

N
A

FBXO
15

0.0292824834898017
2.09

chr18
73767326

73767726
380238

N
M

_152676
F-box protein 15

protein-coding
G

R
IN

2B
0.0293670177831381

2.04
chr12

13850371
13850543

129631
N

M
_000834

glutam
ate ionotropic receptor N

M
D

A type subunit 2B
protein-coding

O
R

2T33
0.0293691321261378

2.69
chr1

248272793
248272974

931
N

M
_001004695

olfactory receptor fam
ily 2 subfam

ily T m
em

ber 33
protein-coding

SLC
2A2

0.029399911099428
-2.73

chr3
171060149

171060310
-33250

N
M

_001278659
solute carrier fam

ily 2 m
em

ber 2
protein-coding

AD
G

R
A2

0.029448353771648
2.06

chr8
37801445

37801610
4644

N
M

_032777
adhesion G

 protein-coupled receptor A2
protein-coding

LIN
C

01288
0.0296262637873351

-3.02
chr8

34437219
34437380

-346622
N

R
_125746

long intergenic non-protein coding R
N

A 1288
ncR

N
A

M
IR

4445
0.0296533342327407

2.02
chr3

109532403
109532586

-70334
N

R
_039647

m
icroR

N
A 4445

ncR
N

A
AFF3

0.029724526703104
2.54

chr2
100019341

100019505
86160

N
M

_001025108
AF4/FM

R
2 fam

ily m
em

ber 3
protein-coding

PR
R

20B
0.0297664850210574

3.44
chr13

56198632
56198797

-942204
N

M
_001130404

proline rich 20B
protein-coding

LR
R

C
37A

0.0298020151151983
2.2

chr17
46277048

46277291
-17962

N
M

_014834
leucine rich repeat containing 37A

protein-coding
AR

H
G

AP32
0.0298627139527618

2.12
chr11

129221967
129222344

-29957
N

M
_001142685

R
ho G

TPase activating protein 32
protein-coding

PD
G

FC
0.0299256988592423

2.6
chr4

156774448
156774645

196848
N

R
_036641

platelet derived grow
th factor C

protein-coding
LIN

C
01600

0.0300120342126392
2.39

chr6
2450798

2450969
183720

N
R

_131168
long intergenic non-protein coding R

N
A 1600

ncR
N

A
R

AD
18

0.0300270861729622
2.58

chr3
8997133

8997290
-33736

N
M

_020165
R

AD
18, E3 ubiquitin protein ligase

protein-coding
D

PP10-AS3
0.0300321906954234

2.51
chr2

114804591
114804777

28864
N

R
_132105

D
PP10 antisense R

N
A 3

ncR
N

A
LIN

C
01600

0.0300351405673204
-2.98

chr6
2564013

2564176
70509

N
R

_131168
long intergenic non-protein coding R

N
A 1600

ncR
N

A
BC

L2L11
0.0300456203516764

2.73
chr2

111200918
111201087

80088
N

M
_138625

BC
L2 like 11

protein-coding
D

U
SP26

0.0300633523947919
2.44

chr8
33722786

33722945
-122759

N
M

_024025
dual specificity phosphatase 26

protein-coding
D

IO
2

0.0301057362094346
2.77

chr14
80377109

80377285
-146143

N
M

_000793
iodothyronine deiodinase 2

protein-coding
LIN

C
00879

0.0302003974163168
3.29

chr3
94692397

94692650
-245740

N
R

_015400
long intergenic non-protein coding R

N
A 879

ncR
N

A
EN

O
4

0.0302016392927216
-2.02

chr10
116840587

116840942
-8748

N
M

_001242699
enolase fam

ily m
em

ber 4
protein-coding

PKH
D

1
0.0302322715139331

2.81
chr6

51962421
51962595

125117
N

M
_138694

polycystic kidney and hepatic disease 1 (autosom
al recessive)

protein-coding
LIN

C
01696

0.0303379290831565
-3.45

chr1
209177014

209177190
-148354

N
R

_135085
long intergenic non-protein coding R

N
A 1696

ncR
N

A
KD

M
4C

0.0303999358757586
2.16

chr9
7045933

7046820
288735

N
M

_001304341
lysine dem

ethylase 4C
protein-coding

STBD
1

0.0304416833900865
-2.08

chr4
76281040

76281294
-24859

N
M

_003943
starch binding dom

ain 1
protein-coding

R
AM

P3
0.030510642073037

2.19
chr7

45312103
45312276

154421
N

M
_005856

receptor activity m
odifying protein 3

protein-coding
PSPC

1
0.0305141056952452

-3.11
chr13

19726850
19727048

56070
N

M
_001042414

paraspeckle com
ponent 1

protein-coding
KC

N
H

8
0.0305227355230767

2.86
chr3

18847788
18848157

-300553
N

M
_144633

potassium
 voltage-gated channel subfam

ily H
 m

em
ber 8

protein-coding
SM

IM
23

0.0305282130911503
1.89

chr5
171623754

171623930
-162030

N
M

_001289970
sm

all integral m
em

brane protein 23
protein-coding

AR
H

G
AP18

0.0305694899238741
-2.27

chr6
129748355

129749013
-38459

N
M

_033515
R

ho G
TPase activating protein 18

protein-coding
N

EU
4

0.0306451313210157
2.48

chr2
241833764

241834138
23019

N
M

_001167602
neuram

inidase 4
protein-coding

R
IC

1
0.0307074566382113

-2.64
chr9

5696618
5697240

67810
N

M
_001135920

R
IC

1 hom
olog, R

AB6A G
EF com

plex partner 1
protein-coding

LIN
C

02103
0.0307176677360328

2.83
chr5

28563703
28563864

-276118
N

R
_134265

long intergenic non-protein coding R
N

A 2103
ncR

N
A

TR
IB2

0.0307293278269898
2.34

chr2
12704224

12704423
-12549

N
R

_027303
tribbles pseudokinase 2

protein-coding
PLAC

4
0.0307742745228629

2.22
chr21

41236611
41236822

-51477
N

M
_182832

placenta specific 4
protein-coding

H
C

N
1

0.030786489596072
3.9

chr5
45774568

45774748
-78540

N
M

_021072
hyperpolarization activated cyclic nucleotide gated potassium

 channel 1
protein-coding

M
IR

548AC
0.0308953138005431

-2.92
chr1

116555880
116556059

4142
N

R
_039621

m
icroR

N
A 548ac

ncR
N

A
KIF26B

0.0309818208334409
-2.53

chr1
245492002

245492186
337109

N
M

_018012
kinesin fam

ily m
em

ber 26B
protein-coding

LO
C

100192426
0.0310303572796605

1.87
chr18

8063112
8063412

303772
N

R
_024419

uncharacterized LO
C

100192426
ncR

N
A

SN
D

1
0.0310380813777663

1.97
chr7

127821035
127821446

169251
N

M
_014390

staphylococcal nuclease and tudor dom
ain containing 1

protein-coding
LIN

C
01052

0.031085785999082
2.66

chr13
65828488

65828666
-37470

N
R

_132362
long intergenic non-protein coding R

N
A 1052

ncR
N

A
ZN

F733P
0.031106857676514

2.7
chr7

62554865
62555133

749057
N

R
_003952

zinc finger protein 733, pseudogene
pseudo

ASC
C

3
0.0311465030564911

-1.82
chr6

100719811
100720600

161167
N

M
_022091

activating signal cointegrator 1 com
plex subunit 3

protein-coding
SH

2D
7

0.0311519820932954
1.92

chr15
78092174

78092624
-186

N
M

_001101404
SH

2 dom
ain containing 7

protein-coding
LYST

0.0311847147045494
2.08

chr1
235910575

235910754
-26956

N
M

_001301365
lysosom

al trafficking regulator
protein-coding

LH
FP

0.0311917376153169
3.37

chr13
39581864

39582076
21249

N
M

_005780
lipom

a H
M

G
IC

 fusion partner
protein-coding
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TPK1
0.0312552770830566

2.67
chr7

145054920
145055070

-218942
N

M
_001042482

thiam
in pyrophosphokinase 1

protein-coding
LO

C
105376194

0.0313276377628213
-2.41

chr9
104221043

104221256
-49080

N
R

_135141
uncharacterized LO

C
105376194

ncR
N

A
PC

D
H

15
0.0313485410231034

2.59
chr10

54792963
54793147

8236
N

M
_001142772

protocadherin related 15
protein-coding

AC
O

1
0.0313899057123139

1.93
chr9

32382786
32383041

-1690
N

M
_001278352

aconitase 1
protein-coding

LO
C

101928052
0.0314374696870711

2.77
chr4

161092580
161092771

-930058
N

R
_125888

uncharacterized LO
C

101928052
ncR

N
A

LIN
C

01592
0.0314485455293249

2.22
chr8

69078443
69078716

25611
N

R
_039986

long intergenic non-protein coding R
N

A 1592
ncR

N
A

LIN
C

00587
0.0314645706027904

3.51
chr9

102185466
102185704

-334052
N

R
_103830

long intergenic non-protein coding R
N

A 587
ncR

N
A

FR
G

1C
P

0.0314660574741702
1.9

chr20
28481390

28481691
121125

N
R

_132315
FSH

D
 region gene 1 fam

ily m
em

ber C
, pseudogene

pseudo
M

TAP
0.031501283803231

2.16
chr9

21836688
21836868

34142
N

M
_002451

m
ethylthioadenosine phosphorylase

protein-coding
LO

C
101928052

0.0315492125465661
2.56

chr4
160960514

160960682
-1062135

N
R

_125888
uncharacterized LO

C
101928052

ncR
N

A
TM

EM
266

0.0316750394407366
2.35

chr15
76069119

76069361
9282

N
M

_152335
transm

em
brane protein 266

protein-coding
M

IR
499A

0.0317072827591597
2.52

chr20
34976068

34976235
-14225

N
R

_030223
m

icroR
N

A 499a
ncR

N
A

STU
M

0.0317152582330576
-2.71

chr1
226542199

226542378
-6512

N
M

_001003665
stum

, m
echanosensory transduction m

ediator hom
olog

protein-coding
SER

IN
C

1
0.0318073996642278

2.02
chr6

122449118
122449916

22364
N

M
_020755

serine incorporator 1
protein-coding

R
ABG

AP1L
0.0318272733793813

2.26
chr1

174726350
174726702

-73371
N

M
_001330989

R
AB G

TPase activating protein 1 like
protein-coding

R
P1L1

0.0318650051127522
1.89

chr8
10598652

10598852
56355

N
M

_178857
R

P1 like 1
protein-coding

R
IIAD

1
0.0318802303310946

2.1
chr1

151739917
151740152

18497
N

M
_001144956

regulatory subunit of type II PKA R
-subunit (R

IIa) dom
ain containing 1

protein-coding
PAC

R
G

0.0318945587804617
2.54

chr6
162526970

162527129
-200083

N
M

_152410
PAR

K2 coregulated
protein-coding

ABC
A8

0.0318958777028848
2.59

chr17
68809534

68809709
145771

N
M

_007168
ATP binding cassette subfam

ily A m
em

ber 8
protein-coding

LO
C

102723439
0.0319009067077714

2.39
chr10

74608690
74608856

-79449
N

R
_120673

uncharacterized LO
C

102723439
ncR

N
A

LIM
S1

0.0319390463979331
2.35

chr2
108570302

108570587
-17857

N
M

_004987
LIM

 zinc finger dom
ain containing 1

protein-coding
M

IR
1263

0.0319577221976488
3.34

chr3
164365281

164365442
-193805

N
R

_031665
m

icroR
N

A 1263
ncR

N
A

IL1R
1

0.0320631643514587
-2.81

chr2
102035270

102035463
-35010

N
M

_001288706
interleukin 1 receptor type 1

protein-coding
SAM

D
9

0.0321239041833844
2.2

chr7
93017355

93017691
100500

N
M

_001193307
sterile alpha m

otif dom
ain containing 9

protein-coding
VG

LL2
0.0321753858697882

-2.85
chr6

117198895
117199056

-66583
N

M
_153453

vestigial like fam
ily m

em
ber 2

protein-coding
M

C
C

0.0321892518530266
2.18

chr5
113361801

113362152
-67061

N
M

_002387
m

utated in colorectal cancers
protein-coding

M
IR

8066
0.0322426261722207

3.96
chr4

101131046
101131214

109742
N

R
_107033

m
icroR

N
A 8066

ncR
N

A
LO

C
101927100

0.0322815284921029
3.3

chr5
115586465

115586685
-15580

N
R

_109875
uncharacterized LO

C
101927100

ncR
N

A
LIN

C
00924

0.0322839448658582
2.08

chr15
95494141

95494417
61186

N
R

_027132
long intergenic non-protein coding R

N
A 924

ncR
N

A
N

AB1
0.0325276701904504

2.67
chr2

190722306
190722498

63244
N

M
_001321314

N
G

FI-A binding protein 1
protein-coding

H
IP1

0.0325777670497985
2.35

chr7
75756154

75756326
-17268

N
M

_005338
huntingtin interacting protein 1

protein-coding
IM

PAD
1

0.0326085191782472
-3.06

chr8
56973176

56973376
20595

N
M

_017813
inositol m

onophosphatase dom
ain containing 1

protein-coding
C

IB4
0.0326557338778325

2.32
chr2

26635006
26635175

6278
N

M
_001029881

calcium
 and integrin binding fam

ily m
em

ber 4
protein-coding

M
TO

1
0.0327172490586195

-2.69
chr6

73462842
73463068

1224
N

M
_012123

m
itochondrial tR

N
A translation optim

ization 1
protein-coding

H
SPA12A

0.0327320965044276
1.91

chr10
116771445

116771775
-29036

N
M

_025015
heat shock protein fam

ily A (H
sp70) m

em
ber 12A

protein-coding
O

C
STAM

P
0.0328538798307548

2.22
chr20

46579045
46579271

-28584
N

M
_080721

osteoclast stim
ulatory transm

em
brane protein

protein-coding
R

N
F4

0.0328671326426199
2

chr4
2510735

2510913
41371

N
M

_001185009
ring finger protein 4

protein-coding
LO

C
339593

0.0328802831128177
2.57

chr20
11274323

11274502
-1029

N
R

_038972
uncharacterized LO

C
339593

ncR
N

A
M

TU
S2

0.0328964687601685
2.46

chr13
29294800

29294980
-133750

N
M

_015233
m

icrotubule associated tum
or suppressor candidate 2

protein-coding
R

N
F185

0.0329563289144622
-2.54

chr22
31177680

31177939
17657

N
M

_001135825
ring finger protein 185

protein-coding
M

M
P16

0.0329883185988913
2.11

chr8
88773136

88773288
-445724

N
M

_005941
m

atrix m
etallopeptidase 16

protein-coding
TM

EM
261

0.0329965825543689
2.39

chr9
8258800

8258998
-459093

N
M

_033428
transm

em
brane protein 261

protein-coding
SIK2

0.0330108235291621
2.72

chr11
111574362

111574692
-27864

N
M

_015191
salt inducible kinase 2

protein-coding
FG

F14
0.0330154062550158

3.06
chr13

102275962
102276159

34626
N

M
_001321933

fibroblast grow
th factor 14

protein-coding
C

TSO
0.0330479825621077

3.37
chr4

156113321
156113508

-159518
N

M
_001334

cathepsin O
protein-coding

M
IR

1973
0.0330780339216086

2.63
chr4

116243406
116243584

-56230
N

R
_031737

m
icroR

N
A 1973

ncR
N

A
H

N
R

N
PKP3

0.0330849664366904
1.99

chr11
43157658

43157870
111605

N
R

_033868
heterogeneous nuclear ribonucleoprotein K pseudogene 3

pseudo
LIN

C
01929

0.03317002317406
-2.46

chr18
55207056

55207220
-82832

N
R

_110743
long intergenic non-protein coding R

N
A 1929

ncR
N

A
C

XC
L12

0.0332478765721383
1.93

chr10
44575850

44576108
-190882

N
M

_001277990
C

-X-C
 m

otif chem
okine ligand 12

protein-coding
SU

C
N

R
1

0.0332675285574934
2.11

chr3
151845505

151845678
-28052

N
M

_033050
succinate receptor 1

protein-coding
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LIN
C

02085
0.0333701518306063

3.16
chr3

101928995
101929166

-11779
N

R
_026934

long intergenic non-protein coding R
N

A 2085
ncR

N
A

R
TKN

2
0.0333842891745991

2.52
chr10

62243663
62243864

25100
N

M
_145307

rhotekin 2
protein-coding

PLD
5

0.0334799489789895
2.87

chr1
242349042

242349244
100339

N
M

_001195812
phospholipase D

 fam
ily m

em
ber 5

protein-coding
M

IR
3170

0.0335047668352359
2.26

chr13
98201351

98201511
-7093

N
R

_036129
m

icroR
N

A 3170
ncR

N
A

LO
C

102725080
0.0335118636990632

2.99
chr8

13727842
13728091

98276
N

R
_134450

uncharacterized LO
C

102725080
ncR

N
A

IM
PA1

0.0335817784531888
-2.81

chr8
81668959

81669134
17308

N
M

_001144878
inositol m

onophosphatase 1
protein-coding

IL15
0.0336104327760157

2.41
chr4

141973989
141974174

337485
N

M
_000585

interleukin 15
protein-coding

D
PP6

0.0336141653221128
-2.21

chr7
153669510

153669670
-217507

N
M

_001039350
dipeptidyl peptidase like 6

protein-coding
LIN

C
00434

0.0336549697364631
2.57

chr13
60324053

60324244
-56044

N
R

_047022
long intergenic non-protein coding R

N
A 434

ncR
N

A
AR

G
1

0.0338127020444913
2.15

chr6
131473433

131473782
-99597

N
M

_000045
arginase 1

protein-coding
R

N
D

3
0.0338507941680356

-2.09
chr2

150175155
150175525

312355
N

M
_005168

R
ho fam

ily G
TPase 3

protein-coding
G

IM
D

1
0.0338807251841161

1.89
chr4

106385021
106385446

-17798
N

M
_001195138

G
IM

AP fam
ily P-loop N

TPase dom
ain containing 1

protein-coding
C

O
L6A3

0.0339081567897682
2.54

chr2
237393999

237394186
20115

N
M

_057165
collagen type VI alpha 3 chain

protein-coding
M

IR
7157

0.0339438269783867
2.94

chr2
141085724

141085966
-499160

N
R

_106979
m

icroR
N

A 7157
ncR

N
A

VPS4B
0.0340185198666255

2.37
chr18

63397548
63397814

24838
N

M
_004869

vacuolar protein sorting 4 hom
olog B

protein-coding
M

IR
302F

0.0340644882546439
1.98

chr18
30281049

30281290
-17741

N
R

_031684
m

icroR
N

A 302f
ncR

N
A

C
1Q

TN
F3-AM

AC
R

0.0341516729309403
2.4

chr5
34099996

34100194
24433

N
R

_037951
C

1Q
TN

F3-AM
AC

R
 readthrough (N

M
D

 candidate)
ncR

N
A

FAM
46A

0.0341927956140755
-3.06

chr6
81294287

81294467
458334

N
M

_017633
fam

ily w
ith sequence sim

ilarity 46 m
em

ber A
protein-coding

O
R

56A1
0.0343659398305769

-1.86
chr11

6062651
6063076

-35122
N

M
_001001917

olfactory receptor fam
ily 56 subfam

ily A m
em

ber 1
protein-coding

N
FIB

0.0343836843341912
-2.98

chr9
14272876

14273047
41085

N
M

_005596
nuclear factor I B

protein-coding
AN

O
5

0.0343918103452709
3.34

chr11
21990443

21990616
-202647

N
M

_001142649
anoctam

in 5
protein-coding

TAG
AP

0.0344550473612269
2.42

chr6
159035967

159036139
6300

N
M

_001278733
T-cell activation R

hoG
TPase activating protein

protein-coding
G

O
LG

A2P2Y
0.0344684744647147

-2.58
chrY

25356799
25356977

-98423
N

R
_001555

golgin A2 pseudogene 2, Y-linked
pseudo

FR
G

1C
P

0.0345350292548028
1.81

chr20
28841344

28841575
-238794

N
R

_132315
FSH

D
 region gene 1 fam

ily m
em

ber C
, pseudogene

pseudo
ZN

F717
0.0345672041964786

2.06
chr3

76108078
76108395

-322653
N

M
_001324026

zinc finger protein 717
protein-coding

LN
C

PR
ESS2

0.0345917842356942
2.2

chr4
92182391

92182579
94817

N
R

_125920
lncR

N
A p53 regulated and ESC

 associated 2
ncR

N
A

H
TR

1B
0.0346442396768775

2.57
chr6

76823576
76823899

640285
N

M
_000863

5-hydroxytryptam
ine receptor 1B

protein-coding
C

YP2C
19

0.0346886074294003
2.36

chr10
94813062

94813232
50466

N
M

_000769
cytochrom

e P450 fam
ily 2 subfam

ily C
 m

em
ber 19

protein-coding
LIN

C
00293

0.0346986387484376
2.12

chr8
46572897

46573269
-267803

N
R

_027012
long intergenic non-protein coding R

N
A 293

ncR
N

A
SC

G
2

0.0347525317862525
2.81

chr2
223602453

223602636
-45

N
M

_003469
secretogranin II

protein-coding
SYN

2
0.0347595123157148

2.01
chr3

11929162
11929425

-75067
N

M
_133625

synapsin II
protein-coding

D
IAPH

3-AS1
0.034761472852552

2.52
chr13

59501388
59501585

-511232
N

R
_109838

D
IAPH

3 antisense R
N

A 1
ncR

N
A

M
IR

2054
0.0347820681120143

2.5
chr4

125679922
125680195

172799
N

R
_031746

m
icroR

N
A 2054

ncR
N

A
M

TSS1
0.0348304792499528

2.12
chr8

124688088
124688332

40297
N

M
_014751

M
TSS1, I-BAR

 dom
ain containing

protein-coding
PTN

0.0348682640867885
2.13

chr7
137585800

137585971
-241895

N
M

_001321387
pleiotrophin

protein-coding
ZN

F665
0.0349356147073514

-1.9
chr19

53192457
53193059

608
N

M
_024733

zinc finger protein 665
protein-coding

SO
R

C
S3

0.0349639698323761
2.39

chr10
104616183

104616371
-24824

N
M

_014978
sortilin related VPS10 dom

ain containing receptor 3
protein-coding

PR
KAG

2
0.035005873021284

2.1
chr7

151612468
151612794

19627
N

M
_024429

protein kinase AM
P-activated non-catalytic subunit gam

m
a 2

protein-coding
C

APS2
0.0350795411978324

2.44
chr12

75305473
75305640

24500
N

M
_032606

calcyphosine 2
protein-coding

M
AG

ED
4B

0.0351384460947644
2.62

chrX
52068846

52069059
320

N
M

_030801
M

AG
E fam

ily m
em

ber D
4B

protein-coding
TD

O
2

0.0352608134904907
2.25

chr4
155909626

155909851
6045

N
M

_005651
tryptophan 2,3-dioxygenase

protein-coding
KIF17

0.0352643572708023
2.13

chr1
20702770

20702932
15166

N
M

_001122819
kinesin fam

ily m
em

ber 17
protein-coding

G
N

PD
A2

0.0353259376067387
1.95

chr4
44823480

44823824
-97018

N
R

_073094
glucosam

ine-6-phosphate deam
inase 2

protein-coding
LO

C
645166

0.0353674501544203
-2.55

chr1
143498415

143498700
-73873

N
R

_027356
lym

phocyte-specific protein 1 pseudogene
pseudo

ZC
C

H
C

6
0.0353787289476442

-2.55
chr9

86336149
86336332

18210
N

M
_001330718

zinc finger C
C

H
C

-type containing 6
protein-coding

SC
N

3B
0.0354121125282058

1.98
chr11

123653853
123654073

644
N

M
_001040151

sodium
 voltage-gated channel beta subunit 3

protein-coding
SO

X1
0.0354555077262284

2.19
chr13

112062899
112063169

-4565
N

M
_005986

SR
Y-box 1

protein-coding
LO

C
101927849

0.0355204694020151
-2.77

chr4
149443055

149443282
288873

N
R

_125887
uncharacterized LO

C
101927849

ncR
N

A
N

FASC
0.0355627440600223

3.07
chr1

204842306
204842503

13750
N

M
_001005388

neurofascin
protein-coding

C
5orf47

0.0355776049380698
1.91

chr5
173989356

173989535
286

N
M

_001144954
chrom

osom
e 5 open reading fram

e 47
protein-coding
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D
R

D
1

0.0356926346191885
2.25

chr5
175460028

175460288
-15998

N
M

_000794
dopam

ine receptor D
1

protein-coding
LO

C
101926942

0.0357558148105276
2.98

chr10
90509520

90509704
31193

N
R

_110657
uncharacterized LO

C
101926942

ncR
N

A
G

PR
176

0.0358228408852429
1.93

chr15
39893882

39894402
26750

N
M

_001271854
G

 protein-coupled receptor 176
protein-coding

KC
N

E4
0.0358262206170769

-3.44
chr2

223324223
223324398

272380
N

M
_080671

potassium
 voltage-gated channel subfam

ily E regulatory subunit 4
protein-coding

LO
C

100131496
0.0358421473286647

1.86
chr20

47255018
47255261

-63363
N

R
_024594

uncharacterized LO
C

100131496
ncR

N
A

ETS1
0.0359007043732651

2
chr11

128604015
128604177

-16538
N

M
_001143820

ETS proto-oncogene 1, transcription factor
protein-coding

SLC
17A6

0.0359965356994991
-2.7

chr11
22334032

22334301
-3955

N
M

_020346
solute carrier fam

ily 17 m
em

ber 6
protein-coding

C
SM

D
3

0.0360176780496245
1.83

chr8
113432333

113432827
4433

N
M

_052900
C

U
B and Sushi m

ultiple dom
ains 3

protein-coding
LO

C
101927915

0.0360623547029463
1.99

chr8
137154108

137154448
259310

N
R

_125428
uncharacterized LO

C
101927915

ncR
N

A
LIN

C
01252

0.0360860867797433
1.96

chr12
11500849

11501005
-47103

N
R

_033890
long intergenic non-protein coding R

N
A 1252

ncR
N

A
D

LG
AP1-AS4

0.036088446293948
-3.1

chr18
3998724

3998909
36463

N
R

_102696
D

LG
AP1 antisense R

N
A 4

ncR
N

A
G

ALN
T1

0.0360902520071647
2.99

chr18
35755210

35755375
100723

N
M

_020474
polypeptide N

-acetylgalactosam
inyltransferase 1

protein-coding
M

IR
7641-2

0.0361221856930233
2.36

chr5
34771499

34771685
-30726

N
R

_106988
m

icroR
N

A 7641-2
ncR

N
A

LIN
C

01207
0.0361361082185763

2.12
chr4

164667021
164667660

-86791
N

R
_038834

long intergenic non-protein coding R
N

A 1207
ncR

N
A

LO
C

100133920
0.0361690643310237

2.56
chr2

93830119
93830448

756900
N

R
_024443

m
ethylenetetrahydrofolate dehydrogenase (N

AD
P+ dependent) 1-like 

pseudogene
pseudo

C
TN

N
A3

0.0361770615108817
2.81

chr10
67624925

67625120
40663

N
M

_001291133
catenin alpha 3

protein-coding
AH

C
TF1P1

0.0362508366647757
3.05

chr2
161506657

161506822
1163

N
R

_077058
AT-hook containing transcription factor 1 pseudogene 1

pseudo
M

IR
147A

0.0363148366673969
2.77

chr9
120326989

120327179
-82034

N
R

_029604
m

icroR
N

A 147a
ncR

N
A

M
IR

4643
0.0363775858193175

2.23
chr6

91437300
91437537

-84242
N

R
_039786

m
icroR

N
A 4643

ncR
N

A
U

C
K2

0.0363911880651173
2.83

chr1
165834905

165835164
7539

N
M

_012474
uridine-cytidine kinase 2

protein-coding
FAM

170A
0.0364895557639526

1.95
chr5

119542854
119543372

-86446
N

M
_001163991

fam
ily w

ith sequence sim
ilarity 170 m

em
ber A

protein-coding
R

AN
BP3L

0.0365432278415808
2.67

chr5
36272323

36272503
29489

N
M

_001323280
R

AN
 binding protein 3 like

protein-coding
LO

C
102467222

0.0365601363459264
2.72

chr8
20765667

20765859
-187870

N
R

_130774
uncharacterized LO

C
102467222

ncR
N

A
EM

BP1
0.0366379878967718

1.94
chr1

125162266
125162538

3643290
N

R
_003955

em
bigin pseudogene 1

pseudo
LIN

C
00200

0.0366788918978982
-2.17

chr10
1141004

1141345
-18594

N
R

_015376
long intergenic non-protein coding R

N
A 200

ncR
N

A
M

IR
4641

0.0367065644475402
1.85

chr6
41596532

41596776
-2069

N
R

_039784
m

icroR
N

A 4641
ncR

N
A

SN
O

R
A87

0.0367343681289231
-2.5

chr10
113284228

113284396
238957

N
R

_132769
sm

all nucleolar R
N

A, H
/AC

A box 87
snoR

N
A

C
C

N
Y

0.0367364343858981
2.46

chr10
35235554

35235704
-11352

N
M

_181698
cyclin Y

protein-coding
LO

C
101927269

0.0367605785037324
1.98

chr7
80373351

80373733
897

N
R

_110075
uncharacterized LO

C
101927269

ncR
N

A
ZAN

0.0367836881313405
2.15

chr7
100765044

100765210
31501

N
R

_111918
zonadhesin (gene/pseudogene)

protein-coding
ZN

F716
0.0368760635014537

2.25
chr7

58663028
58663387

1213030
N

M
_001159279

zinc finger protein 716
protein-coding

G
LYATL1

0.0369221542370065
2.84

chr11
58977439

58977675
34308

N
M

_080661
glycine-N

-acyltransferase like 1
protein-coding

LAM
C

1
0.0369334533044305

2.59
chr1

183098247
183098505

74916
N

M
_002293

lam
inin subunit gam

m
a 1

protein-coding
C

AC
N

A1A
0.0369501612995927

2.01
chr19

13383608
13383757

122778
N

M
_001174080

calcium
 voltage-gated channel subunit alpha1 A

protein-coding
O

R
7E156P

0.0369646935807147
2.17

chr13
63636405

63636889
-100788

N
R

_002171
olfactory receptor fam

ily 7 subfam
ily E m

em
ber 156 pseudogene

pseudo
AC

TR
3BP5

0.0369682020645699
2.1

chr10
39998914

39999097
1302409

N
R

_045000
AC

TR
3B pseudogene 5

pseudo
EPH

A7
0.0370051767807108

2.93
chr6

93538791
93539031

-119329
N

M
_004440

EPH
 receptor A7

protein-coding
M

AT2B
0.0370394678370107

2.75
chr5

163774439
163774625

269004
N

M
_013283

m
ethionine adenosyltransferase 2B

protein-coding
IQ

C
J

0.0370401038786572
2.4

chr3
159090568

159090756
21410

N
M

_001197100
IQ

 m
otif containing J

protein-coding
M

ETR
N

L
0.0370568516969694

2.28
chr17

83083322
83083502

3721
N

M
_001004431

m
eteorin like, glial cell differentiation regulator

protein-coding
M

IR
3152

0.0370720155820744
-3.07

chr9
18800442

18800629
227229

N
R

_036107
m

icroR
N

A 3152
ncR

N
A

N
PY5R

0.037102446631943
2.54

chr4
163396022

163396196
52007

N
M

_001317091
neuropeptide Y receptor Y5

protein-coding
LO

C
644285

0.0372375744705325
2.94

chr5
87348844

87349008
-25298

N
R

_130929
uncharacterized LO

C
644285

ncR
N

A
TM

C
O

5A
0.037276985459289

2.03
chr15

37891979
37892162

-42537
N

M
_152453

transm
em

brane and coiled-coil dom
ains 5A

protein-coding
AR

H
G

AP42
0.0373135200902935

2.01
chr11

100470117
100470331

-217452
N

M
_152432

R
ho G

TPase activating protein 42
protein-coding

KIF26B
0.0373185197941691

3.49
chr1

245757364
245757523

602458
N

M
_018012

kinesin fam
ily m

em
ber 26B

protein-coding
LIN

C
01847

0.0373219742791572
2.13

chr5
159872565

159872728
-1262

N
R

_109891
long intergenic non-protein coding R

N
A 1847

ncR
N

A
LO

C
100507534

0.0373260005949633
2.01

chr16
47904542

47904753
-17517

N
R

_110649
uncharacterized LO

C
100507534

ncR
N

A
LO

C
101929470

0.0373541952741261
1.97

chr8
29804563

29804777
23834

N
R

_125817
uncharacterized LO

C
101929470

ncR
N

A
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LO
C

441666
0.0373572584892878

2.53
chr10

41300950
41301155

1066993
N

R
_024380

zinc finger protein 91 pseudogene
pseudo

LO
C

389705
0.0373598679332309

3.27
chr9

14954971
14955175

-38254
N

R
_003920

chrom
osom

e 4 open reading fram
e 27 pseudogene

pseudo
AN

KR
D

20A5P
0.0374112893356891

2.1
chr18

14225409
14225845

46530
N

R
_040113

ankyrin repeat dom
ain 20 fam

ily m
em

ber A5, pseudogene
pseudo

SYT10
0.0374211859102463

2.24
chr12

33439290
33439484

432
N

M
_198992

synaptotagm
in 10

protein-coding
C

YP7B1
0.0374557123414106

1.84
chr8

64772193
64772405

26492
N

M
_001324112

cytochrom
e P450 fam

ily 7 subfam
ily B m

em
ber 1

protein-coding
LILR

A5
0.0374597674046822

2.19
chr19

54316325
54316496

-3271
N

M
_181985

leukocyte im
m

unoglobulin like receptor A5
protein-coding

PLO
D

2
0.0375601132962455

2.23
chr3

146072007
146072230

89377
N

M
_182943

procollagen-lysine,2-oxoglutarate 5-dioxygenase 2
protein-coding

LN
PEP

0.0375649780617276
2.56

chr5
96984733

96985025
26427

N
M

_175920
leucyl and cystinyl am

inopeptidase
protein-coding

N
PAS2

0.0375868653235714
-2.13

chr2
100715402

100715670
-104615

N
M

_002518
neuronal PAS dom

ain protein 2
protein-coding

LIN
C

00273
0.0375939345324801

2.26
chr16

34619961
34620189

-460039
N

R
_038368

long intergenic non-protein coding R
N

A 273
ncR

N
A

PSAT1
0.0376383423357514

-1.94
chr9

78369606
78369869

72662
N

M
_058179

phosphoserine am
inotransferase 1

protein-coding
LIN

C
00907

0.0376843187987857
-2.01

chr18
42392600

42392769
206016

N
R

_046456
long intergenic non-protein coding R

N
A 907

ncR
N

A
LIN

C
02120

0.0376896112844809
2.52

chr5
32831713

32832045
-115564

N
R

_033832
long intergenic non-protein coding R

N
A 2120

ncR
N

A
LO

C
101928510

0.0377403499186254
2.18

chr11
36159965

36160142
-82152

N
R

_135064
uncharacterized LO

C
101928510

ncR
N

A
LH

PP
0.0377502712035056

-2.15
chr10

124478033
124478226

16357
N

M
_001318332

phospholysine phosphohistidine inorganic pyrophosphate phosphatase
protein-coding

R
U

FY1
0.0377742247645531

1.96
chr5

179523153
179523326

-27322
N

M
_025158

R
U

N
 and FYVE dom

ain containing 1
protein-coding

LIN
C

00922
0.0377968706488789

2.34
chr16

65562816
65563011

13387
N

R
_027755

long intergenic non-protein coding R
N

A 922
ncR

N
A

W
N

T16
0.0378019982312564

2.25
chr7

121327641
121327911

-1260
N

M
_057168

W
nt fam

ily m
em

ber 16
protein-coding

PO
N

1
0.0378278388175169

1.9
chr7

95311544
95311949

12826
N

M
_000446

paraoxonase 1
protein-coding

TAC
R

3
0.0378747569842752

1.83
chr4

103934156
103934416

-214470
N

M
_001059

tachykinin receptor 3
protein-coding

R
N

G
TT

0.0379682390791618
2.42

chr6
88828086

88828239
135467

N
M

_001286428
R

N
A guanylyltransferase and 5'-phosphatase

protein-coding
C

YP4Z1
0.0379944162226157

2.29
chr1

47080873
47081074

13485
N

M
_178134

cytochrom
e P450 fam

ily 4 subfam
ily Z m

em
ber 1

protein-coding
SLC

16A7
0.0380823289647928

2.85
chr12

59724280
59724470

35038
N

R
_073055

solute carrier fam
ily 16 m

em
ber 7

protein-coding
LR

FN
2

0.0380936005503995
-2.18

chr6
40550422

40550596
36955

N
M

_020737
leucine rich repeat and fibronectin type III dom

ain containing 2
protein-coding

C
ST9L

0.0381353370201198
3.01

chr20
23575719

23575899
-7060

N
M

_080610
cystatin 9-like

protein-coding

LO
C

100133920
0.0381897967593

2.02
chr2

93954901
93955054

632206
N

R
_024443

m
ethylenetetrahydrofolate dehydrogenase (N

AD
P+ dependent) 1-like 

pseudogene
pseudo

FG
F8

0.0382001201438895
2.13

chr10
101779735

101779919
542

N
M

_001206389
fibroblast grow

th factor 8
protein-coding

LIN
C

02126
0.0382569767075092

2.16
chr16

65334689
65334881

-158212
N

R
_110918

long intergenic non-protein coding R
N

A 2126
ncR

N
A

LO
C

105373338
0.0382653411874088

-1.89
chrX

130676792
130677072

-125704
N

R
_135655

uncharacterized LO
C

105373338
ncR

N
A

FAM
95C

0.038275477422055
2.05

chr9
38555126

38555343
-9862

N
R

_047651
fam

ily w
ith sequence sim

ilarity 95 m
em

ber C
ncR

N
A

D
IR

C
3

0.0383350951466315
2.07

chr2
217756478

217756844
-68

N
R

_026597
disrupted in renal carcinom

a 3
ncR

N
A

LO
C

101927050
0.038381487369629

2.2
chr2

90317223
90317441

-679425
N

R
_136329

lysine m
ethyltransferase 2C

 pseudogene
pseudo

BM
P3

0.0383866805193993
-3.22

chr4
80744632

80744883
-286208

N
M

_001201
bone m

orphogenetic protein 3
protein-coding

N
XPH

2
0.0384583419309674

2.65
chr2

138646793
138646948

133371
N

M
_007226

neurexophilin 2
protein-coding

LO
C

100507377
0.0385041718797124

2.94
chr12

74370829
74370992

-78279
N

R
_038300

uncharacterized LO
C

100507377
ncR

N
A

R
O

BO
2

0.0385056297522938
3.08

chr3
76426242

76426414
-613815

N
M

_002942
roundabout guidance receptor 2

protein-coding
G

FR
A1

0.0385090989355762
3.05

chr10
116254656

116254825
17567

N
M

_145793
G

D
N

F fam
ily receptor alpha 1

protein-coding
TM

ED
4

0.0385350956826798
2.11

chr7
44588309

44588502
-6110

N
M

_182547
transm

em
brane p24 trafficking protein 4

protein-coding

LO
C

100506422
0.0385380299095823

-3.31
chr9

25962350
25962502

-104249
N

M
_001004352

putative deoxyuridine 5'-triphosphate nucleotidohydrolase-like protein FLJ16323
protein-coding

LIN
C

00423
0.0386875551455923

2.24
chr13

32819561
32819756

91994
N

R
_047020

long intergenic non-protein coding R
N

A 423
ncR

N
A

LIN
C

00593
0.0387362722036605

2.14
chr15

69853494
69853653

18339
N

R
_026764

long intergenic non-protein coding R
N

A 593
ncR

N
A

SLC
8A1-AS1

0.0387515206724167
1.84

chr2
39960845

39961007
43292

N
R

_038441
SLC

8A1 antisense R
N

A 1
ncR

N
A

FR
AS1

0.0387642822856711
3.87

chr4
78100613

78100773
43123

N
M

_025074
Fraser extracellular m

atrix com
plex subunit 1

protein-coding
N

O
VA1

0.0387754584469196
2.35

chr14
26010150

26010563
587398

N
M

_006491
N

O
VA alternative splicing regulator 1

protein-coding
BO

LA3
0.0388080362816116

1.87
chr2

74100838
74101072

46957
N

M
_001035505

bolA fam
ily m

em
ber 3

protein-coding
C

8orf87
0.0388419576744212

2.95
chr8

93348736
93348894

-181965
N

M
_001242668

chrom
osom

e 8 open reading fram
e 87

protein-coding
STN

1
0.0388489170631807

1.91
chr10

103912499
103912812

5632
N

M
_024928

STN
1, C

ST com
plex subunit

protein-coding
TG

FBR
2

0.0389362892868413
-2.79

chr3
30440108

30440494
-166201

N
M

_003242
transform

ing grow
th factor beta receptor 2

protein-coding
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XIAP
0.0389604246351982

2.04
chrX

123833598
123833820

-26103
N

M
_001204401

X-linked inhibitor of apoptosis
protein-coding

N
T5C

1B
0.0389629794176342

2.96
chr2

18781690
18781965

-192247
N

M
_001199088

5'-nucleotidase, cytosolic IB
protein-coding

LIN
C

01372
0.0389870336189238

1.94
chr7

67643815
67644039

307951
N

R
_108104

long intergenic non-protein coding R
N

A 1372
ncR

N
A

LIN
C

01526
0.0389985299975089

-1.82
chr6

81820817
81821341

-6887
N

R
_126363

long intergenic non-protein coding R
N

A 1526
ncR

N
A

TYR
P1

0.0390000822269068
2.37

chr9
11839988

11840178
-853303

N
M

_000550
tyrosinase related protein 1

protein-coding
LU

C
AT1

0.0390096718293034
2.01

chr5
91028770

91028951
285542

N
R

_103549
lung cancer associated transcript 1 (non-protein coding)

ncR
N

A
U

G
T8

0.0390141237834773
2.5

chr4
114615681

114615879
-6587

N
M

_003360
U

D
P glycosyltransferase 8

protein-coding
XIR

P2
0.0390210510143754

3.22
chr2

167265617
167265831

78441
N

M
_001199144

xin actin binding repeat containing 2
protein-coding

M
IR

4459
0.0391405120783677

2.25
chr5

54114826
54115048

-39354
N

R
_039664

m
icroR

N
A 4459

ncR
N

A
M

IS18BP1
0.0391876280416239

-3.14
chr14

45281723
45281898

-28408
N

M
_018353

M
IS18 binding protein 1

protein-coding
D

C
LK2

0.0392151195876978
3.3

chr4
150004521

150004733
-73647

N
M

_001040260
doublecortin like kinase 2

protein-coding
PTBP2

0.0392915052673732
-2.52

chr1
96792128

96792521
69686

N
R

_125356
polypyrim

idine tract binding protein 2
protein-coding

G
PC

6-AS2
0.0394271072109638

2
chr13

93799943
93800557

58223
N

R
_046536

G
PC

6 antisense R
N

A 2
ncR

N
A

C
TN

N
A2

0.0395028023797906
2.79

chr2
80709613

80709774
396314

N
M

_001282599
catenin alpha 2

protein-coding
H

D
D

C
2

0.0395131015775039
1.81

chr6
125279982

125280209
22041

N
M

_016063
H

D
 dom

ain containing 2
protein-coding

LIN
C

01821
0.0395626790581659

2.46
chr2

193603912
193604093

-740267
N

R
_110222

long intergenic non-protein coding R
N

A 1821
ncR

N
A

D
N

AH
6

0.0395979506615304
1.83

chr2
84585353

84585531
68987

N
M

_001370
dynein axonem

al heavy chain 6
protein-coding

W
D

R
18

0.0396230056226339
2.09

chr19
958878

959042
-25368

N
M

_024100
W

D
 repeat dom

ain 18
protein-coding

N
M

BR
0.0396510754614315

2.66
chr6

141563234
141563460

525452
N

M
_002511

neurom
edin B receptor

protein-coding
N

XPH
1

0.0396627673123655
2.47

chr7
8365707

8365893
-68155

N
M

_152745
neurexophilin 1

protein-coding
C

11orf49
0.0396807885769897

2.54
chr11

46978147
46978378

41573
N

M
_001003676

chrom
osom

e 11 open reading fram
e 49

protein-coding
LO

C
90768

0.0397035845704173
2.91

chr4
181668830

181669048
475576

N
R

_027107
uncharacterized LO

C
90768

ncR
N

A
LO

C
101927691

0.0397342488348592
2.13

chr6
819004

819159
-49417

N
R

_110853
uncharacterized LO

C
101927691

ncR
N

A
PTPR

D
0.0397731621605636

-3.01
chr9

10232299
10232507

380320
N

M
_002839

protein tyrosine phosphatase, receptor type D
protein-coding

D
PYS

0.0398192514903356
1.92

chr8
104417631

104417799
49334

N
M

_001385
dihydropyrim

idinase
protein-coding

LO
C

100506675
0.0398537994923635

1.86
chr11

31939157
31939362

102059
N

R
_120526

uncharacterized LO
C

100506675
ncR

N
A

LIN
C

02120
0.0399530353580028

2.28
chr5

33098192
33098423

150864
N

R
_033832

long intergenic non-protein coding R
N

A 2120
ncR

N
A

TM
EM

71
0.0399890280877086

3.13
chr8

132753669
132753825

6921
N

M
_144649

transm
em

brane protein 71
protein-coding

M
IR

4799
0.0400096665134576

2.03
chr4

148015333
148015608

232875
N

R
_039962

m
icroR

N
A 4799

ncR
N

A
LIN

C
01324

0.0400447104567176
2.02

chr3
164805991

164806338
25316

N
R

_126405
long intergenic non-protein coding R

N
A 1324

ncR
N

A
SPEF2

0.0400448937896093
-1.96

chr5
35683351

35683776
65676

N
M

_024867
sperm

 flagellar 2
protein-coding

U
SP12-AS1

0.0401473964679615
2.87

chr13
27079691

27079870
-45753

N
R

_046547
U

SP12 antisense R
N

A 1
ncR

N
A

KC
N

M
A1

0.0401728591462592
-2.25

chr10
77601492

77601778
36184

N
M

_001271522
potassium

 calcium
-activated channel subfam

ily M
 alpha 1

protein-coding
IL1R

AP
0.0401979544401336

2.35
chr3

190543632
190543848

29689
N

M
_134470

interleukin 1 receptor accessory protein
protein-coding

G
BE1

0.0402205393027501
3.6

chr3
83160715

83160910
-1399013

N
M

_000158
1,4-alpha-glucan branching enzym

e 1
protein-coding

PLC
L2

0.0402245726559737
2.45

chr3
16808910

16809098
-75955

N
M

_001144382
phospholipase C

 like 2
protein-coding

LIN
C

01243
0.0402489608602052

-3
chr9

31304022
31304216

77371
N

R
_135134

long intergenic non-protein coding R
N

A 1243
ncR

N
A

N
R

SN
1

0.0402587545121877
-2.13

chr6
23587596

23588047
-538365

N
M

_080723
neurensin 1

protein-coding
AASD

H
0.0402982565529359

2.55
chr4

56395137
56395289

-7705
N

M
_001286672

am
inoadipate-sem

ialdehyde dehydrogenase
protein-coding

LIN
C

02059
0.0404237646443829

2.3
chr5

86917182
86917444

170495
N

R
_105017

long intergenic non-protein coding R
N

A 2059
ncR

N
A

C
AC

N
A1I

0.0404359610139016
2.14

chr22
39557590

39557761
-13078

N
M

_021096
calcium

 voltage-gated channel subunit alpha1 I
protein-coding

M
ET

0.040440232036294
2.2

chr7
116665575

116665849
-6647

N
M

_001324402
M

ET proto-oncogene, receptor tyrosine kinase
protein-coding

C
N

TN
6

0.0404713612249507
2.13

chr3
1034552

1034785
-57990

N
M

_001289081
contactin 6

protein-coding
D

H
FR

P3
0.0405284562522674

3.79
chr2

83320927
83321105

464213
N

R
_033423

dihydrofolate reductase pseudogene 3
pseudo

M
IR

4465
0.040559630056024

2.24
chr6

141253076
141253523

569485
N

R
_039675

m
icroR

N
A 4465

ncR
N

A
TBC

1D
14

0.0405740624907883
2.68

chr4
6859968

6860167
-49377

N
M

_001113361
TBC

1 dom
ain fam

ily m
em

ber 14
protein-coding

N
BPF8

0.0406098100988267
2.41

chr1
120491289

120491553
55070

N
R

_102404
neuroblastom

a breakpoint fam
ily m

em
ber 8

protein-coding
TIPAR

P
0.0406355446934158

-2.94
chr3

156703799
156703966

27218
N

M
_001184718

TC
D

D
 inducible poly(AD

P-ribose) polym
erase

protein-coding
C

1orf198
0.040636865543612

-2.7
chr1

230844535
230844719

11409
N

M
_001136495

chrom
osom

e 1 open reading fram
e 198

protein-coding
TSPAN

12
0.0406562790051395

-2.69
chr7

120845861
120846099

12143
N

M
_012338

tetraspanin 12
protein-coding
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M
APR

E1
0.0407215884948744

2.95
chr20

32855118
32855264

35298
N

M
_012325

m
icrotubule associated protein R

P/EB fam
ily m

em
ber 1

protein-coding
SP4

0.0408077064613589
1.98

chr7
21319444

21319612
-108506

N
M

_001326542
Sp4 transcription factor

protein-coding
IN

PP4B
0.040814236019436

2.48
chr4

142983651
142983842

-137211
N

M
_001101669

inositol polyphosphate-4-phosphatase type II B
protein-coding

H
TR

2A
0.0408613961533424

2.88
chr13

47311989
47312189

-415013
N

M
_000621

5-hydroxytryptam
ine receptor 2A

protein-coding
C

XC
L8

0.0408725299868854
2.06

chr4
73773672

73773983
33321

N
M

_000584
C

-X-C
 m

otif chem
okine ligand 8

protein-coding
LIN

C
00609

0.0408897604888748
2.1

chr14
36014198

36014384
-56136

N
R

_073454
long intergenic non-protein coding R

N
A 609

ncR
N

A
C

N
TN

AP5
0.0408989500345662

2.3
chr2

123944437
123944642

-80748
N

M
_130773

contactin associated protein like 5
protein-coding

LIN
C

00491
0.0409401635828057

1.92
chr5

102693237
102693550

-21929
N

R
_103756

long intergenic non-protein coding R
N

A 491
ncR

N
A

G
LU

L
0.0409556412047467

-2.21
chr1

182379827
182380234

11374
N

M
_001033056

glutam
ate-am

m
onia ligase

protein-coding
LIN

C
00363

0.040958710566642
2.56

chr13
93088959

93089176
43726

N
R

_126360
long intergenic non-protein coding R

N
A 363

ncR
N

A

ATP5G
3

0.0409731248604326
2.48

chr2
175282182

175282503
-100580

N
M

_001689
ATP synthase, H

+ transporting, m
itochondrial Fo com

plex subunit C
3 (subunit 

9)
protein-coding

XKR
9

0.0410234175398491
2.25

chr8
70787533

70788117
118378

N
M

_001287260
XK related 9

protein-coding
LO

C
644919

0.0410396559352229
2.78

chr14
40411994

40412154
-542637

N
R

_109758
uncharacterized LO

C
644919

ncR
N

A
C

C
T6B

0.0410776944338768
1.92

chr17
34909523

34909719
51888

N
M

_001193529
chaperonin containing TC

P1 subunit 6B
protein-coding

BM
PER

0.0411061155450276
1.93

chr7
33998233

33998625
93518

N
M

_133468
BM

P binding endothelial regulator
protein-coding

LO
C

643542
0.0411065708395185

3.27
chr18

67478144
67478368

-38290
N

R
_033921

uncharacterized LO
C

643542
ncR

N
A

LIN
C

00273
0.0411479316075811

2.28
chr16

34618534
34618786

-458624
N

R
_038368

long intergenic non-protein coding R
N

A 273
ncR

N
A

LIN
C

02140
0.0411965727614414

-1.84
chr16

54459727
54460031

-89180
N

R
_134923

long intergenic non-protein coding R
N

A 2140
ncR

N
A

R
G

S17
0.0412228170227161

2.32
chr6

153073691
153073853

57482
N

M
_012419

regulator of G
-protein signaling 17

protein-coding
R

AI14
0.0412510191888866

1.99
chr5

34695953
34696266

8550
N

M
_001145523

retinoic acid induced 14
protein-coding

LO
C

644669
0.0412910087439811

2.32
chr18

15693238
15693398

-367399
N

R
_027417

ankyrin repeat dom
ain 30B pseudogene

pseudo
O

R
6P1

0.0412956975902522
3.26

chr1
158569222

158569385
-5699

N
M

_001160325
olfactory receptor fam

ily 6 subfam
ily P m

em
ber 1

protein-coding
N

PY
0.0413155204181811

2.25
chr7

24382032
24382222

97939
N

M
_000905

neuropeptide Y
protein-coding

FAM
193A

0.0413225927660258
2.43

chr4
2670713

2670885
45367

N
R

_046335
fam

ily w
ith sequence sim

ilarity 193 m
em

ber A
protein-coding

R
R

N
3P2

0.0413272695716763
-2.54

chr16
29080211

29080373
5450

N
R

_003369
R

R
N

3 hom
olog, R

N
A polym

erase I transcription factor pseudogene 2
pseudo

LO
C

105370369
0.0413785189060694

-2.38
chr13

111596374
111596548

452
N

R
_135814

uncharacterized LO
C

105370369
ncR

N
A

LO
C

105369509
0.0413923589303491

2.42
chr11

115226547
115226866

-106871
N

R
_135108

uncharacterized LO
C

105369509
ncR

N
A

AR
M

C
2-AS1

0.0414300957341301
1.87

chr6
108957591

108957782
-33583

N
R

_104137
AR

M
C

2 antisense R
N

A 1
ncR

N
A

M
IR

6888
0.0415013189367252

2.08
chr2

159169944
159170105

-16811
N

R
_106948

m
icroR

N
A 6888

ncR
N

A
LO

C
101929721

0.0415801883937104
2.52

chr1
49353457

49353662
96148

N
R

_125988
uncharacterized LO

C
101929721

ncR
N

A
M

R
C

1
0.0416606665768715

1.85
chr10

17794250
17794615

-14911
N

M
_002438

m
annose receptor C

-type 1
protein-coding

M
TR

N
R

2L1
0.0416745201081715

2.3
chr17

22940939
22941097

417907
N

M
_001190452

M
T-R

N
R

2-like 1
protein-coding

LIN
C

02032
0.0417327320445452

3.24
chr3

147890152
147890456

-187855
N

R
_134937

long intergenic non-protein coding R
N

A 2032
ncR

N
A

LIN
C

01309
0.0417402516366022

2.41
chr13

104085628
104085781

660504
N

R
_126374

long intergenic non-protein coding R
N

A 1309
ncR

N
A

LO
C

101929411
0.0418794280020349

2.23
chr3

102077693
102078157

-85780
N

R
_135549

uncharacterized LO
C

101929411
ncR

N
A

LSM
6

0.0418892489486083
2.45

chr4
146260782

146261101
85258

N
M

_007080
LSM

6 hom
olog, U

6 sm
all nuclear R

N
A and m

R
N

A degradation associated
protein-coding

M
IR

592
0.0419382181241316

1.93
chr7

126657713
126658017

400319
N

R
_030323

m
icroR

N
A 592

ncR
N

A
LIN

C
01372

0.042010293073596
3.28

chr7
67343132

67343299
7239

N
R

_108104
long intergenic non-protein coding R

N
A 1372

ncR
N

A
XIR

P2
0.0420307260085427

2.33
chr2

167006276
167006452

117877
N

M
_152381

xin actin binding repeat containing 2
protein-coding

M
IR

3691
0.0420313249585624

-2.05
chr6

5140437
5141021

7593
N

R
_037462

m
icroR

N
A 3691

ncR
N

A
R

BM
47

0.0420771941611607
-2.25

chr4
40688201

40688358
-58413

N
M

_001098634
R

N
A binding m

otif protein 47
protein-coding

PC
D

H
7

0.0420890987425695
2.91

chr4
30232299

30232458
-488030

N
M

_032456
protocadherin 7

protein-coding
C

5orf52
0.0420929617540282

1.82
chr5

157693741
157694029

22332
N

M
_001145132

chrom
osom

e 5 open reading fram
e 52

protein-coding
FASLG

0.0420964561516753
-2.58

chr1
172692044

172692289
33158

N
M

_000639
Fas ligand

protein-coding
LO

C
101928618

0.0421301010749877
-2.83

chr7
36027682

36027837
-67551

N
R

_108089
uncharacterized LO

C
101928618

ncR
N

A
SSX2IP

0.0421580388343612
3.45

chr1
84737315

84737489
-46845

N
M

_001166294
SSX fam

ily m
em

ber 2 interacting protein
protein-coding

N
R

G
1-IT3

0.0421889652652788
2.58

chr8
32459754

32459925
19093

N
R

_047475
N

R
G

1 intronic transcript 3
ncR

N
A

LO
C

102467222
0.0421902616357302

2.38
chr8

20907199
20907378

-46345
N

R
_130774

uncharacterized LO
C

102467222
ncR

N
A

W
SC

D
2

0.0422055759629546
2.7

chr12
108181996

108182160
50347

N
M

_001304447
W

SC
 dom

ain containing 2
protein-coding
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G
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LIN
C

01582
0.0422268411034033

1.9
chr15

98180283
98180475

-91626
N

R
_120325

long intergenic non-protein coding R
N

A 1582
ncR

N
A

VSX2
0.042265696337913

2.23
chr14

74245915
74246086

6528
N

M
_182894

visual system
 hom

eobox 2
protein-coding

BC
O

R
0.0423802825191047

2.05
chrX

40176633
40176810

608
N

M
_001123384

BC
L6 corepressor

protein-coding
LO

C
100130331

0.0424387345561715
2.03

chr1
237875377

237875681
13354

N
R

_027247
PO

TE ankyrin dom
ain fam

ily, m
em

ber F pseudogene
pseudo

A4G
ALT

0.0425437594806357
-2.59

chr22
42721091

42721242
135

N
M

_001318038
alpha 1,4-galactosyltransferase

protein-coding
VW

C
E

0.0425458191241164
2.36

chr11
61275930

61276104
19299

N
M

_152718
von W

illebrand factor C
 and EG

F dom
ains

protein-coding
C

N
TLN

0.0425568370276126
2.32

chr9
17240718

17240937
105836

N
M

_017738
centlein

protein-coding
BBS7

0.0425647966799588
3.03

chr4
121898086

121898305
-27698

N
M

_176824
Bardet-Biedl syndrom

e 7
protein-coding

N
FU

1
0.0425988178808096

2.59
chr2

69471277
69471451

-33736
N

M
_015700

N
FU

1 iron-sulfur cluster scaffold
protein-coding

O
R

2S2
0.0428454153546079

-2.26
chr9

35945597
35945963

12374
N

M
_019897

olfactory receptor fam
ily 2 subfam

ily S m
em

ber 2 (gene/pseudogene)
protein-coding

M
EI4

0.0429480274861495
2.42

chr6
77739479

77739663
86517

N
M

_001322247
m

eiotic double-stranded break form
ation protein 4

protein-coding
PI4K2B

0.0429704355052642
1.89

chr4
25247240

25247403
13290

N
R

_144633
phosphatidylinositol 4-kinase type 2 beta

protein-coding
SELEN

O
P

0.0431002725853659
-2.25

chr5
42858228

42858475
-46429

N
M

_001085486
selenoprotein P

protein-coding
FAM

19A2
0.0432012291845876

1.98
chr12

61355765
61355915

836999
N

M
_178539

fam
ily w

ith sequence sim
ilarity 19 m

em
ber A2, C

-C
 m

otif chem
okine like

protein-coding
U

BASH
3A

0.0432157467888628
2.34

chr21
42407472

42407651
3699

N
M

_001001895
ubiquitin associated and SH

3 dom
ain containing A

protein-coding
LO

C
105374704

0.0433257172833789
2.15

chr5
30500779

30500964
620311

N
R

_134264
uncharacterized LO

C
105374704

ncR
N

A
PPAR

G
C

1A
0.0433290907351505

1.81
chr4

24192170
24192503

280493
N

M
_001330751

PPAR
G

 coactivator 1 alpha
protein-coding

LAR
P1B

0.0433361518482995
2.06

chr4
128101109

128101354
39965

N
M

_001278604
La ribonucleoprotein dom

ain fam
ily m

em
ber 1B

protein-coding
M

IR
5007

0.0433449258097705
2.84

chr13
55727647

55727831
553285

N
R

_049804
m

icroR
N

A 5007
ncR

N
A

O
R

8S1
0.0433787596624216

2.18
chr12

48542462
48542739

16968
N

M
_001005203

olfactory receptor fam
ily 8 subfam

ily S m
em

ber 1
protein-coding

LO
C

101927069
0.0434037935864989

2.78
chr9

68929550
68929704

46214
N

R
_110647

uncharacterized LO
C

101927069
ncR

N
A

EPAS1
0.0434121451614331

1.97
chr2

46142725
46142944

-154568
N

M
_001430

endothelial PAS dom
ain protein 1

protein-coding
LO

C
101927087

0.0434190767684384
1.97

chr4
124374279

124374459
184065

N
R

_110838
uncharacterized LO

C
101927087

ncR
N

A
D

IAPH
3-AS1

0.0434304443633454
2.05

chr13
59318209

59318507
-694360

N
R

_109838
D

IAPH
3 antisense R

N
A 1

ncR
N

A
U

BE2E1
0.0434306938045182

2.55
chr3

23762805
23762984

-42999
N

M
_003341

ubiquitin conjugating enzym
e E2 E1

protein-coding
ZN

F638
0.0434329762106003

1.86
chr2

71299669
71299869

-31986
N

M
_014497

zinc finger protein 638
protein-coding

SN
O

R
A70B

0.0435381847259003
2.44

chr2
61362310

61362475
54985

N
R

_003707
sm

all nucleolar R
N

A, H
/AC

A box 70B
snoR

N
A

LIN
C

01098
0.0436482717906001

2.63
chr4

177667628
177667855

-61016
N

R
_028342

long intergenic non-protein coding R
N

A 1098
ncR

N
A

M
AP3K7

0.0436705256008471
2.18

chr6
90800979

90801181
-213779

N
M

_145331
m

itogen-activated protein kinase kinase kinase 7
protein-coding

C
H

R
N

A9
0.0436716453524297

1.85
chr4

40405731
40405903

70488
N

M
_017581

cholinergic receptor nicotinic alpha 9 subunit
protein-coding

STPG
2

0.0437840499163665
2.02

chr4
98125719

98125997
17382

N
M

_174952
sperm

 tail PG
-rich repeat containing 2

protein-coding
TR

IM
L1

0.0439008164980713
2.27

chr4
188242263

188242451
102916

N
M

_178556
tripartite m

otif fam
ily like 1

protein-coding
SLC

1A3
0.0439149012301524

-2.32
chr5

36528821
36528981

-77454
N

M
_004172

solute carrier fam
ily 1 m

em
ber 3

protein-coding
R

R
M

1
0.0440733993282199

2.64
chr11

3999322
3999483

-95283
N

M
_001033

ribonucleotide reductase catalytic subunit M
1

protein-coding
FAM

135B
0.0440754158949034

-2.58
chr8

138505531
138505778

-8832
N

M
_015912

fam
ily w

ith sequence sim
ilarity 135 m

em
ber B

protein-coding
M

YO
3A

0.044089679210524
-2.03

chr10
25933875

25934253
-9

N
M

_017433
m

yosin IIIA
protein-coding

LO
C

101927901
0.0440898739730806

-3.42
chr12

67716759
67716915

12638
N

R
_110063

uncharacterized LO
C

101927901
ncR

N
A

BD
KR

B1
0.0441142951610781

-2.05
chr14

96309245
96309535

53180
N

M
_000710

bradykinin receptor B1
protein-coding

S100A7
0.0441627448517441

-1.95
chr1

153456460
153456845

4009
N

M
_002963

S100 calcium
 binding protein A7

protein-coding
M

R
PS25

0.0441638556147345
1.83

chr3
15016965

15017163
48273

N
R

_135246
m

itochondrial ribosom
al protein S25

protein-coding
LIN

C
01950

0.0441724374424575
5.57

chr5
106179819

106180015
831097

N
R

_104671
long intergenic non-protein coding R

N
A 1950

ncR
N

A
STN

1
0.0442838712599075

-2.4
chr10

103908193
103908481

9950
N

M
_024928

STN
1, C

ST com
plex subunit

protein-coding
G

N
B5

0.0443178005882002
1.95

chr15
52163362

52163582
16493

N
M

_006578
G

 protein subunit beta 5
protein-coding

TET2-AS1
0.0443541777715094

2.95
chr4

105411548
105411720

-58753
N

R
_126420

TET2 antisense R
N

A 1
ncR

N
A

ASIC
5

0.0443701321650871
2.35

chr4
155830979

155831171
35198

N
M

_017419
acid sensing ion channel subunit fam

ily m
em

ber 5
protein-coding

FAM
230C

0.0443742804234425
2.36

chr13
17226788

17226962
-968422

N
R

_027278
fam

ily w
ith sequence sim

ilarity 230 m
em

ber C
ncR

N
A

M
IR

3977
0.0445276540186919

-1.84
chr5

82594220
82594652

-245719
N

R
_039773

m
icroR

N
A 3977

ncR
N

A
VAV1

0.0445332827170118
1.9

chr19
6791237

6791466
18683

N
M

_001258206
vav guanine nucleotide exchange factor 1

protein-coding
ATM

IN
0.044553389386005

2.61
chr16

81056154
81056384

19087
N

M
_001300728

ATM
 interactor

protein-coding
LO

C
101927822

0.0446844817647074
1.85

chr8
133854899

133855286
-31404

N
R

_125424
uncharacterized LO

C
101927822

ncR
N

A
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LIN
C

01209
0.044690568116901

2.12
chr3

176814451
176814749

2401
N

R
_110819

long intergenic non-protein coding R
N

A 1209
ncR

N
A

PR
KAR

1A
0.0446978967669491

1.93
chr17

68389419
68389571

-24128
N

M
_001278433

protein kinase cAM
P-dependent type I regulatory subunit alpha

protein-coding
LIN

C
01781

0.0448308682418888
4.04

chr1
80258130

80258345
-277518

N
R

_125940
long intergenic non-protein coding R

N
A 1781

ncR
N

A
PAK5

0.0448471093476907
2.31

chr20
9750609

9750799
88335

N
M

_020341
p21 (R

AC
1) activated kinase 5

protein-coding
O

STF1
0.0449331988987287

3.29
chr9

75474463
75474614

386056
N

M
_012383

osteoclast stim
ulating factor 1

protein-coding
FR

G
1C

P
0.0449438654596203

2.4
chr20

27943238
27943386

659353
N

R
_132315

FSH
D

 region gene 1 fam
ily m

em
ber C

, pseudogene
pseudo

LO
C

439933
0.0449901765274379

-2.18
chr4

36206067
36206479

-37843
N

R
_122079

uncharacterized LO
C

439933
ncR

N
A

C
TN

N
D

2
0.0450612202490306

2.77
chr5

11761187
11761395

142752
N

M
_001288717

catenin delta 2
protein-coding

SM
G

6
0.0450859198775306

-2.87
chr17

2276671
2276863

-10568
N

M
_001256827

SM
G

6, nonsense m
ediated m

R
N

A decay factor
protein-coding

TTC
29

0.0450878587931776
2.81

chr4
147093407

147093624
-147629

N
M

_001300761
tetratricopeptide repeat dom

ain 29
protein-coding

LIN
C

01474
0.0450926529551335

1.83
chr9

72839764
72840049

34203
N

R
_121120

long intergenic non-protein coding R
N

A 1474
ncR

N
A

R
BM

43
0.0451157040155538

-1.82
chr2

151239010
151239438

22651
N

M
_198557

R
N

A binding m
otif protein 43

protein-coding
LO

C
100287072

0.0451559718527681
-2.52

chr17
20734708

20734863
22339

N
R

_073509
ribosom

al protein S6 kinase B1 pseudogene
pseudo

G
BE1

0.0453044386158926
2.47

chr3
81993685

81994134
-232110

N
M

_000158
1,4-alpha-glucan branching enzym

e 1
protein-coding

LIN
C

00865
0.0453080469672157

-2.81
chr10

89818306
89818470

-11105
N

R
_038382

long intergenic non-protein coding R
N

A 865
ncR

N
A

LO
C

102723886
0.0453318166278565

2.31
chr1

219419941
219420148

137280
N

R
_135822

uncharacterized LO
C

102723886
ncR

N
A

VC
Y1B

0.0453465654680436
2.2

chrY
13883079

13883271
103333

N
M

_181880
variable charge, Y-linked 1B

protein-coding
FYN

0.0453867430265907
1.94

chr6
111798449

111798700
-39443

N
M

_153048
FYN

 proto-oncogene, Src fam
ily tyrosine kinase

protein-coding
SLC

9A2
0.045405773942462

3.3
chr2

102582130
102582318

-37310
N

M
_003048

solute carrier fam
ily 9 m

em
ber A2

protein-coding
AR

H
G

AP26-AS1
0.0454230254341779

2.77
chr5

142962137
142962311

-93314
N

R
_046680

AR
H

G
AP26 antisense R

N
A 1

ncR
N

A
TBX5

0.0454239136980185
-2.35

chr12
114401212

114401390
4862

N
M

_181486
T-box 5

protein-coding
M

IR
4500

0.0455355305347836
3.39

chr13
87283745

87283937
334899

N
R

_039722
m

icroR
N

A 4500
ncR

N
A

SLC
39A12-AS1

0.0455517384998039
2.53

chr10
18070316

18070476
-59834

N
R

_038419
SLC

39A12 antisense R
N

A 1
ncR

N
A

AD
AM

TS16
0.0456442471118376

3.09
chr5

5184020
5184172

43766
N

R
_136935

AD
AM

 m
etallopeptidase w

ith throm
bospondin type 1 m

otif 16
protein-coding

G
R

ID
1-AS1

0.045652899159156
3.47

chr10
85677144

85677296
99489

N
R

_038986
G

R
ID

1 antisense R
N

A 1
ncR

N
A

O
LFM

3
0.0457096361922298

2.01
chr1

101996703
101997055

355
N

M
_001288823

olfactom
edin 3

protein-coding
C

N
R

1
0.0457128974872176

1.96
chr6

88238080
88238232

-72108
N

M
_001160258

cannabinoid receptor 1
protein-coding

BTN
L8

0.0457152550032173
2.26

chr5
180935382

180935531
25892

N
M

_001159710
butyrophilin like 8

protein-coding
D

C
D

C
5

0.0457163766722335
2

chr11
30984534

30984877
7981

N
M

_020869
doublecortin dom

ain containing 5
protein-coding

LVC
AT1

0.0457288076912799
2.44

chr4
43510342

43510510
-506435

N
R

_131959
liver cancer-associated transcript 1

ncR
N

A
M

IR
4473

0.0458772722091954
2.33

chr9
20219303

20219465
191854

N
R

_039684
m

icroR
N

A 4473
ncR

N
A

M
IR

4743
0.0459320640819482

-2.36
chr18

48710595
48710851

40123
N

R
_039897

m
icroR

N
A 4743

ncR
N

A
ZN

F716
0.04594272257126

2.37
chr7

59836756
59837419

2386910
N

M
_001159279

zinc finger protein 716
protein-coding

C
D

H
12

0.0459687662769158
2.6

chr5
22971181

22971360
-117648

N
M

_004061
cadherin 12

protein-coding
LIN

C
00997

0.0460155371610722
2.56

chr7
32768902

32769134
10732

N
R

_036501
long intergenic non-protein coding R

N
A 997

ncR
N

A
LO

C
105372028

0.0460244646886616
3.13

chr18
24915216

24915424
189539

N
R

_134604
uncharacterized LO

C
105372028

ncR
N

A

LO
C

100506422
0.0460657240621303

2.51
chr9

26135273
26135493

68708
N

M
_001004352

putative deoxyuridine 5'-triphosphate nucleotidohydrolase-like protein FLJ16323
protein-coding

SH
D

0.0462067982788078
-1.95

chr19
4274255

4274635
-4156

N
M

_020209
Src hom

ology 2 dom
ain containing transform

ing protein D
protein-coding

FLN
B-AS1

0.0462867190790283
-2.52

chr3
58134535

58134761
35987

N
R

_135534
FLN

B antisense R
N

A 1
ncR

N
A

C
D

H
19

0.0463231269277678
2.19

chr18
66310347

66310509
293710

N
M

_021153
cadherin 19

protein-coding
M

IR
4454

0.0463513869656866
2.28

chr5
13015294

13015687
347631

N
R

_039659
m

icroR
N

A 4454
ncR

N
A

ALG
10B

0.0463599846473432
2.74

chr12
37354654

37354833
-962012

N
M

_001013620
ALG

10B, alpha-1,2-glucosyltransferase
protein-coding

C
2orf76

0.0464940939892728
2.1

chr2
119324811

119324982
41846

N
M

_001322330
chrom

osom
e 2 open reading fram

e 76
protein-coding

LO
C

101928944
0.046611760420298

3.04
chr11

80943442
80943639

-180737
N

R
_120570

uncharacterized LO
C

101928944
ncR

N
A

G
O

R
ASP2

0.0466250320766522
1.81

chr2
170916257

170916653
-11983

N
M

_001201428
golgi reassem

bly stacking protein 2
protein-coding

D
AC

H
1

0.046668735620174
2.88

chr13
71686046

71686213
181063

N
M

_004392
dachshund fam

ily transcription factor 1
protein-coding

M
AN

EA-AS1
0.0466722437722995

2.85
chr6

95270052
95270233

307309
N

R
_104136

M
AN

EA antisense R
N

A 1 (head to head)
ncR

N
A

FG
F20

0.046703149063034
-2.09

chr8
16919637

16919940
82377

N
M

_019851
fibroblast grow

th factor 20
protein-coding

O
R

4D
11

0.046783623881151
2.88

chr11
59502810

59502983
-680

N
M

_001004706
olfactory receptor fam

ily 4 subfam
ily D

 m
em

ber 11
protein-coding
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SM
A4

0.0468658731146528
3.03

chr5
70177669

70177839
48041

N
R

_024054
glucuronidase beta pseudogene

pseudo
ESR

1
0.046866039738215

3.3
chr6

151970374
151970536

161348
N

M
_001328100

estrogen receptor 1
protein-coding

O
R

8K1
0.0468868479371892

1.86
chr11

56337011
56337209

-8929
N

M
_001002907

olfactory receptor fam
ily 8 subfam
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Background & Aims: HepaRG cells are considered as the best
surrogate model to primary human hepatocyte (PHH) culture to
investigate host-pathogen interactions. Yet their innate immune
functions remain unknown. In this study, we explored the
expression and functionality of Toll-like (TLR) and retinoic
acid-inducible gene-1 (RIG-I)-like receptors (RLR) in these cells.
Methods: Gene and protein expression levels of TLR-1 to 9 and
RLR in HepaRG were mainly compared to PHH, by RT-qPCR, FACS,
and Western blotting. Their functionality was assessed, by mea-
suring the induction of toll/rig-like themselves and several target
innate gene expressions, as well as the secretion of IL-6, IP-10,
and type I interferon (IFN), upon agonist stimulation. Their func-
tionality was also shown by measuring the antiviral activity of
some TLR/RLR agonists against hepatitis B virus (HBV) infection.
Results: The basal gene and protein expression profile of TLR/RLR
in HepaRG cells was similar to PHH. Most receptors, except for
TLR-7 and 9, were expressed as proteins and functionally active
as shown by the induction of some innate genes, as well as by

the secretion of IL-6 and IP-10, upon agonist stimulation. The
highest levels of IL-6 and IP-10 secretion were obtained by
TLR-2 and TLR-3 agonist stimulation respectively. The highest
preventive anti-HBV activity was obtained following TLR-2,
TLR-4 or RIG-I/MDA-5 stimulations, which correlated with their
high capacity to produce both cytokines.
Conclusions: Our results indicate that HepaRG cells express a
similar pattern of functional TLR/RLR as compared to PHH, thus
qualifying HepaRG cells as a surrogate model to study pathogen
interactions within a hepatocyte innate system.
� 2015 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

The liver is targeted by several important human pathogens,
including plasmodium falciparum or hepatotropic viruses [1].
Among them, hepatitis A (HAV) and E virus (HEV) do not usually
establish persistent infections, whereas hepatitis B (HBV), D
(HDV), and C virus (HCV) may evolve toward chronicity [1]. The
high number of chronic carriers, around 240 million for HBV
(WHO data) and 130 million for HCV worldwide, account for
the rapid increase in the incidence of hepatocellular carcinoma
(HCC) [2]. Pathogenesis of HBV and HCV infections, and the sever-
ity of virus induced liver injury are mainly determined by
immunological-mediated events rather than the virus itself, since
only limited cytopathic effects are noticed in hepatocytes follow-
ing infection [3].

Infection of cells by microorganisms leads to the activation of
the host inflammatory defense response through the initial sens-
ing of pathogen mediated by innate pattern recognition receptors
(PRR) [4]. PRR are mainly represented by Toll-like receptors (TLR),
C-type lectin receptors (CLR), retinoic acid-inducible gene-1
(RIG-I)-like receptors (RLR), and NOD-like receptors (NLR). In
addition, intracellular DNA sensors are proposed as new types
of PRR [5]. To date, ten functional TLR have been identified in
human (TLR-1 to 10) and detect specific pathogen-associated
molecular patterns (PAMP) derived from microorganisms [6].
Upon recognition of respective PAMP, TLRs recruit distinct sets
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of adaptor molecules which initiate downstream signaling events
that lead to the secretion of inflammatory cytokines, type I inter-
feron (IFN), chemokines and antimicrobial peptides [7]. In vitro
models have shown that an increasing number of viruses can
activate TLR pathways [8]. Cells also express cytoplasmic RNA
helicases such as RIG-I and melanoma-differentiation-associated
gene-5 (MDA-5) that function as an alternative class of PRR
through the recognition of double stranded-RNA (dsRNA) pro-
duced during viral replication.

Viruses can evade IFN response, and recent studies have
increased our understanding of the underlying molecular mecha-
nisms in relation to inhibition [9]. Following infection, viruses can
induce complex intracellular events that affect many components
of host signaling pathways to its own benefits [10,11]. Elucidating
the strategies that are used by viruses to inhibit a host response is
important for the understanding of the mechanism(s) by which
viruses can establish persistent infection and to design strategies
to unlock this inhibition for therapeutic purposes.

Although the expression of some PRR genes was shown in
human liver tissue and PHH, the expression and functional activ-
ity of a wide spectrum of PRR on human hepatocytes remains
poorly defined [12,13]. Transformed hepatic cell lines such as
HepG2 and HuH7 are commonly used to study hepatotropic virus
life cycle and early host/virus interaction, however, in terms of
innate immunity, these cells differ from PHH in that they do
not have fully functional IFN pathways [14,15] and display pro-
found defect in PRR signaling [16]. Beside recently developed
models based hepatoma cells overexpressing NTCP [17], or on
the complex use of induced pluripotent cells (iPS) [18], only
freshly prepared PHH and the hepatocyte-like HepaRG cells can
support a complete HBV and HDV life cycle, including the early
events of infection [19–21].

HepaRG cells are bipotent liver progenitor cells that differen-
tiate into both cholangiocyte-like and hepatocyte-like cells in cul-
ture. Throughout differentiation, HepaRG cells evolve from a
homogeneous dedifferentiated, depolarized epithelial phenotype
showing no specific organization to a structurally well-defined
and polarized monolayer closely resembling those formed in
PHH culture [22–24]. This cell line represents an in vitro human
model for hepatocytic differentiation and was shown to be func-
tional for IFN signaling [25]. However, the functionality of
TLRs/RLRs in this cell line has not been described so far.

Material and methods

Cell culture and HBV infection

HepaRG cells were cultured and differentiated in presence of DMSO (cell culture
grade, Sigma) as previously described [20]. PHH were freshly prepared, as previ-
ously described and maintained in same media as dHepaRG [26]. HuH7 and
HepG2 (ATCC) cells were also maintained in complete William’s medium and cul-
tured in presence of DMSO for three days before RNA extraction. The transfection
of siRNA (SMARTpool™ from Darmacon/GE) into dHeppaRg or PHH cells was per-
formed using Darmafect-1 reagent, as recommended by provider (Darmacon/GE).
HBV recombinant virus (i.e. inoculum) was produced in HepG2.2.15 cells and dif-
ferentiated HepaRG infected as previously described [27].

Nucleic acid extraction and RT-qPCR/qPCR

Total RNA was extracted from cells with the NucleoSpin RNA II kit according to
manufacturer’s instructions (Macherey-Nagel). RNA reverse transcription was
performed using the Superscript III RT (Life Technologies). cDNA was then

analyzed by qPCR with the ‘‘Express SYBR GreenER™ qPCR SuperMix Universal’’
(Invitrogen). RNA expression level was determined using the comparative cycle
threshold (Ct) method, where the amount of target DNA was normalized to
housekeeping genes rplp0 and b-actin cDNA (2�DCt). When cells were stimulated
with ligands the amount of target DNA was normalized to housekeeping genes
and to the unstimulated control cDNA (2�DDCt). Primers used for the qPCR step
are presented in Table 1. Total DNA was extracted from HepaRG using the
MasterPure™ Complete DNA/RNA Purification Kit (Epicentre). Quantitative PCR
for intracellular HBV DNA was performed as indicated above using HBV specific
primers.

Toll- and RIG-like receptor agonists and stimulation

All agonists were purchased from Invivogen and used according to provider’s rec-
ommendation. Pam3CSK4, LTA, Poly(I:C)-LMW, LPS, Flagellin (FLA-BS), FSL-1, Imi-
quimod (R837) or CL264, R848, ssRNA40/lyoVec™, CpG ODN-2395 (class-C + CpG
control), Poly(I:C)-LMW/LyoVec™ were respectively used to stimulate/engage
TLR-1/2, TLR-2, TLR-3, TLR-4, TLR-5, TLR-2/6, TLR-7, TLR7/8, TLR-8, TLR-9, and
RIG-I/MDA-5. The concentrations used are indicated in the figure legends.

Flow cytometry analysis

To detect TLR expression, 106 HepaRG or PHH cells were fixed with paraformalde-
hyde (2%; Sigma) and permeabilized with saponin (0.25%; Sigma). After satura-
tion (saponin 0.25%, fraction-V albumin 3%; Sigma), cells were stained with
purified anti-human TLR-2, 4, 5, 6 (sc-73181, sc-52062, sc-57461, sc-30001; Santa
Cruz), anti-human TLR-7, 8, 9 (Alexis Biochemicals (ALX-210-874-C100,
ALX-804-376-C100) or Abcam (ab184943, ab85859, ab45371)), or anti-human
TLR-3 (mAb hTLR-3; Invivogen), followed by incubation with the appropriate sec-
ondary antibody conjugated to Alexa Fluor 488 (Invitrogen). For double staining,
either anti-cytochrome P450-3A4 antibody (ab135813; Abcam) or
anti-cytochrome P450-3A1 (ab22724; Abcam), which specifically stain hepato-
cytes and not cholangiocytes (Supplementary Fig. 1) were used in combination
with anti-PRR antibodies from either mouse or rabbit origin. Cells were analyzed
using a FACScalibur flow cytometer and analyzed using CellQuestPro software
(BD Biosciences).

Table 1. Primer sequences used for RT-qPCR.

Gene Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’)

TRL1 caggccctcttcctcgttaga ttcctaaaggtagaagctgttcttca
TRL2 ctctcggtgtcggaat cccgctcactgtaagaa

TLR3 tttgcaagaggaatgtttaaatct cacctatccgttctttctgaactg
TLR4 tcttggtggaagttgaacg gccacaccgggaataa
TLR5 gtaccctgactcgttct ttctgcacccatgtga
TLR6 agtggacccagactcg agttcgtaatggcacc

TLR8 tgagctgcgctaccac cttctgccttcgggtt
TLR9 ggcccccggccttctt caggagtggtccactgtcttga
TLR10 gcattcccaccaggtatcataaac aaagcccacatttacgcctatc
RIGI gctgatgaaggcattgacattg cagcattactagtcagaaggaagca
MDA5 cccaagacacagaatgaacaaaa cgagaccataacggataacaatgt
IFNα gtgaggaaatacttccaaagaatcac tctcatgatttctgctctgacaa

IFNβ gccgcattgaccatgtatgaga gagatcttcagtttcggaggtaac

IL28b taagagggccaaagatgcctt ctggtccaagacatccccc

IL29 gtgactttggtgctaggcttg gcctcaggtcccaattccc

IL6 acccctgacccaaccacaaat agctgcgcagaatgagatgagtt

ISG56 agccagatgtcctcacagac cttctaccactgtttcatgc

β-actin tggcattgccgacaggatgc tctgctggaggtggacagcga

RPLP0 caccattgaaatcctgagtgatgt tgaccagcccaaaggagaag
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Western blot analysis

Cells were harvested in lysis buffer (140 mM NaCl, 10 mM Tris pH 7.6, 1 mM
EDTA, 1% Triton X-100, 0.05% sodium dodecyl sulfate, 1� protease inhibitor cock-
tail 5 Roche). Clarified lysates were subjected to SDS-PAGE and Western blot
transfer to nitrocellulose membranes (Millipore). Membranes were probed with
anti-RIG-I, anti-MDA5, or anti-TLR2 antibodies (Alexis Biochemicals and Santa
Cruz) followed by peroxidase-conjugated secondary antibodies (Life
Technologies) and detection by chemiluminescence (Pierce). Anti-actin (Sigma)
was used as a loading control.

Enzyme-linked immunoassay for IL-6, IP-10, and secreted HBV antigens

Supernatant from stimulated culture was harvested and assayed for IL-6 and
IP-10 protein by ELISA using the human IL-6 or human IP-10 assay kit according
to the manufacturer’s protocol (Invitrogen). Cut-offs for these ELISA were
2.5 pg/ml. HBeAg and HBsAg were detected in the supernatant of infected
HepaRG by ELISA using Autobio kits (Autobio, China). Cut-offs for these ELISA
were respectively 1 NCU/ml (i.e. 1 NCU � 13 ng) and 2.5 ng/ml.

Statistical analysis

Statistical analysis was performed using the non-parametric Mann-Whitney tests
using the GraphPad Prism software. For all tests, a p value 60.05 (⁄) was consid-
ered as significant.

Results

Analysis of TLR and RLR RNA expression in dHepaRG cells and PHH at
RNA level

Differentiated HepaRG cells, PHH, as well as DMSO-partially
re-differentiated HuH7 [28] and HepG2 [29] cells were investi-
gated for total RNA expression levels for TLR-2 to TLR-10, as well
as RIG-I and MDA-5. All TLRs were similarly expressed in dHe-
paRG and PHH, whereas levels of expression were significantly
lower in the two transformed hepatoma cell lines, except for
TLR-8 expression, which was slightly higher in the latters. RIG-I
and MDA-5 were well expressed in all cell types, but more
expressed in PHH as compared to other cells. TLR-7, 8, 9, and
TLR-10 were less expressed than other sensors in both dHepaRG
and PHH (Fig. 1A, B). The expression level of these PRR was fur-
ther analyzed according to the HepaRG differentiation status
(Fig. 1C). Differentiated HepaRG cells expressed slightly more
TLR-2, 3, 4 and TLR-6 as compared to proliferative HepaRG
(pHepaRG) whereas the expression level of the other sensors
tested was not significantly changed in dHepaRG vs. pHepaRG.

Analysis of TLR and RLR protein production in HepaRG cells and PHH

TLR protein expression in pHepaRG and dHepaRG was further
analyzed (Fig. 2A, B). FACS analysis showed that all TLR (TLR-2
to 9, with TLR-6 being less expressed) were produced in both pro-
liferative and differentiated HepaRG cells (Fig. 2A), and a positive
reactivity was also obtained for TLR-7, 8, and 9, although their
expression at RNA level was very low. The expression of TLR in
dHepaRG cells was found qualitatively similar, but quantitatively
slightly higher as compared to PHH (two different batches)
(Fig. 2B; Supplementary Fig. 2), whereas the RNA levels were sim-
ilar suggesting differences in post-transcriptional or
post-translational regulations. The expression of the cytosolic
sensors RIG-I and MDA-5 was analyzed by Western blot in PHH
and differentiated HepaRG cells. Both sensors could be detected

at basal level, but were highly expressed following cell stimula-
tion (24 h) with IFN-a (1000 IU/ml) (Fig. 2C). Since differentiation
of HepaRG cells leads to a mixture of hepatocyte- and
cholangiocyte-like cells, we sought to determine whether expres-
sion of PRR would be differentially distributed in each cell type by
flow cytometry using a double staining with antibodies directed
against selected TLR and hepatocyte specifically-expressed P450
cytochromes. We found that the selected TLR were more
expressed in hepatocyte-like cells, as compared to
cholangiocyte-like cells (Fig. 2D).

Inducible cytokine RNA expression upon stimulation with TLR/RLR
prototypic ligands/agonists

Differentiated HepaRG cells were stimulated for 2, 4, 8, and 16 h
by TLR/RLR cognate ligands at concentrations indicated in Fig. 3.
This stimulation could induce the expression of the
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Fig. 1. mRNA expression of TLR and RLR in differentiated and proliferative
HepaRG. (A and B) RT-qPCR analysis of TLR/RLR expression in dHepaRG, PHH,
HepG2, and HuH7. The relative RNA expression was normalized to housekeeping
genes rplp0 (A) or b-actin cDNA (2�DCt) (B). (C) Comparative RNA expression of
TLR/RLR in pHepaRG and dHepaRG cells. RT-qPCR analysis of TLR/RLR expression
was normalized to housekeeping genes (rplp0 and b-actin) and relatively
compared to pHepaRG cells. Results are given as a mean ± SEM of 3 (or 4 for
PHH; n P3) independent experiments (with biological triplicate) with three
batches of PHH from different donors.
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pro-inflammatory cytokine gene (IL-6), the type I and type III IFNs
(IFNa, b and k) and interferon stimulated genes, ISGs (ISG56).
With the exception of TLR7 and 9 ligands, all cognate ligands
could induce IL-6 gene expression at the concentration tested
(Fig. 3A, panel IL-6). A strong IL-6 induction was observed after
16 h of stimulation for TLR-2, 3, 4, 5, 6, RIG-I/MDA-5, whereas
an induction was observed for TLR-8 after only 2 h of stimulation
which returned to baseline rapidly. Because production of type I
IFN, in particular IFN-b, is one of the first cellular antiviral
defenses, we tested whether this gene was activated at RNA level
in HepaRG cells after some TLR/RLR stimulations. Indeed IFN-b
gene expression was found induced after stimulation by some
cognate ligands (Fig. 3A, panel IFN-b). IFN-b gene moderately
increased after stimulation with TLR-3, 7, 8, and 9 ligands, but
strongly increased after stimulation with RIG-I/MDA-5 ligands.
It is worth noting that the concentration of
poly(I:C)-LMW/lyoVec™ (1 lg/ml) used in these experiments
was shown to be slightly toxic when multiple dosing were used
for antiviral studies; this led to a readjustment of the concentra-
tion in experiments presented hereafter. Stimulation of TLR-3, 7,
9 and RIG-I/MDA-5 also slightly induced IFN-a expression

(Fig. 3A, panel IFN-a). Type III IFN expression has been shown
to depend on the same stimulations, i.e. viral infection or dsRNA
ligands, and signal transduction pathway, as those inducing type I
IFN expression in epithelial cells [30]. IL-28B (IFN-k3) expression
was only induced by TLR-3 or RIG-I/MDA-5 stimulations,
although the activation kinetics were different (i.e. earlier for
TLR-3) (Fig. 3A, panel IL-28B). The induction of IL-29 (IFN-k1)
was unexpectedly lower than that of IL-28B (Fig. 3A, panel
IL-29). The activation of all IFN transcripts was associated to
the activation of prototypic ISGs such as ISG56 induced after
TLR-3 stimulation and RIG-I/MDA-5.

In PHH, low-level of gene activation was also observed with
TLR-7/9 ligands (Fig. 4A), but as PHH cultures are not completely
pure, we cannot exclude that residual activation was due to the
presence of other liver cells.

Secretion profile of IL-6, IP-10, and type I IFN after stimulation with
TLR/RLR prototypic ligands

The cell culture supernatants of HepaRG cells were first tested for
the production of IL-6 and IP-10 following a 24 h TLR/RLR
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Fig. 2. Protein expression of PRR in pHepaRG and dHepaRG cells. (A and B) TLR expression analyzed by FACS. Black histograms represent staining with the indicated TLR
antibody, shaded gray histograms represent the isotype control, in pHepaRG, dHepaRG and PHH. (C) Western blot analysis of RIG-I and MDA5 in dHepaRG (and PHH), with
or without IFNa (1000 IU/ml) induction. (D) Expression of some TLRs in hepatocyte-like cells as compared to cholangiocyte-like cells measured by FACS, and reported on
graph as fold increase of MFI (using cholangiocyte as reference, set at 1).
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are 2.5 pg/ml.

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2015 vol. 63 j 1077–1085 1081



stimulation with increasing doses of prototypic ligands
(Fig. 3B, C). Basically, all TLR/RLR ligands tested, but not
TLR-7/8/9 ligands, could induce a strong secretion of IL-6 in
supernatants in a dose dependent manner. The highest IL-6
secretions (between 500 and 1000 pg/ml) were obtained with
TLR-1/2, 4, and 6 ligands used at a high concentration, as
expected. Double-stranded RNA ligands, engaging either TLR-3
or RIG-I/MDA-5, led to a lower, but yet significant level of IL-6
production (i.e. between 300 and 400 pg/ml). Despite a good
RNA expression induction, TLR-8 ligands did not lead to a strong
accumulation of IL-6 in the supernatant (only around 30 pg/ml).
This could be due to fast turnover of the secreted cytokine after
a very early expression of IL-6 at RNA level. In agreement with
RNA expression data, TLR-7 and 9 ligands did not lead to any
detectable level of IL-6. The same ligands that were able to induce
IL-6 secretion could also increase the IP-10 production. However,
TLR-3 and RIG-I/MDA-5 ligands led to the higher production,
with a respective secretion of around 2800 and 1400 pg/ml at
the highest doses of ligands, as compared to the secretion of
around 800 pg/ml with TLR-1/2 or 4, and respectively 200 and
500 pg/ml with TLR-5 and 6 ligands. Similarly to what was
obtained with IL-6 secretion, TLR-7, 8, and 9 did not lead to any
detectable level of IP-10. Results obtained in PHH are shown in
Fig. 4B. In PHH even more IP-10, but less IL-6 (with the exception
of TLR-4 agonist stimulation) were produced as compared to
dHepaRG.

In contrast, we could only detect biologically active type I IFN,
using a functional assay, in the supernatant of HepaRG cell stim-
ulated only with very high (and rather cytotoxic in the context of
multiple dosing; data not shown) doses of RIG-I and MDA/5
ligands (Supplementary Fig. 3), thus suggesting that the IFN
levels produced after stimulation by other prototypic ligands
might be under the detection threshold of the assay.

Exemplary comparison of expression and functionality of TLR-2 in
dHepaRG and PHH

As a first attempt to compare the expression and functionality of
all TLRs/RLRs in dHepaRg and PHH, we studied TLR-2 expression
and function in both cell types using two additional batches of
cells. Using Pam3CSK4 to stimulate and a specific TLR-2 siRNA
(siRNA against HCV was used as control) to control specificity,
we have shown that: i) the basal level of expression (RNA and
protein) of this sensor is rather even in both cell types
(Fig. 5A, B; Supplementary Fig. 2); ii) its expression can be
strongly induced by Pam3CSK4 agonist stimulation and
decreased by specific siRNA (Fig. 5A–C); and iii) its specific ago-
nist stimulation by ligands leads to a strong secretion of IL-10
(slightly stronger in PHH as compared to dHepaRG) (Fig. 5D).
Thus this pathway seems to be operational in hepatocytes.

Antiviral activity of some TLR/RLR ligands in HBV-infected dHepaRG

To fully characterize the functionality of the TLR/RLR receptors
that are expressed in HepaRG cells, we treated cells with
TLR-1/2, 3, 4, 7, 8, 9 or RIG-I/MDA-5 ligands with non-toxic doses
(as determined by 3� exposure of HepaRG cells to ligands;
Fig. 6D) for 24 h before infecting them with HBV. 24 h inoculation
with HBV was made in the presence of cytokine produced during
the 24 h exposure to ligands. Then, infected cells were washed
and further retreated twice with the same dose of ligands

respectively at days 1 and 4 post-infection. The impact of TLR/RLR
ligand treatment on the establishment of HBV infection was ana-
lyzed at day 7 post-infection by measuring HBV viral protein
secretion (HBsAg/HBeAg) and the accumulation of intracellular
HBV DNA by qPCR. A strong antiviral activity was obtained with
TLR-1/2 and TLR-4 ligands, as well as with RIG-I/MDA-5 ligand
(Fig. 6A–C), whereas weaker or no antiviral activity was observed
with TLR-3, 7, and 8 ligands. Surprisingly, an antiviral activity
was obtained with the TLR-9 ligand/agonist, which did not corre-
late with any production of IL-6 or IP-10. However, the same
antiviral activity was obtained with the control CpG ligand, thus
suggesting that the phenotype obtained was independent of
innate functions.

Discussion

Hepatoma cell lines or transformed human hepatocytes are com-
monly used to study hepatotropic pathogens, however the rele-
vance of these models is limited when studying the interplay
between pathogens and hepatocyte innate immunity. Indeed
pathogen sensing, IFN response and NF-jB signaling are com-
monly altered in these cell types compared to PHH [16]. RNA
levels for TLR and a set of downstream signaling molecules are
lower in these cells compared to PHH, and not modified in
response to stimulation. Moreover, we previously showed that
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with TLR-2 specific primers. A plasmid containing TLR-2 gene was used to
calculate copies/lL. (B and C) Protein were extracted and subjected to Western
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performed on supernatant for the detection of IP-10. Results for (A and D) are
given as a mean ± SEM of two independent experiments (n = 2, but with
biological quadruplicate for each experiment) and differences were considered
as statistically significant to the control condition when p value was 60.05 (⁄).
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a type I IFN response to HBV replication does not lead to an
antiviral effect in transformed HepG2 cells while it suppressed
viral replication in differentiated HepaRG cells [31]. Furthermore
it has been observed that the patterns of cytokine secretion were
also different even when a common transcription factor (NF-jB)
was involved. The defects in TLR signaling observed in hepatoma
cells was consistent with the hypothesis that innate immunity
could play an important role in suppressing tumorigenesis [16].
These defects make them of limited interest to study innate
immune response induced by a hepatotropic pathogen [14,15].

In contrast, PHH and HepaRG cells, which are mainly
non-cancerous, functional for IFN signaling, and permissive to
HBV replication, are more relevant models [20,21]. Their tran-
scriptomes have been shown to be closer to each other, as com-
pared to hepatoma cells, and closer to that of liver biopsies [32].
The relatively low replication rate of hepatotropic viruses (low
rate for HBV and virtually not permissive to HCV) in HepaRG cells
might result, at least in part, from a cellular antiviral response
[33]. Indeed, an experimentally strong HBV expression and repli-
cation after baculoviral delivery of HBV was shown to induce a
potent anti-HBV IFN response, while in the same experimental
conditions this IFN response did not show any antiviral effect

in transformed HepG2 cells [31]. Therefore HepaRG cells, because
physiologically related to PHH [34], were expected to be a valu-
able tool to study host/pathogen interactions. However, detailed
features of this immune response were still unclear and the pre-
sent study provides the first characterization and functionality of
PRRs gene expression in an HBV susceptible and non-cancerous
cell line, the HepaRG cell in comparison with PHH.

In this respect, our study showed that RNA of all TLR as well as
cytoplasmic helicases RIG-I and MDA5 receptors, could be
detected in either proliferative or differentiated HepaRG cells,
in similar amount than in PHH. While all RNA could be detected,
the level of expression of TLR-7, 8, 9 and TLR-10 proved to be very
low in hepatocytes. Protein expression analysis showed that all
TLR were expressed in both dHepaRG and PHH, with slightly
higher levels of expression in HepaRG. The detection of TLR-7,
8, and 9 at protein level contrasted with the low RNA expression,
and suggests that post-transcriptional mechanisms could be
involved to allow detectable protein expression. RIG-I and
MDA5 were also expressed at the protein level and highly indu-
cible after interferon stimulation. For most PRR, the stimulation
by their prototypic ligands could induce their own expression
by positive feed-back. These stimulations could also lead to the
RNA induction of several cytokines such as IL-6, with the excep-
tion of TLR-7 and 9. However, TLR-7 and 9 ligands could some-
how induce a weak IFN-a and b RNA expression implying that
all these TLRs could be slightly functional, yet not leading to
detectable secretion of IL-6 or IP-10. In humans, the expression
of TLR-7 and TLR9- is mainly confined to plasmacytoid dendritic
cells and B-lymphocytes. However, low levels of TLR7 and or
TLR9 have been reported in other cell types, including hepato-
cytes [35] particularly in the setting of chronic inflammation
[36]. In addition, the functionality of the TLR-3 and
RIG-I/MDA-5 pathway was demonstrated after cell stimulation
with extracellular dsRNA (poly(I:C)) and cytoplasmic dsRNA
(poly(I:C)-lyovec) respectively showing an induction of IFN-a, b,
and k as well as ISGs (such as ISG56). More importantly, after
stimulation with prototypic ligands targeting PRR, using different
doses of ligands, IL-6 could be secreted and detected at high
levels up to 1000 pg/ml with TLR-1/2, 4, and 6 stimulations,
and between 100 and 500 pg/ml for TLR-3, 5, as well as RLR stim-
ulations. A weak IL-6 expression was obtained with TLR-8 stimu-
lation, but no secretion could be shown for TLR-9 and TLR-7
ligands. In contrast, dsRNA ligands engaging either TLR-3 or
RIG-I/MDA-5 were more prone to induce secretion of IP-10 (i.e.
with production of 2800 and 1400 pg/ml respectively), an
IFN-related chemokine. Other functional PRR, based on their abil-
ity to induce IL-6 secretion, were also capable to induce IP-10.
Interestingly, type I IFN could only be detected in cell super-
natants after stimulation with high, yet rather toxic doses of
RIG-I and MDA-5 ligands, thus suggesting that it is difficult to
measure the production of type I IFN by hepatocytes.

An important part of the demonstration of PRR functionality
in HepaRG relies on the antiviral effect observed with some
ligands regarding the establishment of HBV infection in these
HepaRG cells. Indeed, while it was shown that IL-6 could have
an antiviral effect against HBV [37], many other cytokines may
also have antiviral effect. Therefore, the engagement of PRR in
HepaRG was expected to lead to conditioned media having
potent antiviral activity. This was strongly obtained with
TLR-1/2 and 4 agonists, as well as with RIG-I/MDA-5 ligands,
but surprisingly less with a TLR-3 ligand, despite its ability to bet-
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Fig. 6. Effect of stimulation of some PRR receptors by ligands on HBV
infection establishment. Secreted HBsAg (A), HBeAg (B), and intracellular HBV
DNA accumulation (C) were measured at day 7 post-infection by ELISA and qPCR
in HBV-infected dHepaRG cells, which were pre-treated (24 h prior HBV
inoculation), then twice treated post-infection (day 1 and 4 post-infection) with
indicated ligands. Toxicity (D) was evaluated in the same conditions by the
neutral red assay. The concentration used were: 500 ng/ml of Pam3C4 (TLR-1/2),
10 lg/ml of poly(I:C)-LMH (TLR-3), 500 ng/ml of LPS (TLR-4), 5 lg/ml of CL264
(TLR-7), 10 lg/ml of R848 (TLR-7/8), 5 lM of CpG-2395 (TLR-9), 5 lM of
CpG-2395 control, 0.01 lg/ml of poly(I:C)-LMW-lyovec (RIG-I/MDA-5). Results
are given as a mean ± SEM of three independent experiments (each with
biological triplicate) and differences were considered as statistically significant
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HBsAg ELISA assays are respectively 1 NCU/ml and 2.5 ng/ml; there are
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ter induce the production of IL-6 and IP-10 as compared to a
RIG-I/MDA-5 agonist. This result could only be explained by the
ability of RIG-I/MDA-5 agonists to induce measurable amounts
of type I IFNs compared to TLR-3 agonists. The strongest antiviral
activity was obtained by Pam3CSK4 agonist stimulation of
TLR-1/2, a pathway which is well functional in hepatocytes, as
shown by more advanced comparison done in both dHepaRG
and PHH (Fig. 5). These interesting results warrant further inves-
tigation on this pathway and its antiviral effectors.

Infections by hepatotropic pathogens can be cleared once
innate immune activation and pathogen-specific T cell responses
predominate over pathogen immune escape mechanisms, as it
occurs in HAV infections, and in cases of resolution of acute
HBV or HCV infections. Viral persistence in hepatocytes can occur
by escaping both innate and adaptive immune responses, as
observed in chronic HBV or HCV infections. HepaRG exhibits
functional TLR and dsRNA-activated signaling pathways in con-
trast to cultured hepatoma cells [38]. It appears unclear why hep-
atoma cell lines are unresponsive to a wide range of TLR agonists,
but RNA levels for TLR receptor and a set of downstream signaling
molecules appear to be lower in hepatoma cell lines than in pri-
mary hepatocytes [16]. However, low responsiveness to ligands
was observed even when the cognate TLR was expressed at
apparently normal levels, suggesting that other downstream fac-
tors must be involved. Our data show that HepaRG cells express
functional PRRs. The activation of these PRRs leads to the produc-
tion of cytokines/chemokines, including cytokines bearing antivi-
ral activity. This study opens doors to relevant and detailed
analyzes of hepatocyte-like cell response to hepatotropic viruses
or other hepatotropic pathogens in the absence of
non-parenchymal or liver resident immune cells. Therefore, the
HepaRG cell line that maintains the functional properties of PHHs
provides a unique tool for the understanding of the interplay
between the innate immune response and hepatotropic patho-
gens. This work may have potential applications to study the acti-
vation of hepatocyte innate immunity by these pathogens, the
evasion to innate immunity by these pathogens, and mechanism
by which innate responses could be restored.
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Supplementary material and methods 

Analysis of Secreted Type I Interferon 

Two millions of Huh7.5 cells were transfected with 10 μg pISRE-Luc vector 

(Stratagene) in a 10 cm diameter dish using Mirus TransIT-LT1 transfection reagent 

according to manufacturer’s instructions (Mirus Bio LLC). The pISRE-Luc plasmid 

(plasmid containing the luciferase gene under the control of the Interferon Stimulated 

Response Element) expresses luciferase under type-I IFN inducible promoter. After a 

16h incubation with transfection mixture, cells were trypsinized and reseeded in a 96-

well plate at approximately 3.104 cells/well in a volume of 50 μL. Six hours later, 50 μL 

of conditioned HepaRG supernatants, previously stimulated by various ligands at 

various concentrations as indicated. After 24h at 37°C, cells were washed with 

phosphate-buffered saline and lysed before luciferase activity was monitored using the 

Renilla Luciferase Assay System (Promega).  

 

 

  



Supplementary figures and figure legends 

 

 

Supplementary-Fig. 1. Cyp stainings by FACS and immunofluorescence in 

differentiated HepaRG.  

The expression of CYP3A4 (upper panel) and CYP3A1 (lower panel) was assessed 

by immunofluorescence and FACS in dHepaRG to evaluate the hepato-specificity and 

the percentage of hepatocyte-lie cells in a monolayer of dHepaRG cells. 

 

 

  



Supplementary-Fig. 2. Protein expression of PRR in pHepaRG, dHepaRG and 

PHH cells.  

TLR expression analyzed by FACS. Black histograms represent stainings with the 

indicated TLR antibody, shaded gray histograms represent the isotype control, in 

pHepaRG, dHepaRG and PHH.  

 

 

  



Supplementary-Fig. 3. Analysis of secreted type-I IFN upon prototypic ligand 

treatment.  

Differentiated HepaRG cells were stimulated with increasing doses of PRR ligands 

(TLR-3 (Poly(I:C)-LMW, 1 and 10 μg/mL ), TLR-4 (LPS, 0.1 and 1 μg/mL), TLR-7 

(Imiquinod, 10-1-0.1 μg/mL), TLR-8 (ssRNA40, 10-2-0.4 μg/mL), TLR9 (CpG, 5-1-0.2 

μM), and RIGI/MDA5 (Poly(I:C)-LMH-Lyovec, 0.2 and 1 μg/mL)). Twenty four hours 

after stimulation, supernatant were tested along with non stimulated cells (NS) for type 

I interferon activity following procedure described in supplementary materials and 

methods. 
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Direct antiviral properties of TLR 
ligands against HBV replication in 
immune-competent hepatocytes
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Maud Michelet , Océane Floriot , Anaïs Ollivier , Michel Rivoire , Malika Ait-Goughoulte , 
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& David Durantel

load in serum, but do not lead to viral eradication. Recent studies highlighted the therapeutic or 

Toll-Like-Receptors (TLR) agonists in hepatocytes. HBV-infected primary human hepatocytes (PHH) or 

all HBV parameters. No or little viral rebound was observed after treatment arrest, implying a long-

NF-κ
activate hepatocytes and immune cells, as demonstrated by antiviral cytokines produced by stimulated 

of innate immunity activation in the direct control of HBV replication in hepatocytes, and support the 
development of TLR-based antiviral strategies.

Hepatitis B virus (HBV) is a small DNA virus that persists within hepatocytes thanks to the establishment and 
maintenance of a covalently-closed-circular DNA (cccDNA). This cccDNA serve as the main template for viral 
RNA synthesis, including the pre-genomic RNA (pgRNA), which is subsequently converted into relaxed-circular 
DNA (rcDNA) by a HBV polymerase-mediated reverse-transcription step taking place inside nucleocapsids. 
Different viral particles and antigens circulate in the blood of infected patients, including HBe antigens (HBeAg), 
Dane particles (infectious particles or virions), spheres and rod (empty enveloped particles); the later three fea-
tures envelope proteins at their surface and all comprise the pool of secreted HBs antigens (HBsAg). Nucleic 
acid-free subviral particles are produced in large excess compared to virions, and therefore are thought to play an 
important role in terms of immune subversion1.

With around 250 million people chronically infected, who are at high risk to develop severe liver diseases, 
such as cirrhosis or hepatocellular carcinoma (HCC), HBV infection remain a major medical burden worldwide. 
Current therapies for chronic HBV infections, mainly relying on nucleos(t)ides analogues (e.g. entecavir, ten-
ofovir…), are effective at suppressing viremia in blood of patients and somehow improve long-term outcome, 
but have only low rates of HBsAg loss, with or without associated anti-HBs seroconversion, and typically do 
not lead to cccDNA elimination2. Moreover, there are life-long treatments, as drug administration arrest almost 
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universally leads to a rebound in viremia and liver diseases. This warrants the identification of new antiviral strat-
egies, including immune-therapeutic components, to improve the functional cure rates and decrease further the 
risk of end-stage liver diseases.

Infection of human cells by microorganisms initially leads to the activation of the host innate immune 
response through a sensing mediated by pattern recognition receptors (PRR). PRR include Toll-like receptors 
(TLR), C-type lectin receptors (CLR), RIG-I-like receptors (RLR) and NOD-like receptors (NLR), intracellular 
DNA sensors and cytoplasmic RNA helicases such as RIG-I (Retinoic-acid Inducible Gene-I) and MDA-5 (mel-
anoma differentiation-associated gene-5)3. Each PRR detects pathogen-associated molecular patterns (PAMP) 
derived from viruses, bacteria, mycobacteria, fungi or parasites and activates downstream signaling events leading 
to specific gene expression programs and the secretion of interferons (IFN), inflammatory cytokines/chemokines, 
and other antimicrobial peptides3. Many IFNs and pro-inflammatory cytokines have been shown to have direct 
anti-HBV effect in hepatocytes4. The use of PRR agonists, in particular TLR7-L (TLR7-Ligands), to induce endog-
enous IFNs and other cytokines, has been successfully applied to animal models of HBV infection. It is worth 
noting that the sub-cutaneous injection of Pegylated-IFN-α is currently a therapeutic option for treating CHB 
patients, although it is associated with many adverse effects5. The induction of endogenous IFN-α might therefore 
be of interest to increase the antiviral effect and lower side effects. It was shown both in HBV-infected chimpanzees 
and WHV-infected woodchucks that the orally delivered TLR7 agonist GS-9620 significantly reduced viremia 
and HBsAg6–8. Moreover, GS-9620 also impacted on cccDNA expression, and led to anti-HBs seroconversion in 
WHV-infected woodchucks6–8. In human, GS-9620 was shown to be safe9, but its anti-HBV effect was modest 
at used doses (AASLD 2017). TLR9 ligands are likely to be used in the HBV field as adjuvants for HBV prophy-
lactic vaccination10,11, but have also been recently shown to induce a weak antiviral activity in mono-therapy in 
animal models of HBV infection12,13. However, neither TLR7 nor TLR9 are expressed in hepatocytes14 suggesting 
that their antiviral effect results from the activation of non-hepatocyte cells, such as plasmacytoid dendritic cells, 
and the endogenous action of IFN and other cytokines. We previously showed that hepatocytes (primary human 
hepatocytes (PHH) and differentiated HepaRG cells (dHepaRG)) express a number of other PRR and that their 
agonization could inhibit HBV replication when the ligands were applied before viral infection and maintained 
throughout the experiment14. To provide further insight into the potential of TLR agonists to induce efficient and 
durable antiviral effect in already established HBV infections, we tested the direct anti-HBV effect of different TLR 
agonists in HBV-infected hepatocytes in vitro, and extended the testing for TLR2-L and TLR3-L in vivo.

Results
in vitro. To assess the effects of TLR stimulation on estab-

lished HBV infection, HBV-infected PHH and dHepaRG cells were treated with Pam3CSK4 (TLR-1/2 agonist), 
poly(I:C)-HMW (TLR3-agonist), LPS (TLR-4 agonist), FLA-BS (TLR-5 agonist), FSL-1 (TLR-2/6-agonist), 
Imiquimod (ImiQ, TLR-7 agonist), CL264 (TLR-7 agonist), ssRNA (TLR-8 agonist) or 2395 (CpG ODN, TLR-9 
agonist). As expected from our previous study and the pattern of TLR expression in dHepaRG and PHH14, 
cells produced significant amount of IL-6 (Figs 1A,D and S1) and IP-10 (Fig. 1A and D) mainly in response to 
Pam3CSK4, poly(I:C)-(HMW), LPS and FSL. Pam3CSK4, poly(I:C)-(HMW) and LPS treatments significantly 
decreased both total intracellular HBV DNA (Fig. 1B and E) and HBeAg secretion (Fig. 1C and F) in both HBV-
infected dHepaRG cells or PHH. Treatments with FSL induced a 55–65% reduction of total intracellular HBV 
DNA in both HBV-infected dHepaRG and PHH (Fig. 1B), but only a significant effect on HBeAg secretion in 
PHH (Fig. 1C and F). As hepatocytes do not express TLR714, TLR7 ligands (Imiquimod; ImiQ or CL264) induced 
neither IL-6 nor IP-10 following stimulation of dHepaRG. However, surprisingly, ImiQ treatment decreased total 
intracellular HBV DNA (Fig. 1B) as well as secretion of HBeAg (Fig. 1C) in dHepaRG, although not in PHH. 
This phenotype in dHepaRG was nevertheless independent of an innate response, as no production of cytokines 
was detected (Fig. 1A and D); we therefore did not pursue investigations on this agonist in vitro, as the pheno-
type in PHH is more relevant and likely more predictive as compared to that obtained with dHepaRG cells. As 
Pam3CSK4 and poly(I:C)-(HMW) were the most potent inhibitors of HBV in both in vitro models (Fig. 1), we 
further focused on the characterization of their antiviral effects for the rest of the study.

 
Both Pam3CSK4 and poly(I:C)-(HMW) induced a dose-dependent reduction of total intracellular HBV DNA, 
as well as extracellular HBeAg and HBsAg secretions without significant toxicity (Fig. S2, panels A and B). It 
is worth noting that, despite an absence of cytotoxicity, a significant reduction in apolipoprotein B secretion 
suggests that Pam3CSK4 and poly(I:C)-(HMW) could altered hepatocyte differentiation status (Fig. S2, bottom 
graphs of panel A). However, this phenomenon was similar to that observed with IFN-α treatment, which is used 
to treat CHB patients.

In contrast to the rebound 
observed after the arrest of nucleos(t)ides analogues15, reduction of total intracellular HBV DNA, HBeAg and 
HBsAg secretions after Pam3CSK4 or poly(I:C)-(HMW) treatment of dHepaRG cells were sustained for at least 
10 days after the end of treatment (Fig. 2A–C). Additionally, using qPCR or Southern blot analyses, we observed 
a decrease in cccDNA levels in HBV-infected dHepaRG treated with Pam3CSK4 or poly(I:C)-(HMW) (Figs 2D 
and S3). Importantly, this decrease of cccDNA following Pam3CSK4 or poly(I:C)-(HMW) treatment could be 
confirmed in two out of three experiments using three different donors of PHH (Fig. S4A).

As poly(I:C)-(HMW) can also acti-
vate MDA5 (Fig. 3A), we tested Riboxxol, a synthetic 50 base pair double-stranded RNA, which is a specific 
ligand of TLR3 (Figs 3A and S5). Similarly to poly(I:C)-(HMW), treatments of HBV-infected PHH with Riboxxol 
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dose-dependently decreased total intracellular HBV DNA, as well as extracellular HBeAg and HBsAg (Fig. 3B). 
Of note, a weak decrease in cccDNA levels was observed in two out of four experiments using four different 
donors of PHH (Fig. S4B), thus suggesting a weaker activity on this marker as compared to poly(I:C)-(HMW). 

Figure 1. Antiviral activity of TLR-agonists in HBV-infected primary human hepatocytes (PHH) and 
differentiated HepaRG cells (dHepaRG). (A–C) dHepaRG or (D–F) PHH were infected by HBV at a 
multiplicity of infection of 100 viral genome equivalent (vge)/cell for (A–C) seven days or (D–F) 4 days, then 
treated twice with the indicated molecules (see method part for concentrations) for seven additional days. (A,D) 
Twenty-four hours after the first treatment, a fraction of cell supernatants was collected, and IL-6 and IP-10 
contents were quantified by ELISA. (B,E) At the end of treatments, cells were harvested, total DNAs extracted, 
and total intracellular HBV DNA amounts quantified by qPCR. (C,F) Supernatants were also collected and 
HBeAg levels assessed by ELISA. Results are the mean +/− SD of three independent experiments (three batches 
of dHepaRG and three donors of PHH), each performed with three biological replicates.
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Interestingly, besides its resistance to body fluids and its relevant physiochemical characteristics, which allow in 
vivo injection16, Riboxxol did not affect hepatocyte viability and differentiation (assessed by ApoB secretion), in 
contrast to Pam3CSK4 and poly(I:C)-(HMW) ligands (Figs 3B and S6).

The antiviral effect of Pam3CSK4 was rapid, with a 50% 
reduction of total HBV RNAs in HBV-infected dHepaRG or PHH (measured at 24 h or 48 h post-treatment, 
respectively) with a single administration of the compound (Fig. 4A,D). The reduction in HBV RNAs, follow-
ing a single dose of a TLR3 ligand, was less efficient and inhibition of shorter duration in HBV-infected dHep-
aRG (Fig. 4A,D). As expected Pam3CSK4 treatment induced a transient increase of IL-6 mRNA, but not OAS1 
mRNA levels, two prototypic genes of NF-κB and IFN pathways. In contrast, poly(I:C)-(HMW) mostly induced 
a transient increase of OAS mRNA level (Fig. 4B,C,E,F). Interestingly, Riboxxol induced similar (or higher) OAS 
mRNA level relative to poly(I:C)-(HMW), but slightly higher IL-6 mRNA level (2 fold more), as compared to 
poly(I:C)-(HMW) (Fig. 4B,C,E,F). This correlated well with the pattern of IL-6 and IP-10 secretion (Fig. S7). 
Altogether, those data indicate that Riboxxol and poly(I:C)-(HMW) can activate both NF-κB and type-I IFN 
pathways.

IL-6 is the main cytokine produced by hepatocytes in response to TLR1/2 or TLR3 ligands 
(Fig. S1). It was previously shown that IL-6 and/or type-I IFN have antiviral activity against HBV4,15,17–19, which 
was confirmed here (Fig. 5A and B). In order to investigate if secretion of IL-6 and/or type-I IFN by the stimu-
lated hepatocytes contribute to the observed antiviral phenotypes of Pam3CSK4, poly(I:C)-(HMW) or Riboxxol, 
dHepaRG cells were treated with these ligands together with blocking antibodies against IL-6, IFNAR1 or both. 
We confirmed that the amount of anti-IL-6 antibody used was able to fully neutralize (Fig. 5A) the antiviral effect 
of a dose of rIL-6 hundred times higher than that secreted by dHepaRG cells (Figs 5A and S1,S7). The amount 
of anti-IFNAR1 antibody used was able to substantially decrease the antiviral effect of a dose of rhPEG-IFN-α at 
least twenty times higher than the level of type-I IFN produced by hepatocytes (Figs S1 and 5B). The anti-IFNAR1 

Figure 2. Inhibition of HBV by Pam3CSK4 and poly(I:C)-(HMW) is maintained after treatment arrest 
in dHepaRG cells. dHepaRG cells were infected by HBV at a multiplicity of infection of 100 viral genome 
equivalent (vge)/cell for seven days, treated twice with the indicated molecules for seven days, and further 
cultured without treatment for 10 additional days. Supernatant were collected at the indicated times and (A) 
HBsAg and (B) HBeAg levels assessed by ELISA. Cells were harvested at (C) day-14 or (C,D) day-24 post-
infection, total DNAs extracted, and (C) total intracellular HBV DNAs or (D) cccDNA amounts quantified 
by qPCR. Results are the mean +/− SD of at least three independent experiments each performed with three 
biological replicates.
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antibody did not rescue the antiviral effect of Pam3CSK4, poly(I:C)-(HMW), or Riboxxol (Fig. 5C–E). The neu-
tralizing anti-IL-6 antibody only induced a slight rescue of HBeAg when combined with Pam3CSK4 or Riboxxol 
(Fig. 5C–E). These data indicate that hepatocyte-produced IL-6 or type-I IFN are not the main drivers of the 
antiviral effect of Pam3CSK4, poly(I:C)-(HMW) or Riboxxol.

models. If IL-6 and type-I IFNs production by hepatocytes do not seem to be solely involved in the antiviral 
effect in our experimental conditions, their production in the liver microenvironment by other cells types are 
expected to be beneficial for the overall antiviral effect we can anticipate in vivo. To this end, we demonstrated that 
treatment of human peripheral blood mononuclear cells (PBMCs) with Pam3CSK4 strongly induced IL-6, as well 
as some IL-1β and TNF-α (Fig. 6A). Poly(I:C)-(HMW) induced less IL-6 but more IFN-γ and IFN-α whereas 
Riboxxol induced all these cytokines, which are known to inhibit HBV4,15,17–20 (Fig. 6A). As expected HBeAg 

Figure 3. Inhibition of HBV by PolyIC(HMW) and Riboxol. (A) Uninfected dHepaRG cells were transfected 
with the indicated siRNA. 14 days later, cells were stimulated with 10 μg/ml of the indicated ligands. Cells were 
lyzed 24 h later and IP10 secretions were assessed by ELISA. Results are the mean +/− SD of three independent 
experiments each performed in technical duplicates. (B) PHH were infected by HBV at a multiplicity of 
infection of 100 viral genome equivalent (vge)/cell for seven days and treated twice with poly(I:C)-(HMW) 
or Riboxxol at the indicated concentration for seven days. At the end of the experiments, supernatants were 
collected, and HBeAg, HBsAg and ApoB levels assessed by ELISA. Cells were harvested, total DNAs extracted 
and total intracellular HBV DNA amounts were quantified by qPCR. Results are the mean +/− SD of four 
independent experiments (four donors of PHH) each performed with three biological replicates.
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secretion by HBV-infected dHepaRG was reduced in the presence of supernatants from these stimulated PBMCs 
(Fig. 6B). Of note, the amount of cytokines produced by PBMCs and their antiviral effect on HBV-infected hepat-
ocytes may vary from one donor to another (compared Figs 6 to S8). To assess the effect of TLR2-L or TLR3-L 
in vivo, HBV-infected liver-humanized (HuHep) mice mice were intravenously (IV) injected 2 times per week 
during 3 weeks with Pam3CSK4 or Riboxxol. The dose escalation protocol we have chosen led to very mod-
erate decreases of HBV parameters in this animal model (Fig. S9A) suggesting that either higher doses or a 
liver-specific delivery of these ligands have to be further tested.

Figure 4. Riboxxol induced both type I IFN and NFkB pathways. (A–C) dHepaRG cells or (D–F) PHH were 
infected by HBV at a multiplicity of infection of 100 viral genome equivalent (vge)/cell for seven days and 
treated twice or not with Pam3CSK4 (1 ug/mL), poly(I:C)-(HMW) (20 ug/mL for dHepaRG, 5 ug/mL for PHH) 
or Riboxxol (50 ug/mL for dHepaRG, 5 ug/mL for PHH) for seven days. At the indicated time post-treatment, 
cells were harvested, (A,D) total RNAs extracted and levels of HBV RNA, (B,E) IL-6 mRNA or (C,F) OAS 
mRNA assessed by RT-qPCR. Results are the mean +/− SEM of three independent experiments (three batches 
of dHepaRG and three donors of PHH) each performed with three biological replicates.
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Discussion
Toll-like receptors are important molecular mediators linking innate and adaptive immunity, and their stimula-
tion by cognate agonists induced an antiviral response in animal models of HBV infection. Indeed, treatments 
of chimpanzees or woodchucks with TLR7 or TLR9 agonists led to reduction of HBV replication markers6–8,12. 
The strongest antiviral phenotype was obtained with GS-9620, a TLR-7 agonist, in the woodchuck model, with a 
strong effect of treatment on cccDNA and a long-lasting efficacy associated with an anti-HBsAg seroconversion. 
These antiviral effects probably resulted from the activation of non-parenchymal cells and subsequent production 
of anti-HBV cytokines/IFNs, since hepatocytes do not express TLR7 or TLR9 and cannot therefore be directly 
activated by these agonists14. However, hepatocytes express a number of other TLRs and we investigated here if 
their stimulation with specific agonists could directly inhibit an already established HBV infection in isolated 
hepatocytes (i.e., in the absence of immune cells).

We demonstrated that ligands of TLR1/2 (Pam3CSK4) and TLR3 (poly(I:C)-(HMW) or Riboxxol activated 
hepatocytes (PHH or dHepaRG) innate responses and efficiently decreased levels all HBV replication markers, 
including a strong phenotype on HBV RNAs. This suggests that those treatments are able to prevent transcription 
of viral RNAs from cccDNA and/or to interfere with their stability. Underlying mechanisms are likely to involve 
either direct negative epigenetic regulations on cccDNA or a direct IRF3-mediated (i.e., IFN-independent) 
ISG induction, which would be independent from the production of either IL-6 or IFN-α and their secondary 
effect on cells via downstream pathways17,18, as shown by our neutralization studies. As HBV-infected dHepaRG 
cells are able to maintain HBV replication for months21, we could show that Pam3CSK4 and poly(I:C)-(HM-
W)-mediated antiviral effect was sustained after arrest of the treatments contrary to the antiviral effect of nucle-
os(t)ides analogues, thus suggesting a role of epigenetic regulations. In addition, this lack of (or weak) rebound 
was associated to a slight, but significant, reduction of cccDNA levels measured by both qPCR and Southern blot-
ting in dHepaRG. This suggests that Pam3CSK4 and poly(I:C)-(HMW) could trigger cellular pathways that can 
subsequently affect cccDNA stability, as shown previously with some cytokines or lymphotoxin-beta agonists15,20. 
It is nevertheless worth noting that the effect on cccDNA of Pam3CSK4, poly(I:C)-(HMW) or Riboxxol could 
not be confirmed in all PHH donors tested suggesting that (i) either dHepaRG are particularly efficient to trigger 
innate cellular pathways and/or (ii) the low level of replication of HBV in dHepaRG is more prone to cccDNA 
degradation and/or (iii) PHH donor heterogeneity (e.g. genetic background, alteration of liver function due the 
underlying donor disease or treatment) may affect pathways triggering cccDNA destabilization. This also empha-
sizes the importance of performing experiments with multiple PHH donors. In addition to the direct antiviral 
effect observed in infected hepatocytes, Pam3CSK4, poly(I:C)-(HMW) and Riboxxol also activated PBMCs to 
produce different cytokines, which could in turn inhibit HBV replication. Among them, IL-6 might be the main 
driver of this indirect antiviral effect against HBV since its lower induction in PMBCs from donor 2 stimulated 
with Riboxxol led to a lower inhibition of HBeAg secretion (Fig. S8B).

Our data are in accordance with experiments performed in HBV transgenic mice or WHV infected wood-
chuck that identified respectively TLR3 and TLR2 pathways as potential therapeutic targets22–24. However, in 
contrast to agonists of TLR7 (e.g., GS-9620), TLR8 (e.g., GS-9688) and RIG-I/NOD2 (e.g., SB-9200) that can be 
delivered orally to human, TLR3 and TLR2 ligands cannot and will likely require strategy for delivery since their 
IV administration with a dose escalation protocol (from 20 to 80 ug during 3 weeks) only led to very moderate 
decreases of HBV parameters in HBV-infected HuHep mice. In this respect, nanoparticles will be used to reduce 
the active dose of ligands, protect these ligands from degradation and specifically deliver specifically them to the 
liver, thereby preventing systemic exposure and potential adverse effects25. These ligands may also be used as part 
of a combination therapies with currently, e.g. with currently used anti-HBV drugs, as well as with immunother-
apies, such as therapeutic vaccines and/or checkpoint inhibitors.

Methods
Cell culture and HBV infection. HepaRG cells were cultured, differentiated, and infected by HBV as previ-
ously described26. Primary human hepatocytes (PHH) were freshly prepared from human liver resection obtained 
from the Centre Léon Bérard (Lyon) with French ministerial authorizations (AC 2013-1871, DC 2013–1870, 
AFNOR NF 96 900 sept 2011) as previously described27. HBV inoculum was prepared from HepAD3828 super-
natants by polyethylene-glycol-MW-8000 (PEG8000, SIGMA) precipitation (8% final) as previously described29. 
Viral stocks with titer reaching at least 1 × 1010 vge/mL were tested endotoxin free. Blood from healthy donors 
was obtained from “Etablissement Français du Sang”, Lyon France. PBMCs were isolated by gradient centrifuga-
tion using Histopaque (Sigma-Aldrich) and cultivated in RPMI medium, 10% FBS, 5% Penicillin-Streptomycin. 
Poly(I:C)-(HMW), Riboxxol and Pam3CSK4 were added at 5 μg/mL concentration. PBMCs were incubated for 
24 h at 37 °C and 5%CO2 after TLRs stimulation.

Reagents. The following PRR agonists were purchased from InvivoGen and used at the indicated final 
concentration unless stated otherwise in the figure legends: Pam3CSK4 (TLR-1/2 agonist, 0.5 μg/mL), 
Poly(I:C)-HMW (TLR3-agonist, 5 μg/mL), LPS (TLR-4 agonist, 0.5 μg/mL), FLA-BS (TLR-5 agonist, 1 μg/mL), 
FSL-1 (TLR-2/6-agonist, 1 μg/mL), Imiquimod (R837, TLR-7 agonist, 5 μg/mL), CL264 (TLR-7 agonist 5 μg/mL), 
ssRNA40/lyoVecTM (ssRNA, TLR-8 agonist, 1 μg/mL), 2395 (CpG ODN-2395 (class-C), TLR-9 agonist, 5 μM). 
Riboxxol, recombinant IL6 and rhPEG-IFN-α (Roferon) were purchased respectively from Riboxx life science, 
R&D Systems and Roche. Neutralizing anti-IFNRA1 antibodies (IgG2a, #21385-1) and their isotype control anti-
bodies (IgG2a, #281-010) were purchased respectively from PBL assay Science and Ancell. Neutralizing anti-IL-6 
antibodies (IgG1, #501110) and their isotype control antibodies (IgG2, #400414) were purchased from Biolegend. 
Transfection of siRNA (SMARTpoolTM from Dharmacon/GE) were performed using Dharmafect-1 transfection 
reagent as recommended by the manufacturer (Darmacon/GE). siRNA against TLR3(# L-007745-00) RIG-I (# 
L-012511-00), MDA5 (# L-013041-00) and HCV (as siRNA control) was used at final concentration of 25 nM.
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Cells were harvested in RIPA lysis buffer (NaCl 150 mM, Tris HCl pH = 8,0 50 mM, 
SDS 0,1%, NP40 1%, Na Deoxycholate 0,5%) containing protease inhibitors (Protein Cocktail Inhibitors from 
Sigma-Aldrich, NaF 10 mM, Na Orthovanadate 10 mM). Clarified lysates were subjected to 10% SDS-PAGE and 

Figure 5. Inhibition of HBV by TLR-L is partially due to IL-6 secretion. dHepaRG cells were infected by HBV 
at a multiplicity of infection of 100 viral genome equivalent (vge)/cell for seven day and treated, or co-treated, 
twice as indicated with (A to E) anti-IL-6 antibodies (Ab) (2 ug/mL), (A to E) anti-IFNAR1 Ab (2 ug/mL), (A 
to E) isotype control (ctrl) Abs (1 for control of anti-IL6 Ab, 2 for control of anti-IFNRA1 Ab) (2 ug/mL), (A) 
rhIL-6 (100 ng/mL), (B) rhPEG-IFN-α (500 IU/mL), (C) Pam3CSK4 (1 ug/mL), (D) poly(I:C)-(HMW) (20 ug/
mL) or (E) Riboxxol (50 ug/mL) for seven more days (2 treatments). At the end of the experiment, supernatants 
were collected and HBeAg levels assessed by ELISA. Results are the mean +/− SD of two independent 
experiments each performed with three biological replicates.
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Western Blot transfer onto PVDF or nitrocellulose membranes using the TransTurbo Blot apparatus according to 
the manufacturer (Biorad). Primary antibodies are the TLR3 antibody (D10F10, #6961) RIG-I antibody (D14G6, 
#3743) MDA5 antibody (D74E4, #5321) from Cell Signaling and the anti-huActin (clone C4, #08691002) from 
MP Biomedicals. Secondary HRP antibodies anti-rabbit and anti-mouse were purchased from Sigma-Aldrich.

Nucleic acid extractions, reverse transcription and qPCR analyses. Total RNA and total DNA were 
respectively extracted from cells with the NucleoSpin RNA II kit and Nucleospin® 96 tissue kit according to the 
manufacturer’s instructions (Macherey-Nagel). RNA reverse transcription was performed using the Superscript 
III RT (Life Technologies). Quantitative PCR for HBV were performed using HBV specific primers and normal-
ized to PRNP housekeeping gene as previously described15.

cccDNA detection. After total DNA isolation and T5 exonuclease digestion (NEB, Fance) digestion for 1 h, 
cccDNA was quantified as previously described30. Alternatively, cccDNA was analyzed by Southern blot after Hirt 
extraction as described previously31.

-
natant. Human IL-6 and human IP-10 cytokines were detected in the supernatants using the DuoSet® ELISA 
kit according to the manufacturer (R&D Systems). HBeAg and HBsAg were detected in the supernatant of 
HBV-infected cells using the Autobio kit according to the manufacturer (AutoBio, China). ApoB secretion was 
detected in the supernatant of cells using the Total Human Apolipoprotein B assay according to the manufacturer 
(AlerCHEK, USA).

Measurement of cytokines by Luminex. IL-12p70, GM-CSF, IFN-α, IFN-γ, IL-1α, IL-1β, IL-1RA, 
IL-13, IL-15, IL-18, IL-2, IL-31, IL-4, IL-5, IL-6, IL-7, TNF-α and TNF-β were measured with a ProcartaPlex 
Human Th1/Th2 & Cytokine Panel 1 C (18 plex) kit (eBiosciences). Samples were analyzed using a Bio-Plex® 200 
System (Bio-Rad, Hercules, CA) according to the manufacturer’s instructions.

Neutral red uptake assay and Sulforhodamine staining to estimate cell via-
bility/cytotoxicity were performed as previously described4.

In vivo experiments. All experiments were performed in accordance with the European Union guide-
lines for approval of the protocols by the local ethics committee (Authorization Agreement C2EA-15, “Comité 
Rhône-Alpes d’Ethique pour l’Expérimentation Animale”, Lyon, France - APAFIS#1570-2015073112163780). 
Primary Human Hepatocytes (PHH, Corning, BD Gentest) were injected in FRG mice intrasplenically 48 h after 

Figure 6. TLR2 and 3 ligands lead to production of inflammatory cytokines by immune blood cells. (A) Fresh 
PBMC from a healthy donor were cultivated and stimulated or not with Pam3CSK4 (5 μg/mL), poly(I:C)-
(HMW) (5 μg/mL) or Riboxxol (5 μg/mL) for 24 h. Supernatant were collected and cytokines content was 
analyzed with Luminex Assay. (B) dHepaRG cells were infected by HBV at a multiplicity of infection of 100 viral 
genome equivalent (vge)/cell for seven days and treated or not during 10 days with the indicated conditioned 
media (CM) diluted 1/100. Supernatant were collected and HBeAg levels were assessed by ELISA. Results are 
the mean +/− SD of two independent experiments each performed with two or three biological replicates.
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adeno-uPA conditioning32. Mice were subjected to NTBC cycling during the liver repopulation process. Mice 
with HSA levels >19 mg/ml, as determined using a Cobas C501 analyzer, Roche Applied Science, were infected 
by IP injection with 5 × 108 vge/mL of HBV. Six weeks later, mice were injected intravenously twice a week during 
3 weeks with Pam3CSK4 or Riboxxol (20 ug per mouse per injection the first week, 40 ug per mouse per injection 
the second week and 80 ug per mouse per injection the third week). Sera were collected at different time before 
and after treatments. Mice were sacrificed 10,5 weeks post HBV infection and liver pieces were flash frozen in 
liquid nitrogen and kept at −80 °C before further processing. HBV viremia was determined by extraction of DNA 
from sera (supplemented with a known amount of non-HBV DNA; pUC19 plasmid from New England Biolabs) 
using the NucleoSpin® RNA Virus kit (Macherey Nagel) followed by qPCR. For each serum, quantity of viral 
genome equivalent was calculated according to a standard curve (build with dilutions of a plasmid containing 
the HBV sequence) and normalized to the ratio between the actual and theoretical amount of recovered pUC19 
DNA. Total DNA were extracted from liver pieces and cccDNA amount was quantified after T5 digestions as 
described previously33.

Statistical analysis. Statistical analyses were performed using the XLStat software and Kruskal-Wallis 
tests with multiple comparison respect to non-treated cells (Dunn’s post-test). For all tests, a p value ≤ 0,05 was 
considered as significant. *Correspond to p value ≤ 0.05; **correspond to p value ≤ 0.01; ***correspond to p 
value ≤ 0.001.
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