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Abstract: N6-methyladenosine (m6A) editing is the most common RNA modification known to
contribute to various biological processes. Nevertheless, the mechanism by which m6A regulates
transcription is unclear. Recently, it was proposed that m6A controls transcription through his-
tone modification, although no comprehensive analysis using this dataset was performed. In this
study, we applied tensor decomposition (TD)-based unsupervised feature extraction (FE) to a dataset
composed of mouse embryonic stem cells (mESC) and a human cancer cell line (HEC-1-A) and
successfully identified two sets of genes significantly overlapping between humans and mice (63 sig-
nificantly overlapped genes among a total of 16,763 genes common to the two species). These
significantly overlapped genes occupy at most 10% genes from both gene sets. Using these two sets
of genes, we identified transcription factors (TFs) that m6A might recruit, biological processes that
m6A might contribute to, and diseases that m6A might cause; they also largely overlap with each
other. Since they were commonly identified using two independent datasets, the results regarding
these TFs, biological processes, and diseases should be highly robust and trustworthy. It will help us
to understand the mechanisms by which m6A contributes to biological processes.

Keywords: N6-methyladenosine; histone modification; tensor decomposition; feature extraction

1. Introduction

Epitranscriptomics [1] generally attracts broad interest. It involves the post-transcriptional
editing of RNA. Since this has not been comprehensively investigated, epitranscriptomics
is hardly understood, in spite of its ubiquitous nature. A-to-I RNA editing [2] replaces
adenosine with inosine, which is usually regarded as guanine. Thus, A-to-I RNA editing
can alter the amino acid sequence of a protein translated from A-to-T edited RNA. Similarly,
C-to-U [3] editing replaces cytosine with uracil, which also might result in alterations in
amino acid sequences. Although the effects of A-to-I and C-to-U are relatively easy to
understand, the other effects of epitranscriptomics are not always easy to understand. Such
editing is mediated by various components, including Mettl3 [4] and Mettl14 [5]—used in
the most frequently observed form of RNA editing in transcripts that are believed to affect
a wide range of biological processes, ranging from development [6] to diseases [7]. It has
been reported to be related to Alzheimer’s disease [8] and Parkinson’s disease [9]. It is also
associated with various cancers [10] and plays several roles in immunity [11].

N6-methyladenosine also has a relationship with epigenetics. Histone H3 trimethy-
lation at lysine 36 guides m6A RNA modification co-transcriptionally [12]. The m6A of
chromosome-associated regulatory RNA regulates chromatin state and transcription [13].
m6A modification controls circular RNA immunity [14].

In spite of these findings, the mechanism by which m6A affects gene expression
profiles is unclear. Although there are many studies, most of them remain association
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studies. For example, Akhtar et al. found that m6A increases RNAP II pause, in contrast
they did not identify a detailed mechanism, and the studies remained simply identifications
of links between RNAP II pausing and the m6A RNA modification [15]. Liu et al. found
that m6A on chromosome-associated regulatory RNAs can globally tune chromatin state
and transcription; nevertheless, this again remained an association study [13]. Zhou et al.
found that m6A regulates alternative splicing [16]. Yang et al. found that m6A promotes
R-loop formation [17]. In spite of only a few examples of studies on the mechanism that
m6A regulates transcription, most of them remained as association studies. In this sense,
it is important to find some elements that can affect transcription associated with m6A,
even if it is a simple association study. Liu et al. [13] recently found that m6A can regulate
transcription through histone modification; however, they did not specify the genes whose
expressions were potentially affected by m6A. Histone modification is the addition of
small molecules, e.g., methylation and acetylation, to histone tails that control chromatin
structures. In this study, we applied tensor decomposition (TD)-based unsupervised feature
extraction (FE) [18] in order to identify potential target genes whose expression is affected
by m6A through histone modifications. As a result, we identified transcription factors that
might be recruited by m6A, biological processes that might include genes whose expression
is affected by m6A, and diseases caused by gene expression altered by m6A between mice
and humans.

2. Materials and Methods

Figure 1 shows the flowchart of analyses performed in this study.
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Figure 1. The flowchart of analyses performed in this study.
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2.1. m6A, Histone Modification, and Gene Expression

m6A, histone modification, and gene expression data of a human cancer cell line (HEC-
1-A) and mouse embryonic stem cells (mESC) were downloaded from Gene Expression
Omunibus (GEO) [19] with GEO ID GSE140561 and GSE133600, respectively. The former
dataset comprises H3K4me3, H3K27ac, MeRIP, and nascent nuclear RNA expressions
of control or METTL3 KO cell lines, with two biological replicates (in total, 16 samples;
Table 1), while the latter is composed of data from wild-types or either of two METTL3
KO mESC, with two biological replicates (in total, 24 samples; Table 2). For both sets, files
whose names ended by ".gz" were retrieved from the “Supplementary file” section available
from GEO.

Table 1. Sample tables for HEC-1-A human cancer cell lines.

GEO ID Treatments Observed Replicates

GSM4174073 Control H3K4me3 r1
GSM4174074 Control H3K4me3 r2
GSM4174075 KD H3K4me3 r1
GSM4174076 KD H3K4me3 r2
GSM4174077 Control H3K27ac r1
GSM4174078 Control H3K27ac r2
GSM4174079 KD H3K27ac r1
GSM4174080 KD H3K27ac r2
GSM4174099 Control MeRIP r1
GSM4174100 Control MeRIP r2
GSM4174101 KD MeRIP r1
GSM4174102 KD MeRIP r2
GSM4174167 Control nuclearRNA r1
GSM4174168 Control nuclearRNA r2
GSM4174169 KD nuclearRNA r1
GSM4174170 KD nuclearRNA r2

KD: Knock down.

Table 2. Sample tables for mESC.

GEO ID Treatments Observed Replicates

GSM3912479 Control H3K27ac r1
GSM3912480 Control H3K27ac r2
GSM3912481 Control H3K4me3 r1
GSM3912482 Control H3K4me3 r2
GSM3912485 KO1 H3K27ac r1
GSM3912486 KO1 H3K27ac r2
GSM3912487 KO1 H3K4me3 r1
GSM3912488 KO1 H3K4me3 r2
GSM3912491 KO2 H3K27ac r1
GSM3912492 KO2 H3K27ac r2
GSM3912493 KO2 H3K4me3 r1
GSM3912494 KO2 H3K4me3 r2
GSM3912555 Control nuclearRNA r1
GSM3912556 Control nuclearRNA r2
GSM3912557 KO1 nuclearRNA r1
GSM3912558 KO1 nuclearRNA r2
GSM3912559 KO2 nuclearRNA r1
GSM3912560 KO2 nuclearRNA r2
GSM3912800 Control MeRIP r1
GSM3912801 Control MeRIP r2
GSM3912802 KO1 MeRIP r1
GSM3912803 KO1 MeRIP r2
GSM3912804 KO2 MeRIP r1
GSM3912805 KO2 MeRIP r2

KO: knock out.
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2.2. Tensor

HEC-1-A and mESC datasets were formatted as tensors, xijks ∈ RN×4×K×2, which rep-
resent jth measurements (j = 1: H3K4me3, j = 2: H3K27ac, j = 3: MeRIP, and j = 4:
nascent nuclear RNA expression) of ith gene (Ensembl gene ID) of sth biological replicate
of kth sample (for HEC-1-A, K = 2, k = 1: control and k = 2:KO; for mESC, K = 3,
k = 1: control, k = 2: the 1st KO, and k = 3: the 2nd KO). Since the provided histone
modifications as well as m6A were not mapped to individual genes to which Ensembl
gene IDs are attributed, we had to integrate these values over each gene. To accomplish
this, values assigned to the regions included fully within gene regions were integrated
and assigned to individual genes (Ensembl gene ID). Finally, xijks were normalized as
∑i xijks = 0 and ∑i x2

ijks = N.

2.3. Tensor Decomposition-Based Unsupervised Feature Extraction

Higher order singular value decomposition [18] (HOSVD) was applied to xijks to
derive tensor decomposition

xijks =
4

∑
`1=1

K

∑
`2=1

2

∑
`3=1

N

∑
`4=1

G(`1`2`3`4)u`1 ju`2ku`3su`4i (1)

where G ∈ R4×K×2×N is a core tensor and u`1 j ∈ R4×4, u`2k ∈ RK×K, u`3s ∈ R2×2, u`4i ∈
RN×N are singular value matrices that are orthogonal matrices.

To select genes that are valid biologically, u`4i used for gene identification had to
be specified. Therefore, we needed to find which of u`1 j, u`2k, u`3s was biologically valid.
Given `1, `2, `3, we sought G(`1`2`3`4) that had larger absolute values, resulting in the
selection of `4. After identifying u`4i, we could address p-values to genes assuming that
u`4i obeys a Gaussian distribution as

Pi = Pχ2

[
>

(
u`4i

σ4

)2
]

(2)

where Pχ2 [> x] is a cumulative χ2 distribution whose argument is larger than x and σ4 is
standard deviation. p-values were corrected by BH criterion [18] and genes (Ensemble gene
IDs) associated with adjusted p-values less than 0.01 were selected.

2.4. Enrichment Analysis

Gene symbols associated and selected with Ensembl gene ID were retrieved by ID
conversion tool implemented in DAVID [20] and were uploaded to Enrichr [21] in order
to validate their biological features; TFs, pathways, and diseases associated with adjusted
p-values less than 0.05 were identified as significant.

3. Results
3.1. Gene Selections

HOSVD was applied to tensors xijks of HEC-1-A and mESC (Figures 2 and 3).
Independent of target species,

• u1j, which is attributed to measurements, represents constant values for histone
modifications, m6A, and nascent RNA; it likely exhibits transcription activated by
m6A through histone modification.

• u2k (and u3k for mESC), which are both attributed to the distinction between METTL3
KO and control, exhibit the distinction between them; they are more likely related to
mA6 mediated effects.

• u1s, which is attributed to two biological replicates, represents constant values between
two replicates; it likely exhibits features independent of replicates.
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Figure 2. Singular value vectors obtained by applying HOSVD to HEC-1-A, xijks. U11: u1j, U22: u2k,
U31: u1s.
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Figure 3. Singular value vectors obtained by applying HOSVD to mESC, xijks. U11: u1j, U22: u2k,
U23: u3k, U31: u1s.

In general, singular value vectors exhibit the patterns of representative genes. The fact
that u1js take constant values means that the amounts of histone modification, m6A, and
nascent RNA simultaneously vary over some sets of genes, because otherwise such a
singular value vector cannot appear. The fact that u3ks take opposite signs between k = 1
and k = 2 means that there are some sets of genes whose amounts of histone modification,
m6A, and nascent RNA are distinct between control and METTL3 KO, because otherwise
such a singular value vector cannot appear. The fact that u1ss take constant values means
that the amounts of histone modification, m6A, and nascent RNA will be independent of
biological replicates, because otherwise such a singular value vector cannot appear.

Next, we needed to identify which Gs had larger absolute values, given `1 = 1, `2 = 2
(and also 3 for mouse), and `3 = 1. G represents the weight by which the combination of
u`1 ju`2ku`3su`4i contributes to xijks (Equation (1)), because u`1 j, u`2k, u`3s, and u`4i are unit
vectors. Since we have already identified which u`1 j, u`2k, and u`3s are associated with the
properties of interest, by identifying which G(`1`2`3`4) has the largest absolute value given
`1, `2, and `3, we can know which u`4i is most associated with the properties of interest.

Independent of target species, U5i has the absolutely largest G(1, 2, 1, `4) (Table 3).
Although one might wonder why `4 = 7 was not employed in spite of that |G(1, 3, 1, 7)| >
|G(1, 3, 1, 5)|, `4 = 5 was selected because of larger ∑3

`2=2 G(1, `2, 1, `4)
2. Following this,

p-values were attributed to ith gene (Ensembl gene ID) using Equation (2). After correcting
Pi using BH criterion [18], 740 human and 667 mouse genes with Ensembl gene ID were
selected, respectively (full list is available as Supplementary Materials). After converting
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Ensembl gene IDs into gene symbols using gene ID conversion tools implemented in
DAVID [20], we investigated the intersection between these two sets of genes.

Table 3. G(1, 2, 1, `4) for human and mouse and G(1, 3, 1, `4) only for mice obtained by applying
HOSVD to xijks of HAC-1-A (human) and mESC (mouse). Bold faced values were employed.

`4
Human Mouse

G(1, 2, 1, `4) G(1, 3, 1, `4)

1 −3.8580489 11.451996 0.3547811
2 −8.3420060 −3.105822 0.5361026
3 1.2758702 −1.979357 −15.3679662
4 0.4298687 21.579441 2.8415422
5 −72.7824354 −82.092367 −31.1421313
6 10.1455134 1.676667 19.6058307
7 −10.1008315 −7.248264 66.0183422
8 −10.3176091 5.825304 4.3903138
9 −1.4442934 38.314394 −23.3314778
10 0.3916004 6.841401 7.6772055

Figure 4 shows the Venn diagram between gene symbols selected using TD-based
unsupervised FE. Fisher’s exact test shows that the overlap is highly significant (Table 4).

human

mouse

598

557

66

Figure 4. Venn diagram of gene symbols selected using TD-based unsupervised FE for mice (mESC)
and humans (HEC-1-A).

Table 4. Confusion matrix of gene symbols selected by TD-based unsupervised FE between HAC-1-A
(human) and mESC (mouse). Odds ratio is 4.00, P = 1.91× 10−17. Since only common gene symbols
between mice and humans were considered to generate the confusion matrix, the total number of
genes considered was less than the total numbers of mouse and human genes respectively.

Human

Not Selected Selected

mouse not selected 15704 496
selected 499 63
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This can be additional evidence that TD-based unsupervised FE is successful, since ac-
cidental significant overlaps between genes selected using two completely independent
datasets are unlikely, although there is still some possibility that the coincidence between
the two are not biological.

3.2. Transcription Factors Likely to Be Recruited by m6A

In order to identify transcription factors (TFs) that are likely recruited by m6A, we re-
ferred to "ENCODE and ChEA Consensus TFs from ChIP-X" category in Enrichr (full list is
available as Supplementary Materials). This category is the consensus list between two
independent research projects, ENCODE [22] and ChEA [23], where TF binding to human
genome was comprehensively investigated by ChIP-Seq experiments.

There were 27 TFs commonly selected (Figure 5 and Table 5), which also suggests the
success of TD-based unsupervised FE, since it is unlikely that there are significant overlaps
between TFs selected using two independent datasets. Some of these TFs are reported to
be related to open chromatin. AR [24] is related to chromatin accessibility. E2F1 is also
reported to be associated with regulating chromatin components [25]. ESR1 [26] mediates
allele-specific chromatin recruitment. GATA2 [27] mediates looped chromatin organization.
KLF4 is involved in the organization and regulation of enhancer networks [28]. MYC drives
chromatin accessibility [29]. NANOG establishes chromatin accessibility [30]. PPARγ bind-
ing induces open chromatin and histone acetylation (Figure 7 [31]). The interactomes of
POU5F1 and SOX2 enhancers in human embryonic stem cells is observed [32]. SALL4 pro-
motes glycolysis and chromatin remodeling [33]. STAT3 plays some roles in regulator
of chromatin topology [34]. TP53 engages distinct local chromatin environments [35].
TP63 cooperates with CTCF to modulate chromatin architecture [36]. CHD1 regulates
open chromatin [37]. RCOR1 is known as a chromatin regulator [38]. TAF1 has some
relationship with histone acetyltransferases [39]. UBTF1 and UBTF2 bind to open chro-
matin structures [40]. YY1 was listed as one that promotes open chromatin and activates
transcription [13]. ZBTB7A is a transducer for the control of promoter accessibility [41].
This also suggests that TD-based unsupervised FE identifies the potential TFs that regulate
chromatin structure as expected.

human

mouse

20

4

27

Figure 5. Venn diagram of TFs in "ENCODE and ChEA Consensus TFs from ChIP-X" category,
selected by uploading genes selected by TD-based unsupervised FE to Enrichr.
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Table 5. Twenty seven commonly selected TFs from Figure 5.

CHEA AR E2F1 ESR1 GATA2 KLF4 MYC NANOG NFE2L2 PPARG POU5F1
SMAD4 SALL4 SOX2 STAT3 TP53 TP63

ENCODE CHD1 CTCF PBX3 RCOR1 RELA TAF1 TCF3 UBTF YY1 ZBTB7A ZNF384

In addition to such literature as mentioned above, we also tried to identify interactions
between TFs and enrichment analysis of TFs themselves.

Not only are they tightly interrelated, but also the four representative TFs, MYC,
STAT3, SMAD4, and TP53, regulate most of these TFs. This strongly suggests that TD-
based unsupervised FE successfully identified genes that are important parts of the regula-
tory network.

It is also interesting to see what kind of biological processes are controlled by the TF
network shown in Figure 6. In order to see this, we uploaded 27 TFs to REACTOME [42]
(Table 6).

Figure 6. The networks between 27 TFs are listed in Table 5 retrieved from TRRUST2 [43]. Full infor-
mation is available as Supplementary Material.

First of all, there are many transcription regulation-related pathways that are enriched
in candidate TFs that m6A recruits. Second, there are many descriptions that suggest the
relationship with chromatin reorganizations (see Supplementary Materials). For example,
TFs that belong to "Generic Transcription Pathway" are known to act as co-activator and co-
repressor complexes that affect histone modifications. TFs that belong to "Gene expression"
are known to cause epigenetic changes that result in altered chromatin complexes that
influence transcription. TFs that belong to "Estrogen-dependent gene expression" are
known to establish active chromatin marks. Thus, from the points of functions also, these
TFs are very suitable to be recruited by m6A.
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Table 6. REACTOME enrichment analysis for 27 TFs in Table 5.

Pathway Name Found Ratio p-Value FDR

Transcriptional regulation of pluripotent stem cells 13/45 3.00× 10−3 1.11× 10−16 3.76× 10−14

Developmental Biology 23/1241 8.50× 10−2 2.35× 10−12 3.97× 10−10

Generic Transcription Pathway 24/1554 1.06× 10−1 2.99× 10−11 3.38× 10−9

POU5F1 (OCT4), SOX2, NANOG activate genes related to pro-
liferation

6/21 1.00× 10−3 1.29× 10−10 1.01× 10−8

Gene expression (Transcription) 25/1851 1.26× 10−1 1.67× 10−10 1.01× 10−8

RNA Polymerase II Transcription 24/1693 1.15× 10−1 1.80× 10−10 1.01× 10−8

Interleukin-4 and Interleukin-13 signaling 9/211 1.40× 10−2 3.87× 10−8 1.86× 10−6

ESR-mediated signaling 9/256 1.70× 10−2 1.97× 10−7 8.26× 10−6

Estrogen-dependent gene expression 7/154 1.00× 10−2 9.44× 10−7 3.49× 10−5

Transcriptional regulation of granulopoiesis 5/71 5.00× 10−3 4.69× 10−6 1.33× 10−4

Signaling by Nuclear Receptors 9/385 2.60× 10−2 5.57× 10−6 1.33× 10−4

POU5F1 (OCT4), SOX2, NANOG repress genes related to dif-
ferentiation

3/10 6.82× 10−4 6.06× 10−6 1.33× 10−4

Binding of TCF/LEF:CTNNB1 to target gene promoters 3/10 6.82× 10−4 6.06× 10−6 1.33× 10−4

Activation of PUMA and translocation to mitochondria 3/10 6.82× 10−4 6.06× 10−6 1.33× 10−4

RUNX3 regulates WNT signaling 3/10 6.82× 10−4 6.06× 10−6 1.33× 10−4

Repression of WNT target genes 3/16 1.00× 10−3 2.45× 10−5 5.14× 10−4

Transcriptional regulation by the AP-2 (TFAP2) family of tran-
scription factors

4/52 4.00× 10−3 3.19× 10−5 6.06× 10−4

TP53 Regulates Transcription of Genes Involved in G1 Cell
Cycle Arrest

3/20 1.00× 10−3 4.73× 10−5 8.44× 10−4

Signaling by Interleukins 10/639 4.40× 10−2 5.07× 10−5 8.44× 10−4

Transcriptional regulation by RUNX3 5/118 8.00× 10−3 5.27× 10−5 8.44× 10−4

TFAP2 (AP-2) family regulates transcription of growth factors
and their receptors

3/21 1.00× 10−3 5.46× 10−5 8.74× 10−4

Intrinsic Pathway for Apoptosis 4/61 4.00× 10−3 5.90× 10−5 8.86× 10−4

3.3. Biological Processes

Genes identified by TD-based unsupervised FE seem to successfully identify TFs
recruited by m6A. It is more interesting to know the kind of biological processes that are
mediated by those identified genes. For that, we investigated the "KEGG 2019 Human"
category in Enrichr (full list is available in Supplementary Materials). This category is a
list of genes included in the pathways that Kyoto Encyclopedia of Genes and Genomes
(KEGG) [44] provided. KEGG is a collection of pathways that are experimentally validated.
Based upon the biological considerations, various pathways are identified, along with
genes and compounds that take part in individual pathways.

There are six KEGG pathways commonly selected (Figure 7 and Table 7), which also
suggest the success of TD-based unsupervised FE, since it is unlikely that there are signifi-
cant overlaps between pathways selected using two independent datasets.
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human

mouse

10

12

6

Figure 7. Venn diagram of KEGG pathways in "KEGG 2019 Human" category, selected by uploading
genes selected by TD-based unsupervised FE to Enrichr.

Table 7. Six commonly selected KEGG pathways from Figure 7.

"Regulation of actin cytoskeleton"; "Adherens junction"; "Focal adhesion"; "Rap1 signal-
ing pathway"; "Ras signaling pathway"; "Proteoglycans in cancer"

There are many known studies that relate these pathways to m6A. A handful of genes
were associated with the formation of the adherens junction and the actin cytoskeleton
in cancer cells were undergoing epithelial-mesenchymal transition [45]. According to the
number of open reading frames and m6A, Chen et al. identified 224 circRNAs with coding
potential, and performed GO and KEGG analyses based on the linear counterparts of 75
circRNAs. They determined that the 75 circRNAs were related to regulating the actin
cytoskeleton and metabolic pathways [46]. Ras signaling pathway [47] and Rap1 signaling
pathway [48] are related to actin cytoskeleton. Thus, TD-based unsupervised FE identified
genes enriched in KEGG pathways known to be related to m6A.

We also investigated "Reactome 2016." Reactome [42] is yet another pathways database.
Although it is very similar to KEGG, it has its own definitions of paythways.

There were six Reactome pathways commonly selected (Figure 8 and Table 8), which also
suggested the success of TD-based unsupervised FE, since the possibility of significant
overlaps between pathways selected using two independent datasets is highly unlikely.
m6A was widely investigated to consider relationship with brain function [49–52];
these pathways are generally known to be related to brain functions. The relationship
between axon guidance and brain function is obvious. Developmental biology is related
to this pathway as well, while SMADs is related to cell development [53]. Rho GTPases
play some roles in neuronal morphogenesis [54]. Nephrin is expressed in adult rodent
central nervous system [55]. The L1CAM family has been implicated in processes integral
to nervous system development (R-HSA-373760). Thus, the detection of these pathways
might help us understand the function of m6A in brain functions.
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Figure 8. Venn diagram of REACTOME pathways in "Reactome 2016" category, selected by uploading
genes selected by TD-based unsupervised FE to Enrichr.

Table 8. Six commonly selected KEGG pathways from Figure 8.

"Developmental Biology Homo sapiens R-HSA-1266738"; "Axon guidance Homo sapiens
R-HSA-422475"; "Downregulation of SMAD2/3:SMAD4 transcriptional activity Homo
sapiens R-HSA-2173795"; "L1CAM interactions Homo sapiens R-HSA-373760"; "Nephrin
interactions Homo sapiens R-HSA-373753"; "Signaling by Rho GTPases Homo sapiens
R-HSA-194315"

In order to confirm whether genes selected by TD-based unsupervised FE are related
to the brain, we investigated "ARCHS4 Tissues". ARCHS4 is a massive mine of publicly
available RNA-seq data from humans and mice [56]. This category detects enhancements
of tissue-related genes from ARCHS4.

There were four tissues commonly selected (Figure 9 and Table 9). Two out of four
tissues, NEURONAL EPITHELIUM and ASTROCYTE were related to brains. Thus, TD-
based unsupervised FE could identify brain functions mediated by m6A.

human

mouse

22

5

4

Figure 9. Venn diagram of tissues in "ARCHS4 Tissues" category, selected by uploading genes
selected by TD-based unsupervised FE to Enrichr.
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Table 9. Four commonly selected tissues from Figure 9.

"NEURONAL EPITHELIUM"; "PLACENTA (BULK)"; "ASTROCYTE"; "FIBROBLAST"

3.4. Diseases Mediated by m6A

It would be interesting for us to see whether some diseases are mediated by m6A.
Therefore, we investigated "Disease Perturbations from GEO down" and "Disease Perturba-
tions from GEO up". This category comprehensively collected up/down regulated genes
in individual experiments included in GEO [19].

There were ten and four diseases commonly selected (Figure 10 and Table 10), which also
suggests the success of TD-based unsupervised FE, since it is unlikely that there could be
significant overlaps between diseases selected using two independent datasets. There were
some studies that were coincident with these diseases; m6A was reported to be related to
inflammatory bowel disease, which is a common chronic inflammatory gastrointestinal dis-
order whose major subtypes are Crohn’s disease and ulcerative colitis [57]. m6A mediates
pancreatic cancer [58,59]. m6A modifications of hepatitis B and C viral RNAs were reported
to attenuate innate host immunity via RIG-I signaling [60]. Comprehensive analysis of m6A
regulators was shown to possess prognostic value in prostate cancer [61]. m6A regulators
were shown to contribute to malignant progression and survival prediction in chronic
lymphocytic leukemia [62]. Thus, TD-based unsupervised FE successfully identified the
diseases related to m6A.

human

mouse

29

13

10

human

mouse

25

16

4

Figure 10. Venn diagram of diseases in "Disease Perturbations from GEO down" (left) and "Disease
Perturbations from GEO up" (right) categories, selected by uploading genes selected by TD-based
unsupervised FE to Enrichr.
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Table 10. Ten and four commonly selected diseases from Figure 10.

Disease Perturbations from GEO down

"Crohn’s disease DOID-8778 human GSE6731 sample 757"; "Ulcerative Colitis C0009324
human GSE6731 sample 249"; "Ulcerative colitis DOID-8577 human GSE6731 sample
759"; "Ulcerative colitis DOID-8577 human GSE6731 sample 760"; "Hepatitis C DOID-
1883 human GSE20948 sample 599"; "Diabetic Nephropathy C0011881 human GSE1009
sample 223"; "Cardiac Hypertrophy C1383860 rat GSE1055 sample 354"; "Prostate cancer
DOID-10283 human GSE3868 sample 639"; "Hepatitis C DOID-1883 human GSE20948
sample 597"; "Cancer of prostate C0376358 human GSE3868 sample 135"

Disease Perturbations from GEO up

"Pancreatitis DOID-4989 mouse GSE3644 sample 513 Asthma"; "Allergic C0155877
human GSE3004 sample 360"; "Acute pancreatitis C0001339 mouse GSE3644 sample
376"; "Chronic lymphocytic leukemia DOID-1040 human GSE6691 sample 786"

4. Discussion

First of all, we identified genes, TFs, pathways, and diseases common between analy-
ses using the mouse and human samples. Since they are independent datasets, it is very
unlikely that these coincidences were accidental. Although genes commonly selected
between human and mouse are as little as ten percent (Figure 4), identified TFs, path-
ways, and diseases were largely overlapped for humans and mice (Figures 5, 7, 8, and 10).
Since so many overlaps cannot be obtained accidentally, these results strongly support the
reliability of our findings.

In addition to this, the identified genes, TFs, pathways, and diseases are largely associ-
ated with previous studies that support these findings. TFs were reported to contribute to
chromatin structures, pathways identified were previously reported to be related to m6A,
and some studies have reported the relationships between diseases and m6A. This suggests
that TD-based unsupervised FE has a superior ability to identify biologically valid relation-
ships to m6A, using very small sized datasets composed of only two biological replicates.
The results derived here might help us understand how m6A regulates transcriptions.

One might wonder why only 27 TFs are detected, and about other TFs. It is obvious
that m6A does regulate transcription not only through TFs but also through many other
factors which have not yet been known. At the moment, we do not know how to figure out
other factors through which m6A regulates transcription. It will be an important issue to
be addressed in the future.

5. Conclusions

In this paper, using TD-based unsupervised FE, we successfully identified key genes
that could allow us to identify key TFs, pathways, and diseases mediated by m6A.
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