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ABSTRACT
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Mustafa SIBAI
M.S. in Biomedical Engineering and Bioinformatics
Advisor: Assist. Prof. Dr. Ciuneyd PARLAY AN
June, 2019

Axolotl is a member of the urodele amphibians that exhibits extraordinary regenerative
and scarless wound healing capabilities, fully restoring a lost limb as well as efficiently
healing a damaged one. Axolotl has recently been used as a powerful experimental
model for the fields of regenerative biology and medicine. Several studies have
employed high-throughput, omics-based approaches to uncover the regenerative cues
of the axolotl limb en masse. Microarrays and RNA-Sequencing technologies have
been the most commonly used transcriptomic tools for detecting differentially
expressed (DE) genes in different phases of the regenerating limb. Although those
studies have found many important genes and pathways that are implicated in the
regenerative process, the obtained results may lack sufficient consistency due to study
designs originating from different labs, which undermines the statistical power of their
experiments. Therefore, to bridge this statistical gap, the aim of this thesis was to
perform an integrative analysis of publicly available microarray and RNA-Seq data
from Axolotl limb samples having comparable study designs. Three biological groups
were conceived for the analysis; control group (intact tissue), wound healing group (up
to around 50 hours post amputation), and regenerative group (from 50 hours to 28 days
post amputation). Cross-platform normalization (merging) method was selected for
separately performing the integrative analysis of microarray and RNA-Seq data from
Axolotl limb samples. Differential expression analysis was separately carried out using
the R/Bioconductor “limma” package after processing data from both technologies. We
found 91 genes, 351 genes, and 280 genes as the top DE genes which showed adjusted
p <0.01 from data of both technologies in wound healing vs. control, regenerative vs.
control, and regenerative vs. wound healing, respectively. Detailed analyses showed
consistent correlation of the logarithmic fold changes of the differentially expressed
genes distributed among the biological comparisons, within and between both
technologies. Gene ontology annotations demonstrated concordance with the literature
on the biological processes involved in the axolotl limb wound healing and
regeneration. Future studies on axolotl limb regeneration may benefit from the utilized
methodology for enhanced statistical power and more consistent results.

Keywords: axolotl, wound healing, regeneration, merging, differential expression.



OZET

AKSOLOTL YARA IYILESMESI VE
REJENERASYONUNUN INTEGRATIF GEN
EKSPRESYON ANALIZI

Mustafa SIBAI
Biyomedikal Miihendisligi ve Biyoenformatik, Yiksek Lisans
Tez Danismani: Dr. Ogr.Uye. Clineyd PARLAY AN
Haziran, 2019

Aksolotl, Usttin rejeneratif ve hasarsiz yara iyilesme kabiliyeti sergileyen, kaybedilen
ve zarar gormiis olan bir uzvu tamamen ve etkin bir sekilde iyilestiren {irodele
amfibilerinin bir Gyesidir. Aksolotl yakin zamanda rejeneratif biyoloji ve tip
alanlarinda giiclii bir deneysel model olarak kullanilmaya baglanmistir. Bazi
caligmalarda, aksolot uzuvunun rejeneratif ipuglarini topluca agiga ¢ikarmak igin
yiiksek verimli, omik tabanli yaklasimlar kullanilmistir. Mikrodizi analizi ve RNA
sekanslama teknolojileri, rejenere olan uzuvun farkl fazlarinda diferansiyel olarak
eksprese edilen (DE) genleri tespit etmek i¢in en yaygm kullanilan transkriptomik
araglardir. Her ne kadar bu ¢alismalar ile rejeneratif sirecte yer alan bircok 6nemli gen
ve yolak bulunmus olsa da, elde edilen sonuglar, farkli laboratuarlarin ¢alisma
tasarimlar1 nedeniyle deneylerinin istatistiksel giiciinii zayiflatip sonuglarin tutarliligini
etkileyebilmektedir. Bu tezin amaci bu istatistiksel a¢ig1 kapatmak icin, halka agik
mikroarray ve RNA-Seq aksolotl verilerinin biitiinlestirici bir analizini yapmaktir.
Analiz icin t¢ biyolojik grup tasarlanmustir; kontrol grubu (saglam doku), yara iyilesme
grubu (amputasyondan sonra yaklasik 50 saate kadar) ve rejeneratif grup (amputasyon
sonras1 50 saat ile 28 giin arasi). Mikroarray ve RNA-Seq verilerinin biitiinlestirici
analizini ayr1 ayr1 yapmak i¢in ¢apraz platform normallestirme (birlestirme) yontemi
secilmistir. DE analizi, her iki teknolojiden veri islendikten sonra R / Bioconductor
“limma” paketi kullanilarak ayr1 ayr1 gergeklestirildi. Yapilan karsilagtirmalarda
sirasiyla, yara iyilesmesi grubu vs. kontrol de 91 gen, rejeneratif grup vs. kontrol
grubunda 351 gen, ve rejeneratif grup vs. yara iyilesmesi grubunda 280 gen istastiksel
olarak kuvvetli anlamli bulunmustur (diizeltilmis p degeri; p<0.01). Detayl analizler,
biyolojik gruplar arasinda, her iki teknolojinin i¢inde ve arasinda bulunan DE gdsteren
genler logaritmik kat degisiklikleriyle tutarli bir korelasyon sergilemistir. Gen
ontolojisi analizleri, sonuglarimizin aksolotl uzuv yara iyilesmesinde ve
yenilenmesinde literatiirle uyumlu oldugunu gostermistir. Gelistirdigimiz metadoloji
aksolotl ekstremite rejenerasyonu Uzerine yapilacak gelecek caligmalara gelismis
istatistiksel gii¢ ve daha tutarli sonuglar igin faydali olabilecektir.

Anahtar Sozcikler: aksolotl, yara iyilesmesi, rejenerasyon, birlesme, diferansiyel
ifade.
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Chapter 1

Introduction

The axolotl, Ambystoma mexicanum, is a tetrapod vertebrate which has been an
imperative model system for the fields of developmental, evolutionary, and
regenerative biology, due to its unique ability of reliably and fully regenerating various
body parts, while most adult vertebrates lack such supremacy [1,2]. The
Ambystomatidae, Ambystoma tigrinum complex, is a clade of 17 closely related,
rapidly evolving species, living in an area spanning southern Canada to central Mexico,
and having the axolotl as one of its recently derived members [2]. More specifically,
the axolotl is a member of the Urodele amphibians, a group consisting of newts and
salamanders that have similar vigorous regeneration capacities [1,3]. Axolotls are
unique in their regenerative potential due to the fact that their juvenile features are
preserved despite reaching sexual maturity [4]. Since they do not undergo
metamorphosis naturally, they exhibit some embryonic-like cell traits [5] during
adulthood, and thus, can regenerate their body parts efficiently throughout their whole
life [1]. The organs which axolotls can faithfully regenerate are many, including their
hearts [6-8], spinal cords [9], and even brain [10]. After induction of metamorphosis
by thyroid hormone administration, decrease in regenerative power of this species is

observed for some body parts such as limb [11,12], however based on recent studies



for other parts of the body regeneration capacity doesn’t seem to be hindered [1,13].
Besides, unlike other vertebrates such as the amniotes, which have limited regenerative
capacity, axolotls have a simpler adaptive immune system, suggesting that successive
regeneration may require a weak inflammatory response [1,14].

Axolotl’s regenerative capacity has been tested for many tissues. In response to partial
ventricular amputation (PVA) in the heart of axolotl, proliferation of cardiomyocytes
is initiated, and this is followed by restoration of the heart’s functional capacity as well
as the myocardium’s structural recovery [6]. Factors such as Baf60 (BRG1/BRM-
associated factor 60c), a component of ATP-dependent chromatic-remodeling
complexes, has a central role in driving cardiomyocyte proliferation post-cardiac injury
[7]. This process is also stimulated by an evolutionarily conserved response mediated
by the activation of complement 5a receptor 1, suggesting a pivotal role of the
complement pathway in promoting successful heart regeneration [8]. This animal is
also capable of completely regenerating its injured or amputated spinal cord with
cellular and functional accuracy [9]. When its tail is amputated, a unipolar injury is
sensed and regeneration would proceed towards the tip. On the other hand, bipolar
injuries resulting from transecting the spinal cord would initiate a diverse regenerative
action; the caudal and rostral severed ends ultimately reconnect by bridging the gap.
Acting as progenitor cells, ependymal cells expand themselves to form a
neuroepithelial tube, thereby facilitating spinal cord regeneration [9]. The axolotl brain
also has some regenerative potential, particularly when it comes to regenerating
specific neural subtypes, however limited on the functional repair level [10]. It is able
to regenerate molecularly-defined neuronal subtypes, while it fails to recover the
axonal tracts circuitry that existed prior to injury, having settled in an altered tissue

architecture, despite the electrophysiological functionality they seem to attain [10].

Another exceptional feature of axolotl is ability to regenerate its limbs. The phases and
process that ensues from axolotl limb amputation can be described as follows: within
around 24 hours post-amputation, a stump of epidermal cells migrates to the site of
amputation forming a thin wound epidermis across the severed stump, which differs

from intact, fully differentiated epidermis at the molecular and structural level [15,16].



This process is followed by infiltration of macrophages to the wound area to remove
the pathogens from the wound zone and phagocyte the dead cells’ debris within 48
hours post-amputation. Previous studies have demonstrated that macrophage activity
is indispensable for successful regeneration [17]. Secretion of mitogens and growth
factors from the epidermal cells is accompanied by innervation and, as a result,
dedifferentiation of terminally differentiated cells and activation of progenitor cells by
re-entering into the cell cycle are the key processes to form what’s known as the
blastema [16]. Blastema cells are characterized as highly proliferative, heterogeneous
in origin and potential [18], morphologically resemble fibroblasts, exhibit
unidirectional signaling that is influenced by wound epidermis factors, and behave as
autonomous units [16]. Blastemas of a foot amputation and of a full leg amputation are
fated to produce only a foot and a full leg, respectively, even when transplanted
elsewhere [16]. Hence, blastemas are encoded with precise positional information. The
blastema cells continue enriching their pool until reaching a definitive size, that’s when
they flatten out, allowing cartilage cells to merge and condense, and ultimately paving
the way for the varied tissue types to be differentiated, ending up with a perfectly
regenerated limb that is identical to the amputated one and finely sized regardless of

the age or size of the animal [16].

Some important genes were shown to be directly implicated in axolotl wound healing
and regenerative processes. For instance, fibroblast growth factors 8 (fgf8) and
MARCKS-like protein were found enriched in early wound epidermis, and their
function is proposed to be promoting cellular proliferation [19-22]. Further, heme
oxygenase 1 (hmox1), matrix metalloproteinases 11, 1, 3, 9, 10 (mmpl1l, mmp1l,
mmp3, mmp9, mmpl0), and tspl were proposed to function in the overall wound
healing process [23-25]. Besides, fibroblast growth factor 10 (fgf10), msh homeobox
1 (msx1), msh homeobox 2 (msx2), and wingless-type MMTYV integration site family
members 5a and 5b (wnt5a, wnt5b) were found enriched in amputation wounds vs.
lateral wounds [19,26-29]. As for genes involved in the regeneration, among the
blastema-enriched genes are cold-inducible RNA-binding protein (cirbp) that was
found to be cytoprotective for blastema cells, FUS RNA-binding protein (fus),

heterogenous nuclear ribonucleoprotein A1 (hnRNP al), growth-promoting kazal type
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serine peptidase inhibitor domain 1 (kazaldl), prothymosin alpha (ptma), retinol-
binding protein 2a (rbp2a), and serine and arginine rich splicing factor (sfrs1) [25,30].
The tumor protein p53 was found to be downregulated during blastema formation and
upregulated within 24 hpa over 2-3 days as well as during redifferentiation [25,31,32].
SMAD family member 2 (smad2) was found upregulated during late regeneration and

is thought to be functioning in TGF-B1 signal transduction pathway [33].

Using Axolotl as a model organism is advantageous from several viewpoints. Their
generation time is around 1 year or less and year-round breeding in the laboratory is
not that difficult [16,34]. Several techniques such as transgenesis and genome editing
have been implemented on these animals with relative success [35-39]. It is currently
feasible to study mutant cells in vivo due to the development of localized genome
editing [16]. Although the axolotl’s genome is a simple diploid with 14 pairs of
chromosomes, it’s very large and highly repetitive, containing long introns [40].
Technical hurdles such as the inability of obtaining sufficient read-length and an
improved assembly methodology have been some of the major obstacles towards
having a full genome assembly [16], and only very recently sequencing and assembly
of axolotl genome was reported [41]. Therefore, majority of studies aiming at
unraveling the pathways and gene networks in the regenerative mechanisms in axolotl
have utilized proteomic and transcriptomic tools [16,30,42—-45]. By using the mRNA
in the axolotl regenerative tissue as an experimental guide, techniques such as
microarrays and transcriptomics (RNA-seq), along with the utilization of de novo
assembled transcriptomes, have been the primary tools for studying the mechanisms of

limb regeneration and discovering the identities of the involved transcripts [16].

Due to their standardization advantage, microarrays were an indispensable tool,
capable of unlocking the identities of some of the genes driving the axolotl limb
regeneration. Although downstream analyses cannot consider expressed genes that are
not represented on the microarray, the technology can still be used to design probes for
any condition of interest [16]. Similarly, gene discovery in axolotl limb regeneration
was further fostered by the advancements in transcriptomics. RNA-seq is superior to

microarrays in mainly two aspects; firstly, there is more dynamic range for expression



values that could be detected by RNA-seq at a single-nucleotide resolution, and
secondly, highly expressed genes can be accurately detected by their relative
expression values with RNA-seq, eliminating the saturation effect that comes with
using microarrays [16]. In addition, novel mRNA discovery for non-model systems as
well as the ability to quantify isoforms of genes are other important features of RNA-
Seq. Recent advances have made it possible to even use individual cells as the source
of a very low RNA input, thereby drastically improving our knowledge on the specific
cells and tissues involved in the limb regeneration [16,46].

Despite all of the aforementioned advancements in unraveling the mechanisms of
axolotl limb regeneration by the use of microarrays and RNA-seq technologies, the
axolotl literature is still missing a key methodology that has the potential in advancing
the current knowledge on the limb regeneration even further. The various genes that
have been identified to be implicated in the different stages of axolotl limb regeneration
have been discovered by separate experiments from separate labs and with limited
replicates. “Meta-analysis” is a key methodology widely used in many fields of science
that mainly aims to provide scientific consensus on any particular research question
[47]. The axolotl regeneration field could greatly benefit from this methodology due to
the increasing amount of publicly available microarray and RNA-Seq data, along with
freely available bioinformatic tools. One approach of doing so would be to improve
candidate gene selection and establishing “biomarkers” for the axolotl wound healing
process as well as the limb regenerative process, which is the core scope of this thesis.
Meta-analysis is a commonly approach in biomedical sciences to detect differentially-
expressed (DE) genes which may be further considered for selecting gene signatures
or may be used as features for improving an existing classifier and coming up with a

better gene signature for clinical applications [48-50].

The application of meta-analysis in many of the fundamental biological research as
well as preclinical medical sciences has not been embraced very quickly due to the fact
that experimental techniques may be a lot different for direct comparisons [47].
Besides, some data would be deposited with no relevant publication, making the

analysis a lot more challenging. However, microarray and RNA-Seq data are being



deposited to public repositories along with their related publications and detailed
experimental designs [47]. In addition, the advantages of implementing the meta-
analysis methodology can be realized from the limitations of individual studies. First
of all, the cost of utilizing new technologies is almost always considered a limiting
factor when it comes to determining the scale of an experiment conducted by some lab.
Moreover, after an individual experiment has been conducted, researchers are faced
with challenging statistical issues [47]. Lastly but not least, in some cases experimental
design of individual studies overlap with each other due to lack of an established
pipeline to perform meta-analysis and as a consequence, researchers may generate
similar data. These issues are manifested in both high false-positive observations due
to the analysis of limited number of samples and huge number of transcripts, and false-
negative observations when false positives are accounted for by introducing stringent
cut-offs [47,51]. Therefore, gene signature selection could be enhanced when multiple
data sets are integrated by means of meta-analysis [47,50,52]. In other words, the more
sample size increases, the more statistical power, the less individual study-specific
biases, and the more precise differential gene expression integration and heterogeneity

assessment can be achieved [50,53-56].

When the term “Meta-analysis” is used, it’s often understood as the concept of
integrative data analysis (IDA). However, conceptually, integrative data analysis has
recently been expanded to refer to experiments which aim to integrate information from
several layers of “omics” information (aka multi-omics), such as integration of
epigenomics, genomics, transcriptomics, proteomics, and metabolomics [57]. In this
thesis, we refer to IDA as the process of combining information of independent studies
originating from different platforms or slight variations of the same platform [50,53].
Technically, there are two fundamental approaches to perform the latter concept of
integrative data analysis; meta-analysis and cross-platform normalization (aka
“merging”) [50]. Meta-analysis is classified as “late stage” data integration when final
statistics are combined from different studies, whereas merging is classified as “early
stage” data integration when it integrates data before running the statistical test [50].
Relatively-homogenous datasets which have been selected to answer unambiguous,

particularized questions can be used more suitably by the merging method for
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biomarker discovery [50,58]. Besides, both data integration methods are applicable
under comparable conditions and for biological questions, whether it’s differential

expression analysis or class prediction [50].

In this thesis, integrative data analysis was independently performed on publicly
available Microarray and RNA-Seq data from Axolotl samples, using the cross-
platform normalization (merging) method to identify the genes which might be
considered as biomarkers of different phases of regeneration. The samples were
collected from different Microarray and RNA-Seq data sets, referring to three main
groups of axolotl biological conditions; control (homeostasis), wound healing, and
limb regeneration conditions. By separately using the merging methodology on the
samples of Microarray and RNA-Seq technologies, followed by comparing their
results, the aim was to identify a set of transcriptomic patterns that drive the wound
healing and regenerative processes in the axolotl limb. The statistical test yielded 170,
1254, and 1047 differentially expressed (DE) genes (adjusted p-value < 0.01),
commonly identified by Microarray and RNA-Seq integrative data analyses in wound
healing vs. control, regenerative vs. control, and regenerative vs. wound healing
comparisons, respectively. Moreover, the top 91 DE genes (commonly identified by
the analyses of both technologies) in wound healing vs. control comparison enriched
several biological processes (adjusted p-value < 0.05) such as collagen metabolic
processes, regulation of cell adhesion, proliferation, and death, as well as extracellular
matrix disassembly. On the other hand, the top 351 DE genes (commonly identified by
the analyses of both technologies) in regenerative vs. control comparison enriched
several biological processes (adjusted p-value < 0.05) such as regulation of cell cycle
processes, mitotic nuclear division, regulation of mMRNA metabolic processes, muscle
filament sliding and contraction, muscle structure development, and cardiac muscle

tissue morphogenesis.



Chapter 2

Methods

2.1  Gene-expression Data Collection

Gene-expression microarray data sets and RNA-seq data sets were collected from the
public Gene Expression Omnibus (GEO) database [59,60]
(http://www.ncbi.nlm.nih.gov/geo/) and the European Nucleotide Archive (ENA)

database [61] (https://www.ebi.ac.uk/ena), respectively. The following criteria,

prepared according to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [62], were used to select GEO series from which data were
collected (Figure 1 and Figure 2):

1) GEO series data deposited until September 2018.
2) Non-redundant series.
3) Series pertinent to Axolotl tissues.

4) Series having unduplicated datasets.

The accession number of the GEO series (GSE number), title, publication, number of
the selected samples, number of the total samples, platform type, link to the gene-

expression data, and the year of each study can be found in Table A.1 for Microarray
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technology and in Table A.2 for RNA-seq technology. The number of GSM files
representing our meta-data design (group types), how many of each group belong to
which sub-platforms and to which study (series), is provided in Table 1 for Microarray
technology and in Table 2 for RNA-seq technology. For more detailed information on
the GSM accession, timepoint, amputation/injury site, and replicate number of each
sample, under each group type, for every selected GSE study, Table A.3 and Table A.4
were generated for Microarray and RNA-seq technologies, respectively.

£/
c
_g GEO series identified until 09/2018 through
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=)
c
]
2
—
— v
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Figure 1: Flow diagram illustrating the selection criteria used for performing integrative
analysis on microarray data. The diagram is prepared according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)



)
(=
=) GEO series identified until 09/2018 through
§ NCBI database search using “Axolotl” keyword
= (n=624)
)
c
(]
2
~—
T
Series selected after filtering for ‘expression
profiling by high throughput sequencing’ and
= ‘Ambystoma Mexicanum’
= (n=8)
=
[}
[}
S
Q y ” .
L2 Series excluded for being
Series screened »| redundant (SuperSeries)
(n=8) (n=1)
~—
M
\4
Series excluded for fully
Series deposited in GEO addressing research
o assessed for eligibility questions other than the
;‘_g' (n=7) axolot! limb
) (n=2)
w
~—
— v
o) Series included in
§ guantitative synthesis
S (n=5)
=
~—

Figure 2: Flow diagram illustrating the selection criteria used for performing integrative
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Group type
Dataset GSE Wound Regenerative (
Accession Platform Cdon;/rgl i()o Healing (up to | > ~ 50 hpa/hpi Total Ref
paidp ~ 50 hpa/hpi) | to 28 dpa/dpi)
GPL25286
GSE116615 [AMBY _002a520748F] 3 3 N/A 6
Affymetrix Ambystoma [63]
mexicanum
GPL15153 Affymetrix
Ambystoma mexicanum
GSE67118 AMBY_002 20k array 10 40 148 198 [25]
[CDF:
AMBY _002a520748F]
GPL15153 Affymetrix
Ambystoma mexicanum
GSE37198 AMBY_002 20k array 8 8 16 32 [64]
[CDF:
AMBY _002a520748F]
GPL15342 Agilent-
019788 Ambystoma [19]
GSE36451 I il 5 42 30 77
44k _v3 20080327
Total 26 93 194 313

Table 1: Summary of microarray gene expression data used for integrative analysis

Dataset GSE
Accession

Group type

Platform

Control (0
dpa/dpi)

Wound Regenerative (> ~

Healing (up to
~ 50 hpa/hpi)

50 hpa/hpai to 28

dpa/dpi)

Total

Ref

GSE116777

GPL21473
Illumina HiSeq
2000
(Ambystoma
mexicanum)

N/A

[63]

GSE103087

GPL22800
Illumina HiSeq
2500
(Ambystoma
mexicanum)

N/A

N/A

(65]

GSE92429

GPL22800
Illumina HiSeq
2500
(Ambystoma
mexicanum)

N/A

(30]

GSE74372

GPL14997
Illumina Genome
Analyzer 11x
(Ambystoma
mexicanum)

N/A

[49]

GSE34394

GPL14997
Illumina Genome
Analyzer 11x
(Ambystoma
mexicanum)

12

(66]

Total

18

32

Table 2: Summary of RNA-Seq gene expression data used for integrative analysis
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2.2  Gene-expression Data Processing

Gene-expression Microarray and RNA-seq integrative data analyses were performed
using R software [67], software packages from the open development software
Bioconductor Project [68,69], and parts of a published gene-expression analysis
workflow [70].

The whole Microarray data processing workflow is provided in Figure B.1. The
selected samples (CEL files) from the 3 Affymetrix datasets (GSE116615, GSE67118,
GSE37198) were read and merged as a single dataset, due to their similarity at the
probeset-level, using the R/Bioconductor “affy” package [71]. The resulting single
dataset consists of 236 (21 control, 51 wound healing, 164 regenerative) samples
(columns) and 20080 probesets (rows). This dataset was then summarized, quantile-
normalized, and log2-transformed by applying the Robust Multichip Average (RMA)
algorithm using the R/Bioconductor “affy” package [71]. Thereafter, the expression
data underwent a filtering process based on row-wise transcript intensities. The
medians of rows were calculated using the R/Bioconductor “Biobase” package [68],
followed by keeping only the probesets with intensities higher than a threshold of “4”
in at least as many samples of the smallest group (Figure 3A). The resulting filtered
data consists of 17658 probesets. These probesets were then subjected to annotation
using the AMBY _002a520748F probeset annotation file (~ 20k probesets) provided by

Sal-Site (http://www.ambystoma.org/genome-resources/20-gene-expression). There

were 13316 probesets mapping to the annotation file with some of them mapping to
the same gene. In order to obtain unique genes for those multiple mappings, using the
“WGCNA” R package [72], the duplicated probesets were collapsed from probeset-
level to gene-level by taking the maximum row mean value of the probeset to represent

the corresponding gene, resulting in a total of 10442 unique genes.

As for the Agilent dataset (GSE36451), the 77 selected samples (5 control, 42 wound
healing, 30 regenerative) were obtained directly from GEO as summarized, quantile-

normalized, and log2-transformed. The samples were combined together as a single
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dataset having 77 samples (columns) and 43796 probesets (rows). The dataset
underwent the same median intensity-based filtering as the Affymetrix datasets with
the same threshold (Figure 3B), using the R/Bioconductor “Biobase” package [68].
This filtering resulted in 41579 probesets, which were further subjected to annotation

using the annotation file obtained from GEO (https://www.ncbi.nlm.nih.gov/geo

/query/acc.cgi?acc=GPL15342). Only 21419 probesets were mapped to the annotation

file, some of which corresponding to the same gene. Unique genes were obtained by
the same approach used for the Affymetrix data, by collapsing the duplicated probesets
to the corresponding genes, using the “maximum row mean values” method,
implemented by the “WGCNA” R package [72], resulting in a total of 5083 unique

genes.

Median intensities

10 15

Median intensities

Figure 3: Histograms of Median intensities. A) Histogram of the median intensities of the
merged 3 Affymetrix datasets. B) Histogram of the median intensities of the Agilent
dataset. The vertical red line represents the threshold such that all of the probeset median
intensities below the threshold are discarded
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In order to obtain a set of common genes between the Affymetrix and Agilent datasets,
the 10442 Affymetrix unique genes were merged with the 5083 unique genes, resulting
in 4322 unique common genes. The Affymetrix log2-transformed data was prepared
based on the 4322 unique common genes, and so was the Agilent log2-transformed
data. In order to minimize the batch effect between the Affymetrix and Agilent
platforms, the resulting Affymetrix and Agilent log2-transformed data were each
independently transformed to standard score (a.k.a “z-score”) [73], which is performed
by the process of centering (subtracting the column means of the transposed
matrix from their corresponding columns) followed by scaling (dividing the centered
columns of the transposed matrix by their standard deviations), and then transposing
the matrix back so that genes are rows and samples are columns. The Affymetrix and
Agilent z-scored data were merged together to obtain a single dataset consisting of 313
(26 control, 93 wound healing, 194 regenerative) samples (columns) and 4322 genes
(rows). Principle component analysis (PCA) was implemented to explore overall
relationship occurring among samples of the z-scored, merged data.

The whole RNA-seq data processing workflow is provided in Figure B.2. The selected
raw data for each of the 5 datasets were obtained from the European Nucleotide
Archive (ENA) in fastq format. GSE116777 (2 control, 3 wound healing), GSE92429
(3 control, 4 regenerative), and GSE103087 (4 regenerative) are all paired-end
libraries, whereas both GSE74372 (1 control, 3 regenerative) and GSE34394 (1
control, 4 wound healing, 7 regenerative) are single-end libraries. Dwaraka et al., [63],
recently produced the axolotl transcriptome “V5 contig assembly (contig length of
19,732 bp)” (data accessible at NCBI GEO database, accession GSE116777), and was
downloaded to be used as our transcriptome reference. This particular transcriptome
was chosen because, according to the authors, a total of 31,886 pairwise alignments
with > 98% sequence similarity were identified between the V5 RNA-seq contigs and
the 20,036 V3 contigs that were used to design the Affymetrix microarray probesets.
Since the Affymetrix probesets already had an annotation file, and both were used in
our microarray analysis pipeline, the same annotation file was used for generating a
new annotation file for the 31,886 aligned contigs of the V5 assembly in our RNA-seq

analysis pipeline. The RNA-seq annotation file was prepared by merging the 31,886
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V5 assembly-V3 Affymetrix probesets alignment with the V3 Affymetrix probesets
annotation file, yielding around 25k genes. The expression of transcripts of each of the
5 datasets were independently quantified using the transcriptome-wide quantifier
“Salmon” tool [74], by building an index for the V5 transcriptome and directly
quantifying the reads on it. Salmon operates on a dual-phase inference procedure,
utilizes the concept of quasi-mapping, and accounts for technical biases by extensive
bias modeling. These unique features enable salmon to carry out fast and accurate
quantification of transcript abundance from RNA-Seq reads [74]. The resulting scaled
counts generated from transcript abundances were imported along with the RNA-seq
annotation file, using the R/Bioconductor “tximport” package [75]. This yielded a
count matrix of the samples of all datasets combined (32 columns) with 10k unique
genes (rows). Lowly expressed genes were filtered out using the R/Bioconductor
“edgeR” package [76,77]. The filtering strategy is to keep genes that have
minimum counts for at least some samples. The final format of the data post-filtering
is a matrix with 32 (7 control, 7 wound healing, 18 regenerative) samples as columns
and 7562 genes as rows. Normalization factors were calculated for this matrix using
the R/Bioconductor “edgeR” package [76,77]. The normalization factors were used
while converting the count data to log2-counts per million (logCPM), using the “voom”
function of the R/Bioconductor “limma” package [78-80], which makes the data ready
for linear modelling for differential expression analysis. When applying the “voom”
function, a design matrix was implemented such that each sample’s group type and
study origin are accounted for. In order to explore overall relationship occurring among
samples, principle component analysis (PCA) was performed on the “voom” counts
data.

2.3 Differential Expression Analysis (DEA)

Microarray DEA was performed on the z-scored, combined data (313 samples, 4322

genes). RNA-seq DEA was performed on the logCPM (voom) counts (32 samples,
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7562 genes). The following analyses were performed using the R/Bioconductor

“limma” package [78-80].

For both Microarray and RNA-seq data, contrast matrices were constructed to represent
3 group comparisons; wound healing vs. control, regenerative vs. control, and
regenerative vs. wound healing. The first comparison aims to observe gene expression
changes occurring in wound healing tissues compared to control (homeostatic) tissues.
The second comparison aims to observe gene expression changes occurring in
regenerative tissues compared to control (homeostatic) tissues. The final comparison
aims to observe gene expression changes occurring in regenerative tissues compared
to wound healing tissues. For each contrast matrix, a design matrix was incorporated
to account for the group type and study origin of every sample, and a linear model is
fitted to the expression data for each gene. Empirical Bayes method was applied on
those fitted linear models, so that genes can be ranked based on an order of evident
differential expression. The raw p-value and adjusted p-value distribution for each
contrast from both Microarray and RNA-seq data were plotted in a histogram format
as a diagnostic check. The adjusted p-value method used here is the Benjamini-
Hochberg (BH) that controls the expected false discovery rate (FDR) below a specified
value. The cutoff for adjusted p-value was set to be 0.01, so genes with lower adjusted
p-values were extracted as lists of differentially expressed genes, each list
corresponding to each contrast of either the Microarray or RNA-seq data. In order to
explore how differentially expressed genes drive the clustering of the samples,
principal component analysis was performed for each of the 3 comparisons, for both
the Microarray z-scored data as well as the RNA-seq logCPM counts data, with the
batch effect minimized using the R/Bioconductor “limma” package. The comparison
of DE Genes among the three comparisons within each technology, and the subsequent
comparison of the DE genes between the two technologies (Microarray and RNA-seq),
were performed using Venn diagram online tool

(http://bioinformatics.psb.ugent.be/webtools/\Venn/) and scatter plots using the

R/Bioconductor “ggplot2” package [81]. Pair-wise correlation testing of logFC of the
DE genes for the three comparisons within and between the two technologies was

performed using the “Spearman” correlation test in base R.
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2.4  Gene Ontology Enrichment Analysis

The top DE genes commonly identified by both technologies analyses were used to
identify Gene Ontology (GO) annotations using the R/Bioconductor “clusterProfiler”
package [82] . The genes were first converted to Entrez IDs prior to performing the
statistical overrepresentation test, which was used to separately query the top up-
regulated and down-regulated Entrez ID-mapped genes of each condition comparison
against all GO lists (Biological Processes “BP”, Cellular Components “CC”, Molecular
Functions “MF”), while also eliminating redundant GO terms. The background gene
list consisted of all Entrez IDs from the axolotl Affymetrix “AMBY_002a520748F”
annotation file. Bar plots were used to visualize the top 20 GO terms enriched by the
up-regulated and down-regulated genes for the conditions of interest. The parameters
of the overrepresentation test included using the homo sapiens “org.Hs.eg.db” as the
organism database, Benjamini & Hochberg (BH) as the adjusted-P value method, and

setting p and g value cut-offs to 0.05.
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Chapter 3

Results

3.1 Gene-expression Data Selection and Search Criteria

According to our criteria, illustrated in Figure 1 for Microarray technology, 4 GSE
datasets (series) were selected, 3 of which were performed using slightly different
versions of the Affymetrix Ambystoma Mexicanum platform; the version used by
GSE116615 is GPL25286 [AMBY_002a520748F], while the version used by both
GSE67118 and GSE37198 is GPL15153 [AMBY _002a520748F]. The fourth study,
GSE36451, was carried out using the Agilent-019788 Ambystoma Mexicanum
platform with version GPL15342 [44k v3 20080327]. Tables A.1 and A.3 provide
detailed information on the selected studies’ overall design, number of total and
selected samples, and the group types we designed. The groups were categorized into
three types; “control” group (intact/amputated/injured limbs and/or flank wounds at 0-
hour time points), “wound healing” group (intact/amputated/injured limbs and/or flank
wounds up until around 50-hour time points), and “regenerative” group
(intact/amputated/injured limbs and/or flank wounds of time points later than around
50 hours to 28dpa). From these datasets, samples that are denervated limbs (in
GSE37198) which don’t aid in regeneration, or limb buds (in GSE36451) which are

distinct from a fully mature amputated limb, were excluded. Totally, 6 samples from
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GSE116615 dataset, 198 samples from GSE67118 dataset, 32 samples from GSE37198
dataset, and 77 samples from GSE36451 dataset were selected, forming a total of 313
samples to be analyzed. From these, 26 samples belong to the control group, 93 samples

belong to the wound healing group, and 194 belong to the regenerative group (Table
1).

As for the criteria for RNA-seq technology, illustrated in Figure 2, 5 GSE datasets
(series) were selected, all of which were performed using slightly different versions of
the Illumina Ambystoma Mexicanum platform. The version used by GSE116777 is
GPL21473 HiSeq 2000, while the version used by both GSE103087 and GSE92429 is
GPL22800 HiSeq 2500, and the version used by both GSE74372 and GSE34394 is
GPL14997 Genome Analyzer IIx. Tables A.2 and A.4 provide detailed information on
the selected studies’ overall design, number of total and selected samples, and the group
types we designed. Three group types (control, wound healing, regenerative) were
assigned similarly to that of the aforementioned Microarray groups categorization.
From GSE116777 dataset, one sample was excluded due to it being an outlier, as
identified by the authors [63]. From GSE103087, 4 samples were excluded because
they underwent many rounds of amputation-regeneration. From GSE74372, 4 samples
were small RNA (sRNA) profiling expression experiments, and so they were excluded.
From GSE34394, 8 samples were excluded for being mouse samples. In the last dataset,
GSE92429, there are many samples coming from various positions along the axolotl
limb, among others, and so the upper-arm samples were selected as part of the control
group in order to be as consistent as possible with the other samples from other datasets
regarding the investigated site. Two other sample types from the latter dataset, distal
and proximal, being the blastemal stage of the regenerating limb, were selected and all
other samples were excluded. Totally, 5 samples from GSE116777 dataset, 4 samples
from GSE103087 dataset, 7 samples from GSE92429 dataset, 4 samples from
GSE74372 dataset, and 12 samples from GSE34394 dataset were selected, forming a

total of 32 samples to be analyzed. From these, 7 samples belong to the control group,
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7 samples belong to the wound healing group, and 18 belong to the regenerative group

(Table 2).

3.2 Whole Gene Expression Data-based Principal
Component Analysis

The principal component analysis performed on the z-scored, combined Microarray
data having 4322 genes (Figure 4) shows that the first principal component (PC1)
roughly separates between the samples based on their group types. This suggests that
the source of variation is likely due to differential expression between the group types.
The second principal component (PC2), however, separates the samples based on their

study origin.

On the other hand, the principal component analysis performed on the voom-counts
RNA-seq data having 7562 genes (Figure 5) shows that the first principal component
tends to separate the samples based on their study origin, conspicuously between the
GSE34394 and the rest. However, the second principal component seems to roughly
separate the samples based on their group types. Overall, regarding this whole gene
expression data-based principle component analysis approach, it seems that batch
factor (study origin) is more important than the time points (group types) to separate

the samples in both Microarray and RNA-seq data.
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Figure 4: Principal component analysis for the Microarray quantile-normalized, log2-
transformed, z-scored, combined data having 4322 genes. A) Control and Wound Healing.
B) Control and Regenerative. C) Wound healing and Regenerative. The number of
samples per group are: 26 Control, 93 Wound healing, and 194 Regenerative.
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3.3 Distribution of Raw and Adjusted P-values

For both Microarray (Figure 6) and RNA-seq (Figure 7) DEA results, for every
comparison, p-value and adjusted p-value histograms were plotted. Corresponding to
true null hypotheses, a uniform distribution for the p-values is expected, with low p-
values enrichment corresponding to differentially expressed genes at the near-zero
peak. In line with the expectations, p-values of every comparisons from both
microarray and RNA-Seq analyses show enrichment near-zero peak corresponding to

differentially expressed genes.
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Figure 6: P and adjusted-P value distribution (microarray). p-value histogram (left) and
adj.P.Value histogram (right) after DEA on Microarray data for the following comparisons
A,B) wound healing vs. control, C,D) regenerative vs. control, E,F) regenerative vs.
wound healing.
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3.4 DEA-based Principal Component Analysis

The principal component analysis performed on the z-scored, combined Microarray
data for the differentially expressed genes of each of the three comparisons (Figure 8)
shows that the first principal component (PC1) clearly separates the samples based on
their group types. This verifies that the source of variation is due to differential
expression between the group types. The second principal component (PC2), however,
doesn’t seem to strongly indicate any particular type of separation. Wound healing vs.
control comparison had 2092 DE genes (adj p-value < 0.01), while regenerative vs.
control and regenerative vs. wound healing comparisons had 2748 and 3166 DE genes

(adj p-value < 0.01), respectively.

On the other hand, the principal component analysis performed on the voom-counts
RNA-seq data for the differentially expressed genes of each of three comparisons
(Figure 9) shows that, unlike the whole gene expression data-based PCA, the first
principal component (PC1) clearly separates the samples based on their group types,
while the second principal component (PC2) seemingly indicate no specific separation
of any type. Therefore, the high variation and separation that PC1 illustrates, proves
that differential expression between group types is the dominant source of variation.
The DEA-based PCA performed on both Microarray and RNA-seq data indicate a
successful minimization of the batch effect among studies, making the observation that
group types are separated due to differential expression the dominant one. Wound
healing vs. control comparison had 423 DE genes (adj p-value < 0.01), while
regenerative vs. control and regenerative vs. wound healing comparisons had 2992 and

2371 DE genes (adj p-value < 0.01), respectively.
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Figure 8: Principal component analysis for the Microarray quantile-normalized, log2-
transformed, z-scored, combined data after DEA. A) wound healing vs. control (2092 DE
genes, 119 samples). B) regenerative vs. control (2748 DE genes, 220 samples). C)
regenerative vs. wound healing (3166 DE genes, 287 samples). The number of samples
per group are: 26 Control, 93 Wound healing, and 194 Regenerative. The DE genes have
an adjusted p-value < 0.01.
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Figure 9: Principal component analysis for the RNA-seq logCPM (voom) counts, after
DEA. A) wound healing vs. control (423 DE genes, 14 samples). B) regenerative vs.
control (2992 DE genes, 25 samples). C) regenerative vs. wound healing (2371 DE genes,
25 samples). The number of samples per group are: 7 Control, 7 Wound healing, and 18
Regenerative. The DE genes have an adjusted p-value < 0.01.
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3.5 Distribution of Differentially Expressed Genes

DE genes from Microarray data were found to be distributed among the three
comparisons. l.e. genes may be differentially expressed in one, two, or all of the
comparisons (Figure 10).

2092 DE genes 2748 DE genes
Wh_vs C Reg vs_Citrl

Reg_vs Wh
3166 DE genes

Figure 10: Venn Diagram of the distribution of significantly DE genes (adj.p <0.01)
among the three comparisons, from Microarray data; Wound healing (Wh) vs. Control
(Ctrl), Regenerative (Reg) vs. Control (Ctrl), and Regenerative (Reg) vs. Wound healing
(Wh). Each complete circle represents the number of differentially expressed genes of a
certain condition comparison as resulted by DEA.

There are 42 genes uniquely DE in wound healing vs. control comparison, 105 genes
uniquely DE in regenerative vs. control comparison, and 405 genes uniquely DE in

regenerative vs. wound healing comparison. There are 457 genes commonly DE in

29



regenerative vs. control and wound healing vs. control comparisons, 1168 genes
commonly DE in regenerative vs. control and regenerative vs. wound healing
comparisons, 575 genes commonly DE in wound healing vs. control and regenerative
vs. wound healing comparisons, and 1018 genes commonly DE in all three
comparisons. Those genes commonly DE among comparisons, however, may not
necessarily share the same gene regulation status, i.e., a gene may be up-regulated in
one comparison and down-regulated in another comparison. To test this notion, the
correlation of the logFC of the genes common in two or more comparisons was
calculated in a pair-wise manner and scatter plots were plotted to visualize the

differential expression pattern for each gene.

The Spearman correlation coefficients for the logFC of the genes commonly DE in
regenerative vs. control and regenerative vs. wound healing comparisons (Figure 11A)
as well as in regenerative vs. control and wound healing vs. control comparisons

(Figure 11C) are 0.85 and 0.96, respectively.

The positive correlation indicates that the DE genes common in those condition
comparisons are mostly regulated in the same direction; meaning that they are mostly
either up-regulated or down-regulated at the two different condition comparisons
sharing those DE genes. However, the logFC of the 575 genes commonly DE in wound
healing vs. control and regenerative vs. wound healing comparisons show a negative
correlation, having a Spearman correlation coefficient of — 0.71, indicating that those
genes are mostly oppositely regulated in these two different condition comparisons,
i.e., most of those 575 genes are up-regulated in one of the two comparisons and down-

regulated in the other comparison (Figure 11B).

The pair-wise correlation testing for the 1018 genes DE in all three comparisons shows
that the genes shared by all three comparisons follow the same trend as when they are
shared by only the two corresponding comparisons (Figure 11D-F), having a positive
correlation for regenerative vs. control and regenerative vs. wound healing
comparisons (0.52 Spearman correlation coefficient) and for regenerative vs. control

and wound healing vs. control comparisons (0.77 Spearman correlation coefficient),
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and a negative correlation, though very low magnitude, for regenerative vs. wound

healing and wound healing vs. control (-0.02 Spearman correlation coefficient).
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Figure 11: Scatter plot of the log-fold change of significant genes (adj.p <0.01) shared by
two or more comparisons as shown in the Venn diagram (Figure 10), from Microarray
data. A) Scatter plot of the logFC ofthe 1168 DE genes shared by Regenerative vs. Control
and Regenerative vs. Wound healing comparisons. B) Scatter plot of the logFC of the 575
DE genes shared by Regenerative vs. Wound healing and Wound healing vs. Control
comparisons. C) Scatter plot of the logFC of the 457 DE genes shared by Regenerative
vs. Control and Wound healing vs. Control comparisons. D-F) Pair-wise scatter plots of
the logFC of the 1018 DE genes shared by all three comparisons; D) Regenerative vs.
Control and Regenerative vs. Wound healing, E) Regenerative vs. Control and Wound
healing vs. Control, F) Regenerative vs. Wound healing and Wound healing vs. Control.

Additionally, DE genes from RNA-seq data were also found to be distributed among
the three comparisons (Figure 12). There are 62 genes uniquely DE in wound healing
vs. control comparison, 1226 genes uniquely DE in regenerative vs. control

comparison, and 573 genes uniquely DE in regenerative vs. wound healing
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comparison. There are 145 genes commonly DE in regenerative vs. control and wound
healing vs. control comparisons, 1582 genes commonly DE in regenerative vs. control
and regenerative vs. wound healing comparisons, 177 genes commonly DE in wound
healing vs. control and regenerative vs. wound healing comparisons, and 39 genes

commonly DE in all three comparisons.

423 DE genes 2992 DE genes
Wh_vs C Reg vs Citrl

Reg_vs Wh
2371 DE genes

Figure 12: Venn Diagram of the distribution of significant genes (adj.p <0.01) among the
three comparisons, from RNA-seq data; Woun -healing (Wh) vs. Control (Ctrl),
Regenerative (Reg) vs. Control (Ctrl), and Regenerative (Reg) vs. Wound healing (Wh).
Each complete circle represents the number of differentially expressed genes of a certain
condition comparison as resulted by DEA.

The correlation of the logFC of the genes common in two or more comparisons was
also calculated in a pair-wise manner, and interestingly, the same pattern of gene

regulation directionality occurred as with those from Microarray data.
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The Spearman correlation coefficients for the logFC of the genes commonly DE in
regenerative vs. control and regenerative vs. wound healing comparisons (Figure 13A)
as well as in regenerative vs. control and wound healing vs. control comparisons
(Figure 13C) are 0.94 and 0.93, respectively.

The positive correlation, therefore, indicates that genes commonly DE in those
condition comparisons are mostly either up-regulated or down-regulated. On the other
hand, the logFC of the 177 genes commonly DE in wound healing vs. control and
regenerative vs. wound healing comparisons have a negative correlation (-0.95
Spearman correlation coefficient), indicating that those genes are mostly up-regulated
in one of the two different condition comparisons and down-regulated in the other
(Figure 13B).

The 39 genes DE in all three comparisons follow the same gene regulation trend as
when they are shared by only the two corresponding comparisons, as shown by pair-

wise correlation testing of those genes (Figure 13D-F).
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Figure 13: Scatter plot of the log-fold change of significant genes (adj.p <0.01) shared by
two or more comparisons as shown in the Venn diagram (Figure 12), from RNA-seq data.
A) Scatter plot of the logFC ofthe 1582 DE genes shared by Regenerative vs. Control and
Regenerative vs. Wound healing comparisons. B) Scatter plot of the logFC of the 177 DE
genes shared by Regenerative vs. Wound healing and Wound-healing vs. Control
comparisons. C) Scatter plot of the logFC of the 145 DE genes shared by Regenerative
vs. Control and Wound healing vs. Control comparisons. D-F) Pair-wise scatter plots of
the logFC of the 39 DE genes shared by all three comparisons; D) Regenerative vs.
Control and Regenerative vs. Wound healing, E) Regenerative vs. Control and Wound
healing vs. Control, F) Regenerative vs. Wound healing and Wound healing vs. Control.

The correlation for regenerative vs. control and regenerative vs. wound healing
comparisons (0.03 Spearman correlation coefficient) and for regenerative vs. control
and wound healing vs. control comparisons (0.54 Spearman correlation coefficient) is
positive, and for regenerative vs. wound healing and wound healing vs. control is

negative (-0.71 Spearman correlation coefficient).
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3.6 Comparison of DE Genes Identified Based on
Microarray and RNA-Seq Data

The number of genes used for DEA from Microarray and RNA-seq data was 4322 and
7562, respectively. Because these genes share the same annotation source
(AMBY _002a520748F probeset annotation file), there are 3653 genes common
between the two technologies (Figure 14).

4_322 genes
MicroArra

RNAseq
7562 genes

Figure 14: Venn Diagram of the initial number of genes used before differential
expression analysis. This number for each platform is obtained just after the filtering and
/or merging.

Therefore, there will naturally be varying number of common DE genes per condition
comparison between the technologies. By merging the DE lists (adj p-value < 0.01) of
both technologies together for each comparison, we found that 170, 1254, and 1047
genes that are DE in wound healing vs. control, regenerative vs. control, and
regenerative vs. wound healing comparisons, respectively, are from both technologies
(Figure 15A,C,E). The correlation of the logFC of the DE genes common between the

technologies for each comparison was calculated and visualized by scatter plots. The
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logFC of the 170, 1254, and 1047 genes identified as DE from both technologies in
wound healing vs. control, regenerative vs. control, and regenerative vs. wound healing
comparisons all have a positive correlation, with a Spearman correlation coefficient of
0.74,0.71, and 0.77, respectively (Figure 15B,D,F).
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Figure 15: Venn diagrams of the distribution of DE genes (adj p-value < 0.01) between
Microarray and RNA-seq data as well as scatter plots of the log-fold change of the
common DE genes between the two technologies for A,B) wound healing vs. control,
C,D) regenerative vs. control, and E,F) regenerative vs. wound healing

Although our lists of DE genes commonly identified by both technologies are
significant (adjusted p-value < 0.01) for each condition comparison, there are many
genes that have very low logarithmic fold change (logFC magnitudes < 1). Therefore,
a more reliable attribution of “DE” genes would be to extract the top significant genes,
by a criterion, from the list of DE genes commonly identified by both technologies.
Even though the correlation coefficients of the DE genes between technologies for each
comparison was positive with fairly high magnitude, an added benefit to extracting top

DE genes would be to further decrease the number of genes with conflicting gene

36



expression directionality between technologies for each condition comparison. So, the
criterion for extracting the top DE genes is as follows: first, genes with logFC
magnitudes > 1 are extracted from both Microarray and RNA-Seq DE lists,
independently. Then, the resulting two lists are merged together, yielding the top DE
genes identified from both microarray and RNA-Seq. Consequently, the extracted top
DE genes commonly identified by the two technologies are 91 genes in wound healing
vs. control, 351 genes in regenerative vs. control, and 280 genes in regenerative vs.
wound healing comparisons. The list of these genes along with their logFC from both
technologies is provided in Table A.5. The correlation of the logFC of those top DE
genes common between the technologies was also calculated and visualized by scatter
plots. The logFC of the 91, 351, and 280 genes identified as the top DE genes from
both technologies in wound healing vs. control, regenerative vs. control, and
regenerative vs. wound healing comparisons all have an overall positive correlation,
with a Spearman correlation coefficient of 0.44, 0.72, and 0.76, respectively (Figure
16).
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Figure 16: Scatter plots of the log-fold change of the top DE genes (adj p-value < 0.01,
logFC magnitudes > 1) commonly identified by Microarray and RNA-seq technologies
for A) wound healing vs. control (91 top DE genes), B) regenerative vs. control (351 top
DE genes), and C) regenerative vs. wound healing (280 top DE genes).
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3.7 Gene Ontology Enrichment Analysis of the Top DE
Genes

By using the overrepresentation test, several different gene ontology terms of
biological processes, cellular components, and molecular functions were reported to be
enriched by the top DE genes commonly identified by both technologies’ analyses, for
the condition comparisons. The top 86 up-regulated and 4 down-regulated genes in
wound healing vs. control comparison enriched 80 GO terms and 2 MF terms,
respectively (Table A.6). Among the top biological processes enriched by the top 86
up-regulated genes in the latter comparison are found as: positive regulation of cell
death, cytokine-mediated signaling pathway, collagen metabolic process, negative
regulation of cell adhesion, positive regulation of cell proliferation, and regulation of
cell migration (Figure 17A). The top 181 up-regulated and 166 down-regulated genes
in regenerative vs. control comparison enriched 64 and 142 GO terms, respectively
(Table A.7). Mitotic nuclear division, chromosome segregation, mitotic spindle
organization, RNA splicing, regulation of cell cycle process, and regulation of MRNA
metabolic process were seen as the top biological processes enriched by the top 181
up-regulated genes in the latter comparison (Figure 17B). On the other hand, muscle
filament sliding, muscle contraction, heart contraction, generation of precursor
metabolites and energy, regulation of muscle contraction, and muscle structure
development were recognized as the top biological process enriched by the top 166
down-regulated genes in the latter comparison (Figure 17C). A total of 128 and 109
GO terms were enriched by the top 150 up-regulated and 128 down-regulated genes in

regenerative vs. wound healing comparison (Table A.8).
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Figure 17: Bar plots showing the top 20 GO biological processes with their corresponding
enriched gene counts. The bars are colored according to the adjusted p-value of the
corresponding process. A) Top 20 GO processes for the top upregulated genes in wound
Healing vs. control comparison. B) Top 20 GO processes for the top upregulated genes in
regenerative vs. control comparison. C) Top 20 GO processes for the top downregulated
genes in regenerative vs. control comparison. The genes used for the GO enrichment
analysis are the top DE genes commonly identified by Microarray and RNA-seq analyses.
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Chapter 4

Discussion

In this thesis, integrative data analysis was performed on axolotl gene-expression data.
To the best of our current knowledge, this is the first study describing the investigation
of differentially expressed genes implicated in the wound healing and regenerative
mechanisms of the axolotl limb by integrative analysis of publicly available Microarray
and RNA-Seq data.

Although the technical “meta-analysis” (late-stage data integration) method of
integrative data analysis has more frequently been used in the literature compared to
the early-stage data integration (merging) method [50], the latter method has been
applied in multiple studies [50,83-85] and was particularly chosen for the aim of our
study. It has been proposed that late-stage data integration performs worse that the
direct-merging approach when the purpose is to identify robust biomarkers [50]. In
other words, “deriving separate statistics and then averaging is often less powerful than
directly computing statistics from aggregated data” [50,86]. For example, cross-
platform normalization (early-stage data merging) yielded more differentially-
expressed genes than meta-analysis as reported by Taminau et al. [53]. Furthermore,

when prediction models are applied to a subset of studies, the data merging method can
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facilitate the application of these models onto different studies from different platforms
[48,50].

While samples from different datasets across different platforms are considered as a
single dataset by the “data merging” method for testing the same hypothesis, systematic
biases are a common issue [50,53,58,87], wherein they introduce undesirable non-
biological differences (batch effects) in the downstream gene signature analysis which
can mask the real biological differences among the conditions of interest. Many
different intra-laboratory variables are not clearly specified by some labs when their
datasets are deposited into GEO and, because of that, we had to presume the uniformity
of such variables across different datasets. For example, amputation site, size, feeding,
and maintenance protocols of Axolotls are among those factors that can influence the
clustering among the investigated samples, especially if a limited number of samples
is being analyzed. This could lead to some difficulty in the interpretation of whether
samples are inherently different due to gene-expression differences between particular
amputation timepoints or due to other kinds of factors which were unaccounted for
during the data selection and processing. Therefore, those factors could play a critical
role in interpreting the whole gene expression data-based PCA for each condition
comparison (Figures 4 and 5). Nevertheless, since one of the major aims of this thesis
was to increase sample size as much as possible for gaining more statistical power,
those presumed biological variations can be neglected, provided that real biological
differences among group types can be clearly observed following differential gene-
expression analysis. Indeed, DEA-based PCA showed a clear separation between
experimental groups indicating an indecisive role of those presumed factors (Figures 8
and 9). Importantly, the application of transformation and normalization techniques
during the process of data merging [50,73] along with accounting for the experiment
source (study origin) for each sample while applying DEA using the limma method
[78], were the major approaches for minimizing the observation of batch effects and
maximizing the observation of gene-expression differences between experiment

groups.
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The validity and accuracy of conducting DEA on the Microarray and RNA-Seq data
can be realized from the consistency of the results obtained from each technology with
one another. Firstly, as the Spearman coefficients indicate, every pair-wise distribution
of the DE genes among the three condition comparisons from Microarray data (Figures
10 and 11) are consistent with those from RNA-Seq data (Figures 12 and 13). The
genes that are commonly DE in regenerative vs. control and regenerative vs. wound
healing comparisons always have a positive correlation (Figures 11A,D and 13A,D),
as do those genes commonly DE in regenerative vs. control and wound healing vs.
control comparisons (Figures 11B,E and 13B,E). Also, the genes that are commonly
DE in regenerative vs. wound healing and wound healing vs. control comparisons
always have a negative correlation (Figures 11C,F and 13C,F). These consistent
correlations also strongly suggest a true biological behavior of those DE genes across
the conditions. Secondly, the Spearman correlation coefficients show that the DE genes
as well as the top DE genes commonly identified by both Microarray and RNA-Seq
data analyses are positively correlated with fairly strong magnitude for each of the three
condition comparisons (Figures 15 and 16). Such strong positive correlations between
microarray and RNA-Seq data was found in several previous studies [88-91]. Despite
having such a positive correlation for most of the DE genes, some genes have opposing
gene expression directionality. This might be due to the artifacts of gene expression
technologies. However, the number of those genes with opposite direction was found
significantly low for the top DE genes (Figure 16). The lower Spearman coefficient
which was observed for the top DE genes in wound healing vs. control (rs= 44), despite
having only a single inversely correlated gene out of 91, could be attributed to the
difference between the logFC range of the DE genes from microarray data and those
of RNA-Seq data. Consequently, the strength of the logFC magnitude for some genes
might significantly differ, and thus, the whole pair-wise correlation would similarly be
affected.

In response to limb amputation, the typical wound healing process is characterized by
the induction of stress signals and damage-associated molecules [92]. During the first
6-8 hpa, epithelial cells migrate to and cover the amputation site [93], forming the

“wound epithelium (WE)” beneath which are extracellular and cellular debris along
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with a damaged vasculature [64]. We found thbsl as the top up-regulated gene in
wound healing vs. control comparison, which is specifically highly up-regulated in
basal cells of the wound epidermis that lacks a basement membrane at 24 hpa [63,94].
We also found that metalloproteinases (mmpl, mmp3, mmpl9) along with their
regulator timpl [63], which are important to regulate the extracellular matrix and
enriched in the wound epidermis immediately after injury [95], to be amongst the top
up-regulated wound healing vs. control genes, as were extracellular matrix-generating
components such as tnc [63]. At the wound healing phase, innate immunity elements;
neutrophils, macrophages, and granulocytes are infiltrated into the regenerating limb
at around 24 hpa [17]. Our wound healing vs. control top up-regulated genes also
enriched several immunological processes, such as tissue histolysis (mmpl, mmp3,
mmp19, timp1l), inflammation (ptgs2), and host-defense molecules at the site of injury
(zyx, mpo, cybb) [63]. In addition to innate immunity components, some biomarkers
of leukocytes (lgals9, mpo) were also up-regulated [63]. In response to leukocytes
infiltration, chemokines are expected to be released [63], and our results confirmed that
some of genes (argl, bcl2l1, cxcr4, egrl, hmox1, junb, Imnbl, mmpl, mmp2, mmp3,
pelil, ptgs2, socsl, sqstml, timpl, ywhaz) were up-regulated in wound healing vs.
control data and these genes were enriched in cytokine-mediated signaling pathway
GO term. Many of those genes enriched a variety of other GO terms associated with
tissue development, cell death, proliferation, migration, and immune responses, which
is probably due to the fact that most of those processes are activated by the cytokine

signaling pathway [63].

It’s been previously shown that when the regeneration phase starts at 2 dpa onwards,
genes that are up-regulated within this interval enrich terms associated with DNA
replication, mitosis, and the cell cycle [25]. The majority of these genes are up-
regulated during the 2-3 dpa interval, marking a transition phase in the limb
regeneration program, after which they either gradually increase or sustain a relatively
constant expression until the 28 dpa period [25]. We similarly found that the
regenerative vs. control top up-regulated genes enriched many cell cycle related GO
terms, such as positive regulation of cell cycle (apex1, aurka, aurkb, ccnj, fenl, hcfcl,

kif23, mad2l1, mtbp, nipbl, pggtlb, rps6kbl, sfpq), mitotic nuclear division (aurka,
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aurkb, ccnj, cdc20, cdca8, flna, kifll, kif22, kif23, mad2I1, mad2l1bp, mtbp, nek2,
nipbl, plk1, prcl, rccl, trip13), and DNA conformation change (asflb, hells, hist3h2bb,
hmgb2, nasp, nipbl, rpa2, sart3, topl, top2b). This indicates that the distal limb stump
undergoes a remarkable change in the population of proliferative cells due the
punctuated increase in the transcripts associated with cell cycle processes [25].

The expression of muscle-specific genes has previously been reported to be
significantly reduced during limb regeneration [24,25,63,66,96]. Although muscle
tissue remodeling is observed in the limb stump along with reduced muscle-specific
transcripts during early response to limb amputation [63], by around 10 dpa the
expression of those muscle-specific genes significantly drops, implying absence of
muscle tissues [25]. It’s been propounded that for progenitor cells to be recruited and
for blastemal outgrowth to be initiated, muscle tissue depletion is necessary in the
blastemal area [63]. Indeed, our top down-regulated regenerative vs. control genes
enriched many muscle tissue-specific GO terms, including muscle filament sliding
(actal, actcl, actn3, des, mybpc2, mybpc3, myh2, myh4, myh7, myll, myl2, myl3,
myl4, tnncl, tnnc2, tnnil, tnni2, tnntl, tnnt3, tpml, tpm3), regulation of muscle
contraction (abat, actn3, anxa6, binl, mybpc3, myh7, myl2, myl3, tnncl, tnnc2, tnnil,
tnni2, tnntl, tnnt3, tpm1), and muscle cell development (actal, actcl, binl, mybpc2,
mybpc3, myhl10, myl2, myozl, tnntl, tnnt3, tpm1). In addition, it was previously
documented that the regenerative phase, especially around 10 dpa, undergoes reduction
in metabolic processes-associated transcripts [25,63]. Among the top down-regulated
regenerative vs. control genes, we also found some genes that enriched a variety of
cellular metabolic GO processes such as NADH metabolic process (actn3, gapdh,
gpdl, gpi, mdh2, pfkm, pgkl, slc25a12, tpil), ATP biosynthetic process (actn3, gapdh,
gpdl, gpi, pfkm, pgkl, pgml, prkag2, slc25al2, tpil), and regulation of ATPase
activity (atplb2, gabarapl2, mybpc3, myl3, myl4, tnncl, tnnt3, tpml). It’s been also
shown that, although muscle-specific genes are significantly down-regulated over the
regenerative phase, some of the metabolic genes do not drop in such an absolute
manner, but instead they moderately drop during the regenerative phase [63]. It is
suggested that, unlike the cells that die or undergo reprogramming, some other cells

make up for the lost cellular metabolic genes, and thus, this moderate and incomplete
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metabolic gene expression is observed [63]. Likewise, we did observe this kind of
relationship between the muscle-specific genes (myh6, myh3, mybpc3, myll, myl2,
myl3, tpm1), most of which are among the top down-regulated regenerative vs. control
genes, and some of the metabolic genes that function in the electron transport chain
and locate to mitochondria (dld, ndufb9, ndufc2, ndufs7, ndufv2, slc25a12, ugcrc2,
ugcrfsl), most of which are not among the top DE genes, but rather among the down-
regulated regenerative vs. control genes. However, all of those metabolic genes are
much less down-regulated than the muscle-specific genes over the regenerative phase.
Notably, when our “top DE genes” is discussed, it’s referring to those top DE genes
commonly identified by the analyses of both Microarray and RNA-Seq. However, two
of the aforementioned muscle-specific genes (myh6, myh3) and the metabolic gene
(ndufv2) are actually found DE (adj p-value < 0.01) only in RNA-Seq DEA. In fact,
those 3 genes were never part of the 4322-microarray gene list that was used for
Microarray DEA. This is important to show that the reliability of our results may be
extended to those DE genes identified specifically by RNA-Seq DEA, and not to be
limited to those DE gene commonly identified by both technologies, because many
genes that were used for RNA-Seq DEA were not represented in the final 4322
Microarray gene list due to the merging of Affymetrix gene list (whose annotation file
was also used for RNA-Seq annotation) with that of Agilent’s. One could argue that
the use of Agilent dataset may not have been necessary. However, besides the obvious
reason that including the Agilent dataset increases the sample size (which is one of the
fundamental premises for a more successful integrative data analysis), another reason
is that the results one might get from excluding the Agilent dataset might be biased
towards the popularity of the Affymetrix platform. Therefore, by analyzing different
platforms of Microarray technology as well as similar versions of the same Illumina

RNA-Seq platform, we probably minimized any such bias.

While the utilized cross-platform normalization (merging) methodology works quite
well for robust biomarker discovery, there are some inherent limitations to be
recognized. Despite our successful efforts to minimize between-laboratory
heterogeneity (batch effects) across experiments, the merging method cannot guarantee

the complete removal of such effects. Moreover, integrative analysis methods may
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provide power through increased sample size at the expense of the analyzed number of
genes. Genes which are not common in all integrated platforms are lost, and
consequently, a decline in the number of genes to be analyzed was observed. Although
the results were concordant with the literature and consistent within and between both
technologies, the quality of the deposited, original data may be a limiting factor for

having the most accurate, statistically sound results.
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Chapter 5

Conclusion

To our knowledge, this thesis describes the first technical approach for integrative
publicly available Microarray and RNA-Seq axolotl data analyses, aiming at
unraveling differentially expressed genes marking the wound healing and regenerative
phases of the axolotl limb. The Microarray and RNA-Seq DEAs showed consistent
results manifested in the same pattern of distribution of DE genes, as well as the
positive correlation of the DE genes and the top DE genes commonly identified by both
technologies, across the wound healing vs. control, regenerative vs. control, and
regenerative vs. wound healing comparisons. Many of our top DE genes were
previously identified as significantly differentially expressed, and their enrichment in
a wide variety of biological processes was concordant with those described in previous
studies. Some DE genes resulting from only RNA-Seq DEA also showed similar
concordance. Future direction of this study would aim to functionally validate some of
our top DE genes and perhaps identify some of them as biomarkers for the wound
healing and regenerative phases of the axolotl limb. Besides, the described
bioinformatic methodology can be further expanded to include various other statistical
approaches, such as performing differential expression analysis among all

experimental groups at once using the ANOVA test or the limma package, followed
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by hierarchical clustering-based heatmap generation in order to have a unified
visualization and interpretation of the data. We hope that our study provides enough
confidence for researchers around the world to consider our DE lists for their functional
studies and perhaps to integrate their data into our methodology in order to increase the
sample size, and thereby obtaining even higher statistical confidence for biomarker

discovery.
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GSE671 Ambystoma regenerating limb tip were ry/acc.cqi
18 mexicanum removed and used for RNA CEL ?acc=GS
AMBY_002 extraction. 10 samples were E67118
20k array [CDF: collected for each of 20
AMBY _002a52 time points.
0748F]
Regeneration of the axolotl https://w
forelimb lower arm was ww.nchi.n
compared with the healing Im.nih.go
of a deep lateral injury ina v/geo/que
high density timecourse ry/acc.cgi
(uncut, 3h, 6h, 9h, 12h, 24h, ?acc=GS
GPL15342 36h, 52h, 72h, 120h, 168h, E36451
Agilent-019788 | 288h and 528h after injury).
GSE364 Ambystoma Three independent TXT
51 mexicanum biological replicates were
44k_v3 200803 performed using separate
27 clutches of animals.
Amputated and lateral
wound samples were made
as matched contralateral
samples of four pooled
animals per timepoint.
To determine the gene https://w
expression changes that ww.nchi.n
GPL15153 take place during limb Im.nih.go
Affymetrix regeneration, flank wound v/geo/que
Ambystoma healing, and an denervated ry/acc.cqgi
mexicanum amputated limb. Epidermal ?acc=GS
GSE371 AMBY_002 tissue and cells adhered to CEL E37198
98 20k array [CDF: the epidermis were
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116615
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE67118
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE36451
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE37198

AMBY_002a52 | collected as samples. Two
0748F] harvested samples was
pooled for each animal.
Four biological replicates
were collected from
uninjured epidermis (DO)
and at 1, 3, and 7 days post
injury.

Table A.1: Description of the selected microarray datasets for integrative analysis
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A.2 RNA-Seq Axolotl Dataset Selection

# of Total
GSE
. .. samples | # of
Agci:gﬁs Year Title Publication used fQF sampl
analysis es
Comparative T_ranscrlptomlcs Dwaraka VB, Smith JJ, Woodcock MR,
of Limb . . -
Regeneration:Identification of VOS.S SR. Compar_a tive transcriptomics
GSE1 2018 Conserved Expression of limb regeneration: Identification of 5 18
16777 conserved expression changes among
Changes Among Three h ies of Ambvst G .
Species of Ambystoma three species of Ambys f)ma. enomics
[RNA-Seq] 2018 Aug 6. PMID: 30092345
Donald M. Bryant, Konstantinos
Sousounis, Duygu Payzin-Dogru,
Sevara Bryant, Aaron Gabriel W.
Sandoval, Jose Martinez Fernandez,
Identification of regenerative | Rachelle Mariano, Rachel Oshiro, Alan
GSE1 2017 roadblocks via repeat Y. Wong, Nicholas D. Leigh, Kimberly 4 8
03087 deployment of limb Johnson & Jessica L. Whited.
regeneration in axolotls Identification of regenerative
roadblocks via repeat deployment of
limb regeneration in axolotls. npj
Regenerative Medicine, 2, 30 (2017).
doi:10.1038/s41536-017-0034-z
Bryant DM, Johnson K, DiTommaso T,
. Tickle T et al. A Tissue-Mapped
e | Aot De Novo Trarscrtone
2499 2016 identification of limb Enable_s Identification of Limb 7 42
regeneration factors Regeneration Factors. Cell Rep 2017
Jan 17;18(3):762-776. PMID:
28099853
King BL, Yin VP. A Conserved
MicroRNA Regulatory Circuit Is
GSE7 2016 exirpea!slisr:\rr\o?‘?l?nrngL’:lrﬁ\g Differentially Controlled during 4 8
4372 axolotl forelimb regeneration Limb/Appendage Regeneration. PLoS
One 2016;11(6):¢0157106. PMID:
27355827
Stewart R, Rascén CA, Tian S, Nie J et
Three Distinct Phases of al. Comparative RNA-seq analysis in
GSE3 2013 Regeneration-Specific Gene the unsequenced axolotl: the oncogene 12 20
4394 Expression in the Axolotl burst highlights early gene expression
Blastema in the blastema. PLoS Comput Biol
2013;9(3):21002936. PMID: 23505351
GSE . .
Study design as reported in . GEO ENA
As?gﬁs Platform GEO Type of raw data used for analysis Link Link
Forelimbs were
amputated mid-zeugopod in . .
GPL21473 | all animals. 1.0mm samples m%v h_::\,%v[
Illumina of heterogeneous tissue from Vx\INan?Ir: cbi.a C'
GSE1 HiSeq regenerating limb tips were qov/geo | uk/ena
16777 2000 remove_d and used for'RNA Fastq /_q_g_u eryla | /data/
(Ambysto extraction. Three replicates _q_y_c c.caia -
ma samples were collected for cc_-(%gz view/P
mexicanu each time point, with each m RINA4
m) replicate formed by pooling — 80225

tissue from 5 different larvae.
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE116777
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225
https://www.ebi.ac.uk/ena/data/view/PRJNA480225

There are two
conditions, with four
biological replicates per
condition. Condition 1
samples, "Multi-amp" in the
sample names, are derived

GPL22_8OO from axolotl limbs that have https//w W hitps://
Illumina - ww.ncbi | www.e
- undergone six rounds of - -
HiSeq amputation-regeneration and Aim.nih | bi.ac.u
GSE1 2500 MRNA was extracted at three Fast -qov/geo | kjena/d
03087 | (Ambysto - q [query/a | ata/vie
days following the last o
ma amputation. Condition 2 cecgifa | w/PRJ
mexicanu " cc=GSE | NA400
m) samples, "Contol" in the 103087 | 170
sample names, are age- and = | =
size-matched sibling animals
that have undergone a single
amputation and mRNA was
extracted at three days
following this amputation.
GPL22800 Profiled 42 samples hitpsijw | httpsd/
- - ww.ncbi | www.e
Illumina across 16 tissues, from “mimnih | bi.ac.u
HiSeq distinct locations among el ey
%EZES 2500 intact and regenerating limbs, Fastq flﬂ—gg% I;{:/r:/a:gd
(Ambysto | relevant cell types, and other fqueryra
. . . cc.cgi?a | w/PRJ
ma progenitor-rich samples using =GSE | NA300
mexicanu RNA-sequencing 92429 | 706
m) = —
Characterized
GPL14997 | microRNA expression during . .
lllumina | Axolotl forelimb regeneration \r/l\}_\t/vm_n/c/t\;:/ M‘L'/é
Genome using small RNA sequencing. m bh “i“a“ C“'u
GSE7 Analyzer The same samples were “oov/aeo | klena/d
1Ix assayed for mMRNA Fastq BOVIGED -
4372 . - [query/a | ata/vie
(Ambysto expression using mMRNA -
> cc.cgi?a | w/PRJ
ma sequencing. Small RNA and =GSE | NA299
mexicanu mMRNA gene expression 74372 | 879
m) profiling during 0, 3, 6 and 14 — —
days post amputation.
Glllaltlmﬁ?]? performed deep RNA https://w | https://
Genome sequencing of the blastema ww.ncbi | www.e
Analvzer over a time course. Then, .nim.nih | bi.ac.u
GSE3 ”3(/2 compare the expression Fast .gov/geo | k/ena/d
4394 (Ambysto patterns to those in a mouse g [query/a | ata/vie
m g/s digit amputation model to cc.cgi?a | w/PRJ
- identify genes specific to the cc=GSE | NA149
mexicanu A
m) regenerative response 34394 573

Table A.2: Description of the selected RNA-Seq datasets for integrative analysis
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103087
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ebi.ac.uk/ena/data/view/PRJNA400170
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE92429
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ebi.ac.uk/ena/data/view/PRJNA300706
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74372
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ebi.ac.uk/ena/data/view/PRJNA299879
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34394
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573
https://www.ebi.ac.uk/ena/data/view/PRJNA149573

A.3 Detailed Information on Microarray Axolotl Data

GSE Study 1. Control: Intact (forelimb or hindlimb)-zero time point

GSE116615 GSM3243805 forelimb Ohpa replicate 1

GSM3243806 forelimb Ohpa replicate 2

GSM3243807 forelimb Ohpa replicate 3

GSE67118 GSM1639337 forelimb TO replicate 1

GSM1639338 forelimb TO replicate 2

GSM1639339 forelimb TO replicate 3

GSM1639340 forelimb TO replicate 4

GSM1639341 forelimb TO replicate 5

GSM1639342 forelimb TO replicate 6

GSM1639343 forelimb TO replicate 7

GSM1639344 forelimb TO replicate 8

GSM1639345 forelimb TO replicate 9

GSM1639346 forelimb TO replicate 10

GSE36451 GSM893962 mat-1_repl

GSM893963 mat-2_repl

GSM894016 mat-2_rep3

GSM894015 mat-1_rep3

GSM893989 mat_rep2

GSE37198 GSM913369 Flank wound at DO, biological repl

GSM913370 Flank wound at DO, biological rep2

GSM913371 Flank wound at DO, biological rep3

GSM913372 Flank wound at DO, biological rep4

GSM913373 Innervated limb at DO, biological repl

GSM913374 Innervated limb at DO, biological rep2

GSM913375 Innervated limb at DO, biological rep3

GSM913376 Innervated limb at DO, biological rep4

GSE Study 2. Wound Healing: injuries or amputations up to 48 hrs

GSE116615 GSM3243808 forelimb 24hpa replicate 1

GSM3243809 forelimb 24hpa replicate 2
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GSM3243810 forelimb 24hpa replicate 3

GSE67118

GSM1639347 forelimb T0.5 replicate 1

GSM1639348 forelimb T0.5 replicate 2

GSM1639349 forelimb T0.5 replicate 3

GSM1639350 forelimb T0.5 replicate 4

GSM1639351 forelimb T0.5 replicate 5

GSM1639352 forelimb T0.5 replicate 6

GSM1639353 forelimb TO.5 replicate 7

GSM1639354 forelimb T0.5 replicate 8

GSM1639355 forelimb T0.5 replicate 9

GSM1639356 forelimb T0.5 replicate 10

GSM1639357 forelimb T1 replicate 1

GSM1639358 forelimb T1 replicate 2

GSM1639359 forelimb T1 replicate 3

GSM1639360 forelimb T1 replicate 4

GSM1639361 forelimb T1 replicate 5

GSM1639362 forelimb T1 replicate 6

GSM1639363 forelimb T1 replicate 7

GSM1639364 forelimb T1 replicate 8

GSM1639365 forelimb T1 replicate 9

GSM1639366 forelimb T1 replicate 10

GSM1639367 forelimb T1.5 replicate 1

GSM1639368 forelimb T1.5 replicate 2

GSM1639369 forelimb T1.5 replicate 3

GSM1639370 forelimb T1.5 replicate 4

GSM1639371 forelimb T1.5 replicate 5

GSM1639372 forelimb T1.5 replicate 6

GSM1639373 forelimb T1.5 replicate 7

GSM1639374 forelimb T1.5 replicate 8

GSM1639375 forelimb T1.5 replicate 9

GSM1639376 forelimb T1.5 replicate 10

GSM1639377 forelimb T2 replicate 1

GSM1639378 forelimb T2 replicate 2
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GSM1639379 forelimb T2 replicate 3

GSM1639380 forelimb T2 replicate 4

GSM1639381 forelimb T2 replicate 5

GSM1639382 forelimb T2 replicate 6

GSM1639383 forelimb T2 replicate 7

GSM1639384 forelimb T2 replicate 8

GSM1639385 forelimb T2 replicate 9

GSM1639386 forelimb T2 replicate 10

GSE36451

GSM893964 3h_amp_repl

GSM893965 6h_amp_repl

GSM893966 9h_amp_repl

GSM893967 12h_amp_repl

GSM893968 24h_amp_repl

GSMB893969 36h_amp_repl

GSM893970 52h_amp_repl
GSM893990 3h_amp_rep2

GSM893990 3h_amp_rep2

GSM893991 6h_amp_rep2

GSM893992 9h_amp_rep2

GSM893993 12h_amp_rep2

GSM893994 24h_amp_rep2

GSM893995 36h_amp_rep2

GSM893996 52h_amp_rep2

GSM894017 3h_amp_rep3

GSM894018 6h_amp_rep3

GSM894019 9h_amp_rep3

GSM894020 12h_amp_rep3

GSM894021 24h_amp_rep3

GSM894022 36h_amp_rep3

GSM894023 52h_amp_rep3

GSM893976 3h_lwp_repl

GSM893977 6h_lwp_repl

GSM893978 9h_lwp_repl
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GSM893979 12h_Iwp_repl

GSM893980 24h_Iwp_repl

GSM893981 36h_Iwp_repl

GSM893982 52h_Iwp_repl

GSM894002 3h_lwp_rep2

GSM894003 6h_lwp_rep2

GSM894004 9h_lwp_rep2

GSM894005 12h_Iwp_rep2

GSM894006 24h_Iwp_rep2

GSM894007 36h_Iwp_rep2

GSM894008 52h_lwp_rep2

GSM894029 3h_Iwp_rep3

GSM894030 6h_Iwp_rep3

GSM894031 9h_Iwp_rep3

GSM894032 12h_Iwp_rep3

GSM894033 24h_lwp_rep3

GSM894034 36h_Iwp_rep3

GSM894035 52h_Iwp_rep3

GSE37198

GSM913381 Innervated limb at D1, biological repl

GSM913382 Innervated limb at D1, biological rep2

GSM913383 Innervated limb at D1, biological rep3

GSM913384 Innervated limb at D1, biological rep4

GSM913385 Flank wound at D1, biological repl

GSM913386 Flank wound at D1, biological rep2

GSM913387 Flank wound at D1, biological rep3

GSM913388 Flank wound at D1, biological rep4

GSE Study

3. Regeneration: amputations later than 48 hrs

GSE67118

GSM1639387 forelimb T3 replicate 1

GSM1639388 forelimb T3 replicate 2

GSM1639389 forelimb T3 replicate 3

GSM1639390 forelimb T3 replicate 4

GSM1639391 forelimb T3 replicate 5

GSM1639392 forelimb T3 replicate 6
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GSM1639393 forelimb T3 replicate 7

GSM1639394 forelimb T3 replicate 8

GSM1639395 forelimb T3 replicate 9

GSM1639396 forelimb T3 replicate 10

GSM1639397 forelimb T4 replicate 1

GSM1639398 forelimb T4 replicate 2

GSM1639399 forelimb T4 replicate 3

GSM1639400 forelimb T4 replicate 4

GSM1639401 forelimb T4 replicate 5

GSM1639402 forelimb T4 replicate 6

GSM1639403 forelimb T4 replicate 7

GSM1639404 froelimb T4 replicate 8

GSM1639405 forelimb T4 replicate 9

GSM1639406 forelimb T4 replicate 10

GSM1639407 forelimb T5 replicate 1

GSM1639408 forelimb T5 replicate 2

GSM1639409 forelimb T5 replicate 3

GSM1639410 forelimb T5 replicate 4

GSM1639411 forelimb T5 replicate 5

GSM1639412 forelimb T5 replicate 6

GSM1639413 forelimb T5 replicate 7

GSM1639414 forelimb T5 replicate 8

GSM1639415 forelimb T5 replicate 9

GSM1639416 forelimb T5 replicate 10

GSM1639417 forelimb T7 replicate 1

GSM1639418 forelimb T7 replicate 2

GSM1639419 forelimb T7 replicate 3

GSM1639420 forelimb T7 replicate 4

GSM1639421 forelimb T7 replicate 5

GSM1639422 forelimb T7 replicate 6

GSM1639423 forelimb T7 replicate 7

GSM1639424 forelimb T7 replicate 8

GSM1639425 forelimb T7 replicate 9
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GSM1639426 forelimb T7 replicate 10

GSM1639427 forelimb T9 replicate 1

GSM1639428 forelimb T9 replicate 2

GSM1639429 forelimb T9 replicate 3

GSM1639430 forelimb T9 replicate 4

GSM1639431 forelimb T9 replicate 5

GSM1639432 forelimb T9 replicate 6

GSM1639433 forelimb T9 replicate 7

GSM1639434 forelimb T9 replicate 8

GSM1639435 forelimb T9 replicate 9

GSM1639436 forelimb T9 replicate 10

GSM1639437 forelimb T10 replicate 1

GSM1639438 forelimb T10 replicate 2

GSM1639439 forelimb T10 replicate 3

GSM1639440 forelimb T10 replicate 4

GSM1639441 forelimb T10 replicate 5

GSM1639442 forelimb T10 replicate 6

GSM1639443 forelimb T10 replicate 7

GSM1639444 forelimb T10 replicate 8

GSM1639445 forelimb T10 replicate 9

GSM1639446 forelimb T10 replicate 10

GSM1639447 forelimb T12 replicate 1

GSM1639448 forelimb T12 replicate 2

GSM1639449 forelimb T12 replicate 3

GSM1639450 forelimb T12 replicate 4

GSM1639451 forelimb T12 replicate 5

GSM1639452 forelimb T12 replicate 6

GSM1639453 forelimb T12 replicate 7

GSM1639454 forelimb T12 replicate 8

GSM1639455 forelimb T12 replicate 9

GSM1639456 forelimb T12 replicate 10

GSM1639457 forelimb T14 replicate 1

GSM1639458 forelimb T14 replicate 2
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GSM1639459 forelimb T14 replicate 3

GSM1639460 forelimb T14 replicate 4

GSM1639461 forelimb T14 replicate 5

GSM1639462 forelimb T14 replicate 6

GSM1639463 forelimb T14 replicate 7

GSM1639464 forelimb T14 replicate 8

GSM1639465 forelimb T14 replicate 9

GSM1639466 forelimb T14 replicate 10

GSM1639467 forelimb T16 replicate 1

GSM1639468 forelimb T16 replicate 2

GSM1639469 forelimb T16 replicate 3

GSM1639470 forelimb T16 replicate 4

GSM1639471 forelimb T16 replicate 5

GSM1639472 forelimb T16 replicate 6

GSM1639473 forelimb T16 replicate 7

GSM1639474 forelimb T16 replicate 8

GSM1639475 forelimb T16 replicate 9

GSM1639476 forelimb T18 replicate 1

GSM1639477 forelimb T18 replicate 2

GSM1639478 forelimb T18 replicate 3

GSM1639479 forelimb T18 replicate 4

GSM1639480 forelimb T18 replicate 5

GSM1639481 forelimb T18 replicate 6

GSM1639482 forelimb T18 replicate 7

GSM1639483 forelimb T18 replicate 8

GSM1639484 forelimb T18 replicate 9

GSM1639485 forelimb T18 replicate 10

GSM1639486 forelimb T20 replicate 1

GSM1639487 forelimb T20 replicate 2

GSM1639488 forelimb T20 replicate 3

GSM1639489 forelimb T20 replicate 4

GSM1639490 forelimb T20 replicate 5

GSM1639491 forelimb T20 replicate 6
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GSM1639492 forelimb T20 replicate 7

GSM1639493 forelimb T20 replicate 8

GSM1639494 forelimb T20 replciate 9

GSM1639495 forelimb T20 replicate 10

GSM1639496 forelimb T22 replicate 1

GSM1639497 forelimb T22 replicate 2

GSM1639498 forelimb T22 replicate 3

GSM1639499 forelimb T22 replicate 4

GSM1639500 forelimb T22 replicate 5

GSM1639501 forelimb T22 replicate 6

GSM1639502 forelimb T22 replicate 7

GSM1639503 forelimb T22 replicate 8

GSM1639504 forelimb T22 replicate 9

GSM1639505 forelimb T22 replicate 10

GSM1639506 forelimb T24 replicate 1

GSM1639507 forelimb T24 replicate 2

GSM1639508 forelimb T24 replicate 3

GSM1639509 forelimb T24 replicate 4

GSM1639510 forelimb T24 replicate 5

GSM1639511 forelimb T24 replicate 6

GSM1639512 forelimb T24 replicate 7

GSM1639513 forelimb T24 replicate 8

GSM1639514 forelimb T24 replicate 9

GSM1639515 forelimb T24 replicate 10

GSM1639516 forelimb T26 replicate 1

GSM1639517 forelimb T26 replicate 2

GSM1639518 forelimb T26 replicate 3

GSM1639519 forelimb T26 replicate 4

GSM1639520 forelimb T26 replicate 5

GSM1639521 forelimb T26 replicate 6

GSM1639522 forelimb T26 replicate 7

GSM1639523 forelimb T26 replicate 8

GSM1639524 forelimb T26 replicate 9
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GSM1639525 forelimb T26 replicate 10

GSM1639526 forelimb T28 replicate 1

GSM1639527 forelimb T28 replicate 2

GSM1639528 forelimb T28 replicate 3

GSM1639529 forelimb T28 replicate 4

GSM1639530 forelimb T28 replicate 5

GSM1639531 forelimb T28 replicate 6

GSM1639532 forelimb T28 replicate 7

GSM1639533 forelimb T28 replicate 8

GSM1639534 forelimb T28 replicate 9

GSE36451

GSM893971 72h_amp_repl

GSM893972 120h_amp_repl

GSM893973 168h_amp_repl

GSM893974 288h_amp_repl

GSM893975 528h_amp_repl

GSM893997 72h_amp_rep2

GSM893998 120h_amp_rep2

GSM893999 168h_amp_rep2

GSM894000 288h_amp_rep2

GSM894001 528h_amp_rep2

GSM894024 72h_amp_rep3

GSM894025 120h_amp_rep3

GSM894026 168h_amp_rep3

GSM894027 288h_amp_rep3

GSM894028 528h_amp_rep3

GSM893983 72h_Iwp_repl

GSM893984 120h_lwp_repl

GSM893985 168h_lwp_repl

GSM893986 288h_Iwp_repl

GSM893987 528h_lwp_repl

GSM894009 72h_Iwp_rep2

GSM894010 120h_lwp_rep2

GSM894011 168h_lwp_rep2
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GSM894012 288h_lwp_rep2

GSM894013 528h_lwp_rep2

GSM894036 72h_Iwp_rep3

GSM894037 120h_lwp_rep3

GSM894038 168h_Iwp_rep3

GSM894039 288h_Iwp_rep3

GSM894040 528h_Iwp_rep3

GSE37198 GSM913393 Innervated limb at D3, biological repl

GSM913394 Innervated limb at D3, biological rep2

GSM913395 Innervated limb at D3, biological rep3

GSM913396 Innervated limb at D3, biological rep4

GSM913405 Innervated limb at D7, biological repl

GSM913406 Innervated limb at D7, biological rep2

GSM913407 Innervated limb at D7, biological rep3

GSM913408 Innervated limb at D7, biological rep4

GSM913397 Flank wound at D3, biological repl

GSM913398 Flank wound at D3, biological rep2

GSM913399 Flank wound at D3, biological rep3

GSM913400 Flank wound at D3, biological rep4

GSM913409 Flank wound at D7, biological repl

GSM913410 Flank wound at D7, biological rep2

GSM913411 Flank wound at D7, biological rep3

GSM913412 Flank wound at D7, biological rep4

Table A.3: Detailed information on possible GSM accession, timepoint,
amputation/injury site, and replicate number of each sample from Microarray data as
reported in GEO
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A4

Detailed Information on RNA-Seq Axolotl Data

1. Control: Intact (forelimb or hindlimb)-zero time point

GSE Study
GSE116777 GSM3261803 SRV-0041 Ohpa
GSM3261804 SRV-0042 Ohpa
GSE34394 GSM848198 Axolotl limb blastemal Ohr
GSE74372 GSM1919057 0dpa mRNA
GSE92429 GSM2429608 upperarm_10329_GTGAAA
GSM2429609 upperarm_10326_ATGTCA
GSM2429610 upperarm_10322_CAGATC
GSE Study 2. Wound Healing: injuries or amputations up to 48 hrs
GSE116777 GSM3261812 SRV-0044 24hpa
GSM3261813 SRV-0045 24hpa
GSM3261814 SRV-0046 24hpa
GSE34394 GSM848199 Axolotl limb blastemal 3hr
GSMB848200 Axolotl limb blastemal 6hr
GSMB848201 Axolotl limb blastemal 12hr
GSMB848202 Axolotl limb blastemal 1d
GSE Study 3. Regeneration: amputations later than 48 hrs
GSE3439%4 GSMB848203 Axolotl limb blastemal 3d
GSMB848204 Axolotl limb blastemal 5d
GSMB848205 Axolotl limb blastemal 7d
GSMB848206 Axolotl limb blastemal 10d
GSMB848207 Axolotl limb blastemal 14d
GSMB848208 Axolotl limb blastemal 21d
GSMB848209 Axolotl limb blastemal 28d
GSE74372 GSM1919058 3dpa mRNA
GSM1919059 6dpa mRNA
GSM1919060 14dpa mRNA
GSE92429 GSM2429615 proximal_TGACCA_L008

GSM2429616 proximal_CAGATC_L006

GSM2429628 distal_GCCAAT_L006
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GSM2429629 distal_CGATGT_L008

GSE103087 GSM2753452 L1B014416_TRA00035334

GSM2753453 LIB014416_TRA00035335

GSM2753454 LIB014416_TRA00035336

GSM2753455 LIB014416_TRA00035337

Table A.4: Detailed information on possible GSM accession, timepoint,
amputation/injury site, and replicate number of each sample from RNA-Seq data as
reported in GEO
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A5 Top DE Genes from Both Technologies

Wound Healing vs. Control
Symbol logFC_Microarray logFC_RNAseq

MMP1 2.334361424 6.338005577
MMP3 2.613784506 6.326727984
MMP13 2.505942171 6.142324809
SERPINE1 2.33448261 5.499983443
DUSP5 1.900733092 5.461830138
SLC2A1 2.583964126 5.376636756
PTGS2 1.349113221 5.081598276
DUSP1 1.384630072 4592839444
TCN1 2.6701994 4.586502325
MMP19 1.842536588 4.438045568
CYR61 1.524675274 4.323121128
TFPI2 2.577931481 4.213641401

JUNB 2.221756685 4.18203071
HMOX1 2.20457087 4.078211279
GADD45B 2.292961256 3.967008368
MPO 1.539231455 3.754991511
EGR1 1.183623733 3.741661794
PLBD1 1.849523153 3.690513073
TIMP1 2.651597185 3.640411179

TUBB6 2.145998088 3.51921625
ARG1 2.294109452 3.303208849
DGAT2 1.612931003 3.252060638
ANTXR2 1.844975053 3.223922826
SCG2 2.309067267 3.218333481
MMP2 1.166588789 3.157313017
DDIT4 1.689073456 3.148257645
THBS1 2.741572843 3.119318838
FGL2 1.603042676 3.109661211
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ODC1 2.371673142 3.059811212
TNC 1.928430829 3.038263794
TGM1 2.211429497 3.001913471
SPSB4 1.643229066 2.987181157
CXCR4 1.345824199 2.844759447
SOCs1 1.979271742 2.757441497
CHIT1 1.50988719 2.735948537
SGK1 1.63809861 2.65765517
ARL4D 2.282158023 2.607778471
UGDH 2.534200029 2.581818431
GADD45G 1.684827707 2.561964354
GLUL 2.61045621 2.530108807
PHLDA2 1.707124853 2.483842377
OBFC2A 2.403141247 2.330756238
DLGAP4 2.594097381 2.257749664
CYBB 2.007559993 2.22545569
SMAD7 1.029288045 2.196126161
ZFAND5 2.153701831 2.183211463
RHOB 1.00919381 2.160984515
PPP1R14B 2.610945966 2.154678459
ARHGEF2 1.961960934 2.137000929
G0S2 1.41786803 2.11914662
MAT2A 1.194248207 2.109284438
UGCG 1.874832507 2.036689675
SQSTM1 1.277666454 2.001438828
MAPKG6 2.591000214 1.915050242
LARP6 1.608874063 1.849560081
FAM110B 2.360501041 1.79436392
LGALS9 1.717625991 1.776964321
BMP2 1.548472922 1.703815048
SLC16A1 1.520238061 1.699210532
KIAA1737 1.741476731 1.685631249
SNX18 1.98102521 1.638333222
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ZNRF1 2.012149822 1.633122284
ZYX 2.492173002 1.597628818
SEMAGSF 1.079471461 1.544727872
SLC30A1 2.26847655 1.446118762
RND3 1.431083506 1.406607239
FAM108A1 1.115918282 1.391500219
BCL2L1 2.112853034 1.388564269
ZC3H11A 2.662591672 1.355679812
MXI1 1.350166451 1.346243753
TMEMG63B 1.453640867 1.323548748
SLC20A1 1.035372778 1.314067927
CDKN1C 1.054397908 1.308419045
BASP1 1.178196837 1.297370601
KEAP1 1.333360173 1.295536181
ERO1L 2.473193008 1.274935767
CCNL1 1.141953243 1.265750639
CHD7 1.575588305 1.256585758
UBE2J1 1.535279 1.219634011
ACCS -1.044734647 1.216692098
LMNB1 1.488273056 1.210726837
PELI1 1.655103458 1.20294839
SKI 1.282945387 1.093195775
ACTB 1.941734833 1.076181244
YWHAZ 1.987227655 1.071105742
TOP1 1.737250792 1.041115392
RRAS2 1.708469955 1.017611445
RMI1 -1.262418344 -1.029607406
CENPO -1.042610701 -1.102455378
SLC25A12 -1.127310982 -1.310792154
ZNF367 -1.017944133 -1.411253607
Regenerative vs. Control

Symbol logFC_Microarray logFC_RNAseq

KAZALD1 1.60584757 7.606392103
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MMP13 1.28751864 4.684782882
TNC 2.76899951 4.507054818
KRT17 3.059656959 4.433341211
PLBD1 1.335313996 3.405004145
TGFBI 1.65973202 3.250979687
PAMR1 1.629254917 3.170848422
F13A1 1.212030503 2.78544746
HIST3H2BB 1.226535435 2.752726323
LAMAL 1.304306191 2.670020033
CRABP2 1.922354318 2.519907225
SPSB4 1.255390854 2.378661784
MSI1 1.49324911 2.349822341
HAS2 1.086876414 2.327763108
MMP2 1.059033428 2.246131184
MAPKG 2.50893046 2.216563294
CXCR4 1.067219183 2.212249173
HMOX1 1.435034277 2.140113427
RCC1 1.305262112 2.114316205
MDK 1.084822228 2.110868401
TMEM35 1.227274134 2.093854739
CCNJ 1.613608596 2.024962826
THBS1 1.815119729 2.000311495
CALD1 1.755608975 1.986202794
BID1 1.505093553 1.947534205
FAT1 1.066795372 1.877197689
ENTPD1 1.775105449 1.84689419
FN1 1.553184389 1.835956044
SMAD7 1.194322149 1.825610643
NEK2 1.02745336 1.813303252
KPNA2 1.427076531 1.813037336
MYO10 2.056775205 1.790043557
OBFC2A 1.71516334 1.776729504
COL12A1 1.074030507 1.763226013
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KIF11 1.050111115 1.751192362
AURKA 1.072344938 1.742388078
ID3 1.697729526 1.7032721
FAMS4A 1.257628986 1.687796398
SAFB 1.346742416 1.670871889
MBD3 1.328615086 1.655521106
PLK1 1.293625144 1.640839096
TFPI 1.169997882 1.633649003
JUNB 1.546643627 1.612122395
APEX1 1.513003124 1.592478909
BASP1 1.407396377 1.574297323
MTBP 1.341226826 1.558447412
RRM2 1.047933537 1.557171033
FEN1 1.260591674 1.548648846
CCDC112 1.488899459 1.547224799
HCFC1 1.091418951 1.543500584
KIF23 1.096763883 1.535794098
ETF1 1.907804983 1.523316608
TRIP13 1.329294518 1.519313346
RBMXL1 1.83538259 1.511374069
LOXL2 1.683217659 1.511148649
FUS 1.627373752 1.506398904
RPS6KB1 1.998922288 1.482751914
ANP32E 1.013212638 1.482296354
PPRC1 1.55319949 1.472802156
PCDHGC3 1.194529635 1.472670083
RRM1 1.186622498 1.466832234
KIF22 1.05279908 1.463444434
ANTXR2 1.157689592 1.455954835
CYBB 1.513514029 1.440987907
SLTM 1.839913086 1.423609321
DCTPP1 1.30169385 1.409175524
SLC37A2 1.2743202 1.407601065
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CTHRC1 1.707279363 1.406558193
STMN1 1.044853214 1.39860325
TOP2B 1.315825097 1.398436393

MAD2L1 1.011679519 1.394810466
CSELL 1.199614525 1.391365394

CNN2 1.458270201 1.379938557
BRD3 1.519527072 1.372571943
NOLC1 1.529308157 1.367652936

RHEBL1 1.216393753 1.360763512
PTBP1 1.3152891 1.35916821
TCF7L1 1.045569514 1.358976143
SULF1 1.663460656 1.347564214

POLR1C 1.133310331 1.310366692
TMPO 1.711141104 1.287855374

CLK3 1.702902437 1.28495491
IFNAR1 1.218780517 1.279103087
TUBB6 1.274342008 1.278964851
LGALS9 1.517271279 1.27866492

METTL9 1.64659179 1.276069061

MPHOSPH10 1.188343856 1.275420823
HSPD1 1.170583865 1.267641238

CTPS 1.275947639 1.266660019

RRP9 1.171714652 1.264018926
RBM14 2.182063802 1.261296776

VKORCI1L1 1.265380317 1.26102556

1QCB1 1.090665177 1.258186512
CBX3 2.00281647 1.249126017
AURKB 1.073467612 1.249033698
HELLS 1.006017115 1.248658128
NASP 1.211429737 1.243353349
DLGAP4 1.97032316 1.242348426
HNRNPM 2.129523597 1.239922224

RANBP1 2.053316532 1.233057498
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TNFAIP1 1.474680898 1.230858043
TOP1 2.055539401 1.223524047
CDC20 1.222147319 1.217938645
SNRPAL 2.014592306 1.207469543
SNRPA 2.072271658 1.206671475
PLOD1 1.136888509 1.205371696
ABCF3 1.410062591 1.204513445
OSGIN2 1.679516823 1.201526877
TRA2B 1.863140128 1.201250461
DOCK?7 1.171588948 1.199925219
BMP2 1.254383717 1.194350684
ODC1 1.429935845 1.188706636
MOSPD1 1.161348584 1.188387736
BAZ1B 1.067569702 1.18746786
RBM45 1.561955186 1.185808293
GART 1.512272912 1.177148744
HAUS1 1.061849766 1.1738079
RBMX 1.652647418 1.16925224
BICD2 1.135499607 1.168321326
ITGB1 1.120346445 1.167621019
HMGB2 1.574797886 1.164390471
MRTO4 1.713486271 1.162133672
PRC1 1.053242679 1.160453632
PWP2 1.276759182 1.15994105
ZRANB2 1.062857067 1.157887282
NIPBL 1.42940232 1.150073674
CHD7 1.250149626 1.14663182
FBL 1.719161401 1.146031477
EWSR1 1.674695735 1.141187012
FILIP1L 1.368991093 1.139620733
CTTNBP2NL 1.090690398 1.138005977
SFPQ 1.783635615 1.136416749
MFAP2 1.651450121 1.135887019
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PRPF39 1.593177148 1.133896893
SNRNP40 1.845539179 1.132316844
THAPG 1.984875967 1.131816827
VIM 1.241452154 1.13048239
CDCAS8 1.007398768 1.126471673
DHX15 1.798987664 1.125904559
PSPC1 1.98185145 1.123943803
MAD2L1BP 1.630793821 1.114912413
FLNA 1.826421336 1.11478458
TARDBP 2.028328068 1.113076138
NOL11 1.662138781 1.113013553
NUP160 1.112650114 1.104068885
SPATS2L 1.246248719 1.103367499
CIRH1A 1.370557103 1.101662692
PTCD3 1.481629023 1.100268844
NUP85 1.173534131 1.09527314
GPNMB 1.355905264 1.091575357
IPO11 1.703512458 1.09072166
COIL 1.125811926 1.087814235
ASF1B 1.045023567 1.082578269
PRR11 1.020036112 1.082327308
SART3 1.019727892 1.08211025
TMEM138 1.524606206 1.079523195
PGGT1B 1.349383345 1.078537287
ZNF862 1.575539173 1.077523498
MATR3 1.303474906 1.076468582
PAG1 1.236498991 1.075181881
ERO1L 2.249818466 1.071538641
PBRM1 1.416220211 1.071358301
JAG1 1.069589778 1.067033519
CTSC 1.025768569 1.064298507
METTL2A 1.898105627 1.062502764
RFC2 1.421526343 1.05409067
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DKC1 1.666041292 1.047930323
USP1 1.018325585 1.045341957
CDV3 1.644914315 1.039617407
CSTF1 1.316345574 1.03723491
ZC3H11A 1.791644439 1.035901815
ZNF326 1.864956156 1.035226732
PRPF3 1.327773993 1.033609437
RPA2 1.003318854 1.031864745
TNPO3 1.278150791 1.02788666
SULT6B1 1.716591067 1.024087011
CLNS1A 1.466906716 1.009842298
SMARCC1 1.322774945 1.008908149
MCM3AP 1.192612513 1.008655458
UBE2I 1.370939224 1.004987207
MYEF2 1.680966286 1.003795741
ECHDC2 -1.296186257 -1.001090731
ROGDI -1.107985429 -1.013062883
SNTAL -1.843783592 -1.014938705
AIFM3 -1.398100987 -1.015427986
HLCS -1.423441959 -1.026973484
ANKRD39 -1.425575027 -1.034801098
DCAF6 -2.213102194 -1.035050897
ATPSS -1.833190149 -1.050563854
SYNJ2BP -1.931695181 -1.051549547
PRDX1 1.05533778 -1.051735053
COX17 -1.751697447 -1.053856088
HINT2 -1.569588648 -1.078275286
COX7B -1.819455822 -1.082756245
GOT1 -2.20425545 -1.112275321
PPP1R14A -2.037135446 -1.131287547
VDAC1 -2.140958681 -1.133831928
ATP5G2 -1.693341879 -1.138098264
PARK7 -2.279856235 -1.138136014
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GJB5

1.111139222

-1.141513261

ATPSI -1.840790474 -1.147153062
TMSB15A 1.535796427 -1.15018179
GOT2 -1.361735323 -1.168972881
ACAT1 -1.752602147 -1.173036185
CECR1 -1.188084813 -1.186173261
PCGF5 -1.929122719 -1.195874295
MDH2 -2.332714762 -1.205988654
ITGB1BP3 -1.566275694 -1.208668611
ENPP5 -1.785744521 -1.220037704
ACADL -1.803302639 -1.221774974
FKBP11 -1.394967118 -1.234980211
ACBD7 -1.140081654 -1.248099782
CD74 -1.402358357 -1.258144735
ANXAG6 -1.531475071 -1.260928833
HEXB -1.000828977 -1.280598421
PNO1 -1.80293508 -1.2826575
COX7A2L -2.015605025 -1.30136179
BNIP3 -1.595705382 -1.328005352
SPA17 -1.020822579 -1.338175559
PKIG -1.528432567 -1.34829085
RHAG -1.02531363 -1.357239225
OAT -2.49899907 -1.361631261
GABARAPL2 -1.23306412 -1.393249041
GYG1 -1.879544138 -1.414170209
GMPR -2.075239994 -1.438041395
PGK1 -1.581851511 -1.445834828
GSTM4 -1.512452641 -1.451709935
FBLNS -1.436611202 -1.492974251
PRR5 -2.115305255 -1.49514443
PRKAG?2 -2.225927263 -1.509808663
ARHGAP18 -1.391679111 -1.509833552
EPAS1 -1.203717355 -1.510341272
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COL4Al -1.48759009 -1.517665758
SNTB1 -1.443965824 -1.539902939
COL1A1 -1.315496356 -1.551555892
FXYD1 -1.387079467 -1.570029071
IF144L -1.337303365 -1.591085899
MAP1LC3A -1.048442385 -1.608903594
HEBP2 -1.16081149 -1.609816913
PPL -1.426828953 -1.634860821
SORBS1 -1.469246802 -1.658002896
PEBP1 -1.748231343 -1.66451815
COL4A2 -1.578907558 -1.688522063
GPI -1.069493774 -1.691381112
SERPINF1 -1.397281963 -1.696157991
CCLS5 -1.109553031 -1.772032858
PGM1 -1.759154524 -1.789645729
PLAC9 -1.23178362 -1.792566557
ABAT -1.372913922 -1.800724993
BIN1 -1.857033315 -1.805251946
PPARG -1.366697216 -1.829973349
CCNG1 -1.817819725 -1.851649127
UPK3A -1.480318153 -1.858910264
TPI1 -1.69430135 -1.888377751
CLEC3B -1.531598746 -1.893222639
GLDC -1.564249032 -1.912452571
MYH10 -1.575120031 -1.93208765
LRRC20 -2.089373822 -1.933362298
PMP22 -1.226902428 -1.973445497
GAPDH -1.236287905 -1.97506573
GPD1 -1.821074145 -1.975225236
COL8AlL -1.382043145 -1.984775861
ASPH -1.840188512 -1.985255629
SLC25A12 -2.19802149 -2.007739273
PABPC4 -1.459162145 -2.011856772
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PIP5K1B -1.131494653 -2.02168383
DPT -1.308123183 -2.022602555
B2M -1.105216673 -2.047815602
MR1 -1.140217793 -2.048429498

WFDC2 -1.795908237 -2.084519667

FMO3 -1.456471792 -2.221183265
TPPP3 -1.009791224 -2.223361269
CPT1A -1.357922073 -2.23155879
GAMT -1.826047131 -2.231630856
SATB1 -1.227075624 -2.273040443
TNNT3 -1.513997901 -2.339849816

PDGFRL -1.800141675 -2.371839524

NFKBIE -1.372821247 -2.402588329
RBP4 -1.103940731 -2.459892494

IL20RB -1.010991128 -2.561217059
CSPG5 -2.141462953 -2.581255631
OXCT1 -1.869403588 -2.588758755
PSMB8 -1.620828601 -2.592896248
TPM3 -1.474841223 -2.617865293
CSRP2 -1.274203037 -2.620124343
ATP1B2 -1.072050551 -2.634122381
PON2 -1.954705364 -2.645227945
PYGM -2.102987141 -2.650635686
SLC7A11 -1.868178941 -2.730479253
SLC2A9 -1.354612735 -2.748597191
LAMB2 -1.915486057 -2.857923058
CA2 -1.153542882 -2.917604918
FAM177B -1.23535219 -2.920998358
MFAP5 -1.544481335 -2.960164026
FHL1 -1.456701548 -3.041851356
KRT6A -1.037350883 -3.14055249
ACTA2 -1.56258874 -3.241846572
ALDH1Al -1.427074822 -3.260108361
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HSPB8 -1.759665694 -3.32357136
KRTS5 1.276836757 -3.348271133
ITLN1 -1.012268432 -3.421464369
UNC45B -2.001763417 -3.473905388
BHMT -1.619235379 -3.492767861
RHCG -1.117440496 -3.497517836
ADH4 -1.879124268 -3.533277119
XDH -1.00091285 -3.640309512
CHRDL1 -1.350119239 -3.736435992
AGMAT -1.518843667 -3.73840116
PTPLA -1.719731661 -3.796454185
ADSSL1 -1.124744305 -3.866619431
GATM -1.658542074 -3.886763213
TPM1 -1.398433837 -4.007238876
DES -1.342677011 -4.509259662
MYL4 -1.743138709 -4.523873064
PFKM -1.687934512 -4.553956394
CRISPLD2 -1.034256986 -4.557077964
KBTBD5 -1.215525597 -4.567147531
SMTNL2 -1.747093833 -4.757551504
INMT -1.506190488 -4.824161123
PRPH -1.066754349 -4.904548186
AK1 -1.844438209 -5.176738766
CRYAB -1.678744326 -5.240546744
CACNG1 -1.30492096 -5.323867555
SMYD1 -1.814332152 -5.73188589
FAAH -1.608238464 -5.754611085
SLC25A4 -1.24751953 -5.77807223
MYBPC3 -1.589077946 -5.896018351
MYH1 -1.498601798 -6.279124018
MYH4 -1.422995109 -6.515871214
TNNI1 -1.493765717 -6.527468247
MBP -1.621325411 -6.653087835
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MYH7 -1.297431291 -6.678383953
MYH2 -1.534959699 -6.727767502
TNNT1 -1.510615817 -6.875421716
MYH13 -1.244720679 -6.97257457
MYL2 -1.366521528 -7.105320813
KBTBD10 -1.500898816 -7.193339546
TNNI2 -1.369660522 -7.228379118
TNNC2 -1.478950273 -7.534047748
TNNC1 -1.580532451 -7.755150972
MYL3 -1.490827629 -7.786931108
ACTAl -1.25025588 -7.871633305
MYL1 -1.235456453 -7.899108953
ACTC1 -1.509585867 -7.945791168
ACTN3 -1.894071237 -8.043620356
MYBPC2 -1.549730099 -8.198535133
ADIPOQ -1.647000481 -8.213830687
CKM -1.288476705 -8.420752802
MYOZ1 -1.781804064 -8.639080141
MYLPF -1.226578963 -9.33208102
PVALB -1.246047342 -9.578303621
Regenerative vs. Wound Healing

Symbol logFC_Microarray logFC_RNAseq
LAMA1L 1.681575881 3.107642499
FBLN1 1.095020252 2.753739025
CCNB1 1.63255645 2.571265222
CCNB3 1.546283843 2.504766175

PCDH18 1.053955619 2.41058588

AURKA 1.566892534 2.404717856
MSI1 1.225454798 2.390891775
TGFBI 1.406601655 2.348763563
MAD2L1 1.632499335 2.231539566
NEK?2 1.24166499 2.174606905
KIFC1 1.701683946 2.162698956
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CDCATL 1.018397291 2.157764912
MCM3 1.269945481 2.139733989
PLK1 1.498920574 2.122319124
KIAAQ0101 1.604164713 2.117462647
SMC2 1.317620085 2.107918358
KIF11 1.488806204 2.102939225
KIF22 1.619286638 2.06396245
ST8SIA2 1.251549538 2.029740373
SAFB 1.605975885 1.999124019
TPX2 1.671174325 1.983177803
FAMS4A 1.341149047 1.975071617
STMN1 1.760230349 1.943535247
ZNF367 1.055022489 1.936582169
CDCA5 1.54808286 1.934198947
UHRF1 1.34193544 1.923651937
CRABP2 1.214411766 1.912998733
KIF20A 1.589458139 1.902278368
BRD3 1.11809543 1.892648667
RCC1 1.176652784 1.87015458
CDCAS8 1.616120254 1.844058795
CENPF 1.450620796 1.840154909
AURKB 1.751490107 1.833971373
CHEK1 1.110910967 1.822517304
PRC1 1.382568795 1.807828188
CCNA2 1.588922896 1.793986499
MTBP 1.056317552 1.789952822
HAUS1 1.475865613 1.769786394
HIST1H2BJ 1.303769005 1.765956358
FEN1 1.446256135 1.756839918
KIF23 1.527935828 1.719857591
RAD51AP1 1.41138275 1.718392642
MCM2 1.205625785 1.703898956
PBK 1.251373622 1.701420269
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MCM6 1.303084192 1.694172193
GINS2 1.510611427 1.687254971
NASP 1.66945096 1.683201303
RRM2 1.721672665 1.662657458
CHAF1A 1.473689647 1.643965336
USP1 1.404084123 1.642606243
RNF168 1.37186688 1.628617206
NUSAP1 1.554603254 1.622824438
PRR11 1.348098887 1.604780366
CSELL 1.490909407 1.600682611
PDCD11 1.428519593 1.595394439
NCAPH 1.294345584 1.588163322
1QCB1 1.22448104 1.583545017
NCAPD3 1.535563603 1.567952932
CTHRC1 1.498513087 1.556715265
APEX1 1.588553054 1.54079781
TOP2B 1.718954705 1.535247074
B9D1 1.042560637 1.533772027
RBM12B 1.040780775 1.531252867
ZWINT 1.407791174 1.528612024
NDC80 1.588936373 1.526717804
ASF1B 1.101933458 1.524324356
MDN1 1.359188809 1.499898511
PCNA 1.449532342 1.487801304
CDC20 1.588994418 1.485366743
RMI1 1.633736554 1.469359551
ZNF507 1.270105108 1.461192975
EZH2 1.212622337 1.456294924
DYNC1H1 1.794780477 1.45570769
TRIP13 1.575981926 1.452702682
POLA2 1.427674797 1.448620026
EED 1.335952851 1.444943132
CDC25A 1.232485998 1.435353769
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HMGB3 1.120089002 1.43263268
TRMT11 1.610579804 1.422105307
COL12A1 1.23276962 1.422002676
PLOD1 1.247398935 1.417171654
CCDC112 1.04988406 1.411357176
LONP1 1.620066611 1.403597261
PRPF40A 1.361970397 1.402580444
SLBP 1.668452238 1.401156031

KIF2C 1.471599364 1.38214715
MCM7 1.426809354 1.376233619
MBD3 1.224976243 1.373415244
SASS6 1.10894975 1.364701689
NUCKS1 1.080829056 1.361647494
BCLAF1 1.470095658 1.357278767
ATAD2 1.479878554 1.356842314
HIST1H2AG 1.259899416 1.324345662
BUB1 1.129499582 1.309715306
PITRM1 1.090096091 1.299297319
TSN 1.203853085 1.291780273
NUP43 1.749672567 1.288698529
BAZ1B 1.462529754 1.287644852
IARS 1.493511565 1.272316047
NEIL3 1.296933523 1.269415689
KPNA2 1.187098237 1.267391697
CBX3 1.416455342 1.252487497
RPA2 1.467321078 1.250810459

ANKRD26 1.152019697 1.25017001
SKP2 1.47290261 1.247808328
POLR3C 1.492365526 1.239026958
CTPS 1.47203687 1.235372152
NCAPG 1.435187808 1.223220035
CDC7 1.659685804 1.220980925
SART3 1.41567608 1.214817793
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NUP133 1.106193802 1.214372412
ACP6 1.405503778 1.213841863
PDS5A 1.396402401 1.210468233
DNAJCY9 1.404903258 1.209918354
BUB1B 1.231534918 1.207481295
INCENP 1.516049392 1.201788168
PSMD8 1.226514128 1.19363282
TRIM28 1.196686185 1.189473793
SMC4 1.18582971 1.170658111
HELLS 1.269037234 1.156957424
RADYA 1.46056916 1.147577854
PARP1 1.389916132 1.136469745
HSPA14 1.559926057 1.132243776
CHAF1B 1.395045943 1.12351374
LARP7 1.630962169 1.121571844
SMAD5 1.706437437 1.119467834
RRM1 1.72412682 1.10887192
TMEM138 1.433251602 1.10307947
MCM4 1.454125541 1.102349392
MIPEP 1.178053805 1.100664871
NIPBL 1.431063764 1.099564131
TMPO 1.190672629 1.097330309
SLTM 1.413772491 1.094038608
MTA3 1.5118393 1.089258527
DIS3 1.570052882 1.088546895
PSMD10 1.127284237 1.087950131
APPBP2 1.333530091 1.085959974
NOL9 1.648724454 1.082700549
VRK1 1.345297011 1.079032858
ZBTBSA 1.239900055 1.075126664
ETV4 1.285161818 1.067140835
RFC4 1.520152148 1.047572266
MED4 1.615917662 1.046729455
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ANKRD10 1.618808576 1.040224139
RFC2 1.627676725 1.029193094
RADS51 1.368162526 1.028939706
MCM3AP 1.477451611 1.028584852
WDR77 1.488619856 1.021031959
SRRM2 1.132398273 1.019494312
LRPPRC 1.398210814 1.005411721
PCGF5 -1.271493486 -1.001303762
PNO1 -1.001035867 -1.011449177
UBEZ2E1 1.156582425 -1.016765167
TMUB2 -1.197159952 -1.018581813
RPL14 1.06442255 -1.033652655
COX7A2L -1.326865172 -1.038946203
OAT -1.186655574 -1.052620042
PGK1 -1.011204939 -1.065710778
STX5 -1.619340505 -1.077180457
XBP1 -1.115822324 -1.117953851
ITGB1BP3 -1.178040502 -1.119528767
GPD1 -1.040810741 -1.125560294
PELI2 -1.563328446 -1.128725881
PTP4A3 -1.54740307 -1.178902422
ACADL -1.150827201 -1.193026938
FBP1 -1.359000948 -1.21063746
FAM110B -1.260664396 -1.211746282
DNAJB5 -1.379458475 -1.21378182
GAMT -1.272552277 -1.217602864
HSD17B8 -1.098231844 -1.218502721
RND3 -1.056552294 -1.224422548
RNF14 -1.162899882 -1.256237766
CITED2 -1.158451192 -1.259280611
FXYD1 -1.281654431 -1.26051334
BCL2L1 -1.592180197 -1.262573518
RCAN1 -1.233293642 -1.290724068
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CD74 -1.07800085 -1.323454506
KEAP1 -1.396304198 -1.33075948
SEMAS3F -1.180584697 -1.359787994

PGM1 -1.343472361 -1.364050493
PRDX6 -1.261915889 -1.379846008
CDKN1B -1.146621373 -1.387396099
SGMS1 -1.253390758 -1.405462237
EGFR -1.233600462 -1.422693152
GYG1 -1.329368708 -1.431997309
RIOK3 -1.054898709 -1.43625904
ARHGAP18 -1.331230939 -1.465156247
CCNG1 -1.427373779 -1.495833788
PNRC1 -1.113404133 -1.578437307
SERPINF1 -1.37502794 -1.635488673
SPA17 -1.346828321 -1.668771597
PABPC4 -1.150850513 -1.672948637
GSTM4 -1.297345798 -1.679095506
WSB1 -1.183414766 -1.692795993
DNAJB1 -1.2317327 -1.710719244
MFAPS -1.24756762 -1.714414565
ZFAND5 -1.242491225 -1.721018779
PLAC9 -1.237803655 -1.72321973
UGDH -1.047207662 -1.726010915
TPM3 -1.256302409 -1.757641978
PPL -1.104309198 -1.782759917
USP2 -1.426977025 -1.788861294
OXCT1 -1.225412082 -1.809633415
FCN1 -1.024830218 -1.813528054
LAMB?2 -1.323908694 -1.835546153
FHL1 -1.282555714 -1.837307948
PON2 -1.246695713 -1.853805839
RHAG -1.330402945 -1.903382974
SYT16 -1.528937678 -1.952187312
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HBA2 -1.094989424 -2.000657536
SGK1 -1.24077182 -2.045396718
MYC -1.087659943 -2.059241774
CSRP2 -1.212564077 -2.068316945
G0S2 -1.182025184 -2.07139454
PMP22 -1.238827998 -2.097494008
SOCs1 -1.072763951 -2.143696401
PYGM -1.411676167 -2.149744439
TNNT3 -1.337531669 -2.231012559
LARP6 -1.580453161 -2.250463532
SCG2 -1.233280839 -2.271756419
MMP19 -1.324476516 -2.352029938
BHMT -1.30093442 -2.383416653
TPPP3 -1.154838061 -2.389808746
PTPLA -1.33004948 -2.448568291
HSPB8 -1.071767196 -2.537248098
UCMA -1.070852439 -2.552982313
SQSTM1 -1.241272581 -2.572967918
ACTA2 -1.338806312 -2.60763373
IRF1 -1.184983287 -2.619729752
GFPT2 -1.01200468 -2.650625357
MYL4 -1.289977575 -2.68116652
PDLIM7 -1.14067578 -2.709895962
CYRG61 -1.323059389 -2.728154652
FGL2 -1.462132139 -2.735059744
ARL4D -1.088345309 -2.755944915
TPM1 -1.251366711 -2.796482174
ALDOA -1.066482265 -2.848949291
GADD45B -1.72506605 -2.854287579
SMTNL2 -1.419310004 -2.88689641
AGMAT -1.170943998 -2.981235596
ARG1 -1.106117494 -3.007478461
FGFBP1 -1.183561384 -3.067809264
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TFPI2 -1.138566889 -3.292959877
HBZ -1.109821725 -3.341589226
AQP4 -1.214599306 -3.380177723
PFKM -1.417616518 -3.5355142
DES -1.288766034 -3.579917766
DUSP1 -1.19217523 -3.698381715
MYBPC3 -1.379809348 -3.731048672
AK1 -1.437474793 -3.762280958
EGR1 -1.07853509 -3.763053099
KBTBD5 -1.229927474 -3.777580701
CRYAB -1.604894043 -3.933910079
HBE1 -1.171460297 -4.006521892
MYH1 -1.248258852 -4.017824114
FAAH -1.330166301 -4.076964349
TNNIL1 -1.154403428 -4.085297192
SLC25A4 -1.093958214 -4.090428108
TNNT1 -1.221512013 -4.108639043
PTGS2 -1.008457828 -4.149433074
MYL2 -1.247295011 -4.183669956
KBTBD10 -1.283872922 -4.415883333
TNNI2 -1.267088126 -4.478292988
MYL1 -1.208658053 -4.543844011
TNNC2 -1.300646577 -4.58311859
MYL3 -1.27998798 -4.590534562
SERPINE1 -1.345779118 -4.62905436
ACTC1 -1.286907341 -4.632952545
ACTA1L -1.26185373 -4.672032915
TNNC1 -1.33456375 -4.68683922
DUSP5 -1.33846471 -4.713807022
ADIPOQ -1.271351292 -4.795042812
MYH7 -1.231788442 -4.915274638
MMP3 -1.161137698 -5.016746785
CKM -1.198204618 -5.025329225
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MYBPC2 -1.296441783 -5.098959152
MYOZ1 -1.303214295 -5.189963945
ACTN3 -1.418657167 -5.226718197

MBP -1.531137968 -5.266839799
PVALB -1.232827434 -5.599308655

Table A.5: List of the top DE genes commonly identified by Microarray and RNA-seq
platforms for all three comparisons
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A.6 GO Terms Enriched in Wound healing vs. Control

GO terms enriched by the top 87 up-regulated genes

ON
[8 ID Description pvalue p.adjust genelD Count
GY
ARHGEF2/BCL2L1/BMP2/CYR61/
GO: positive DDIT4/DUSP1/EGR1/G0S2/GADD4
BP | 0010 | regulationof cell | 3.3767E-08 | 8.1445E-05 | 5B/GADD45G/HMOX1/LGALS9/M 18
942 death MP3/PTGS2/RHOB/SQSTM1/THBS
1/YWHAZ
GO: cytokine- ARG1/BCL2L1/CXCR4/EGR1/HM
) mediated OX1/JUNB/LMNB1/MMP1/MMP2/
BP 0202119 signaling 9.0149E-08 | 0.00010872 | \avipaspEL11/PTGS2/SOCS1/SQST | 10
pathway M1/TIMP1/YWHAZ
GO:
collagen ARG1/LARP6/MMP1/MMP13/MMP
o 0906332 metabolic process 6.2244880" | 0.0088KWI6 19/MMP2/MMP3 !
GO: negative ARG1/BMP2/DUSP1/LGALS9/PELI
BP 0007 | regulationof cell | 9.7048E-07 | 0.00053711 | 1/SERPINE1/SMAD7/SOCS1/THBS 10
162 adhesion 1/TNC
. .. ARG1/BCL2L1/BMP2/CYR61/EGR
5P | 0008 | reguiaion ofcell | 13461806 | 000083711 | UGLULIHMOXULGALSIMMPZ |
284 g roliferation ’ : ODC1/PELI1/PTGS2/SCG2/TGM1/
P THBS1/TIMP1/TNC
GO: ARHGEF2/BMP2/CYR61/DUSP1/H
" | regulation of cell y MOX1/LGALS9/MMP3/PTGS2/RH
BP 0303340 migration 1.4271E-06 | 0.00053711 | p/pND3/RRAS2/SEMASF/SERPI 17
NE1/SGK1/SMAD7/THBS1/TIMP1
GO: response to BMP2/CXCR4/CYBB/DDIT4/EGR1
BP | 0001 hp oxia 1.6679E-06 | 0.00053711 | /HMOX1/MMP2/MMP3/PTGS2/SL 11
666 p C2A1/THBSL
GO: CHD7/CYBB/CYR61/EGR1/HMOX
. vasculature 1/JUNB/MMP19/MMP2/PTGS2/RH
BP 09%%1 development | :6943E-06 | 0.00074256 | op/soco/sERPINEL/SMAD7ITHB | 10
S1/ZFAND5
GO: extracellular
BP | 0022 matrix 4.541E-06 | 0.00078235 MMP1/MMP13/MMPL/MMP2/MM 6
. P3/TIMP1
617 disassembly
GO: regulation of ARG1/ARHGEF2/CYBB/EGR1/HM
: h OX1/LGALS9/PELI1/PTGS2/SERPI
BP | 0001 cytokine 7.7742E-06 | 0.00114584 NE1/SMAD7/SOCS1/THBS1/UBE2) 13
817 production 1
GO: BMP2/CHD7/CYBB/CYR61/HMOX
- tube 1/JUNB/MMP19/MMP2/PTGS2/RH
BP 0203395 morphogenesis 8.076E-06 | 0.00114584 OB/SCG2/SERPINE1/SKI/SMAD7/ 16
THBS1/TNC
GO:
BP 0038 p38MAPK 1.2566E-05 | 0.00151544 BMP2/DUSP1/GADD45B/GADD45 5
066 cascade G/LGALS9
GO: response to acid ARG1/BCL2L1/CYBB/DGAT2/DUS
BP 0001 P . 1.5653E-05 | 0.00165388 | P1/EGR1/MMP2/PTGS2/SOCS1/TN 10
chemical
101 C
negative
GO: regulation of
BP 0002 leukocyte 1.5771E-05 | 0.00165388 ARG1/HMOX1/LGALS9/SMAD7 4
704 mediated
immunity
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GO: positive ARHGEF2/BMP2/CYR61/HMOX1/
BP | 0040 regulation of 1.7838E-05 | 0.00179268 | LGALS9/PTGS2/RHOB/RRAS2/SC 12
017 locomotion G2/SEMA3F/SERPINE1/THBS1
GO: response to toxic ACTB/ARG1/BCL2L1/CYBB/DUSP
BP | 0009 psubstance 2.2537E-05 | 0.00217439 | 1/EGR1I/HMOX1/MPO/PTGS2/RHO 12
636 B/SLC30A1/TNC
GO: ARG1/ARHGEF2/CYBB/EGR1/HM
. cytokine OX1/LGALS9/PELI1/PTGS2/SERPI
BP 0801061 production 2.3604E-05 | 0.00218973 NE1/SMAD7/SOCS1/THBS1/UBE2] 13
1
BP (%87 female pregnanc 2.6606E-05 | 0.00237679 ARGINUNB/LGALSI/MMP2/PTGS 7
Sor pregnancy | <. : 2/SLC2AL/TIMP1
GO: r nse to other ARG1/BCL2L1/BMP2/CHD7/CHIT
BP | 0051 eSpgr S:ni‘;r‘r’] | 3.1624E-05 | 0.00252617 | 1/CXCR4/DDIT4/JUNB/LGALSY/M 14
707 g PO/ODC1/PELI1/PTGS2/SERPINE1
GO: response to ARG1/BCL2L1/BMP2/CHD7/CHIT
BP | 0043 external biotic 3.2467E-05 | 0.00252617 | 1/CXCR4/DDIT4/JUNB/LGALS9/M 14
207 stimulus PO/ODC1/PELI1/PTGS2/SERPINE1
negative
GO regulation of
; extrinsic ARHGEF2/BCL2L1/HMOX1/SCG2/
BP 2203071 anoptotic 3.6342E-05 | 0.00265379 SERPINEL/THBS1 6
signaling
pathway
GO regulation of
; cytokine CYBB/EGR1/HMOX1/THBS1/UBE
BP %03452 biosynthetic 3.7408E-05 | 0.00265379 231 5
process
regulation of
extrinsic
GO: apoptotic
BP | 1902 signaling 3.7408E-05 | 0.00265379 ARHGEFZ/%%E%&{SS%OXUSERPI 5
041 pathway via
death domain
receptors
GO: cellular response ACTB/ARG1/ARHGEF2/CYBB/DD
BP | 0035 to drup 4.1777E-05 | 0.00281946 | IT4/EGR1/HMOX1/MMP3/PTGS2/ 10
690 g RHOB
GO: inflammator BMP2/CXCR4/CYBB/HMOX1/LGA
BP | 0006 [eSDONSE y 5.0774E-05 | 0.00310109 | LS9/MMP3/PTGS2/SCG2/SERPINE 12
954 P 1/THBS1/TIMPL/ZYX
GO: negative
; regulation of i ARG1/HMOX1/LGALS9/PELI1/SM
BP 0609052 leukocyte 5.9276E-05 | 0.00340411 AD7/SOCS1 6
activation
GO: cytokine
BP | 0042 | biosynthetic | 6.5955E-05 | 0.00357144 | CYBB/EGRU H'\gﬁmeBSl’ UBE 5
089 process
GO: .
cytokine CYBB/EGR1/HMOX1/THBS1/UBE
BP 01%472 metabolic process 6.5955E-05 | 0.00357144 o 5
GO: leukocvte CXCR4/DUSP1/HMOX1/LGALS9/
BP | 0050 mi rati)gn 6.8112E-05 | 0.00357144 | MMP1/SCG2/SERPINE1/SLC16A1/ 9
900 g THBSL1
GO: negative
BP | 0050 | regulationof T | 7.3266E-05 | 0.00368423 | ARGL/LGALSI/PELIT/SMAD7/SO 5
S Cs1
868 cell activation
GO: .
regulation of CXCR4/DUSP1/LGALS9/SCG2/SE
BP 0902%0 chemotaxis 7.3318E-05 | 0.00368423 MAS3F/SERPINE1/THBS1 !
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GO: multi-
. ARG1/JUNB/LGALS9/MMP2/PTGS
BP | 0044 mu!tlcellular 7.7665E-05 | 0.00382304 2/SLC2AL/TIMPL 7
706 | organism process
GO:
cellular response ACTB/ARG1/CYBB/EGR1/HMOX1
BP 0203977 to toxic substance 8.104E-05 0.00390938 IMPO/PTGS2/RHOB 8
GO:
cellular response BCL2L1/CYBB/DGAT2/EGR1/MM
BP 0202791 to acid chemical 9-1989E-05 | 0.00426687 P2/SOCS1/TNC !
GO:
response to ARG1/BCL2L1/CYBB/DDIT4/DUS
BP 1695(111 ketone 9.1989E-05 | 0.00426687 PUTHBSL/TNG 7
GO: in utero BCL2L1/BMP2/CDKN1C/CHD7/CY
BP | 0001 embryonic 0.00016927 | 0.00605743 | R61/JUNB/KEAP1/SLC30A1/ZFAN 9
701 development D5
GO: I
epithelial cell BCL2L1/HMOX1/SCG2/SERPINE1/
BP 1091094 apoptotic process 0.00017077 | 0.00605743 THBS1 5
GO: negative ARG1/BMP2/CDKN1C/DUSP1/HM
BP | 0008 | regulation of cell | 0.00035371 | 0.01079757 | OX1/LGALS9/MXIL/PELIL/PTGS2/ 12
285 proliferation SCG2/SKI/THBS1
GO: response to ARG1/CYBB/DUSP1/HMOX1/JUN
BP | 0010 inorganic 0.00037527 | 0.01079757 | B/MMP3/MPO/PTGS2/RHOB/SLC3 11
035 substance 0A1/THBS1
GO:
BP | 0060 | face development | 0.00037932 | 0.01079757 CHD7/MMP2/SKI/ZFAND5S 4
324
GO: regulation of
BP | 0010 cellular ketone 0.00045674 | 0.01251887 | BMP2/DGAT2/EGR1/ODC1/PTGS2 5
565 | metabolic process
GO: negative
: DUSP1/HMOX1/RHOB/SEMAS3F/S
BP | 0040 regulation of 0.00046911 | 0.01271327 8
013 locomotion ERPINE1/SMAD7/THBS1/TIMP1
transmembrane
GO: receptor protein
: - BMP2/CDKN1C/CYR61/EGR1/SKI/
BP | 0007 sz_arme/threon_lne 0.00048538 | 0.01281996 SMAD7/THBS1/ZYX 8
178 kinase signaling
pathway
GO: regulation of
BP | 1904 epithelial cell 0.00051378 | 0.01318339 | HMOX1/SCG2/SERPINE1/THBS1 4
035 | apoptotic process
GO positive ARHGEF2/BMP2/CXCR4/CYR61/D
) regulation of USP5/EGR1/GADD45B/GADD45G/
BP | 0001 protein 0.00055282 | 0.01388367 LGALS9/PTGS2/SOCS1/SQSTM1/T 13
934 .
phosphorylation HBS1
GO: osteoblast
BP | 0033 - - 0.00069752 | 0.01617702 BMP2/CYR61/JUNB 3
687 proliferation
GO:
Bp | 0043 response to 0.0007133 | 0.01631468 ARG1/BCL2L1/CYBB/MMP2/SOC 5
200 amino acid S1
GO: negative CDKN1C/DUSP1/DUSP5/GADDA45
BP | 0043 regulation of 0.00071698 | 0.01631468 | B/PPP1R14B/PTGS2/SERPINE1/SM 12
086 catalytic activity AD7/SOCS1/TFPI2/THBS1/TIMP1
GO: BMP signalin
BP | 0030 L9% "9 | 0.00080324 | 0.01793897 | BMP2/CYR61/EGRI/SKISMADT 5
509 pathway
GO: | cellular response
BP | 0071 to amino acid 0.00087901 | 0.01927431 BCL2L1/CYBB/MMP2/SOCS1 4
230 stimulus
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GO: regulation of ARG1/CXCR4/DUSP1/LGALS9/M
BP | 0032 response to 0.00089597 | 0.01929951 | MP3/PTGS2/SCG2/SEMA3F/SERPI 11
101 | external stimulus NE1/THBS1/ZY X
GO: .
Bp | 0001 endot_hellal_cell 0.00090139 | 0.01929951 ARG1/BMP2/HMOX1/SCG2/THBS 5
935 proliferation 1
GO: reactive oxygen
BP | 0072 | species metabolic | 0.00098332 | 0.02044628 | CYBB/CYRGL/DDIT4/MMPI/MPO/ 7
PTGS2/THBS1
593 process
GO: developmental BASP1/BCL2L1/CDKN1C/CHD7/C
BP | 0003 | processinvolved | 0.00099811 | 0.02057647 | YR61/JUNB/MMP19/PTGS2/TNC/U 10
006 in reproduction BE2J1
GO:
Bp | 031 | Cellularresponse | 4163331 | 002094401 CYBB/HMOX1/PTGS2/TNC 4
670 to nutrient
GO:
BP | 0071 | response to BMP | 0.00118573 | 0.02302033 BMP2/CYR61/EGR1/SKI/SMAD7 5
772
O: cellular response
BP | 0071 5P 0.00118573 | 0.02302033 BMP2/CYR61/EGR1/SKI/SMAD7 5
773 to BMP stimulus
GO:
osteoblast BMP2/CYR61/JUNB/RRAS2/SKI/T
BP 06(21091 differentiation 0.00125356 | 0.02308081 NG 6
regulation of
GO: myeloid
BP | 0002 leukocyte 0.00158967 | 0.02700205 ARG1/HMOX1/LGALS9 3
886 mediated
immunity
e response to fluid
BP | 0034 0.00158967 | 0.02700205 PTGS2/SMAD7/TFPI2 3
405 shear stress
GO:
BP | 0031 response to 0.00168903 0.0280962 ARG1/CYBB/DDIT4/DUSP1/PTGS 5
960 corticosteroid 2
GO: response to ACTB/ARG1/CYR61/HMOX1/SER
BP | 0009 wc?undin 0.00172999 | 0.02858044 | PINEL/TFPI2/THBSL/TIMPL/TNC/ 10
611 g YWHAZ
regulation of cell
GO: migration
BP | 0090 involved in 0.00178491 | 0.02908915 HMOX1/PTGS2/THBS1 3
049 sprouting
angiogenesis
GO:
response to ARG1/CYBB/GLUL/HMOX1/MPO/
BP 1 OB | nutrient levels | 000189254 1 003023083 | prsyrs) cipan/sLC2ALITNG 9
GO: cellular response
BP | 0071 £sp 0.00199449 | 0.03103679 ARHGEF2/PTGS2/SLC2A1 3
470 to osmotic stress
GO: embryo
BP | 0007 . yo 0.00221878 | 0.03283245 MMP2/PTGS2/TIMP1 3
566 implantation
GO: negative
BP | 0050 regulation of 0.00237789 | 0.03455097 ARG1/HMOX1/LGALS9/SMAD7 4
777 | immune response
GO: response to
BP | 0000 | reactive oxygen | 0.00271425 | 0.03873832 | ARGL/DUSPLHMOXI/MMP3/MP 6
- O/RHOB
302 species
GO: response to
BP | 0097 antineoplastic 0.00284352 | 0.04010858 ARG1/DDIT4/EGR1/HMOX1 4
327 agent
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GO: | cellular response ACTB/ARG1/ARHGEF2/BCL2L1/C
BP 1901 to nitrogen 0.00301581 0.0413303 YBB/EGR1/MMP2/MMP3/PTGS2/S 10
699 compound 0OCs1
GO: regulation of
BP 0046 | lipid biosynthetic | 0.00314265 0.0426292 BMPZ/CYRGUD%ATZ/EGRUPTGS 5
890 process
GO: L
BP | 0061 connective tissue 0.00330319 | 0.04353719 BMP2/CYR61/DGAT2/EGR1/MMP 6
448 development 13/TIMP1
GO:
T cell CHD7/EGR1/LGALS9/SMAD7/SOC
BP 0201370 differentiation 0.00354459 0.0458356 s1 5
. cell migration
GO: involved in
BP | 0002 . 0.00357259 0.0458356 HMOX1/PTGS2/THBS1 3
042 sp_routmg_
angiogenesis
GO: esta_blishment or
BP | 0ogo | Maintenance of | 4374679 | 004658374 RHOB/RND3 2
cytoskeleton
952 h
polarity
. positive
Gy regulation of
BP 0032 X 0.00374679 | 0.04658374 MMP1/MMP3 2
protein
461 . -
oligomerization
GO:
BP | 0046 decidualization 0.00374679 | 0.04658374 JUNB/PTGS2 2
697
GO: regulation of
BP | 0072 metanephros 0.00374679 | 0.04658374 BASP1/EGR1 2
215 development
GO: extracellular CYR61/MMP1/MMP13/MMP19/M
CC | 0031 matrix 5.2662E-05 | 0.01190166 | MP2/MMP3/SERPINE1/TFPI2/THB 11
012 S1/TIMP1/TNC
GO: .
ME | 0004 metalloenqlo_peptl 0.00013381 0.0373335 MMP1/MMP13/MMP19/MMP2/MM 5
299 dase activity P3
GO terms enriched by the top 4 down-regulated genes
ON
TO . .
LO ID Description pvalue p.adjust genelD Count
GY
GO C4-dicarboxylate
MF | oot | transmembrane |, 465808 | 0.04516037 SLC25A12 1
transporter
556 L
activity
GO: neurotransmitter
MF | 0005 transporter 0.01016099 | 0.04516037 SLC25A12 1
326 activity

Table A.6: Gene ontology terms enriched by the top 91 DE genes in wound healing
vs. control comparison, commonly identified by both the analysis of both technologies
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A.7 GO Terms Enriched in Regenerative vs. Control

GO terms enriched by the top 181 up-regulated genes

ONT
OoLO
GY

Description

pvalue

p.adjust

genelD

Count

BP

GO:014
0014

mitotic
nuclear
division

6.03985E-08

8.77793E-05

AURKA/AURKB/CCNJ
/CDC20/CDCAS8/FLNA/
KIF11/KIF22/KIF23/M
AD2L1/MAD2L1BP/M
TBP/NEK2/NIPBL/PLK
1/PRC1/RCC1/TRIP13

18

BP

GO0:000
0280

nuclear
division

6.51665E-08

8.77793E-05

AURKA/AURKB/CCNJ
/CDC20/CDCAS8/FLNA/
KIF11/KIF22/KIF23/M
AD2L1/MAD2L1BP/M
TBP/NEK2/NIPBL/PLK
1/PRC1/RCC1/RPA2/IT
OP2B/TRIP13

20

BP

G0:000
7059

chromosome
segregation

2.27539E-07

0.000149307

AURKB/CDC20/CDCA

8/FENV/KIF22/KIF23/M

AD2L1/NEK2/NIPBL/P

LK1/PRC1/RCC1/SFPQ

/ITOP1/TOP2B/TRIP13/
UBE2I

17

BP

G0:000
0819

sister
chromatid
segregation

2.90586E-07

0.000149307

AURKB/CDC20/CDCA
8/FEN1/KIF22/KIF23/M
AD2L1/NEK2/NIPBL/P
LK1/PRC1/SFPQ/TOP2
B/TRIP13

14

BP

G0:000
7052

mitotic
spindle
organization

3.64094E-07

0.000149307

AURKA/AURKB/CDC

20/FLNA/KIF11/KIF23/

NEK2/PLK1/PRCL/RC
C1/STMN1

11

BP

G0:000
8380

RNA splicing

3.87955E-07

0.000149307

CLKB3/CLNS1A/CSTF1/
DHX15/FUS/HNRNPM/
MPHOSPH10/PRPF3/P
RPF39/PTBP1/RBMX/R
BMXL1/SART3/SFPQ/
SNRNP40/SNRPA/SNR
PAL/TARDBP/TRA2B/
ZNF326/ZRANB2

21

BP

G0:000
7088

regulation of
mitotic
nuclear
division

8.17732E-07

0.000275371

AURKA/AURKB/CCNJ
/CDC20/KIF11/MAD2L
1/MAD2L1BP/MTBP/N
EK2/NIPBL/PLK1/RCC
1/TRIP13

13

BP

G0:000
6325

chromatin
organization

2.22437E-06

0.00043043

ANP32E/ASF1B/AURK
A/AURKB/BAZ1B/BR
D3/CBX3/CHD7/FBL/H
CFCL1/HELLS/HIST3H2
BB/HMGB2/LOXL2/M
BD3/NASP/NIPBL/PBR
M1/RBM14/SAFB/SAR
T3/SFPQ/ISMARCCL/T
CF7L1/TOP1

25
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APEX1/AURKA/AURK

B/CBX3/CCNJ/CDC20/
oo | o DucrmBARY

BP Goégg cell cycle 9.52100E-06 | 0.001508813 | v\ Bt e 24

process K2/NIPBL/PLK1/PRC1/
RBM14/RCCL/RPA2/R

RM2/SFPQ/TRIP13

COL12AL/FN1/HAS2/I

GO:03 | extracellular ﬁ?ﬁéﬁﬁ%?ﬁ@?&”

BP 5198 Orgr;m;tzr:t(ion 190826E-05 | 0002570432 | oot oSS 15
ULF1/TGFBI/THBSL/T
NC

GO:005 regulation of AURKB/CDC20/FEN1/

BP log3 | chromosome | 2.09352E-05 | 0.002588695 | MAD2L1/NEK2/NIPBL 9
segregation /PLK1/SFPQ/TRIP13
requlation of APEX1/HNRNPM/MY

50100 - ENA EF2/PTBPL/RBMX/RB
BP 2311 etabolic | UB359E-05 | 0.004891144 | MXLUSAFB/SARTS/S 13
LTM/SNRPA/TARDBP/
process TRA2B/VIM
APEX1/AURKA/AURK
B/CDC20/GPNMB/HA
GO00a | Mitotic cell US1/ITGB1/MAD2L1/
BP 77 cycle phase | 0.000104137 | 0.008760777 | MAD2L1BP/MTBP/NA 18
transition SP/NEK?2/PLK1/RCC1/
RPA2/RPS6KB1/RRM2
/TRIP13
mitotic
G0:000 spindle AURKB/CDC20/MAD2
BP 7094 assembly 0.000228919 | 0.015417687 L1/PLKL/TRIP13 5
checkpoint
G0:003 spindle AURKB/CDC20/MAD2
BP 1577 checkpoint | :000228919 | 0015417687 LL/PLKL/TRIP13 5
. spindle

BP 633397 assembly | 0.000228919 | 0.015417687 AUEEPBI/_%/CTZSI/M?DZ 5

checkpoint
G0:007 mitotic AURKB/CDC20/MAD2

BP 1174 spindle 0.000228919 | 0.015417687 CUPLKLARIPLS 5
checkpoint
negative

GO0:190 | regulation of AURKB/CDC20/MAD2

BP | "5819 | chromosome | 0000370043 | 0.020344809 L1/PLKL/TRIP13 5
separation
anaphase-
promoting

G0:003 complex- AURKA/AURKB/CDC

BP 1145 dependent | 0:000429225 | 0.023126661 20/MAD2L1/PLK1 5
catabolic
process

BMP2/CTHRC1/FBL/G
50000 o PNMB/ID3/JAGL/JUNB
BP 1503 ossification | 0.000563618 | 0.027855528 | /KAZALD1/MMP13/M 13
MP2/NIPBL/RBMX/TN
C
DNA ASF1B/HELLS/HIST3H

BP 63827 conformation | 0.000675419 | 0.031922416 ggB’gg"Aggif\gﬁ;PT/gF', 10

change 1/TOP2B
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protein-DNA ANP32E/ASF1B/HELL
GO0:007 complex S/HIST3H2BB/HMGB?2
BP 1824 subunit 0.00071188 0.032306827 | /\\ASP/PBRM1/RPA2/S 10
organization ART3/SMARCC1
CHD7/CYBB/FN1/GPN
blood vessel MB/HAS2/HMOX1/ITG
BP 6805'(1)24 morphogenesi 0.000875596 0.037442171 Elallli‘]oA)?l_lzl‘/]l\lekl/I%/ZL/éI\'\:: 16
S D7/SULF1/TGFBI/THB
S1
, BMP2/CTHRCL1/FBL/G
BP G%ggo di?fztfeﬁggfiton 0.000942854 | 0.038485583 | PNMB/ID3/JAGL/JUNB 9
IRBMX/TNC
BP G7ol.g$o meiosis| | 0.001064576 | 0.042240906 AURgFf‘Z/E'/‘Tﬁ/PFiZAZ/T 5
negative
) regulation of
BP 6506223 Rho protein | 0.001110828 | 0.043272105 'TGBl/STF'\,"lN”TNFA' 3
signal
transduction
GO:003 Bl AURKB/DKC1/MTBP/
BP 4502 localization to 0.001124368 0.043272105 NIPBL/PLK1/RPA2 6
chromosome
BMP2/CHD7/CTHRCL/
CYBB/FN1/GPNMB/H
GO003 tube AS2/HMOXL/ITGB1/JA
BP cy39 | Morphogenesi | 0.001236851 0.046930658 | G1/JUNB/LAMAL/LOX 20
s L2/MMP2/NIPBL/SMA
D7/SULF1/TGFBI/THB
S1/TNC
APEX1/AURKA/AURK
GO:004 positive B/CCNJ/FEN1/HCFC1/
BP 787 regulation of | 0.001322959 0.049500732 | KIF23/MAD2L1/MTBP/ 13
cell cycle NIPBL/PGGT1B/RPS6
KB1/SFPQ
ANP32E/ASF1B/BAZ1
B/CBX3/HELLS/HIST3
H2BB/HMGB2/JUNB/K
GO:000 _ IF22/LOXL2/MBD3/M
cc 0785 chromatin 1.22558E-08 4.03217E-06 | TBP/NASP/NIPBL/PBR 24
M1/PLK1/RBMX/RCC1
IRPA2/SFPQ/SMARCC
1/TARDBP/TMPO/TOP
2B
COIL/DKC1/FBL/IPO1
GO:004 1/MPHOSPH10/NOL11/
cC 44'52 nucleolar part | 3.64235E-07 3.40189E-05 NOLC1/POLR1C/PSPC 14
1/PWP2/RRP9/SMAD7/
TOP1/UBE2I
ANP32E/APEX1/ASF1
B/AURKA/AURKB/BA
Z1B/CBX3/FEN1/HMG
GO0:000 nuclear B2/JUNB/MBD3/NASP/
cc 0228 chromosome | 4-00036E-07 3.40189E-05 | \EK2/NIPBL/PBRMI/P 23
LK1/RBMX/RCCL/RPA
2/SMARCCL1/TARDBP/
TOP1/UBE2I

107




ANP32E/APEX1/ASF1

B/AURKA/AURKB/BA
Suclear Z1B/CBX3/FENI/HMG
cC 621'224 chromosome 4.13603E-07 3.40189E-05 E?Q;D‘Eégﬁ?%t‘élslz 22
part BMX/RCC1/RPA2/SM
ARCC1/TARDBP/TOP1
JUBE2I
co000 | n US(Tea(::al’ DKC1/FBL/MPHOSPH
cC ' . 1.05983E-06 | 6.97368E-05 | 10/NOLC1/RRPY/SNRN 6
5732 ribonucleopro P40
tein complex
AURKA/AURKB/BAZ1
GO:000 chromosorr]e, B/CBX3/CDCAS8/HELL
cc 775 | Centromeric | 2.07646E-06 | 0.000113859 | S/KIF22/MAD2LL/MTB 13
region P/NEK2/NUP160/NUPS8
5/PLK1
APEX1/AURKA/AURK
B/BAZ1B/CBX3/CDCA
GO:009 | chromosomal 8/FEN1/HELLS/KIF22/
cc 8687 region 6.87409E-06 | 0.000299166 | \1 Aol 1/MTBP/INEK2/ 16
NUP160/NUP85/PLK1/
RPA2
AURKA/AURKB/CBX
3/CDC20/CDCAS/HAU
cc G?ngo spindle 7.27455E-06 | 0.000299166 ?&’I'F%E/B,\j%;ﬁ//ﬂig 16
2L1BP/NEK2/NUP85/P
LK1/PRC1
AURKA/AURKB/BAZ1
GO0:000 condensed B/CBX3/HMGB2/MAD
cc 0793 | chromosome | o7°241E-06 | 0.000319949 1 ) 1/\EKo/NUPSS/PLK 12
1/RCC1/RPA2/UBE2I
GO-000 condensed AURKA/AURKB/NEK
cC 5794 nuclear 3.39329E-05 | 0.001116391 | 2/PLK1/RCCL/RPA2/U 7
chromosome BE2I
DHX15/HNRNPM/MY
60:000 | spliceosomal EF2/PRPF3/PRPF39/RB
cC o8l complex 7.59068E-05 | 0.00202787 | MX/RBMXLL/SNRNP4 11
0/SNRPA/SNRPAL/TR
A2B
BICD2/CBX3/CSELL/C
YBB/IPO11/MAD2L1/
GO:000 nuclear MAD2L1BP/MATR3/M
CC | 5635 envelope | [O0905E-05 | 0.00202787 | ~y\aaap/NUP1EO/NUPS 17
5/RANBP1/RCC1/RRM
1/TMPO/TRA2B/UBE?I
co000 | COIL/DKC1/FBL/IPO1
cc L650 | fibrillar center | 8.01286E-05 | 0.00202787 | 1/NOLCL/PSPCLSMA 9
D7/TOP1/UBE2I
cc G%ggl Cajalbody | 0.000141662 | 0.00332905 C%'{//EF:(F»CF%//Z,BA\IE{TNSL 6
50000 . AURKA/AURKB/CDC
cc s922 | spindlepole | 0.000175451 | 0.003848233 | 20/HAUSL/KIF11/MAD 9
2L1/NEK2/PLK1/PRC1
50012 Sm-like_ CLNS1A/PRPF3/PRPF3
cc 5114 | Protein family | 0.000199842 | 0.004076949 | 9/SART3/SNRNP4O/SN 7
complex RPA/SNRPA1
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COL12A1/CTHRC1/CT

50006 C%?}':Zﬂﬁ';g SCIF13A1/FNI/KAZAL
cC 2023 extracellular 0.000210663 0.004076949 D1/LAMA1/LOXL2/MF 13
matrix AP2/MMP2/TGFBI/TH
BS1/TNC
APEX1/BASP1/BAZ1B/
CLK3/COIL/DHX15/D
KC1/FBL/HNRNPM/KI
cc 0&821 nuclear body | 0.000245721 | 0.004491229 Fgf}g‘g&ﬁ,’g?ﬁgﬁéﬁp 22
T3/SFPQ/SLTM/SNRN
P40/SNRPA1/TARDBP/
UBE2I
) . AURKA/AURKB/IQCB
cc Gz%gé’? ;‘;‘fﬁé:g 0.000267945 | 0.004639683 | 1/KIFL1/KIF22/KIF23/ 7
MAD2L1
ANP32E/ASF1B/CBX3/
. HMGB2/JUNB/MBD3/
cc G(%ggo Cr:‘focr:f;rin 0.000317633 | 0.00522507 | NASP/NIPBL/PBRMY/ 13
RBMX/RCC1/SMARC
C1/TARDBP
GO:009 spliceosomal PRPF3/PRPF39/SART3/
cC ¥ SnRNP 0.000337663 0.005290048 SNRNP40/SNRPA/SNR 6
7525
complex PA1
COL12A1/CTHRCI1/CT
SC/F13A1/FN1/HNRNP
GO0:003 extracellular M/KAZALD1/LAMAL/
cc 1012 matrix 0.00087665 0.00563263 LOXL2/MFAP2/MMP1 15
3/MMP2/TGFBI/THBS1
/TNC
GO:000 ) AURKB/KIF22/MAD2L
CcC 0776 kinetochore 0.000420317 0.006012358 1/MTBP/NEK2/NUP160 8
/NUP85/PLK1
GO:003 s_mall nuclear PRPF3/PRPF39/SART3/
CcC 05'32 ribonucleopro | 0.000575828 0.007893646 SNRNP40/SNRPA/SNR 6
tein complex PAl
condensed
GO:000 | chromosome AURKA/AURKB/CBX
CcC : L 0.000639742 0.008419001 3/MAD2L1/NEK2/NUP 7
0779 centromeric
; 85/PLK1
region
GO:000 spindle AURKA/AURKB/KIF1
CC | 5876 | microtubule | 000675865 | 0.008552287 1/PLK1/PRC1 5
GO:000 BICD2/MAD2L1/MCM
CcC y nuclear pore 0.001425632 0.017371596 3AP/NUP160/NUP85/R 6
5643
ANBP1
GO:005 spindle AURKA/AURKB/CDC
CcC 1233 midzone 0.001928909 0.022664676 AS/PLKL 4
GO0:003 | small-subunit FBL/MPHOSPH10/PW
CcC 2040 processome 0.002204151 0.025005709 P2/RRPY 4
APEX1/BASP1/CLK3/
GO:001 DHX15/KIF22/PRPF3/P
CcC 6607 nuclear speck | 0.002353328 0.02580816 SPC1/RBM14/SART3/S 13
FPQ/SNRNP40/SNRPA
1/TARDBP
condensed
GO:000 nuclear
CcC OfSO chromosome, 0.002730273 0.02807062 AURKA/AURKB/PLK1 3
centromeric
region
GO-000 pericentric
CcC 57'21 heterochromat | 0.002730273 0.02807062 BAZ1B/CBX3/HELLS 3

in
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CcC

GO:000
5875

microtubule
associated
complex

0.004174091

0.041614427

AURKA/AURKB/CDC
A8/HAUS1/KIF11/KIF2
2/KIF23

CcC

GO:001
6363

nuclear matrix

0.004434168

0.042907096

HNRNPM/MATR3/PSP
C1/SFPQ/VIM/ZNF326

CC

GO:004
4420

extracellular
matrix
component

0.004921833

0.046265235

COL12A1/LAMAL/MF
AP2/TNC

GO terms enriched by the top 166 down-regulated genes

ONT
OoLO
GY

Description

pvalue

p.adjust

genelD

Count

BP

GO0:003
0049

muscle
filament
sliding

6.00774E-29

7.74098E-26

ACTA1/ACTC1/ACTN
3/DES/MYBPC2/MYBP
C3/MYH2/MYH4/MYH
7/IMYLL/MYL2/MYL3/
MYL4/TNNCL/TNNC2/
TNNIL/TNNI2/TNNTL/
TNNT3/TPM1/TPM3

21

BP

G0:003
3275

actin-myosin
filament
sliding

6.00774E-29

7.74098E-26

ACTA1/ACTCL/ACTN
3/DES/MYBPC2/MYBP
C3/MYH2/MYH4/MYH
7/MYL1/MYL2/MYL3/
MYL4/TNNCL/TNNC2/
TNNIL/TNNI2/TNNTL/
TNNT3/TPM1/TPM3

21

BP

G0:000
6936

muscle
contraction

1.14E-25

9.80398E-23

ABAT/ACTAL/ACTA2/
ACTC1/ACTN3/ANXA
6/ASPH/BIN1/CRYAB/
DES/FXYD1/GAMT/M
YBPC2/MYBPC3/MYH
1/MYH13/MYH2/MYH
4/MYH7/IMYLL/MYL2/
MYL3/MYL4A/MYLPF/
SNTA1/SNTB1/SORBS
1/TNNCL/TNNC2/TNN
IL/TNNI2/TNNTL/TNN
T3/TPM1L/TPM3

35

BP

G0:000
6091

generation of
precursor
metabolites
and energy

7.87895E-13

2.55563E-10

ACAT1/ACTN3/ADH4/
ADIPOQ/ALDH1AL/AS
PH/BNIP3/COX17/COX
7TA2L/COX7B/GAPDH/
GLDC/GPD1/GPIIGYG
1/MDH2/0XCT1/PARK
7IPFKM/PGK1/PGM1/P
RKAG2/PYGM/SLC25
Al12/SLC25A4/SORBS1
[TP11/XDH

28

BP

GO:006
0047

heart
contraction

7.93366E-13

2.55563E-10

ACTC1/ASPH/BIN1/DE

S/IEPAS1L/FXYDL/MYB

PC3/MYH7/MYL1/MY

L2/MYL3/MY L4/PEBP

1/SNTAL/TNNCL/TNNI

2/ITNNTL/TNNT3/TPM
1

19

BP

G0:000
6937

regulation of
muscle
contraction

2.02141E-11

4.73562E-09

ABAT/ACTN3/ANXAG
/BINL/MYBPC3/MYH7
IMYL2/MYL3/TNNC1/
TNNC2/TNNIL/TNNI2/
TNNTL/TNNT3/TPM1

15
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ABAT/ACADL/ACTN3
/ADIPOQ/BHMT/CD74

organic acid JCSPG5/GAMT/GAPD
BP Gf%ggl biosynthetic | 2.27305E-10 | 3.44568E-08 gfg%’gﬁgg#fﬁgi’ 23
process T/PARK7/PFKM/PGKY/
PGML/PRKAG2/SLC25
A12/TPIL
ABAT/ACADL/ACTN3
/ADIPOQ/BHMT/CD74
carboxylic /CSPG5/GAMT/GAPD
GO:004 acid HIGATM/GOTL1/GOT2/
BP | "6304 | biosynthetic | 227305E-10 | 3.44568E-08 | ~phicpyGSTMAIOA 23
process T/PARK7/PFKM/PGK1/
PGML/PRKAG2/SLC25
A12/TPIL
ACTN3/ADIPOQ/CPTL
glucose A/GAPDH/GOT1/GOT?2
BP G(%ggo metabolic | 3.0181E-10 | 4.32091E-08 @igﬂg%’:{'ﬁgﬁﬁ% 16
process LC25A12/SORBSL/TPI
1
ADIPOQ/GAPDH/GOT
GO:000 | gluconeogene 1/GOT2/GPD1/GPI/MD
BP | 6004 sis 5.55427E-10 | 7.50037B-08 | \1o/56K1/PGM1/RBPA/ 12
SLC25A12/TPIL
ABAT/ACADL/ACATL
JACTN3/ADH4/ADIPO
small Q/ALDH1AL/CPTIAE
GO:004 |  molecule CHDC2/FAAH/GAPDH
BP 1 482 catabolic | >-82101E-10 | 7.50037E-08 | ) heyGoT1GOT2G 23
process PI/HEXB/OAT/OXCT1/
PFKM/PGK1/PGML/SL
C25A12/TPIL
50:000 NADH ACTN3/GAPDH/GPD1/
BP 73 metabolic | 2.46003E-09 | 25358E-07 | GPI/MDH2/PFKM/PGK 9
process 1/SLC25A12/TPI1
ADP ACTN3/AK1/GAPDH/
Bp | GO0 | metabolic | 7.90842E-00 | 754814507 | JrDUSPIEFRMEGK 11
process 25A12/TPIL
ACTAL/ACTCI/MYBP
GO:003 |  myofibril C2/MYBPC3/MYH10/
BP 1 0239 assembly | L-7206E-08 1 L47T799E-06 | \av) oiMyOZUTNNTL 10
JTNNT3/TPM1
ACTAL/ACTCL/ACTN
3/BIN1/CRYAB/EPASL
IFHL1/MYBPC2/MYBP
GO-006 muscle C3/MYH10/MYH7/MY
BP 1061 structure 1.97251E-08 | 1.63973E-06 | L2/MYL3/MYLPF/MY 24
development 0Z1/PGK1/RBP4/SMY
DL/TNNCL/TNNIL/TN
NTL/TNNT3/TPML/UN
C45B
50001 hexose ACTN3/ALDHIAL/GA
BP 5320 catabolic 2.12785E-08 | 1.71358E-06 | PDH/GPI/PFKM/PGKL/ 9
process PGM1/SLC25A12/TPI1
ACTN3/ALDHIAL/GA
GO:001 carbohydrate PDH/GPD1/GPI/HEXB/
BP P catabolic 3.08732E-08 | 2.41091E-06 | PFKM/PGKL/PGM1/PR 13
process KAG2/PYGM/SLC25A
12/TPIL
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cellular

component ACTA1/ACTC1/MYBP
G0:001 assembly C2/MYBPC3/MYH10/
BP 0927 involved in 6.26842E-08 3.75668E-06 | 1y 2/MYOZ1/PMP22/ 1
morphogenesi TNNTL/TNNT3/TPM1
S
ABAT/ACADL/ACAT1
/ACTN3/ADIPOQ/BHM
small T/CD74/CSPG5/GAMT/
GO:004 molecule GAPDH/GATM/GOT1/
BP 4283 biosynthetic 7.51877E-08 4.40361E-06 GOT2/GPD1/GPI/GST 27
process M4/MDH2/0OAT/PARK
7/IPFKM/PGK1/PGM1/P
RKAG2/RBP4/SLC25A
12/TPI1/XDH
cardiac ACTC1/MYBPC2/MYB
GO0:005 | muscle tissue PC3/MYH7/MYL2/MY
BE 5008 morphogenesi 9.55002808 S al8/3E-06 L3/TNNC1/TNNIL/TPM 9
S 1
ATP ACTN3/GAPDH/GPD1/
BP G(?Y.ggo biosynthetic 2.86592E-07 1.25178E-05 f;gfg;g%ﬁéléiﬁgﬂ/ 10
process TPIL
oo | Sreiono Qo
BP 3467 nﬁ);f:gjélsict)gs 1.30628E-06 4.20786E-05 K7/PRKAG2/SLC25A1 9
2/SORBS1
and energy
ACAT1/ACTN3/ADSS
purine- L1/AK1/COX7A2L/IGA
GO:007 containing MT/GAPDH/GMPR/GP
BP 25'21 compound 1.52082E-06 4.77944E-05 D1/GPI/MYH4/MYH7/ 21
metabolic PARK7/PFKM/PGK1/P
process GM1/PRKAG2/SLC25A
12/SLC2A9/TPI1/XDH
ACTA1/ACTC1/BIN1/
GO0:005 muscle cell MYBPC2/MYBPC3/M
BP 1 5001 | development | 2O3135E-06 | S.8BLT7E-05 | vpgmyLomyoZUT 1
NNT1/TNNT3/TPM1
GO-005 multice_ellular ACTN3/MYH7/TNNC1/
BP 0879 organismal 2.94258E-06 7.98214E-05 TNNC2/TNNI2/TNNT1/ 7
movement TNNT3
GO:005 | musculoskelet ACTN3/MYH7/TNNCL/
BP y 2.94258E-06 7.98214E-05 TNNC2/TNNI2/TNNT1/ 7
0881 al movement TNNT3
ACTA1/ACTC1/ARHG
AP18/BIN1/COL1Al/C
RYAB/DES/DPT/FBLN
GO:009 | Supramolecula 5/MFAP5/MYBPC2/M
BP 7435 N ; :itz):\{ion 3.21488E-06 8.62995E-05 YBPC3/MYH10/MYL2/ 22
g MYOZ1/PARK7/SORB
SI/TNNTL/TNNT3/TP
M1/TPM3/TPPP3
ACTA1/ACTC1/ACTN
Go001 |  Striated &’%ﬁ%fﬁi’h%?ﬁ’/
BP 4706 ré]:vs;llg trlszlrj]f 3.55829E-06 9.35685E-05 MYL3/MYLPE/RBPA/S 15
P MYD1/TNNC1/TNNI1/
TPM1
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ACAT1/ACTN3/GAPD

) organophosph
BP 63224 ate catabolic 4.62375E-06 0.000116818 E/le/PPg l%/flG/E:élf(TG,\ggf 12
process C25A12/TPI1/XDH
ABAT/ACTC1/ADIPO
Q/BNIP3/CCL5/COL1A
GO:000 response to 1/CRYAB/FBLN5/GOT
BP 9636 toxic 5.16253E-06 0.000125298 2/INMT/MAP1LC3A/M 18
substance BP/OXCT1/PARKT/PE
BP1/PON2/RBP4/SLC7
All
GO:004 regulation of ATP1B2/GABARAPL2/
BP 3462 ATPase 6.78748E-06 0.000160471 MYBPC3/MYL3/MYL4 8
activity /TNNC1/TNNT3/TPM1
ribose ACAT1/ACTN3/ADSS
GO:004 phosphate L1/AK1/GAPDH/GPD1/
BP 6390 biosynthetic 7.2546E-06 0.000166921 GPI/PFKM/PGK1/PGM 13
process 1/PRKAG2/SLC25A12/
TPI1
positive
_ reg‘;ﬁgﬁ” of ACTN3/ADIPOQ/CPT1
BP 20'13 molehlE 1.61128E-05 0.000346023 A/GPD1/PARK7/PPAR 8
8 G/SLC25A12/SORBS1
metabolic
process
ACTA1/ACTC1/MYBP
GO:003 actomyosin C2/MYBPC3/MYH10/
BP 10'32 structure 2.32541E-05 0.000483273 MYL2/MYOZ1/SORBS 11
organization L/TNNTL/TNNT3/TPM
1
regulation of
GO0:003 | cellular amine ABAT/BHMT/PARKT/
BP 3238 metabolic 3.215258-05 0.000622984 PEBP1/SLC7A11 5
process
) glycogen
BP G509.$$O metabolic | 4.57805E-05 | 0.000854902 i;%lzllif;g\wfo'\gg:? 6
process
cellular
GO:000 glucan GYG1/PFKM/PGM1/PR
BP 6073 metabolic 4.57805E-05 0.000854902 KAG2/PYGM/SORBS1 6
process
regulation of ACADL/ACTNS3/ADIP
GO:006 small OQ/BHMT/COX7A2L/
BP 20'12 molecule 5.73655E-05 0.001051239 CPT1A/GPD1/PARKT/P 13
metabolic PARG/PRKAG2/SLC25
process Al12/SLC7A11/SORBS1
energy ACTN3/BNIP3/GPD1/G
GO:001 der_ivat_ion by YG1/MDH2/PARKT/PF
BP 5980 oxidation of 6.85368E-05 0.001226523 KM/PGM1/PRKAG2/P 12
organic YGM/SLC25A12/SORB
compounds S1
. ADIPOQ/ADSSL1/COL
gp | GO00L | responseto | g51076E 05 | 0001410609 | 4A2/GOT2/OXCTI/PE 6
4823 activity BP1
60003 | re gF)Lj)IS;ttilc\)lr? of ATP1B2/GABARAPL2/
BP 0.000107345 0.0017847 MYBPC3/MYL3/MYL4 6
2781 ATPase ITPM1
activity
GO-005 regulatiqn of ASPH/BIN1/CRYAB/G
BP 2548 endopeptidase 0.000112971 0.001866194 APDH/GPI/MBP/PARK 13

activity

7/PEBP1/PPARG/PSMB
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8/SERPINF1/WFDC2/X

DH
ABAT/ACTAL/B2M/B
, NIP3/CA2/GOTL/GPI/
BP G(%ggl rerﬁzg;s’ii;o 0.000176960 | 0.002797852 | MAP1LC3A/PARK7/PE 13
BP1/SERPINF1/SLC25
A12/TNNCL
0004 | responseto ABAT/ACTCL/ADIPO
BP cA71 ool 0.000211258 | 0.00331959 | Q/GOT2/OXCT1/PEBP 7
1/RBP4
50003 re;{ﬁ;‘i‘(‘)’sof ADIPOQ/ATP1B2/CA2/
BP w64 | trosmembran | 0-000249073 | 0.003820596 | COX17/FXYDUITLNY/ 8
PARK7/SORBS1
etransport
ABAT/ADIPOQ/CA2/C
. CL5/CD74/CPT1AIGAP
GO gog | regulation of DH/GPI/MBP/MYH10/
BP o tE:r?;:)%ert 0.00044907 | 0006358535 | v T bARKTIPEKM) 17
PKIG/RBP4/SLC25A4/
SLC7A11
- ABAT/CA2/NFKBIE/P
BP cgo3 | drugtransport | 0.000462233 | 0.006509145 | ARK7/RHAGISLC25A1 8
2/SLC25A4/SLCTALL
negative
GO:200 regulation of COL4A2/PGK1/PPARG
BP ' blood vessel | 0.000604634 | 0.008200752 | /SERPINFL/SYNJ2BP/ 6
0181 .
morphogenesi XDH
S
collagen-
gp | GO003 | activated 0000787141 | 0.010206765 | COLLA/ICOLAAL/COL 3
8065 signaling 4A2
pathway
organic ABAT/ACADL/ACTN3
501190 hydroxy /ADH4/ALDH1AL/EPA
BP 151 compound | 0.000851253 | 0.01107919 | S1/GOTL/GPD1/PARK? 14
metabolic IPRKAG2/RBP4/SLC25
process Al12/SLC7A11/TPI1
50:005 reé’lﬂ:tti'c‘)’rfof ABAT/GAPDH/GPI/M
BP 5714 rotein 0.000955512 | 0.012189879 | BP/MYH10/OXCTL/PF 8
: KM/RBP4
secretion
negative
regulation of
gp | G010 vascular 0.00103607 | 0.013088005 | ADIPOQ/PPARG/TPM1 3
4706 smooth
muscle cell
proliferation
50:001 regﬁf’aﬁ%eof BIN1/CRYAB/GAPDH/
BP 0051 | endopeptidase | 0-001257369 | 0015578074 | GPI/PARK7/PEBPL/SE 8
P RPINF1/WFDC2
activity
- ABAT/CCL5/CPT1A/O
BP 6%323 Ség?;‘::gn 0.001325081 | 0.016011631 | XCT1/PARK7/PFKM/R 8
BP4/SLC25A4
G0:005 response to BNIP3/COL1A1/PPAR
BP 5093 byperoxia | 0-001329643 | 0.016011631 G 3
primary
GO:003 alcohol ADH4/ALDH1A1/GPD
BP 4308 metabolic | 0001448945 | 0.017367125 1/PARK7/RBP4 5
process
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response to

BP 6%8(2)3 immobilizatio | 0.001670618 | 0.019480468 GOTL/GPI/PPARG 3
n stress
ABAT/CA2/CPTIAFX
50:000 o YD1/GOT2/NFKBIE/PP
BP 5820 trgnso . 0.001877417 | 0.021598673 | ARG/RHAG/SLC25A12 13
P /SLC25A4/SLC2A9/SL
C7A11/VDAC1
. ABAT/ACADL/ACTN3
multicellular
GO:004 ; /ADIPOQ/ALDH1AL/B
BP o871 r?ér%]aent;gggls 0001892144 | 0021671353 | Hue ot Cn e 12
/IL20RB/RBP4/RHAG
regulation of
GO:004 | carbohydrate ACTN3/GPD1/PRKAG
BP 2470 Catabic 0.001979379 | 0.022186624 5ISLCI5AL 4
process
, ADIPOQ/GPI/OXCTL/P
BP 6%883 Chagmz‘;;f 0.001988789 | 0.022186624 | ARK7/PFKM/PPARG/R 8
BP4/SERPINF1
, ADIPOQ/GPI/OXCTL/P
BP G%gg“ : ?T']ucofe .| 0001988789 | 0022186624 | ARK7/PFKM/PPARGIR 8
RS BP4/SERPINF1
GO-000 autophagy of BNIP3/GABARAPL2/M
BP : mitochondrio | 0.002079261 | 0.022898527 | AP1LC3A/PARK7/VD 5
0422 ! AL
. . . BNIP3/GABARAPL2/M
gp | GO:006 | mitochondrio | 405076551 | 0022898527 | APILC3AIPARK7/VD 5
1726 n disassembly AC1
. regulation of
GO:004 ADIPOQ/ITLN1/PRKA
BP . ?mggite 0.002231655 | 0.024368542 B> /SORE 4
GO:007 response to ABAT/GOT2/GPI/MAP
BP 347 R hatic | 0.002231655 | 0.024368542 LCan 4
gp | GO:190 trangslrl#;cr)rsl%ran 0.002460223 | 0.026198327 | ADIPOQ/ITLNI/PRKA 5
4659 : ' G2/SLC2A9/SORBS1
e transport
regulation of
BP GO0:003 | myeloid Qell 0.002504907 0026455512 ADIPOQ/CCL5/SLC7A 3
3032 apoptotic 11
process
, ABAT/ADIPOQ/CCL5/
BP Gg%i)go {‘r‘;{;“’gﬁ 0.002527466 | 0.026476745 | CPTIAJOXCT1/PARK7 9
P IPFKM/RBP4/SLC25A4
G0:004 response to ABAT/GOT2/GPI/MAP
BP 579 o 0.002668624 | 0.027817491 LLCANPPARG 5
ABAT/ADH4/ADIPOQ/
GO:001 regulation of ALDH1A1/CCL5/CPT1
BP 817 hormone 0.002677042 | 0.027817491 | AJOXCT1/PARK7/PEB 12
levels P1/PFKM/RBP4/SLC25
A4
ABAT/ADIPOQ/CCLS5/
GO-005 regulation of CPT1A/GAPDH/GPI/M
BP 1993 protein 0.002749333 | 0.028453945 | BP/MYH10/OXCT1/PA 15
transport RK7/PFKM/PKIG/RBP
4/SLC25A4/SLCTALL
CHRDL1/COL4AL/CO
GO0:015 | visual system L8A1/CRYAB/LAMB2/
BP 0063 development 0.002874592 0.029396123 MYH10/RBP4/SERPIN 10
F1/SLC7A11/UNC45B
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regulation of

BP GO:001 necrotic cell 0.003002847 0.029648801 BNIP3/HEBP2/SLC25A 3
0939 4
death
GO:004 neurotransmitt
BP 21'35 er catabolic 0.003002847 0.029648801 ABAT/BHMT/GLDC 3
process
. metanephric
Bp | G007 | enithelium | 0.003002847 | 0.029648801 | ACATUADIPOQILAM 3
2207 B2
development
metanephric
gp | GO007 | nephron 14 yhan00847 | 0.029648801 | ACATLADRIPOQILAM 3
2243 epithelium B2
development
sensory CHRDL1/COL4A1/CO
GO:004 L8A1/CRYAB/LAMB2/
BP 8880 " Vseylsotemem 0.003196771 0.031087094 MYH10/RBP4/SERPIN 10
P F1/SLC7A11/UNC45B
) myeloid cell
BP G?)Odgg?’ apoptotic 0.003557459 0.033580845 ADIPOQ/CﬁLS/SLC?A 3
process
regulation of ABAT/ATP1B2/BIN1/B
GO:004 NIP3/FHL1/FXYD1/GO
BP 2391 membrgne 0.003927447 0.036276094 T1/HEBP2/PARK7/SNT 10
potential
Al
positive
. regulation of
Bp | CO00L | oicose 0.004170648 | 0037579578 | ACTNI/SLC25A12/S0 3
0907 z RBS1
metabolic
process
GO-004 retinol
BP 25'72 metabolic 0.004170648 0.037579578 ADH4/ALDH1A1/RBP4 3
process
) - ACADL/ACTN3/ADIP
gp | GOW010 | cold-induced | 5189604 | 0038953613 | OQ/ALDHIAL/EPASL/ 6
6106 thermogenesis GATM
GO012 regulation of ACADL/ACTN3/ADIP
BP ' cold-induced 0.004383604 0.038953613 OQ/ALDH1A1/EPAS1/ 6
0161 -
thermogenesis GATM
) response to
G0:006 - ABAT/GLDC/GOT2/GP
BP 0359 amr?gr?lum 0.004501348 0.03986245 UMAPLLC3A 5
GO:009 ammonium ABAT/ACADL/AGMA
BP ' ion metabolic | 0.004623203 0.040557865 T/BHMT/CPT1A/PARK 7
7164
process 7/PEBP1
G0:007 protein ADIPOQ/CD74/COL1A
BP 0206 trimerization 0.004642829 0.040557865 1/ITLNL 4
GO:199 adantive ACADL/ACTN3/ADIP
BP ; P . 0.005448349 0.046801317 OQ/ALDH1AL/EPASL/ 6
0845 thermogenesis
GATM
ACAT1/ADSSL1/GAB
G0:004 response to ARAPL2/MAP1LC3A/
BP 2594 starvation 0.005543687 0.047304907 MYH13/OXCT1/PPAR !
G
negative
GO0:003 | regulation of ADIPOQ/CRYAB/PAR
BP 2387 intracellular 0.00556404 0.047321883 K7/PKIG 4
transport
GO-004 cellular ACADL/ACAT1/ACTN
BP 42'70 nitrogen 0.005817869 0.049317924 3/BHMT/GAPDH/GPD 15
compound 1/GPI/PABPC4/PFKM/
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catabolic
process

PGK1/PGM1/PRKAG2/
SLC25A12/TPI11/XDH

BP

GO0:000
6979

response to
oxidative
stress

0.005916632

0.049990695

ADIPOQ/BNIP3/COL1
Al/CRYAB/EPAS1/FB
LN5/MAP1LC3A/PAR
K7/PEBP1/PON2/SLC7
Al11/TPM1

12

CC

G0:004
4449

contractile
fiber part

1.64467E-19

4.73664E-17

ACTAL/ACTA2/ACTC
1/BIN1/CRYAB/DES/M
YBPC2/MYBPC3/MYH
1/MYH13/MYH2/MYH
4/MYH7/MYL1/MYL2/
MYL3/MYL4/MYLPF/
MYOZ1/TNNC1/TNNC
2/TNNIL/TNNI2/TNNT
1/TNNT3/TPM1/TPM3

27

CC

GO:004
3292

contractile
fiber

9.79609E-19

1.41064E-16

ACTAL/ACTA2/ACTC
1/BIN1/CRYAB/DES/M
YBPC2/MYBPC3/MYH
1/MYH13/MYH2/MYH
4/MYH7/MYL1/MYL2/
MYL3/MYL4/MY LPF/
MYOZ1/TNNC1/TNNC
2/TNNIL/TNNI2/TNNT
1/TNNT3/TPM1/TPM3

27

CC

GO0:003
0016

myofibril

5.12654E-17

4.51619E-15

ACTA1/ACTC1/BIN1/C
RYAB/DES/MYBPC2/

MYBPC3/MYHL/MYH

13/MYH2/MYH4/MYH
7IMYL1/MYL2/MYL3/
MYL4/MYOZ1/TNNC1

/TNNC2/TNNI1/TNNI2/
TNNTL/TNNT3/TPM1/

TPM3

25

CC

G0:003
0017

sarcomere

6.27249E-17

4.51619E-15

ACTA1/ACTC1/BIN1/C
RYAB/DES/MYBPC2/
MYBPC3/MYH1/MYH

2IMYH4/MYH7/IMYL1/

MYL2/MYL3/MYL4/M
YOZ1/TNNC1/TNNC2/
TNNIZ/TNNI2/TNNT1/

TNNT3/TPM1/TPM3

24

CcC

G0:001
5629

actin
cytoskeleton

1.05248E-14

6.06229E-13

ACTAL/ACTA2/ACTC
1/ACTN3/BIN1L/CRYA
B/MYBPC2/MYBPC3/
MYH1/MYH10/MYH13
IMYH2/MYH4/MYH7/
MYLL/MYL2/MYL3/M
YL4/MYLPF/MYOZ1/P
GM1/SMTNL2/SORBS
L/TNNCL/TNNC2/TNN
IL/TNNI2/TNNTL/TNN
T3/TPM1/TPM3

31

CcC

G0:000
5865

striated
muscle thin
filament

1.95955E-13

9.40582E-12

ACTA1/MYBPC2/MYB
PC3/TNNCL/TNNC2/T
NNIL/TNNI2/TNNTL/T

NNT3/TPM1/TPM3

11

CcC

G0:001
6460

myosin 11
complex

3.09294E-13

1.17272E-11

MYBPC3/MYHL/MYH

10/MYH13/MYH2/IMY

H4/MYH7/MYL1/MYL
3/MYLPF

10
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GO0:003

ACTA1/MYBPC2/MYB
PC3/TNNCL/TNNC2/T

CC 6379 myofilament 3.25756E-13 1.17272E-11 NNIL/TNNIZ/TNNTLT 11
NNT3/TPM1/TPM3
MYBPC2/MYBPC3/M
GO0:001 myosin YH1/MYH10/MYH13/
CcC 6459 complex 3.7519E-13 1.20061E-11 MYH2/MYH4/MYH7/ 13
MYL1/MYL2/MYL3/M
YL4/MYLPF
GO:000 musc!e MYBPC3/MYH1/MYH
CcC 5859 myosin 1.21857E-12 3.50949E-11 13/MYH2/MYH4/MYH 9
complex 7/IMYLL/MYL3/MYLPF
GO0:003 myosin MYBPC2/MYBPC3/M
CcC 29.82 filament 7.53162E-10 1.97191E-08 YH1/MYH10/MYH13/ 8
MYH2/MYHA4/MYH7
GO:003 CRYAB/MYBPC2/MY
CcC 1672 A band 7.92628E-07 1.90231E-05 BPC3/MYH1/MYL2/M 7
YL3/MYL4
GO:004 extracel_lular COL1A1/COL4Al1/COL
CcC 44'20 matrix 2.33869E-06 5.1811E-05 4A2/COL8A1/FBLN5/L 7
component AMB2/MFAP5
. . ACTA1/CRYAB/MYH1
cc | G003 | actinflament | 5 26060E-05 | 0.00046917 | O/IMYH7/SORBSL/TPM 7
32 bundle
1/TPM3
GO:004 ) ACTA1/ACTC1/MYH1
CcC y actomyosin 3.36885E-05 0.000646819 0/MYH7/SORBS1/TPM 7
2641
1/TPM3
CA2/CRYAB/GOT2/GP
CcC 69%884 myelin sheath 5.78446E-05 0.001041202 II\//II\SIZBZF;/SI\CCI??S%ZEIBST_%:Z 10
5A4
ACTC1/BIN1/CRYAB/
CcC 6?6'?23 | band 6.79544E-05 0.001151228 glliﬂs\/{'\lﬂl\;/ﬁ\c{:ﬁgyg\?opg 9
1
. complex of
CcC GE%L(‘)E‘)Q thr)::ﬁg?: 7.77269E-05 0.00124363 COLiﬁlz//%%ILAéAAll/COL 4
CcC G%ggo stress fiber 0.000118568 0.001707386 ¢§J£éém¥;\%%¥gag 6
contractile
cc G%fgg actiguf; Ijllr;qent 0.000118568 | 0.001707386 ?ggg‘éém}(gml}\%\;g 6
ADIPOQ/ANXA6/CLE
50:006 C‘;‘;:t'gﬂmg C3B/COL1AL/COL4AL/
CcC 2023 extracellular 0.000295631 0.004054367 COL4A2/COL8A1/DPT 12
matrix /FBLN5/LAMB2/MFAP
5/SERPINF1
GO:004 BIN1/CACNG1/DES/F
CcC y sarcolemma 0.0006306 0.008255128 XYD1/GOT2/SNTAL/S 7
2383
NTB1
GO:003 ) BIN1/CRYAB/DES/MY
CC Z disc 0.001157694 0.014496348 BPC2/MYBPC3/MYHT7/ 7
0018
MYOZ1
integral
) component of
cc 6%833 mitochondrial | 0.00130846 | 0.015143027 | BNIP¥/ CPTF}A/ SYNJ2B 3
outer
membrane
GO:003 | extracellular ADIPOQ/ANXA6/CLE
CC | 1012 matrix 0.001314577 | 0.015143927 | ~apic) 1A1/COLAAL 13
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COL4A2/COL8A1/CRI

SPLD2/DPT/FBLN5/LA
MB2/MFAP5/SERPINF
1
GO:000 ACTA1/ACTC1/ACTN
CC 58'8 4 actin filament 0.0015456 0.017120488 3/SMTNL2/TPM1/TPM 6
3
intrinsic
) component of
cc 6%823 mitochondrial | 0.001644114 | 0.017507359 BN'PS/CPTF}NSYNJZB 3
outer
membrane
GO:000 collagen ADIPOQ/COL1A1/COL
cC 5581 trimer 0.001702104 0.017507359 4A1/COL4A2/COL8BAL 5
GO0:003 BIN1/CACNG1/FXYD1
CcC 0315 T-tubule 0.002455744 0.024388082 IGOT2 4
GO0:003 | neuromuscula DES/LAMB2/MYH10/S
CcC 1504 f junction 0.002606492 0.025022321 NTAL/SYNJ2BP 5
ACTN3/ADSSL1/ANX
A6/BIN1/MYBPC2/MY
BPC3/MYH1/MYH10/
GO:000 MYH13/MYH2/MYH4/
MF 37'79 actin binding 4.51653E-12 1.74338E-09 MYH7/MYL2/MYL3/M 26
YL4/MYOZ1/SNTA1/S
NTB1/SORBS1/TNNC1
/TNNC2/TNNIL/TNNI2/
TNNT3/TPM1/TPM3
ADSSL1/ANXA6/BIN1/
MYBPC2/MYBPC3/M
GO0:005 | actin filament YH1/MYH10/MYH13/
MF 1015 binding 309748 5.422138-07 MYH2/MYH4/MYH7/ 16
MYL4/TNNC1/TNNC2/
TPM1/TPM3
structural ACTN3/ASPH/MYBPC
GO:000 . 2/MYBPC3/MYL1/MY
MF 8307 constituent of 8.56116E-09 1.10154E-06 L2/MYL3/MYLPE/TPM 9
muscle 1
ABAT/ACADL/ACAT1
/ACBD7/ADH4/AIFM3/
G0:005 coenzyme ALDH1A1/FMO3/GAP
MF 0662 binding 9.80247E-08 9.45938E-06 | p1y/GLDC/GOTL/GOT2 17
/GPD1/HLCS/OAT/PY
GM/XDH
ACTA1/ACTN3/ADIPO
Q/ASPH/COL1A1/COL
4A1/COL4A2/COLBAL/
CRYAB/DES/DPT/FBL
Go:0p | Structural N5/KRT6A/LAMB2/M
MF 5198 rr;g:;e\;:itile 1.5661E-07 1.20903E-05 BP/MEAPS/MYBPC2/ 27
Y MYBPC3/MYLL/MYL2
/IMYL3/MYLPF/PPL/PR
PH/SNTA1/SNTB1/TP
M1
transferase
activity
GO:001 ! ABAT/GAPDH/GATM/
MF 6769 t(ansferrlng 2.96741E-07 1.90904E-05 GOTL/GOT2/OAT 6
nitrogenous
groups
GO:000 | microfilament MYH10/MYH13/MYH2
MF 0146 | motor activity 8.55273E-06 0.000418627 IMYH4/MYH7 5
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ABAT/ACADL/ACAT1
/ACBD7/ADH4/AIFM3/
. ALDH1A1/FMO3/GAP
MF | GO %?;%Citnor 8.67622E-06 | 0.000418627 | DH/GLDC/GOTL/GOT2 19
g IGPD1/GSTM4/HEBP2/
HLCS/OAT/PYGM/XD
H
MBP/MYH1/MYH10/M
GO0:000 calmodulin YH13/MYH2/MYH4/M
MF | 5516 binding 2.54529E-05 | 0.001002267 | v 17/5NTAL/SNTBL/SP 10
Al7
. . . ABAT/ADH4/GLDC/G
MF Gg%ggl pamin 2.59655E-05 | 0.001002267 | OT1/GOT2/HLCS/OAT/ 9
9 PYGM/RBP4
) pyridoxal
GO0:003 ABAT/GLDC/GOT1/G
MF 0170 pg?r?gir;]zge 4.15816E-05 0.001337543 OT2/0AT/PYGM 6
GO:007 vitamin B6 ABAT/GLDC/GOT1/G
MF 0279 binding 4.15816E-05 0.001337543 OT2/0AT/PYGM 6
GO:001 b 0sin ACTA1/ACTC1/MYBP
MF y 108 6.57093E-05 0.001951061 C3/MYL2/MYL3/MYL 6
7022 binding 4
extracellular ADIPOQ/COL1A1/COL
G0:000 matrix 4A1/COL4A2/COLBA1/
MF 5201 structural BP4E-05 0.00246888C DPT/FBLN5/LAMB2/M 9
constituent FAP5
GO0:000 | transaminase ABAT/GOT1/GOT2/0A
MF 8483 activity 0.000111398 0.002866646 T 4
ACTN3/ANXAG6/ASPH/
CLEC3B/FBLN5/ITLN1
GO0:000 calcium ion /IMYL1/MYL2/MYL3/
MF 5509 binding 0.000228121 0.005503429 MYL4/MYLPF/PVALB 17
/SLC25A12/TNNC1/TN
NC2/TNNT1/TNNT3
extracellular
matrix
structural
GO0:003 ; COL1A1/COL4A1/COL
MF 0020 constltu_ent 0.00089923 0.019283494 4A2/COLBAL 4
conferring
tensile
strength
GO:004 Lo ACTA1/MYH10/PGK1/
MF 3531 ADP binding 0.00089923 0.019283494 PRKAG? 4
GO:000 MYH1/MYH10/MYH13
MF . motor activity | 0.001271875 0.025839145 IMYH2/MYH4/MYH7/ 7
3774
MYL3
G0:000 actin
MF 37.85 monomer 0.00212657 0.041042796 MYL2/MYL3/MYL4 3
binding

Table A.7: Gene ontology terms enriched by the top 351 DE genes in regenerative vs.
control comparison, commonly identified by the analysis of both technologies
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A8 GO Terms Enriched in Regenerative vs. Wound

healing
GO terms enriched by the top 150 up-regulated genes
ONT
OoLO ID Description pvalue p.adjust genelD Count
GY

AURKA/AURKB/BUB1/BUB1
B/CCNA2/CCNB1/CCNB3/CD
C20/CDCA5/CDCAS8/CENPF/C
HEKZ1/INCENP/KIF11/KIF22/K
GO:00 nuclear IF23/KIF2C/KIFCL/MAD2L1/
BP 00280 division 3.1046E-29 | 5.3026E-26 | MTBP/NCAPD3/NCAPG/NCA 40

PH/NDC80/NEK2/NIPBL/NUS
AP1/PDS5A/PLK1/PRC1/RAD
51/RCC1L/RMI1/RPA2/SMC2/S
MC4/TOP2B/TPX2/TRIP13/Z

WINT

AURKA/AURKB/BUB1/BUB1
B/CCNA2/CCNB1/CCNB3/CD
C20/CDCA5/CDCAS/CENPF/C
Goo1|  mittic 0B oo B iAo 1)
BP | 40014 é‘l‘f/f'sfgrr] 5.7191E-28 | 4.8841E-25 | \\TBp/NCAPD3/NCAPG/NCA 36

PH/NDC80/NEK2/NIPBL/NUS
AP1/PDS5A/PLK1/PRC1/RCC1
ISMC2/SMCA/TPX2/TRIP13/Z

WINT

AURKB/BUB1/BUB1B/CCNB
1/CDC20/CDCA5/CDCA8/CEN
PF/DYNC1H1/FEN1/INCENP/
GO:00 nuclear KIF22/KIF23/KIF2C/KIFC1/M
BP 98813 chromosome 1.381E-26 | 5.8968E-24 | AD2L1/NCAPD3/NCAPG/NCA 32
segregation PH/NDC80/NEK2/NIPBL/NUS
AP1/PDS5A/PLK1/PRC1/RMI1
/SMC2/SMC4/TOP2B/TRIP13/
ZWINT

AURKB/BUB1/BUB1B/CCNB
1/CDC20/CDCA5/CDCAS/CEN
cooo | siser KIF2OIKIFCLIMAD2L 2/NCA
BP | 00819 S‘;hrr‘ém;ttifn 2.3876E-26 | 8.1561E-24 | ppo/NcAPG/NCAPH/NDCSO/
greg NEK2/NIPBL/NUSAP1/PDS5A
IPLK1/PRC1/SMC2/SMC4/TOP
2B/TRIP13/ZWINT

30

APEX1/AURKA/AURKB/BUB
1/BUB1B/CBX3/CCNA2/CCN
B1/CCNB3/CDC20/CDC25A/C
DC7/CDCA5/CENPF/CHEKY/
GO:00 regulation of DYNC1H1/EED/EZH2/FEN1/H
BP 10564 cell cycle 9.3048E-20 | 1.4448E-17 | AUSL/INCENP/KIF11/KIF20A/ 41
process KIF23/MAD2L1/MTA3/MTBP/
NDC80/NEK2/NIPBL/NUSAP1
/[PCNA/PLK1/PRC1/PRPF40A/
RAD51/RCC1/RPA2/RRM2/TP
X2/TRIP13

121




ASF1B/CCNB1/CDCA5/CHAF
1A/CHAF1B/GINS2/HELLS/HI

0100 DNA ST1H2BJHMGB3/MCM2/MC
BP | 71103 | conformation | 11248E-18 | 1601E-16 | M4IMCMG/MCM7/NASPINCA 25
change PD3/NCAPG/NCAPH/NIPBL/N
USAP1/RAD51/RPA2/SART3/
SMC2/SMC4/TOP2B
CCNA2/CDC7/CHAF1A/CHAF
1B/CHEK1/FEN1/GINS2/MCM
0100 DNA 2/MCM3/MCMA4/MCM6/MCM
BP | 06260 | replication | +-L727E-16 | 5.0907E-14 | 7/NASPINUCKSL/PCNAPDSS5 25
A/POLA2/RAD51/RFC2/RFCA/
RMIL/RPA2/RRM1/RRM2/SLB
P
AURKA/AURKB/BUB1/BUBL
regulation of B/CCNA2/CCNB1/CCNB3/CD
GO:00 mitotic C20/CDCAS/CENPF/CHEK1/K
BP | 07088 |  nuclear 6.5663E-16 | 7.4768E-14 | \c11/\MAD2L1/MTBR/NDCSO/ 21
division NEK2/NIPBL/NUSAP1/PLK1/
RCC1/TRIP13
AURKB/BUB1/BUB1B/CCNB
G000 regulation of 1/CDC20/CDCA5/CENPF/DYN
BP | Cogs | chromosome | 11471E-13 | 10885E-11 | CIHUFENVKIF2C/MAD2LL/ 16
segregation NDC80/NEK2/NIPBL/PLK1/T
RIP13
or| et
BP | 07052 orgsaf’r:?f;fion 2.32138-12 | 1.652B-10 | r~q/NDCBO/NEK2IPLKI/PRCI 15
JRCC1/STMNL/TPX2
AURKA/BUB1/BUB1B/CDC20
GO:19 | meiotic cell /CDC25A/NCAPD3/NCAPH/P
BP 03046 | cycle process 3.408E-12 2.2388E-10 LK1/RAD51/RMI1/RPA2/SMC 15
2/SMC4/TOP2B/TRIP13
mitotic
50100 spindle AURKB/BUB1/BUB1B/CCNB
BP 1.9122E-11 | 8.8271E-10 | 1/CDC20/CENPF/MAD2L1/ND 10
07094 | assembly C80/PLK1/TRIP13
checkpoint
5000 mitotic AURKB/BUB1/BUB1B/CCNB
BP | S117a spindle 1.9122E-11 | 8.8271E-10 | 1/CDC20/CENPF/MAD2L1/ND 10
checkpoint C80/PLK1/TRIP13
ASF1B/ATAD2/AURKA/AUR
KB/BAZ1B/BRD3/CBX3/CCN
A2/CCNB1/CHAF1A/CHAF1B/
000 | chromatin CHEK1/EED/EZH2/HELLS/HI
BP | 0ga25 | organization | “L786E-LL | 16221E-00 | STIH2AG/HIST1HZBI/HMGB 30
3/MBD3/MCM2/MTA3/NASP/
NIPBL/NUCKS1/RNF168/SAF
B/SART3/TRIM28/UHRF1/VR
K1
50119 regﬁﬁaﬁgfof AURKB/BUB1/BUB1B/CCNB
BP 5.9007E-11 | 2.1444E-09 | 1/CDC20/CENPF/MAD2L1/ND 10
05819 | chromosome C80/PLK1/TRIP13
separatlon
Goo1 | Mmeioti NCAPLIPLKURADE LRI,
BP | 40013 é‘.”‘f'?ar 8.0562E-11 | 2.8667E-09 | op ro/SMC2/SMCA/TOP2B/TR 13
1vIsion P13
requlation of ATAD2/AURKB/BUB1/BUB1
Bp | SO09 | chromosome | 1.2053E-10 | 4.3669E-09 | rCCNBLCDCINCDCASICE 21

organization

2L1/MCM2/NDC80/NEK2/NIP
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BL/PARP1/PLK1/SART3/TRI
M28/TRIP13

GO:19

regulation of

AURKB/BUB1/BUB1B/CCNB

BP 05818 chromosome 8.9136E-09 | 2.0032E-07 | 1/CDC20/CENPF/MAD2L1/ND 10
separation C80/PLK1/TRIP13
G000 metaphase CCNB1/CDCA5/CDCAS8/CENP
BP 513'10 plate 2.7733E-08 5.996E-07 F/IDYNC1H1/KIF22/KIF2C/KIF 9
congression C1/NDC80
histone
GO:00 . AURKA/AURKB/BAZ1B/CCN
BP 16572 phospgr?rylatl 1.596E-07 3.0978E-06 A2/CCNBL/CHEK1/VRK1 7
GO:00 | chromosome CCNB1/CDCA5/CDCAB8/CENP
BP 500'00 localization 1.8909E-07 | 3.5884E-06 | F/DYNC1HL/KIF22/KIF2C/KIF 9
C1/NDC80
GO:00 | meiosis | cell AURKA/CDC25A/PLK1/RAD5
BP 61982 | cycle process 5.3739E-07 | 9.8694E-06 1/RMI1/RPA2/TOP2B/TRIP13 8
GO:00 protein AURKB/BUB1B/CDCAS5/EZH2
BP ) localizationto | 5.7109E-07 | 1.0377E-05 | /MTBP/NDC80/NIPBL/PLK1/R 9
34502
chromosome PA2
anaphase-
promoting
GO:00 complex- AURKA/AURKB/BUB1B/CCN
BP | 31145 | dependent | O-3982E07 | L.BSAOE-05 | my onconmAD2LLPLKY !
catabolic
process
protein-DNA ASF1B/CENPF/CHAF1A/CHA
GO:00 A F1B/HELLS/HIST1H2BJ/MCM
B | es004 | Complex | LOSTOE06 | 1843BE05 | 5N aSP/PARPL/RADS1/RPAZ 12
y SART3
regulation of BCLAF1/CHEK1/PARP1/PCN
GO:20 response to A/PSMD10/RAD51/RAD51AP1
BP 01020 | DNA damage 2.2249E-06 | 3.7256E-05 /RAD9A/RNF168/RPA2/TRIM 12
stimulus 28/USP1
GO:00 cellular AURKB/CDC25A/CHEK1/NIP
BP 7 478 response to 3.4238E-06 | 5.5168E-05 | BL/NUCKS1/PARP1/PBK/PCN 11
radiation A/RAD51/RAD51AP1/RAD9A
protein-DNA ASF1B/CENPF/CHAF1A/CHA
GO0:00 complex F1B/HELLS/HIST1H2BJ/MCM
BP 71824 subunit 6.7603E-06 | 0.00010497 2/NASP/PARP1/RAD51/RPA2/ 12
organization SART3
DNA damage
GO:00 response, PARP1/PCNA/RFC2/RFC4/RP
BP 42769 | detection of 1.506E-05 | 0.00021874 A2/USP1 6
DNA damage
. reciprocal
Bp | SO0 | meiotic | 3.2237E-05 | 0.00044049 RADS1/RM 'é{gf?z/ TOP2BIT 5
recombination
AURKB/CDC25A/CHEK1/FEN
GO0:00 response to 1/NIPBL/NUCKS1/PARP1/PB
BP 09314 radiation 4.6682E-05 0.0006328 K/PCNA/RAD51/RAD51AP1/R 5
AD9A/RNF168/RRM1/USP1
regulation of
cyclin-
dependent
GO:00 ] CCNA2/CCNB1/CCNB3/CDC2
BP protein 0.00035488 | 0.00401414 6
00079 serine/threoni 5A/PLK1/PSMD10
ne kinase
activity
6001 re‘s’egrﬂzrto AURKB/CDC25A/CHEK1/NIP
BP y sp 0.00046855 | 0.00501616 | BL/NUCKS1/PARP1/PBK/PCN 11
04004 | environmental

stimulus

A/RAD51/RAD51AP1/RAD9A
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negative
regulation of

GO0:00 ATAD2/EED/EZH2/HELLS/M
BP 45814 gene 0.00056142 | 0.00588288 BD3/TRIM28 6
expression,
epigenetic
GO:00 membrane
BP 30397 | disassembly 0.00068536 | 0.00705178 CCNB1/PLK1/VRK1 3
G000 nuclear
BP 51681 envelope 0.00068536 | 0.00705178 CCNB1/PLK1/VRK1 3
disassembly
GO:00 anatomical APEX1/AURKB/FEN1/1QCB1/
BP 602 49 structure 0.000894 0.00867369 | NEK2/PARP1/PCNA/POLA2/R 12
homeostasis AD51/RFC2/RFC4/RPA2
GO:00 oocyte
BP 01556 maturation 0.00090265 | 0.00867369 AURKA/CCNB1/TRIP13 3
GO:00 | DNA damage AURKA/CCNB1/CHEK1/PCN
BP 1 00077 | checkpoint | 00090393 | 0.00867369 A/PLK1/RADIA/RPA2 !
GO:00 chromatin ATAD2/EED/HELLS/MBD3/T
BP 06342 silencing 0.00117269 | 0.01088566 RIM28 5
ciliary basal
GO:00 | body-plasma B9D1/DYNC1H1/HAUS1/1QC
BP 97711 membrane 0143600 p0.01320088 B1/NEK2/PLK1 6
docking
signal
GO:00 | transduction AURKA/CCNB1/CHEK1/PCN
BP 42770 | inresponse to RP021466 01919579 A/PLK1/PSMD10 6
DNA damage
) regulation of
GO:00 : AURKA/CHEK1/DYNC1H1/KI
BP 32886 microtubule- | 0.00224919 | 0.01990473 F11/NEK2/PLK1/STMNL/TPX2 8
based process
GO:00 | female gamete AURKA/CCNB1/NCAPH/PLK
BP 07292 generation 0.00235104 | 0.02033725 1/TRIP13 5
. positive
BP f%gg requlation of | 0.0023576 | 0.02033725 | CDCASN 'PBLéPARpll TRIM2 4
DNA binding
regulation of
gp | GO:19 | ubiquitin | 50565411 | 0.02218799 CDC20/MAD2LL/PLK1 3
04666 | protein ligase
activity
GO:00 | requlation of AURKA/AURKB/CDCA5/CTH
BP 51698 gbindin 0.00281448 | 0.02368047 | RC1/NEK2/NIPBL/NUCKS1/P 11
9 ARP1/PLK1/STMN1/TRIM28
positive
GO:19 | regulation of CCNBL/EED/NIPBL/SART3/T
BP 05269 chromatin 0.00367695 | 0.02990587 RIM28 5
organization
. regulation of
GO0:20 . AURKA/CDC20/CDC25A/TRI
BP 00241 reproductive | 0.00394116 | 0.03145564 P13/WDR77 5
process
gp | GO0 liver 1 00559078 | 0.04206629 AURKA/EZH2/PCNA 3
97421 regeneration
antigen
processing
and
GO:00 | presentation DYNC1H1/KIF11/KIF22/KIF23
BP 19886 | of exogenous 0.00581888 | 0.04359055 IKIF2C 5
peptide
antigen via
MHC class Il
GO:00 | detection of PARP1/PCNA/RFC2/RFC4/RP
BP 51606 stimulus 0.00649023 | 0.04798837 A2/USP1 6
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CC

GO:00
00228

nuclear
chromosome

8.7177E-31

1.8133E-28

APEX1/ASF1B/AURKA/AUR

KB/BAZ1B/BUB1/BUB1B/CB
X3/CCNB1/CDCA5/CHAF1A/
CHAF1B/CHEK1/EED/EZH2/F
EN1/GINS2/HISTIH2AG/HMG
B3/INCENP/LRPPRC/MBD3/M
CM2/MCM3/MCM4/MCM6/M
CM7/MTA3/NASP/NCAPD3/N
CAPH/NDCB80/NEK2/NIPBL/N
UCKS1/PARP1/PCNA/PLK1/P
OLA2/RAD51/RAD51APL/RA
D9A/RCC1/RPA2/SMC2/TRIM

28/UHRF1

47

CC

GO:00
44454

nuclear
chromosome
part

7.8222E-28

7.2152E-26

APEX1/ASF1B/AURKA/AUR

KB/BAZ1B/BUB1/BUB1B/CB

X3/CCNB1/CDCAS5/CHAF1A/

CHAF1B/EED/EZH2/FEN1/GI

NS2/HIST1IH2AG/HMGB3/INC
ENP/MBD3/MCM2/MCM3/MC
M4/MCM6/MCMT7/MTA3/NAS
P/NCAPD3/NCAPH/NDCB80/NI
PBL/NUCKS1/PARP1/PCNA/P
LK1/POLA2/RAD51/RAD51AP
1/RAD9A/RCC1/RPA2/TRIM2

8/UHRF1

43

CC

GO:00
98687

chromosomal
region

1.0407E-27

7.2152E-26

APEX1/AURKA/AURKB/BAZ
1B/BUB1/BUB1B/CBX3/CCN
B1/CDCA5/CDCAB8/CENPF/C
HEK1/FEN1L/HELLS/INCENP/

KIF22/KIF2C/MAD2L1/MCM2

IMCM3/MCM4/MCM6/MCM7/
MTBP/NCAPD3/NCAPG/NDC

80/NEK2/NUP133/NUP43/PAR

P1/PCNA/PDS5A/PLK1/RAD5

1/RPA2/ZWINT

37

CC

GO:00
00793

condensed
chromosome

1.6929E-25

8.8029E-24

AURKA/AURKB/BAZ1B/BUB
1/BUB1B/CBX3/CCNB1/CDC
A5/CENPF/CHEK1/INCENP/K
IF2C/LRPPRC/MAD2L1/NCAP
D3/NCAPG/NCAPH/NDCB80/N
EK2/NUP133/NUP43/PLK1/RA
D51/RAD9A/RCC1/RPA2/SMC
2/SMC4/ZWINT

29

CcC

GO:00
00785

chromatin

5.6968E-21

2.3699E-19

ASF1B/BAZ1B/CBX3/CDCA5/
CENPF/CHAF1A/CHAF1B/CH
EK1/EED/EZH2/HELLS/HIST1
H2AG/HIST1H2BJ/HMGB3/IN
CENP/KIF22/MBD3/MCM2/M
CM7/MTA3/MTBP/NASP/NCA
PD3/NIPBL/NUCKS1/PCNA/P
DS5A/PLK1/RAD51/RAD51AP
1/RCC1/RPA2/TMPO/TOP2B/T
RIM28/UHRF1

36

CcC

GO:00
00775

chromosome,
centromeric
region

5.1542E-20

1.7868E-18

AURKA/AURKB/BAZ1B/BUB
1/BUB1B/CBX3/CCNB1/CDC
A5/CDCA8/CENPF/HELLS/IN
CENP/KIF22/KIF2C/MAD2L1/
MTBP/NCAPD3/NCAPG/NDC
80/NEK2/NUP133/NUP43/PDS

5A/PLK1/ZWINT

25
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AURKA/AURKB/BUB1/BUB1

GO0 | condensed B/CCNB1/CHEK1/INCENP/LR
cC | o704 nuclear 3.4167E-19 | 1.0152E-17 | PPRC/NCAPD3/NCAPH/NDCS 17
chromosome 0/NEK2/PLK1/RAD51/RAD9A/
RCC1/RPA2
condensed AURKA/AURKB/BUB1/BUB1
000 | crromenset, B/CBX3/CCNB1/CENPF/INCE
CC | 5770 | Samrerom® | 9.9741E-17 | 255933E-15 | NP/KIF2C/MAD2L1/NCAPDS/ 18
oo NCAPG/NDC80/NEK2/NUP13
3/NUP43/PLK1/ZWINT
AURKA/AURKB/BUB1B/CBX
3/CCNB1/CDC20/CDC7/CDCA
GO:00 . 8/CENPF/HAUS1/INCENP/IQC
CC | osgrg |  spindle 1.23056-13 | 2.8439E-12 | 1/ \E1 1/KIF20A/KIF22/KIF2 24
3/KIFC1/MAD2L1/NEK2/NUS
AP1/PLK1/PRCL/TPX2/VRK1
AURKB/BUB1/BUB1B/CCNB
ol 1/CENPF/INCENP/KIF22/KIF2
CC | og77g | inetochore | 11432E-12 | 2.3779E-11 | C/MAD2LL/MTBP/INDCBO/NE 16
K2/NUP133/NUP43/PLK1/ZWI
NT
Gogo | condensed NG o cmPoaL TNDG
CC | oo777 Ckhi:f;rt“o‘(’;%':‘: 4.9936E-11 | 9.4425E-10 | o) NEK2/NUP133/NUPA3/PLK 13
1/ZWINT
ASF1B/CBX3/CDCA5/CHAF1
A/CHAF1B/EED/EZH2/HIST1
GO:00 nuclear H2AG/HMGB3/MBD3/MTA3/
CC | 00790 | chromatin | 2°773E-10 | 4.4673E-09 | \ Acp/NCAPD3/NIPBL/NUCK 20
S1/RAD51/RAD51AP1/RCCL/T
RIM28/UHRF1
50:00 chrglrﬁéii%e APEX1/CBX3/FEN1/MCM2/M
CC | oo78a | felomonte | 12718E-09 | 2.0848E-08 | CM3/MCMA4/MCME/MCM7/PA 12
: RP1/PCNA/RAD51/RPA2
region
condensed
GO:00 h””C'ear AURKA/AURKB/BUB1/BUB1
CcC 00780 chromosome, 1.3921E-09 | 2.0683E-08 B/CCNB1/NDC80/PLKL 7
centromeric
region
APEX1/CBX3/CHEKL/FENL/M
Go:00 | Chromosome, CM2/MCM3/MCM4/MCM6/M
CC | go7gy | telomeric | 3.6002E-09 | 4.9923E-08 | S\i7oarpl/PCNA/RADSLIRP 13
region A2
, o AURKA/AURKB/CDC7/IQCB
cc c;;)égg ;?)I.tr?é:g 6.4038E-09 | 8.325E-08 | 1/KIFL1/KIF22/KIF23/KIFC1/ 11
MAD2L1/NUSAP1/TPX2
APPBP2/AURKA/AURKB/DY
cooo | NC1H1/HAUS1/INCENP/KIF1
CC | ogg4 | microtubule | 10844E-08 | 13268E-07 | L/KIF20A/KIF22/KIF23/KIF2C/ 19
KIFC1/LRPPRC/NEK2/NUSAP
1/PLK1/PRCL/STMNL/TPX2
BAZ1B/CBX3/EED/HELLS/IN
cc %37'82 hemrof;‘romat 2.7176E-08 | 3.1403E-07 | CENP/MBD3/NCAPD3/TOP2B 10
ITRIM28/UHRF1
ANKRD26/APEX1T/AURKA/A
URKB/B9D1/BUB1B/CCNBY/
G000 microtyt_)ule CCNB3/CDC20/CENPF/CHEK
CC | ogge | Organizing | 7.174E-08 | 7.8586E-07 | 1/DYNCIHUHAUSL/IQCBI/K 25
center IF23/KIF2C/KIFC1/MCM3/ND

C80/NEK2/PCNA/PLK1/RAD5
1/SASS6/TPX2
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AURKA/AURKB/CCNB1/CDC

cc g’(%gg spindle pole | 9.2206E-08 | 9.4535E-07 | 20/CENPF/HAUSL/KIFIL/MA 12
D2L1/NEK2/PLK1/PRCL/TPX2
ANKRD26/APEXT/AURKA/A
URKB/BID1/CCNB1/CCNB3/
GO:00 CDC20/CENPF/CHEK1/DYNC
CcC 05813 centrosome 9.5444E-08 | 9.4535E-07 1H1/HAUS1/IQCB1/KIF23/KIF 21
2C/MCM3/NDC80/NEK2/PCN
AIPLK1/SASS6
Goo | Microtubule CABIDYNCIHLHAUSTRILL
CC | 05875 agg‘rﬁ'?éid 1.0268E-07 | 9.7083E-07 | |00 A/KIF22/KIF23/KIF2C 12
P KIFC1
0000 | reatication BAZ1B/GINS2/MCM3/PCNA/P
cC : epricatio 1.3629E-07 | 1.2325E-06 | OLA2/RFC2/RFC4/RPA2/UHR 9
05657 fork i
5000 DNA HISTIH2AG/HISTIH2BI/NCA
cc : packaging | 1.6345E-07 | 1.4165E-06 | PD3/NCAPG/NCAPH/SMC2/S 7
44815
complex MC4
condensed
GO:00 nuclear BUB1/BUB1B/CCNB1/NDC80/
CC | Sorog | cpmcted | 4.207E-07 | 35751E-06 o 5
kinetochore
G000 AURKAJ/CCNAZ2/CENPF/EED/
cC 45120 pronucleus 1.7908E-06 1.4326E-05 EZH? 5
. pericentric
GO:00 BAZ1B/CBX3/HELLS/INCENP
CcC 05721 heteroic:romat 2.6515E-06 | 2.0426E-05 INCAPD3 5
APPBP2/AURKA/AURKB/DY
co0o | Polymeric NC1H1/HAUS1/INCENP/KIF1
CC | Gouss | cytoskeletal | 5.8196E-06 | 4.3231E-05 | UKIF20A/KKIF22/KIF23/KIF2C/ 19
fiber KIFC1/LRPPRC/NEK2/NUSAP
1/PLK1/PRCI/STMNL/TPX2
G000 | Kinesin KIFL1/KIF20A/KIF22/KIF23/K
CC | 05871 | complex | 12091E-05 | 8.6722E-05 IF2C/KIFC1 6
nuclear
G0:00 Clea BAZ1B/GINS2/MCM3/PCNA/P
cc | Sooe replflocraktlon 1.7257E-05 | 0.00011965 ey 6
G000 | intercellular CDC7/CDCAB/IQCBI/KIF20A]
cc | 5o ridoe 2.0436E-05 | 0.00013712 e 6
G000 | spindle AURKA/AURKB/KIFI1/NUSA
CC | 05876 | microtubule | 2-4071E-05 | 0.00015646 P1/PLK1/PRC1 6
000 AURKA/AURKB/CDCAS/CEN
CC | Gorog | midbody | 33313E05 | 0.00020997 | PF/INCENP/KIF20A/KIF23/NE 10
K2/PLK1/PRC1
cc | GO:00 hetenrl(j;t::lﬁformat 5.0356E-05 | 0.00030806 | CBX3/EED/NCAPD3/TRIM28/ 5
05720 ct : : UHRF1
, : GINS2/HISTIH2AG/HISTIHZ
cc g%gg prgger'r']”':)e)':'A 0.00010178 | 0.00060485 | BJ/MCM3/PARP1/PCNA/POL 8
P A2/RPA2
cc Cf(%gg chromocenter | 0.00061216 | 0.00351268 | AURKB/CDCAS/INCENP 3
cc 2(%82 replisome | 0.00062485 | 0.00351268 | MCM3/PCNA/POLA2/RPA2 4
GO:00 | site of DNA CBX3/PARP1/RAD51/RNF168/
CC | Gorsa | e, | 0-00089541 | 0.0049012 R 5
cc | G000 [ spindle 000097424 | 0.00510502 | AURKAJAURKBICDCABIPLK A
51233 midzone 1
G000 | nuclear CBX3/CENPF/CSELL/LRPPRC
CC | 05635 | envelope | 0-00348734 | 0.01813417 | ) 7 ;o) 1/MCM3AP/NUP133/ 12
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NUP43/PARP1/RCC1/RRM1/T
MPO

cc %37:8(1) euchromatin | 0.00438601 | 0.02225098 CBX3/TRIM28/UHRF1 3
GO:00 nuclear
CC | 3601 | roplisome | 0-000193L | 002485753 MCM3/POLA2/RPA2 3
APEX1/BAZ1B/BCLAF1/CCN
5000 B3/INCENP/KIF22/PCNA/PRP
CC | Tegoq | Muclearbody | 0.00643878 | 0.03114575 | FAOA/RADS1/RMIL/RPAZISAR 16
T3/SLTM/SMC4/SRRM2/ZWI
NT
GO:00 | nuclear pore
CC | 31080 |  outer ring 0.010629 | 0.04912959 NUP133/NUP43 2
cc | G000 | ESCE(Q) 0.010629 | 0.04912959 EED/EZH2 2
35098 complex
cyclin-
GO:00 dependent
CC | goso7 | Proteinkinase | 0.01007332 | 0.0496185 CCNA2/CCNB1/CCNB3 3
holoenzyme
complex
single- LONP1/LRPPRC/MCM4/MCM
GO:00 6/MCM7/NEIL3/NUCKS1/POL
MF 1 03697 S”agi‘:]ed‘:nDNA 1.4645E-11 | 413809 | par/RADS1/RADS1API/RPA2 14
g ISMC2/SMC4/TSN
APEX1/ATAD2/BRD3/CDCAS
JCENPF/CHAF1A/CHAF1B/EE
000 | chromatin D/EZH2/MBD3/MTA3/NCAPD
MF | oaegn Cbiﬁ di?] 7.8791E-10 | 1.111E-07 | 3/NCAPH/NIPBL/NUCKS1/PC 24
g NA/RAD51/RCC1/RNF168/SA
FB/TOP2B/TRIM28/UHRF1/V
RK1
GO:00 | histone kinase AURKA/AURKB/BAZ1B/CCN
MF | 35173 activity 1.5879E-08 | 1.4926E-06 B1/CHEK1/VRK1 6
ASF1B/ATAD2/BAZ1B/BRD3/
GO:00 histone CHAF1B/MCM2/NASP/NCAP
MF 1 42303 |  binding | 12862E-07 | 9.0674E-06 | hapcc1/RNF168/SART3/UH 13
RF1/VRK1
ATAD2/DYNCIH1/HSPAL4/KI
6000 | ATPase F11/KIF20A/KIF22/KIF23/KIF
MF | Jeagy i 9.3798E-07 | 5.2902E-05 | 2C/KIFC1/LONPL/MCMA4/MC 18
y M6/MCM7/MDN1/RAD51/RFC
2/RFC4/TOP2B
co0l ‘;ii?\'/i’t“c APEX1/FEN1/GINS2/MCMA4/M
MF | oos7 | acein g'n 1.1371E-06 | 5.3443E-05 | CM6/MCM7/NEIL3/PCNA/PO 12
DN%A LA2/RAD51/RADIA/TOP2B
5000 | microtubule APPBP2/DYNCIH1/KIF11/KIF
MF : UIE 1 33034E-06 | 0.00013671 | 20AVKIF22/KIF23/KIF2C/KIFC 8
03777 | motor activity 1
DNA-
GO:00 dependent MCM4/MCM6/MCM7/RAD51/
MF 1 0s094 | ATPase | 6-1218E-05 | 0.00215793 RFC2/RFCA/TOP2B !
activity
GO:00 nucleosome EED/MBD3/RCC1/RNF168/UH
MF | 3101 binding 8.9205E-05 | 0.00279508 SELVRKL 6
50:00 APPBP2/DYNCIH1/KIF11/KIF
MF | Gg774 | motor activity | 0.00014528 | 0.00409697 | 20A/KIF22/KIF23/KIF2C/KIFC 8
1
, . KIF11/KIF20A/KIF22/KIF23/K
mE | G000 | microtubule | 1oy 0000 | 00455043 | IF2C/KIFCL/LRPPRC/NUSAPL 10
08017 binding

/PLK1/PRC1
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APEX1/EED/ETV4/EZH2/FEN

GO:00 double- 1/HMGB3/KIF2C/MBD3/MCM
MF 03690 stranded DNA | 0.00019364 | 0.00455043 | 2/NEIL3/NUCKS1/PARP1/PCN 19
binding A/RAD51/RAD51AP1/RPA2/S
AFB/SMAD5/UHRF1
ME | G000 | h'Stf'}e 000039949 | 00086658 | CDC2U/KPNAZIMTAI/NIPBL/ ;
42826 et‘;’i?]e d%gse ' ' PARP1/RADIA/TOP2B
single-
stranded
GO:00 DNA-
MF 43142 dependent 0.00049107 | 0.00989158 RAD51/RFC2/RFC4 3
ATPase
activity
hydrolase
G000 activity,
MF 16799 hydrolyzing 0.00066705 | 0.01254047 APEX1/NEIL3/PCNA 3
N-glycosyl
compounds
GO:00 tubulin KIF11/KIF20A/KIF22/KIF23/K
MF 15631 binding 0.00073865 | 0.01301878 | IF2C/KIFC1/LRPPRC/NUSAP1 11
/PLK1/PRC1/STMN1
exodeoxyribo
nuclease
Mg | G900 activity, | 00112841 | 0.01871836 APEX1/FEN1/RAD9A 3
16895 | producing 5-
phosphomono
esters
AURKA/AURKB/BAZ1B/BUB
GO:00 | protein kinase 1/BUB1B/CCNA2/CCNB1/CC
MF 04672 activity I 27 140488F01905256 NB3/CDC7/CHEK1/NEK2/PBK 15
[PLK1/TRIM28/VRK1
GO0:00 damaged APEX1/FEN1/NEIL3/PCNA/RP
MF 03684 | DNA binding 0.00135576 | 0.01905256 A2 5
GO:00 | methyl-CpG
MF 08327 binding 0.00141881 | 0.01905256 MBD3/UHRF1/WDR77 3
GO:00 DNA
MF 70182 polymerase 0.00141881 | 0.01905256 LONP1/PCNA/RAD51 3
binding
GO:00 exodeoxyribo
MF 0 45'29 nuclease 0.0017521 | 0.02245871 APEX1/FEN1/RAD9A 3
activity
GO:00 ATPase DYNC1H1/HSPA14/KIF11/LO
MF 42623 activity, 0.00183203 | 0.02246232 | NP1/MCM4/MCM6/MCM7/RA 11
coupled D51/RFC2/RFC4/TOP2B
GO0:00 helicase GINS2/HELLS/MCM2/MCM3/
MF | 04386 | activiy | 200205114 | 0.02410094 MCMA4/MCM6/MCM?7 !
Mp | G000 | DNAhelicase | 6055407 | 0,02865007 | GINS2/MCM4IMCME/MCM?7 4
03678 activity
phosphotransf AURKA/AURKB/BAZ1B/BUB
GO:00 | erase activity, 1/BUB1B/CCNA2/CCNB1/CC
MF 16773 | alcohol group 0.00323603 | 0.03410151 NB3/CDC7/CHEK1/NEK2/NO 16
as acceptor L9/PBK/PLK1/TRIM28/VRK1
AURKA/CCNA2/CCNB1/CCN
GO:00 | protein kinase B3/CDC25A/KIF11/KIF20A/PA
MF | 19901 | binding | 0-00326504 | 0.03410151 | opy /N A/PLK1/PRCIRADY 15
AITOP2B/TPX2/VRK1
G000 prote!n C- CDC20/CENPF/FBLN1/LAMA
MF 08622 terminus 0.00340495 | 0.03429269 | 1/MAD2L1/NIPBL/RAD51/TO 8
binding P2B
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AURKA/AURKB/CCNA2/CCN
B1/CCNB3/CDC25A/KIF11/KI

MF ?%88 kinase binding | 0.00392509 0.0381681 F20A/PARP1/PCNA/PLK1/PR 16
C1/RAD9A/TOP2B/TPX2/VRK
1
exonuclease
activity, active
with either
GO:00 ribo_- or
MF 167.96 deoxyribonucl | 0.00496701 | 0.04668992 APEX1/DIS3/FEN1/RAD9A 4
eic acids and
producing 5-
phosphomono
esters
GO terms enriched by the top 128 down-regulated genes
ONT
OoLO ID Description pvalue p.adjust genelD Count
GY
ACTA1/ACTC1/ACTN3/DES/
GO:00 muscle MYBPC2/MYBPC3/MYH7/MY
BP 300'49 filament 3.564E-27 4.4122E-24 | L1/MYL2/MYL3/MYL4/TNNC 19
sliding 1/TNNC2/TNNIL/TNNI2/TNNT
1/TNNT3/TPM1/TPM3
ACTA1/ACTC1/ACTN3/DES/
GO:00 actin-myosin MYBPC2/MYBPC3/MYH7/MY
BP 332'75 filament 3.564E-27 4.4122E-24 | L1/MYL2/MYL3/MYL4/TNNC 19
sliding 1/TNNC2/TNNIL/TNNI2/TNNT
1/TNNT3/TPM1/TPM3
ACTA1/ACTA2/ACTCL/ACTN
3/ALDOA/CRY AB/DES/FXYD
GO:00 muscle 1/GAMT/MYBPC2/MYBPC3/
BP 06936 contraction 1.5322E-18 | 9.4845E-16 | MYH1/MYH7/MYL1/MYL2/M 26
YL3/MYL4/PTGS2/TNNCL/TN
NC2/TNNIL/TNNI2/TNNT1/TN
NT3/TPM1/TPM3
ACTA2/ACTC1/ADIPOQ/DES/
EGFR/FXYD1/MYBPC3/MYH
GO0:00 blood 7IMYLLMYL2/MYL3/MY L4/
BP 08015 circulation 3.0574E-11 | 9.4627E-09 PTGS2/PTP4A3/RCAN1/SGK1/ 21
TNNCL/TNNI2/TNNT1/TNNT3
/TPM1
Gooo | fegulationof JIVIYLAPTGSEITNNCLTNNG
BP | osoar | musdle | LASBTEALD | 3TI07E08 | 5NN/ TNNIZITNNTLTNNT 13
3/TPM1
50:00 mugilrg't?gsue ACTC1/MYBPC2/MYBPC3/M
BP 55608 morphogenesi 1.191E-08 1.9659E-06 | YH7/MYL2/MYL3/TNNCL1/TN 9
s NI/ TPM1
ACADL/ACTN3/ADIPOQ/AL
G000 organicaci_d DOA/BHMT/CD74/FBP1/GAM
BP 16653 biosynthetic 2.48E-08 3.4114E-06 | T/GPD1/GSTM4/HSD17B8/OA 18
process T/IPFKM/PGKL/PGML/PTGS2/
UGDH/XBP1
. ACADL/ACTN3/ADIPOQ/AL
50:00 Cargg;:jy"c DOA/BHMT/CD74/FBPL/GAM
BP 463‘94 biosynthetic 2.48E-08 3.4114E-06 | T/GPD1/GSTM4/HSD17B8/OA 18
process T/PFKM/PGK1/PGM1/PTGS2/
UGDH/XBP1
- ACTAL/ACTCL/MYBPC2/MY
GO:00 myofibril
BP 30239 assembly 3.0348E-08 3.757E-06 BPC3/MYL2/MYOZL/TNNTL/ 9

TNNT3/TPM1
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cellular

5000 C;’;ng?m ACTAL/ACTC1/MYBPC2/MY
BP | 70027 | imvolu d}’n 6.7718E-08 | 6.9863E-06 | BPC3/MYL2/MYOZL/PMP22/T 10
olved In NNTL/TNNT3/TPM1
morphogenesi
S
Bp | CO90 | gas transport | 3.4002E-07 | 2.8063-05 | [BAZHBELHBZIMYCIRHA 5
15669 G
multicellular
GO:00 ; ACTN3/MYH7/TNNCL/TNNC
BP 50879 organismal 5.8978E-07 | 4.4251E-05 2/TNNI2/TNNTL/TNNT3 7
movement
GO0:00 | musculoskelet ACTN3/MYH7/TNNC1/TNNC
BP 50881 | al movement 5.8978E-07 | 4.4251E-05 2/TNNI2/TNNTL/TNNT3 7
ADP
GO:00 . ACTN3/AK1/ALDOA/FBPL/G
BP | soo3; | Metabolic 1.908E-06 | 0.00012768 DD IPEKM/PGKL/PGML 8
process
nucleoside
GO:00 | diphosphate ACTN3/AK1/ALDOA/FBP1/G
4 06165 | phosphorylati 2.75088F" | 0.0088g504 PD1/PFKM/PGK1/PGM1 8
on
., - ACTN3/ADIPOQ/ALDOA/CO
o g ., X7A2L/FBP1/GFPT2/GPDL/G
BP | o001 nﬁ’etabolites 6.4773E-06 | 0.00036776 | YG1/MYC/OXCTLPFKM/PGK 16
1/PGM1/PYGM/SLC25A4/UG
and energy DH
5000 striated ACTAL/ACTCL/MYBPC2/MY
BP | Cepgp | Musclecell | 9.0079E-06 | 0.00044217 | BPC3/MYL2/MYOZLTNNTY/ 9
development TNNT3/TPM1
pyridine-
i containing
GO0:00 ACTNS3/ALDOA/FBP1/GPD1/P
BP | Jococ | Compound | 9.9925E-06 | 0.00045818 | "L, Voot oe ire o 8
biosynthetic
process
ACTAL/ACTCL/ACTN3/EGRL/
GO:00 | muscle tissue MYBPC2/MYBPC3/MYH7/MY
BP | 60537 | development | 1-0427E-05 | 0.00046943 |\ >4y 3/ TNNCL/TNNILTPM 13
1/ZFAND5
) regulation of
GO:00 DNAJBL/MYBPC3/MYL3/MY
BP 1 43462 ?;i'?/ "’I‘fj 1.3552E-05 | 0.00056874 | ™ 4 TNNCL/TNNT3/TPML !
protein ACADL/ADIPOQ/ALDOA/AR
GO:00 | complex G1/CD74/CRYAB/FBP1/HBA2
BP 1 51259 | oligomerizatio | 1#°77E05 | 0.00059167 | i1 /HB7/HSD17B8/MMPA/ 16
n OAT/PFKM/RIOK3/SQSTM1
oo | e || | Acrcusregmcias |
09636 | pora o : ' A2/HBE1/HBZ/MBP/OXCT1/P
ON2/PRDX6/PTGS2
sl ACADL/ACTN3/ADIPOQ/AL
6000 | molecule DOA/BHMT/CD74/EGR1/FBP
BP | 183 | biosvthetic | 34872E-05 | 0.00126975 | 1/GAMT/GPD1/GSTM4/HSD1 19
r{(‘:ess 7B8/OAT/PFKM/PGK1/PGM1/
P PTGS2/UGDH/XBP1
, energy reserve
gp | GO00 | ™\ etabolic | 3.6658E-05 | 0.00129744 | CFPTZ/GYGLUMYC/PFKM/PG 6
06112 M1/PYGM
process
gp | 6900 biosATt:etic 4.2899E-05 | 0.00145503 | ACTNS/ALDOAFBP1/GPD1/P 7
06754 prf(‘:ess : : FKM/PGK1/PGM1
GO-00 supramolecula ACTA1/ACTC1/ALDOA/ARH
BP | 97435 r fiber 5.4691E-05 | 0.00180553 | GAP18/CRYAB/DES/MFAPS/ 17

organization

MYBPC2/MYBPC3/MYL2/MY
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OZ1/RND3/TNNTL/TNNT3/TP

M1/TPM3/TPPP3
carbohydrate
GO0:00 . ACTN3/ALDOA/FBP1/GPD1/P
BP | 16052 CS:?)E:;L‘C 9.5995E-05 | 0.0026706 FKM/PGK1/PGM1/PYGM 8
GO:00 actomyosin ACTA1/ACTC1/MYBPC2/MY
BP 310'32 structure 9.881E-05 | 0.00271836 | BPC3/MYL2/MYOZ1/TNNTL/ 9
organization TNNT3/TPM1
pyridine-
: containing
GO:00 ACTN3/ALDOA/FBP1/GPD1/P
BP 79524 compour)d 0.0001171 | 0.00315149 FKM/PGKL/PGM1/PTGS2 8
metabolic
process
GO:00 | gluconeogene ADIPOQ/ALDOA/FBP1/GPD1/
BP 06094 sis 0.00020099 | 0.00507796 PGK1/PGM1 6
hexose
GO:00 - ACTN3/ALDOA/PFKM/PGK1/
BP 19320 catabolic 0.00020732 | 0.00518506 PGM1 5
process
G000 regulation of
BP 722'15 metanephros | 0.00028791 | 0.00698885 ADIPOQ/EGR1/MYC 3
development
positive
gp | G000 | regulation of | 14159778 | 000708939 | ADIPOQ/CD74/EGR1/MBP 4
32722 chemokine
production
hydrogen
GO:00 peroxide
BP 42744 catabolic 0.00029778 | 0.00708939 HBA2/HBE1/HBZ/PRDX6 4
process
positive
GO:00 | regulation of DNAJB1/MYBPC3/MYL3/MY
BP 39781 ATPase 0.00032743 | 0.00764828 LA/ TPML 5
activity
regﬁﬁaﬁg‘fd ACTN3/ADIPOQ/BCL2L1/CD7
GO:19 | . 4/DUSP1/DUSP5/FBP1/MYC/P
BP 02532 mtre}cellular 0.00039095 | 0.00882081 TGS2/RCAN1/RIOK3/SOCS1/ 13
signal XBP1
transduction
negative
GO:19 | regulation of ADIPOQ/CD74/IRF1/MYC/SO
BP 02106 leukocyte 0.00040429 | 0.00892191 cs1 5
differentiation
) ADIPOQ/ARG1/BCL2L1/DUS
BP gﬁgf a(r:?gpcms;ité’al 0.00041439 | 0.00892191 | P1/EGFR/IEGR1L/PTGS2/SERPI 10
NF1/SOCS1/XBP1
GO:00 response to
BP 10226 lithium ion 0.00051726 | 0.01024593 ACTA1/CDKN1B/PTGS2 3
negative
G000 regulation of
BP 511'95 cofactor 0.00051726 | 0.01024593 ACTN3/FBP1/MMP3 3
metabolic
process
negative
regulation of
GO:19 vascular
BP 04706 smooth 0.00051726 | 0.01024593 ADIPOQ/CDKN1B/TPM1 3
muscle cell
proliferation
GO0:00 ARG1/HBA2/HBE1/HBZ/MYC
BP 15893 drug transport | 0.00056739 | 0.01097547 IRHAG/SLC25A4 7
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organophosph

BP (j&gg ate catabolic 0.00059635 | 0.01135822 A(I:ZLRI\I/S;//PAGLI[()lO/I?g\I/IBE/%’/ISSQé/P 8
process
Goo |  9lvcogen
BP 05§8O catabolic 0.00066568 | 0.01211928 PFKM/PGM1/PYGM 3
process
GO:00 argining
BP 06525 metabolic 0.00066568 | 0.01211928 AGMAT/ARG1/OAT 3
process
GO:00 muscle cell
BP 46716 cellular 0.00066568 | 0.01211928 ALDOA/PFKM/PGK1 3
homeostasis
ADIPOQ/CD74/CITED2/CYR6
GO:00 regulation of 1/DUSP1/EGFR/FGFBP1/MMP
BP 30334 | cell migration 0.0007759 0.0138211 3/PTGS2/RND3/SEMA3F/SER 16
PINE1/SERPINF1/SGK1/TPM1
/XBP1
GO0:00 negative ADIPOQ/ARG1/CD74/DUSP1/I
BP regulation of | 0.00090684 | 0.0159243 8
07162 cell adhesion RF1/MBP/SERPINE1/SOCS1
GO:00 response to ADIPOQ/ARG1/DUSP1/EGFR/
BP 51384 | glucocorticoid proo097og 0.016883 PTGS2/SERPINF1 6
ACTN3/BCL2L1/CDKN1B/CR
GO:00 | regulation of YAB/CYR61/EGFR/FBP1/FHL
BP 1 40008 |  growth 0.0010574 | 0.01781037 | 1) AMT/MYL2/SEMASF/SGK 14
1/SOCS1/SQSTM1
GO:00 ovulation EGFR/EGR1/MMP19/SERPINF
BP 42698 cycle 0.00116831 | 0.01915714 1 4
. coenzyme
BP E);s()jl(())g biosynthetic 0.00150993 | 0.02361449 A?:TKNI\%QICSEB%FI\I?E%?&)SDZUP 8
process
50:00 mzrl';iﬂl ; ACADL/ACTN3/ADIPOQ/AL
BP 44282 catabolic 0.00175141 | 0.02642348 | DOA/ARG1/FAAH/OAT/OXC 11
T1/PFKM/PGK1/PGM1
process
Goo | 9lucan
BP 440'42 metabolic 0.0017822 | 0.02642348 GYG1/PFKM/PGM1/PYGM 4
process
GO:00 antibiot_ic
BP 170'01 catabolic 0.00196492 | 0.02861842 HBA2/HBE1/HBZ/PRDX6 4
process
regulation of
GO:00 small ACADL/ACTN3/ADIPOQ/BH
BP 62612 molecule 0.00201406 | 0.02916262 | MT/COX7A2L/EGR1/FBP1/GP 9
metabolic D1/PTGS2
process
. . ARLA4D/CD74/EGFR/FCN1/MB
gp | GO:00 | peptide | 60506893 | 0.02977289 | PIOXCTLPFKM/SCG2/SLC25 1
02790 secretion
A4/SOCS1/XBP1
cellular
BP ggégg oxidant | 0.00211675 | 0.03015353 HBAZ/HBE”HSgZ/PRDXGIPTG 5
detoxification
ribose
GO0:00 phosphate ACTN3/AK1/ALDOA/FBP1/G
BP 1 46300 | biosynthetic | 0-00222503 | 0.08095037 | " "pnyy prkMipGK1/PGML 8
process
GO:00 response to
BP 103'32 gzm{pa 0.00236849 | 0.03276196 | BCL2L1/CRYAB/EGR1/MYC 4
radiation
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response to

ADIPOQ/ARG1/CRYAB/DUSP

BP Sf%gg oxidative 0.00262981 | 0.03538814 | 1/EGFR/HBA2/MMP3/PON2/P 11
stress RDX6/PTGS2/TPM1
5000 fnyégll‘;?:d ADIPOQ/ARG1/BCL2L1/CD74
BP | 921 | signaling 0.00270874 | 0.03625314 | /EGR1/IRF1I/MMP3/MYC/PELI 12
vathway 2/PTGS2/SOCS1/SQSTM1
positive
GO:00 | regulation of ARG1/EGFR/FGFBP1/MYC/S
BP 1 50679 | epithelial celt | 000281448 | 0.03682866 CG2/XBP1 6
proliferation
negative
GO:20 | regulation of
BP | 00242 | reproductive | 000285586 | 0.03682866 | CDKN1B/DUSPI/SERPINF1L 3
process
) negative
BP 2(%83 regulation of | 0.00310167 | 0.03859161 CDKNlE’SfJg‘EB,\/ATSPF”FHL” 6
cell growth
chaperone
G000 cofactor-
BP | ojggs | dependent | 0.00327372 | 0.0395401 CD74/DNAJB1/DNAJB5 3
protein
refolding
cellular
gp | GO00 | responseto | g g4359575 | 00395401 BCL2L1/CRYAB/EGR1 3
71480 gamma
radiation
cellular
gp | GO00 | responseto | 4a09575 | 00395401 ARG1/EGFR/SERPINF1 3
71549 | dexamethason
e stimulus
. ARG1/CYR61/EGFR/HBEL/IR
BP S&SS rf:cf’lj’:jfngo 0.00358425 | 0.0423374 | FL/LAMB2/PABPC4/PPL/SER 12
PINEL/TEPI2/TPM1/XBP1
cellular
gp | GO:00 | responseto | 60a61073 | 004247609 | BCL2LI/EGFR/ISOCSL/XBPL 4
71230 amino acid
stimulus
5000 cellular ADIPOQ/ARG1/EGFR/EGR1/F
BP ' responseto | 0.0036656 | 0.04281139 | BP1/MMP3/MYC/PTGS2/SERP 9
35690
drug INF1
negative
regulation of
GO0:00 cellular
BP | 10677 | carbohydrate | -00372715 | 0.04332595 ACTN3/ADIPOQ/FBP1 3
metabolic
process
GO0:00 response to ARG1/BCL2L1/EGFR/SOCSY/
BP | 4300 | aminoaciq | 000392312 | 0.04476339 XBP1 5
epithelial cell
GO-00 di_fferentiat_ion
BP | Jogsp | involvedin | 0.00421706 | 0.04709107 ACTA2/ADIPOQ/LAMB? 3
kidney
development
GO:00 cellular
BP 713'53 response to 0.00421706 | 0.04709107 ARG1/KEAP1/XBP1 3
interleukin-4
coon | it ADPOSRCLICONET
BP 10942 regel::aélec;rghof 0.00440524 | 0.04847726 DD45B/HBA2/MMP3/MYC/PT 13

GS2/SQSTM1
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GO:00

response to
reactive

ARG1/CRYAB/DUSP1/EGFR/

BP | 00302 oxygen 0.00450203 | 0.04910586 HBA2/MMP3/TPM1 !
species
negative
G000 regulation of ADIPOQ/CDKN1B/CITED2/D
BP | ooy cellular 0.00458053 | 0.0493104 | USP1/SEMA3F/SERPINE1/SE 8
component RPINF1/TPM1
movement
GO:00 response to ADIPOQ/EGR1/OXCT1/PTGS2
BP | 09746 |  hexose 0.00467243 | 0.04986611 JSERPINF1/XBP1 6
GO:00 response to
BP | Sy4o5 | fluidshear | 0.00474429 | 0.04998664 CITED2/PTGS2/TFPI2 3
stress
ACTA1/ACTA2/ACTC1/ALDO
A/CRYAB/DES/MYBPC2/MY
, ) BPC3/MYH1/MYH7/MYL1/M
cc fﬁgg Cf?ggraggrlte 1.2553E-18 | 2.95E-16 | YL2/MYL3/MYL4/MYOZL/SQ 24
STM1L/TNNC1/TNNC2/TNNI1/
TNNI2/TNNTL/TNNT3/TPMY/
TPM3
ACTA1/ACTC1/ALDOA/CRY
AB/DES/MYBPC2/MYBPC3/M
cC | SO0\ sarcomere | 3.6889E-18 | 4.3344E-16 \I_(;i//thAI\_(4|7I\7/{Q(AC\)%11//S'\QQ%l2\;Ih1A/¥ 23
NNCL/TNNC2/TNNI1/TNNI2/
TNNT1/TNNT3/TPM1/TPM3
ACTA1/ACTA2/ACTC1/ALDO
A/CRYAB/DES/MYBPC2/MY
8000 | cofitraciile BPC3/MYH1/MYH7/MYL1/M
CC | 43292 fiber 6.1388E-18 | 4.8087E-16 | YL2/MYL3/MYL4/MYOZ1/SQ 24
STM1/TNNCL/TNNC2/TNNI1/
TNNI2/TNNTL/TNNT3/TPMY/
TPM3
ACTA1/ACTC1/ALDOA/CRY
AB/DES/MYBPC2/MYBPC3/M
cc gc%fg myofibril 3.3189E-17 | 1.9498E-15 I;i//x'l\_amy&ll/%&ﬂ\ﬁ 23
NNC1/TNNC2/TNNIL/TNNI2/
TNNTL/TNNT3/TPM1/TPM3
GO00 striated ACTA1/MYBPC2/MYBPC3/T
CC | poges | Musclethin | 1.4689E-14 | 6.904E-13 | NNCL/TNNC2/TNNIL/TNNIZ/ 11
filament TNNTL/TNNT3/TPM1/TPM3
GO:00 _ ACTA1/MYBPC2/MYBPC3/T
CC | 3g379 | myofilament | 2.4501E-14 | 9.5064E-13 | NNCL/TNNC2/TNNIL/TNNI2/ 11
TNNTL/TNNT3/TPM1/TPM3
ACTAL/ACTA2/ACTCL/ACTN
3/ALDOA/CRY AB/KEAPL/MY
BPC2/MYBPC3/MYH1/MYH7/
GO:00 actin MYL1/MYL2/MYL3/MYL4/M
CC | 15629 cytoskeleton 5.41578-14 | 18I8IE-12 | v (571 /pDLIM7/PGML/SMTNL 27
2/TNNCL/TNNC2/TNNIZ/TNN
[2/TNNTL/TNNT3/TPM1/TPM
3
GO:00 ALDOA/CRYAB/MYBPC2/M
cc A band 6.4663E-09 | 1.8995E-07 | YBPC3/MYH1/MYL2/MYL3/ 8
31672 MYLd
GO:00 myosin MYBPC2/MYBPC3/MYH1/MY
CC | 16459 complex 1.5028E-07 | 3.9248-06 | |17/ v /My L2/MYLIMYLA 8
GO:00 muscle MYBPC3/MYHLMYH7/MYL1
CC | ozas0 Crgr;:]c;)slgx 1.8089E-06 | 4.2509E-05 IMYL3 5
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GO:00 myosin 11 MYBPC3/MYH1L/MYH7/MYL1
cC 16460 complex 6.1417E-06 0.00013121 IMYL3 5
GO:00 ACTC1/ALDOA/CRYAB/DES/
cC 31674 | band 1.0778E-05 0.00021106 | MYBPC2/MYBPC3/MYH7/MY 9
L3/MYOZ1
GO:00 . ACTA1/ACTC1/ACTN3/KEAP
cC 05884 actin filament | 5.7275E-05 | 0.00100777 1/SMTNL2/TPML/TPM3 7
GO:00 | actin filament ACTA1/CRYAB/MYH7/PDLI
CC | 3oa3 bundle 6.0038E-05 | 0.00100777 M7/TPML/TPM3 6
GO:00 . ACTA1/ACTC1/MYH7/PDLIM
CcC 42641 actomyosin 8.3852E-05 | 0.00131368 ZITPMUTPM3 6
GO:00 myosin MYBPC2/MYBPC3/MYH1/MY
CcC 30982 filament 0.00014254 | 0.00209359 H7 4
GO:00 ALDOA/CRYAB/MYBPC2/M
CcC 31430 M band 0.00021065 | 0.00291194 YBPC3 4
GO:00 . ACTA1/MYH7/PDLIM7/TPM1
ccC 01725 stress fiber 0.00036707 | 0.00454006 TPM3 5
) contractile
cc | 9001 actin filament | 0.00036707 | 0.00454006 | ACTAL/MYH7/PDLIM7/TPMI 5
97517 bundle /TPM3
GO:00 . CRYAB/DES/MYBPC2/MYBP
ccC 30018 Z disc 0.00177645 | 0.02048522 C3/MYH7/MYOZ1 6
ADIPOQ/CYR61/FCN1/LAMB
GO:00 | extracellular 2/MFAP5/MMP19/MMP3/SER
cc 31012 matrix 0.00183059 | 0.02048522 PINE1/SERPINF1/TFPI2/UCM 1
A
GO:00 ALDOA/DNAJB1/PFKM/SPA1
ccC 97223 sperm part 0.00373016 | 0.03984492 7/SOSTM1 5
ACTN3/ALDOA/EGFR/MYBP
G000 C2/MYBPC3/MYH1/MYH7/M
MF 037'79 actin binding | 8.4542E-08 | 2.7053E-05 | YL2/MYL3/MYL4/MYOZ1/TN 18
NCI1/TNNC2/TNNI1/TNNI2/T
NNT3/TPM1/TPM3
structural
GO:00 . ACTN3/MYBPC2/MYBPC3/M
MF 08307 conrs;lljts;r;t of | 5.3365E-07 | 8.5384E-05 YLUMYL2/MYL3/TPM1 7
GO:00 myosin ACTA1/ACTC1/LARP6/MYBP
MF | 17002 |  binding | L-1878E-06 | 0.00012136 C3IMYL2/MYL3/MYL4 !
GO:00 | actin filament EGFR/MYBPC2/MYBPC3/MY
MF 510'15 bindin 2.5028E-05 | 0.00200224 | H1I/MYH7/MYL4/TNNC1/TNN 10
g C2/TPM1/TPM3
ME GO0:00 pero>_<|glase 0.00019621 | 0.01255745 HBA2/HBE1/HBZ/PRDX6/PTG 5
04601 activity S2
oxidoreductas
. e activity,
MF | $O00 | actingon | 0.0003137 | 0.01673062 HEA2/HBEL/ HSE;Z/ PRDXG/FTG 5
peroxide as
acceptor
GO-00 actin
MF ) monomer 0.00108201 | 0.04946311 MYL2/MYL3/MYL4 3
03785 | hinding

Table A.8: Gene ontology terms enriched by the top 280 DE genes in regenerative vs.
wound healing comparison, commonly identified by the analysis of both technologies
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Appendix B

B.1

Agilent Platform (44k_v3_20080327)

——

GSE36451
(gProcessedSignal
Quantile-normalized
log2-scale, txt file)

5 Control, 42

Wound-Healing,
30 Regenerative

Data prepared as a single file (77 samples, 43796
probesets)

Low-intensity probesets filtered out. Resulting in 41579
probesets

|

Probesets annotated. Resulting in 21419 annotated }

probesets (many probesets map to the same gene)

Probeset-level collapsed to gene-level. Resulting in
5083 unique genes

|

{Unique genes merged with that of Affymetrix to obtain

common genes. Resulting in 4322 common genes

b

The log2-scale, quantile-normalized data for the 4322
common genes are transformed to z-score.

Microarray Axolotl Data Processing Workflow

Affymetrix Platform (AMBY_002a520748F)

y
e
GSE67118 GSE116615 GSE37198
(raw, GEL file) (raw, CEL file) (raw, CEL file)
10 Control, 40 3 Control, 3 8 Control, 8

Wound-Healing,
148 Regenerative

Wound-Healing

Wound-Healing,
16 Regenerative

Y

Data merged as a single file (236 samples, 20080
probesets); 21 Control, 51 Wound-Healing, 164
Regenerative

RMA alogrithm applied for data summarization, quantile
normalization, and log2-transformation

i}

Low-intensity probesets filtered out. Resulting in 17658
probesets.

|

Probesets annotated. Resulting in 13316 annotated
probesets (some probesets map to the same gene)

l

Probeset-level collapsed to gene-level. Resulting in
10442 unique genes

|

|
[
|
[
|
|

Unique genes merged with that of Agilent's to obtain
common genes. Resulting in 4322 common genes

!

_[

The log2-scale, quantile-normalized data for the 4322
common genes are transformed to z-score.

|
|
|
|
|
|
|

of Agilent's based on the common genes

[Aﬂymetrix z-scored data are merged with those]

Control, 93 Wound-Healing, 194 Regenerative),

Single dataset. columns; 313 samples (26 ‘
rows; 4322 “Common-Genes’.

Figure B.1: Detailed workflow for Affymetrix and Agilent Microarray axolotl data

processing prior to differential expression analysis
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|

B.2 RNA-Seq Axolotl Data Processing Workflow

GPL21473
lllumina HiSeq 2000

—

GSE116777
(raw, fastq files)

|

GPL22800 GPL22800 GPL14997 GPL14g97
llumina HiSeq 2500 lllumina HiSeq 2500 lllumina Genome Analyzer lllumina Genome Analyzer
. I |Pf_ x
r Al f A 8 1 r Al
GSE103087 GSE92429 GSE74372 GSE34394
(raw, fastq files) (raw, fastq files) (raw, fastq files) (raw, fastq files)

| ! |

1 Control, 4
2 Control, 3 . 3 Control, 4 1 Control, 3 -
wound-healing ’ 4 Regenerative J ‘ Regenerative [ Regenerative J wound-heallr)g, 7
Regenerative

"Salmon" was used to independently quantify
transcripts from each dataset using V5 Transcriptome

The results were imported all together using "tximport" R/Bioconductor
along with an annotation file. The data is a DGEList object with 32
columns (samples) and 10001 rows (genes)

'

Lowly expressed genes were filtered with "edgeR" R/Bioconductor
package. The resulting data is a DGEList object with 32 samples (7
Control, 7 Wound-Healing, 18 Regenerative) and 7562 genes

Vs

Annotation file prepared by merging the V5-
AMBY _002a520748F alignment (~32k contigs

aligned) with the AMBY_002a520748F annotation

\fi\e, resulting in ~25k genes (including duplicates)

Data(32 samples, 7562 genes) converted to matrix,
followed by converting to logCPMusing
“voom”function from “limma” R/Bioconductor
package

Figure B.2: Detailed workflow for Illumina RNA-Seq data processing prior to
differential expression analysis
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