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ABSTRACT

Muscle satellite cell (SC) is responsible for postnatal muscle growth, repair, and regeneration. Satellite cell is an im-
portant source of multi-potent stem cell process and differentiation into adipogenic, myogenic, and osteoblastogenic.
The objective of this study was to identify alter of transcriptome during differentiation in porcine satellite cell and
to elevated transcriptome at different stages of postnatal development to gain insight into the differences in differ-
entiated PSC. We used RNA-seq technique to investigate the transcriptomes during differentiation in pig muscle.
Sequence reads were obtained from Illumina HiSeq2000. Differentially expressed genes (DEG) were detected by EdgeR.
Gene ontology (GO) terms are powerful tool for unification among representation genes or products. In study of GO
biological terms, functional annotation clustering involved in cell cycle, apoptosis, extracellular matrix, phosphoryla-
tion, proteolysis, and cell signaling in differences stage. Taken together, these results would be contributed to a better
understanding of muscle biology and processes underlying differentiation. Our results suggest that the source of DEGs
could be better understanding of the mechanism of muscle differentiation and transdifferentiation.
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INTRODUCTION

Muscle satellite cell is highly variable, which are in-
fluences meat mass and quality, growth, and mainte-
nance during postnatal periods. Adipocyte, myoblast, and
osteoblast arise from the same mesoderm layer of the
embryos (Phillips et al., 2003; Chen et al., 2007) and ear-
ly stages (Belu and Mizutani, 2011) and occur indepen-
dently of cell during differentiation. The cell population
in postnatal is maintained by resident stem cells pre-
sent at specific sites in tissue. The multipotential capa-
city of resident muscle satellite cells (SC) to differentia-
te into myogenic, adipogenic, and osteogenic cells has
been extensively investigated (Ding et al, 2013; Asa-
kura et al., 2001). Porcine satellite cells (PSCs) have

Microarray, Postnatal, Satellite cell, Muscle, Gene ontology)

been differentiated into myoblast, adipocyte, or osteo-
blast. Previous studies investigated on the growth of
neonatal skeletal muscle of pigs due to markedly inc-
rease protein synthesis according feeding and decrease
development (Suryawan et al.,, 2001; Davis et al., 2000).
However, the molecular mechanisms for postnatal gr-
owth of skeletal muscle have not yet been elucidated.
Here, the relationship between postnatal growth (e.g. de-
pend on differentiating time) and gene expression th-
rough the analysis of the transcriptome remain unkno-
wn. Whereas, the mechanisms regulation of muscle st-
em cell underlying muscle type composition remain ra-
rely understood.

Microarray techniques used to compare differences in
gene expression profiles between porcine mature adipo-
cytes from isolated preadipocytes (Zhou et al., 2010).
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The differential protein expressions from adipose tissue
have distinct adipogenic manners during differentiated
preadipocytes (Tchkonia et al., 2007). Microarray is a
powerful tool to study of transcriptome in human and
animal. Microarray analyses serve transcription factors
and enzymes as mechanism regulators for adipogenesis,
myogenesis, and osteoblastogenesis.

Microarray analysis revealed a close relationship be-
tween gene expression profiles of different muscle and
fat depots in both bovine and pig (Shi ef al., 2010).
Taken together, understood of basic platform for the
functional genes following study of these known and
unknown genes might be provided insight into com-
mon or specific signaling in myogenesis, adipogenesis,
and osteoblatogenesis. Here, using microarray, we stu-
died the transcription gene database of the many known

genes affecting differentiation and identify differentially
expressed genes in porcine satellite cell. The purpose of
this study was to compare transcriptome at different sta-
ges of crossbred pig muscle tissue to gain insight into
the differences of differentiated PSC.

MATERIALS AND METHOS

Animals

Swine (Landrace x Yorkshire x Duroc; LYD) were ma-
naged in the same feeding barn at National Institute of
Animal Science (NIAS) under the high quality pork
production program and slaughtered at 70~80 kg wei-
ght. All experimental procedures involving animals we-

Table 1. Selected genes altered the gene expression during adipogenesis

Unigene ID Gene name Fold P value
Ssc.16648 Thioredoxin interacting protein 13.75 0.0037
Ssc.14182 Cyclin B2 9.28 0.0035
Ssc.17001 Cell division cycle 20 homolog (S. cerevisiae) 8.43 0.0024
Ssc.11630 Pituitary tumor-transforming 1 7.38 0.0056
Ssc.432 Baculoviral IAP repeat-containing 5 3.19 0.0025
Ssc.15749 Cyclin D2 2.18 0.0087
Ssc.49517 Regulator of G-protein signaling 2, 24kDa 218 0.0057
Ssc.3253 NAD(P) dependent steroid dehydrogenase-like 3.46 0.0053
Ssc.5712 Cytochrome P450, family 51, subfamily A 2.99 0.0016
Ssc.56656 Squalene epoxidase 2.95 0.0046
Ssc.18628 Sterol-C4-methyl oxidase-like 240 0.0009
Ssc.94 Myosin VI 5.32 0.0013
Ssc.18120 RADI18 homolog (S. cerevisiae) 2.58 0.0048
Ssc.226 High-mobility group box 2 2.31 0.0068
Ssc.21909 EPH receptor A4 4.57 0.0112
Ssc.5145 Heat shock protein 70.2 221 0.0009
Ssc.873 Cyclin-dependent kinase 1 10.20 0.0102
Ssc.4612 Minichromosome maintenance complex component 4 6.13 0.0157
Ssc.44027 Minichromosome maintenance complex component 3 5.27 0.0168
Ssc.73067 Cell division cycle 45 homolog (S. cerevisiae) 4.34 0.0148
Ssc.4785 CHK2 checkpoint homolog (S. pombe) 4.04 0.0126
Ssc.6966 Cyclin-dependent kinase inhibitor 1B 2.53 0.0185
Ssc.26665 DBF4 homolog (S. cerevisiae) 2.02 0.0165
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Fig. 1. DEGs based on gene ontology (GO) biological process terms during myogenesis, adipogenesis, and osteoblastogenesis. (A), the
DEGs of 6590 are expressed in PSC myogenic differentiation. (B), the DEGs of 11180 are expressed in PSC adipogenic differentiation. (C),
the DEGs of 8727 are expressed in PSC osteoblastogenic differentiation. These results are summarized in biological process and cellular
component and function. X axis indicates functional groups. Y axis indicates number of genes.
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re approved by the National Institute of Animal Sci-
ence Institutional Animal Use and Care Committee (NI-
ASIAUCC), Republic of Korea, and conducted in accor-
dance with the Animal Experimental Guidelines provi-
ded by NIASIAUCC.

Total RNA Extraction and Gene Ontology (GO) Ana-
lysis of DEGs

In our previous study, to investigate the DEGs at a
functional level, DAVID (Database for Annotation, Vi-
sualization and Integrated Discovery) was used to clus-
ter the genes according to the Gene Ontology (GO) cate-
gories of cellular component, biological process and mo-
lecular function (Lee et al., 2013). Briefly, Total RNA of
porcine satellite cells was extracted using TRIzol rea-
gent (Molecular Research Center) and an RNeasy RNA
purification kit with DNase treatment (Qiagen) accord-
ing to the manufacturer's instructions. Total RNA was
quantified by absorbance at 260 nm, and the integrity
of total RNA was checked by 1.2% agarose gel elec-
trophoresis. mRNA was isolated from the total RNA
using oligo-dT beads and was reverse transcribed into
double strand ¢cDNA fragments. To RNA-seq Library Pre-
paration and Sequencing Analysis, quality of RNA-seq
reads from PSC was checked using FastQC. Construct-
ing and sequencing RNA-seq library for each sample
were carried out based on protocols of Illumina HiSeq-
2000 to generate 90 pair-end reads.

RESULTS AND DISCUSSION

DEGs during Differentiated Porcine Satellite Cell

PSC undergoing adipogenic, myogenic, and osteobl-
stogenic differentiation reflected in the cell transcrip-
tome. During differentiated PSCs, there is an exquisi-
tely coordinated alteration in gene expression that reg-
ulates the conversion of satellite cell into multipotent
cell. To identify gene ontology and signaling pathway ch-
anges during porcine satellite cell differentiation and to
compare whether the change is origin specific, In this
study, the same conditions were used to stimulate of
differentiation and RNA-seq analysis was conducted to
create a comprehensive view of the global DEGs dur-
ing differentiation. These results showed different num-
ber of DEGs based on biological process, cellular com-
ponent and function during PSC differentiation (Supp-
lementary Tables 1~5). For study of GO biological te-
rms, a lower DEGs (6590) were detected during myo-
genic differentiation (Fig. 1A; Supplementary Tables 8
~11). The number of GOs increased in membrane, ma-
trix related genes, kinase, and phosphorylation path-

Table 2. KEGG pathways or GO terms that changed expression
according to each condition (D0 vs. D-2 during adipogenesis)

Term' Count® Percentage’ EC(A)ES
Cell cycle 67 5.21 0.00
Cell growth 10 0.77 0.03
Apoptosis 41 3.18 0.55
Metal binding 118 9.17 0.28
Nucleotide binding 93 7.23 0.69
Molecules binding 60 4.66 0.86
Kinase, de-, phosphorylation 30 2.33 0.49
Cytokines 17 1.32 0.68
Membranes & matrix 97 7.54 0.93
Signal transduction 29 225 0.9
Cell signaling 95 7.38 0.23
Molecular complex 9 0.69 0.61
Transcription 54 4.19 0.22
Translation 4 0.31 0.38
Enzymes 5 0.38 0.56
Proteolysis 44 342 0.49
Transports 2 0.15 0.70
Cytoskeleton organization 3 0.23 0.91
Organelles & cytoskeletons 115 8.94 0.95
Immune responses 46 3.57 0.32
Oxidation & reduction 19 1.47 0.46
Cell adhesion & junction 33 2.56 0.78
Carbohydrate metabolism 34 2.64 0.80
Fatty acid metabolism 22 171 0.42
Catabolism 43 3.34 0.19
Molecules metabolism 60 4.66 0.25
Cell size 6 0.46 0.30
Disease 42 3.26 0.86
Cancers 81 6.29 0.00

! Term: cooperation of a set of genes.

2 Count: number of genes involved in this annotation category.

? Percentage: abundance in set of genes, involved genes/total ge-
nes.

* EASE score: modified Fisher Exact p-value.

The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score).
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ways. DEGs (8727) were detected during osteoblasto-
genic differentiation (Fig. 1C; Supplementary Tables 12
~15). The number of GOs showed higher in membra-
ne, matrix related genes, and nucleotide pathways. Whe-
reas, a higher number of total DEGs (11180) were exi-
sted during adipogenic differentiation (Fig. 1B; Supple-
mentary Tables 1~7). In study of DEGs based on ti-
me-course, a lower DEGs (5901) were detected during
myogenic differentiation (Fig. 2A). DEGs (8175) were

Table 3. KEGG pathways or GO terms that changed expression
according to each condition (D0 vs. D8h during adipogenesis)

Term' Count® Percentage’ E£f§
Cell cycle 8 0.91 0.30
Apoptosis 26 2.98 0.76
Metal binding 48 5.51 0.96
Nucleotide binding 163 18.71 0.33
Kinase activity 38 4.36 0.11
Cytokines 12 137 0.78
Membranes & matrix 117 13.43 0.30
Signal transduction 8 0.91 0.77
Cell signaling 83 9.52 0.02
Transcription 45 5.16 0.71
Translation 28 3.21 0.50
Transports 28 3.21 0.99
Proteolysis 30 3.44 0.39
Enzymes 7 0.80 0.68
Organization 13 1.49 0.05
Organelles & cytoskeletons 30 3.44 0.73
Immune responses 74 8.49 0.06
Cell adhesion 13 1.49 0.69
Catabolism 10 1.14 0.11
Metabolism 23 2.64 0.04
Cancer 36 413 0.00
Disease 15 1.72 0.73

! Term: cooperation of a set of genes.

2 Count: number of genes involved in this annotation category.

® Percentage: abundance in set of genes, involved genes/total
genes.

* EASE score: modified Fisher Exact p-value.

The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score).

1400 1
1200
L. 1000
g
5, 800 4
S 600
Z 400 |
200 - I
0 4 . . . . .
D-2 D1 D2 D4 D7 D13
(A)
1800 7
1600
1400
1200 A
1000 4
800 -
600
400
200
0 4 x T T T
D-2 8h D1 D2 D4 D7 D13
(B)
2500 -
2000
1500 -
1000 -
0 4 . . . . . .
D-2 sh D1 D2 D4 D7 D13
©

Fig. 2. Number of differentially expressed genes in porcine satel-
lite cell compared to time-course using a microarray. (A) total num-
ber of 5901 DEGs are expressed in PSC myogenic differentiation.
(B) total number of 8175 DEGs are expressed in PSC adipogenic
differentiation. (C) total number of 8889 DEGs are expressed in PSC
osteoblastogenic differentiation. The differentially expressed genes
with =2-fold up- or downregulation were counted.

detected during adipogenic differentiation (Fig. 2B). Whe-
reas, a higher number of total DEGs (8889) were ex-
isted during osteoblastogenic differentiation (Fig. 2C). The
number of GO increased in transport related genes. Fi-
nally, these results might be explained as process was
different during differentiation.

Functional Analysis of DEGs

In this study, the different process affected the dif-
ferent number of DEGs and gene ontology terms dur-
ing differentiation of PSCs. DEGs were classified ac-
cording to biological process (p<0.05). This analysis re-
vealed cellular changes including regulation of cellular
transport, protein localization, the regulation of protein
transport, and the regulation of cytoplasmic transport.
These changes affected translation and post transla-
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Table 4. KEGG pathways or GO terms that changed expression Table 5. KEGG pathways or GO terms that changed expression
according to each condition (D0 vs. D1 during adipogenesis) according to each condition (D0 vs. D2 during adipogenesis)
Term' Count® Percentage3 EASE Term' Count? Percentage3 EASE
score score
Cell cycle 62 3.05 0.02 Cell cycle 28 1.36 0.19
Apoptosis 25 1.23 0.35 DNA repairs 13 0.63 0.15
Metal binding 171 8.41 0.25 Apoptosis 51 248 0.34
Nucleotide binding 272 1338 0.3 Metal binding 157 7.64 0.37
Macromolecules binding 79 3.88 0.02 Nudleotide binding 247 12.02 0.19
Cytoskeleton binding 6 0.29 0.81 Macromolecules binding 78 3.79 0.21
Kinase & phosphorylation 73 3.59 0.04 Cytoskeleton binding 14 0.68 0.51
Cytokines 12 0.59 0.84 Kinase 36 175 017
Membranes & matrix 229 1127 034 Cytokines 17 0.82 0.45
Signal transduction 20 0.98 0.97 Membranes & matrix 171 8.32 0.35
Cell signaling 9 4.87 0.02 Signal transduction 20 0.97 0.99
Molecules complex 31 1.52 0.35 Cell signaling 72 3.50 0.34
Transcription 69 3.39 0.46 Molecules complex 61 2.96 0.53
Translation :localization 14 068 086 Transcription 70 340 057
Enzymes 5 555 0.04 Translation 22 1.07 0.89
Proteolysis 48 23 079 Enzymes 66 321 08
Transport 3 167 0.99 Proteolysis 63 3.06 0.77
T t 24 1.1 1.
Cytoskeletons organization 6 0.29 0.45 ranspor 6 00
Cytoskelet: ization ; lle 25 121 0.45
Organelles & cytoskeletons 129 6.34 0.49 YOSKEletons orgatization ; organete
Organelles & cytoskeletons 188 9.14 0.77
Stress responses 7 0.34 0.02
o . Immunological responses 80 3.89 0.99
Oxidation-reduction 23 1.13 0.31
Oxidation-reduction 34 1.65 0.61
Cell adhesion & junction 4 2.16 0.41
Cell adhesion & junction 47 2.28 0.60
Catabolism & metabolism : 7 3.49 0.68
carbohydrate ) ’ Metabolism : general 24 1.16 0.78
Catabolism & metabolism ; DNA 100 492 0.02 Metabolism : carbohydrate 60 2.92 0.68
Catabolism & metabolism : fat 55 2.70 0.64 Metabolism : fat 49 2.38 0.63
Catabolism & metabolism : Protein 72 3.54 0.50 Metabolism : protein 75 3.65 0.13
i ism : Metabolism : nucleotide 73 3.55 0.92
Catabolism 1& Lrlrlletabohsm : 45 201 0.03
macromotecuies Metabolism : molecules 48 2.33 0.00
Disease 24 1.18 0.93 Disease 1 1.02 0.93
Cancer 58 2.85 0.07 Cancer 56 27 0.04

! Term: cooperation of a set of genes.
2 Count: number of genes involved in this annotation category.
® Percentage: abundance in set of genes, involved genes/total ge-

! Term: cooperation of a set of genes.
2 Count: number of genes involved in this annotation category.
® Percentage: abundance in set of genes, involved genes/total ge-

nes. nes.
* EASE score: m(?diﬁed Fisher E>.<ac‘t p-x{alue. ) * EASE score: modified Fisher Exact p-value.
The EASE score in each cluster is identical to the meaning/value The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score). of the p-value (Fisher Exact/EASE score).
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Table 6. KEGG pathways or GO terms that changed expression
according to each condition (DO vs. D4 during adipogenesis)

Table 7. KEGG pathways or GO terms that changed expression
according to each condition (D0 vs. D7 during adipogenesis)

Term!' Count’ Percentage’ §£f§‘
Cell cycle 43 5.19 0.03
DNA repair 13 157 0.11
Metal binding 91 11.00 0.28
Nucleotide binding 74 8.94 0.73
Macromolecules binding 51 6.16 0.94
Kinase 11 1.33 0.74
Cytokines 8 0.96 0.75
Membranes & matrix 99 11.97 0.16
Signal transduction 10 1.20 0.98
Cell signaling 33 3.99 0.01
Transcription 19 229 0.82
Proteolysis 27 3.26 0.43
Organelles & cytoskeletons 77 9.31 0.07
Immunological responses 44 5.32 0.82
Oxidation-reduction 19 2.29 0.35
Metabolism : carbohydrates 43 5.19 0.28
Metabolism : fat 61 7.37 0.24
Metabolism : protein 15 1.81 0.40
Metabolism : DNA 16 1.93 0.08
Cancer 24 2.90 0.25
Disease 9 1.08 0.27

! Term: cooperation of a set of genes.

2 Count: number of genes involved in this annotation category.

% Percentage: abundance in set of genes, involved genes/total ge-
nes.

* EASE score: modified Fisher Exact p-value.

The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score).

tional modifications, such as phosphorylation of amino
acid, translation, and biogenesis. The aim of the pres-
ent work was to develop a model based on muscle sat-
ellite cell culture to further investigate the regulation of
transcriptome during differentiation in pig skeletal mus-
cle.

Adipocyte differentiation required the process a vari-
ety of biological groups (Gregoire et al., 1998). Diffe-
rentiation characterized through alters in cell morphol-
ogy and complex molecular from hormone signaling (Sa-
mulin et al., 2008). Accordingly, GO term analysis was

Term' Count®  Percentage’ EcAofeE*
Cell cycle 18 1.18 0.35
DNA repair 13 0.85 0.28
Apoptosis 20 131 0.28
Metal binding 177 11.66 0.28
Nucleotide binding 163 10.73 0.58
Macromolecules binding 44 2.89 0.56
Kinase 17 111 0.68
Cytokines 18 1.18 0.70
Membranes & matrix 169 11.13 0.30
Signal transduction 17 111 0.99
Cell signaling 69 4.54 0.02
Molecule complex 28 1.84 0.52
Transcription 46 3.03 0.77
Translation 37 243 0.63
Enzymes 32 2.10 0.01
Proteolysis 39 2.56 0.81
Transport 15 0.98 0.70
Organelles 116 7.64 0.70
Immunological responses 86 5.66 0.09
Oxidation-reduction 20 131 0.19
Cell adhesion & junction 33 217 0.11
Metabolism : carbohydrate 67 441 0.52
Metabolism : DNA 26 171 0.10
Metabolism : fat 64 421 0.02
Metabolism : protein 49 322 0.59
Metabolism : molecules 27 177 0.48
Cancer 21 1.38 0.71
Disease 27 177 049

! Term: cooperation of a set of genes.

2 Count: number of genes involved in this annotation category.

3 Percentage: abundance in set of genes, involved genes/total ge-
nes.

* EASE score: modified Fisher Exact p-value.

The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score).
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Table 8. Selected genes altered the gene expression during myogenesis

Unigene 1D Gene name Fold P value
Ssc.6966 Cyclin-dependent kinase inhibitor 1B (p27, Kipl) 224 0.0136
Ssc.43394 Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, zeta polypeptide 2.52 0.0125
Ssc.20585 Growth arrest and DNA-damage-inducible, gamma 3.35 0.0189
Ssc.27593 Transforming growth factor, beta 3 7.89 0.0124
Ssc.53924 Lipoprotein lipase 7.98 0.0402
Ssc.41844 Fatty acid binding protein 3, muscle and heart (mammary-derived growth inhibitor) 6.54 0.0415
Ssc.5549 Fatty acid binding protein 5 (psoriasis-associated) 3.66 0.0435
Ssc.16159 Stearoyl-CoA desaturase (delta-9-desaturase) 2.85 0.0405
Ssc.53771 Carnitine palmitoyltransferase 1A (liver) 3.86 0.0479
Ssc.15878 Protein phosphatase 3, catalytic subunit, alpha isozyme 2.24 0.0068
Ssc.7701 Stathmin 1 2.05 0.0165
Ssc.1577 Similar to Serum response factor (SRF) 2.28 0.0223
Ssc.16243 Brain-derived neurotrophic factor 2.67 0.0265
Ssc.9781 Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 1 2.58 0.0028
Ssc.873 Cyclin-dependent kinase 1 6.53 0.0369
Ssc.373 Matrix Gla protein 3.74 0.0472
Ssc.54157 Low density lipoprotein receptor 3.16 0.0035
Ssc.20 Interleukin 18 (interferon-gamma-inducing factor) 2.94 0.0419
Ssc.719 Alveolar macrophage-derived chemotactic factor-II 2.67 0.0203
Ssc.6080 Secretory leukocyte peptidase inhibitor 2.53 0.0269

used to explore the function of DEGs involved in the
significant profiles. As expected, we found DEGs, whi-
ch is comprised functional groups, such as metabolic
and regulation of biological process during differen-
tiation. The general functional groups may be essential
to the conversion from PSC to multipotent cell. More-
over, cellular analysis indicated that extracellular matrix
(ECM) and extracellular regions were significantly en-
riched in among adipogenic, myogenic, and osteoblas-
togenic progression. The extracellular environment of ce-
lls originating from distinct cell may markedly affect
the differentiation of PSC. This is a novel study com-
paring DEGs of PSC during differentiation. Our study

produced abundant data for the analysis of adipogenic,
myogenic, and osteoblastogenic differentiation. A lot of
DEGs were found to be involved during differentiation.
GO terms results indicated that DEGs related to multi-
potent differentiation were clustered into the same me-
chanism in PSC. DEGs were regulated by transcription
factors or differentiation via the distinct signaling pa-
thways. Additionally, the extracellular matrix might an
important in the differentiation of PSC. In conclusion,
DEGs profiling and different cell models have potentia-
Ily involved in the regulation of cell fate. The gene expre-
ssion profiles and further study insights into the molecu-
lar mechanisms of the cell process during differentiation.
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Table 9. KEGG pathways or GO terms that changed expression Table 10. KEGG pathways or GO terms that changed expression
according to each condition (D0 vs. D1 during myogenesis) according to each condition (D0 vs. D4 during myogenesis)
Term' Count* Percentage’ sEéng Term' Count® Percentage’ SECﬁfg
Cell cycle 27 6.60 0.19 Cell cycle, division 55 4.30 0.00
Cell growth 4 0.97 0.12 Cell growth 12 0.93 0.38
Apoptosis 6 1.46 0.26 Apoptosis 18 1.40 0.87
Metal binding 47 11.49 0.58 Metal binding 124 9.69 0.83
Nucleotide binding 65 15.89 051 Nucleotide binding 101 7.89 091
Macromolecules binding 13 3.17 0.50 Molecules binding 38 2.97 0.80
Kinase & phosphorylation 5 122 0.82 Kinase & phosphorylation 10 078 0.92
Cytokines 8 1.95 0.12 Cytokine 16 125 027
Membranes & matrix 50 1222 0.02 Membranes & matrix 184 1438 089
Signal transduction 2 0.48 0.98 Signal transduction 28 2.18 0.05
Signal signaling 23 5.62 0.32 Cell signaling 57 4.45 0.60
Transcription 19 4.64 0.68 Transcription 32 2.50 0.92
Translation & modification 9 220 050 Translation 31 24207
Enzymes 2 0.48 075 Enzymes 22 1.72 0.22
Proteolysis 4 0.97 0.59 Proteolysis 4 320 08
Organelles & cytoskeletons 34 8.31 041 Transport 2 328 070
Immmmological responses o7 6.60 036 Cytoskeleton organization 16 1.25 0.70
Organelles & cytoskelet 114 8.91 0.40
Oxidation-reduction 9 2.20 0.35 ganeties & cyfoskeletons
I logical 65 5.08 0.97
Cell adhesion & junction 2 0.48 071 mtinological responses
. . Cell adhesion & junction 28 2.18 0.81
Catabolism & metabolism :
2 048 032 )
carbohydrate Catabolism & metabolism :
carbohydrate 2 179 049
Catabolism & metabolism : fat 4 0.97 0.26 Y
Catabolism & metabolism :
Catabolism & metabolism : protein 2 0.48 0.36 nudeotide 50 3.90 0.49
Catabolism & metabolism : DNA 6 1.46 0.55 Catabolism & metabolism : fat 13 1.01 0.60
Catabolism & metabolism : 6 1.46 0.69 Catabolism & metabolism : protein 31 242 0.64
molecules ’ '
Catabolism & metabolism :
Cell size 4 0.97 0.14 macromolecules 32 250 091
Cancer 21 513 0.06 Disease 37 2.89 0.90
Disease 6 1.46 0.12 Cancer 32 2.50 0.42
; Term: cooperation of a set of genes. ! Term: cooperation of a set of genes.
Count: number of genes involved in this annotation category. 2 Count: number of genes involved in this annotation category.
® Percentage: abundance in set of genes, involved genes/total ge- * Percentage: abundance in set of genes, involved genes/total ge-
nes. nes.
* EASE score: modified Fisher Exact p-value. * EASE score: modified Fisher Exact p-value.
The EASE score in each cluster is identical to the meaning/value The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score). of the p-value (Fisher Exact/EASE score).
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Table 11. KEGG pathways or GO terms that changed expression Table 12. Selected genes altered the gene expression during osteo-
according to each condition (D0 vs. D13 during myogenesis) blastogenesis
EASE i
Term' Count® Percentage3 score? Un;gDene Gene name Fold P value
Cell cycle 40 342 0.02 lintegrin, alpha V (vitronectin
Cell growth 4 0.34 037 Ssc.15932 ;;Ct?getgr,c?;};};)a polypeptide, 296  0.0002
DNA repair 10 0.85 0.47 lintegrin, alpha 5 (fibronectin
Apoptosis 14 1.19 0.90 Ssc.33914 receptor, alpha pplypepﬁde) I 243 0.0003
zinc finger protein 385A
Metal binding 121 10.36 053 Ssc924  Thrombospondin 1 226 0.0003
Nucleotide binding 118 10.11 0.95 Ssc12323  Syndecan 2 200 0.0002
Molecules binding 55 471 0.9 Ssc.28161 Tenascin-X 228 0.0026
Kinase & phosphorylation 14 1.19 0.76 Integrin, beta 3 (platelet
. Sscd glycoprotein IIla, antigen CD61) 40700024
Cytokine 17 1.45 0.34
. Ssc.12068  Collagen, type VI, alpha 3 429  0.0036
Membranes & matrix 138 11.82 0.56
Ssc.16209  Tenascin C 525  0.0006
Signal transduction 16 1.37 0.97
Ssc.27593  Transforming growth factor, beta 3  9.54  0.0013
Cell signaling 63 5.39 0.05
. Ssco0ss5 Crowth arest and 419 0.0026
Transcription 27 2.31 0.91 DNA-damage-inducible, gamma
Translation 31 2.65 0.73 Ggrowth arrest and
Ssc.20913 DNA-damage-inducible, alpha 205 0.0052
Enzymes 23 1.97 0.20 Anaph " )
aphase promoting complex
Proteolysis 41 351 0.67 Sec74811 s ibunit 5 208 00042
Transport 27 231 0.94 Ssc.15749  Cyclin D2 211 0.0036
Organelles & cytoskeletons 134 1148 0.26 Ssc.73067 Cig CCEZSZEEE)CYCIQ 45 homolog 344  0.0046
fmmunological responses 52 445 0.9 Ssc873  Cyclin-dependent kinase 1 758  0.0043
Oxidation-reduction 13 1.11 0.57 Ssc14182 Cydlin B2 1025 0.0029
Cell adhesion & junction 24 2.05 0.15 Ssc.18628  Sterol-C4-methyl oxidase-like 290  0.0046
Catabolism & metabolism : 30 257 0.84 Ssc.56656 Squalene epoxidase 256  0.0076
carbohydrate ’ ’ NAD(P) d dent steroid
ependent steroi
Catabolism & metabolism : DNA 54 4.62 0.82 S5c.3253 dehydrogenase-like 256 0.0089
Catabolism & metabolism : fat 10 0.85 0.20 Ssc5712 Cgﬁgmeg%@, family 51, 206 00005
Catabolism & metabolism : 14 1.19 078 lication £ .
proteins ’ ' Sscagaza Npebheation factor € factivator )55 14 00013
Catabolism & metabolism : - .
molecules 25 2.14 0.08 Sec 44027 Minichromosome maintenance 324 0.0046
complex component 3
Disease 32 2.74 0.48 . .
Ssc 4612 Mmlchfomosome maintenance 479 00025
Cancer 9 0.77 0.87 complex component 4
1 . Ssc.11071  Yinculin 523  0.0038
Term: cooperation of a set of genes. ] ) )
% Count: number of genes involved in this annotation category. Integrin, alpha V (Vlt'rone.ctm
® Percentage: abundance in set of genes, involved genes/total ge- Ss¢.15932  receptor, alpha polypeptide, 296 0.0082
nes. antigen CD51)
* EASE score: modified Fisher Exact p-value. Ssc.924 Thrombospondin 1 226  0.0046

The EASE score in each cluster is identical to the meaning/value o .
of the p-value (Fisher Exact/EASE score). Ssc.54244 Myosin, light chain 9, regulatory 224 0.0072
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Table 13. KEGG pathways or GO terms that changed expression Table 14. KEGG pathways or GO terms that changed expression
according to each condition (DO vs. D8h during osteoblastogenesis) according to each condition (D0 vs. D2 during osteoblastogenesis)
1 s EASE 1 2 3 EASE
Term Count’ Percentage score? Term! Count® Percentage score?
Cell cycle 7 1.24 0.18 Cell cycle 51 3.11 0.00
Cell growth & development 8 1.42 0.22 Apoptosis 18 1.09 0.89
Cell physiology 10 177 051 Metal binding 185 1129 044
Apoptosis 8 142 0.65 Nucleotide binding 171 1043 047
Metal binding 2 515 0.97 Molecules binding 74 451 0.56
Nucleotide binding 46 8.17 031 Kinase & de-, phosphorylation 28 1.70 0.49
Macromolecules binding 66 11.72 0.30 Cytokines 23 1.40 076
Cytoskeleton binding 3 0.53 0.31 Membranes & matrix 15 907 0,69
Ki , phosphorylati 15 2.66 0.50
nase, phosphorylation Signal transduction 33 201 000
Cytokine activity 10 1.77 0.08 L
Cell signaling 87 5.30 0.63
Membranes & matrix 89 15.81 0.19
Molecule complex 17 1.03 0.14
Signal transduction 12 213 0.85
Transcription 51 3.11 0.44
Cell signaling 37 6.57 0.66
Translation & modification 22 1.34 0.42
Transcription 28 497 0.19
Enzymes 32 1.95 0.51
Translation & modification 16 2.84 0.16
Proteolysis 37 225 0.35
Proteolysis 11 1.95 0.72
Cytoskeleton organization 16 0.97 0.32
Transport 6 1.06 0.46
o Organelles & cytoskeletons 159 9.70 0.17
Cytoskeletons organization 28 4.97 0.83
Immunological responses 71 4.33 0.92
Organelles & cytoskeletons 3 0.53 0.72
Oxidation-reducti 20 1.22 0.19
Immunological responses 5 0.88 0.48 aton-reduction
Oxidation-reduction 2 035 099 Cell adhesion & junctions 68 4.14 0.11
Cell adhesion & junction 2 496 051 Catabolism & metabolism 68 4.14 0.27
Catabolism & metabolism 8 142 0.26 Catabolism & metabolism : DNA 42 2.56 0.27
Catabolism & metabolism : protein 17 3.02 0.22 Catabolism & metabolism : fat 25 152 0.23
Catabolism & metabolism : DNA 8 1.42 0.25 Catabolism & metabolism : protein 45 2.74 0.04
Catabolism & metabolism : molecules 8 1.42 053 Catabolism & metabolism : molecules 50 3.05 0.02
Cancer 9 1.59 0.09 Disease 41 2.50 0.99
Disease 2 0.35 0.33 Cancer 30 1.83 0.14
! Term: cooperation of a set of genes. ! Term: cooperation of a set of genes.
2 Count: number of genes involved in this annotation category. * Count: number of genes involved in this annotation category.
% Percentage: abundance in set of genes, involved genes/total ge- % Percentage: abundance in set of genes, involved genes/total ge-
nes. nes.
* EASE score: modified Fisher Exact p-value. * EASE score: modified Fisher Exact p-value.
The EASE score in each cluster is identical to the meaning/value The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score). of the p-value (Fisher Exact/EASE score).
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Table 15. KEGG pathways or GO terms that changed expression
according to each condition (DO vs. D7 during osteoblastogenesis)

Jeong et al.

Term'

Count® Percentage’

EASE
score*

Cell cycle

Cell growth
Apoptosis

Binding : metal, ion
Binding : nucleotide

Binding : molecules

Kinase, de-, phosphorylation

Cytokines

Membranes & matrix
Signal transduction

Cell signaling
Transcription

Translation & modification
Enzymes

Proteolysis

Transports

Organelles & cytoskeletons
Immunological responses
Oxidation-reduction

Cell adhesion & junctions

Catabolism & metabolism :

Carbohydrate

Catabolism & metabolism :

Catabolism & metabolism :

Catabolism & metabolism

DNA
fat

: protein

Catabolism & metabolism :

molecules
Disease

Cancer

55
9
20
156
109
52
59
28
190
22
68
32
24
20
35
21
88
50
15
54

57

15
25
65

59

31
28

3.90
0.63
1.41
11.07
7.73
3.69
418
1.98
13.48
1.56
4.82
227
1.70
1.41
2.48
1.49
6.24
3.54
1.06
3.83

4.04

1.06
1.77
4.61

4.18

227
1.98

0.02
0.17
0.26
0.02
0.88
0.69
0.01
0.28
0.24
0.00
0.59
0.93
0.93
0.16
0.05
1.00
0.76
0.88
0.54
0.17

0.22

0.81
0.09
0.75

0.08

0.89
0.02

! Term: cooperation of a set of genes.

% Count: number of genes involved in this annotation category.

® Percentage: abundance in set of genes, involved genes/total ge-

nes.

* EASE score: modified Fisher Exact p-value.
The EASE score in each cluster is identical to the meaning/value

of the p-value (Fisher Exact/EASE score).
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