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Abstract

The formation of muscle myofibrils as well as the growth and hypertrophy of the muscle are controlled by
various genes. Bioinformatics tools could also be used to integrate and analyze heterogeneous data sets. In this study, the
DEGs, gene network, GO and biological pathways have been investigated by incorporating the data obtained by
expression array and RNA-Seq, related to the muscle tissue transcriptome of Texel sheep respectively before and after
birth. The microarray expression profile was extracted from the GEO database, and the RNA-Seq expression profile was
extracted from the ArrayExpress database. DEGs were identified with limma and sva software packages in R environment
and a gene network was drawn with STRING, an application in Cytoscape software. The clustering and gene ontology
were done with CytoCluster and ClueGO applications. The results showed a significant difference between the juvenile
and 70-day embryonic stages the expression of 103 genes, between the adult and juvenile stages the expression of 28
genes and between the adult and 70-day embryonic stages the expression of 62 genes. By constructing the gene network
between these DEGs, a total of 37 selected genes were identified. The results revealed the function of these genes in cell
proliferation, protein synthesis, formation and organization of myofibrils, muscle contraction, and lipid metabolism. By
integrating the expression data, this study provided a general view of the differences in transcriptomes in the muscle tissue
of sheep. Also, the selected genes such as BUB1, RFC2, KIAA0101, RAD51, CKS2, and UQCRB were identified for the
first time being reported as effective genes for myogenesis.
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Introduction coding single nucleotide polymorphisms (cSNPs)
] were identified in Han and Dorper breeds,

Skeletal muscle growth is astep-by-stepand  respectively and additionally, 123678 novel
exponential process of differentiation, development,  transcript units were identified (Zhang et al., 2013).
and maturation, which is regulated by molecular  Ajso, the comparative transcriptome profile of the
regulatory networks and cellular signaling pathways | ongissimus muscle tissue between the Qianhua
(Bassel-Duby and Olson, 2006). The investigation of  mering and small tail Han breeds was studied by Son
gene expression is done with different methods, such et al., 2016. The RNA-Seq results showed that 960
as Northern Blot, Real-time PCR, expression arrays,  genes were differentially expressed of which, 463
Expressed Sequence Tag, and RNA sequencing  genes were related to muscle growth and
(RNA-Seq) (Flintoft, 2008). So far, there have been  gevelopment and were involved in biological
many reports on the use of RNA-Seq and microarray  processes such as skeletal muscle tissue growth and
techniques to evaluate the muscle tissue  myscle cell differentiation (Sun et al., 2016b). With
transcriptome in sheep (Betti et al., 2022b;  {ne generation and accumulation of large sets of data,
Mohammadi et al., 2019; Zhang etal., 2013). Zhang  meta-analysis has become popular for combining the
et al, 2013 used the RNA-Seq method for a  yesylts of several studies to increase statistical power
comparative analysis of the muscle transcriptome in (Bakhshalizadeh et al., 2021 and 2024). Also,
Dorper and Small-Tailed Han Sheep breeds using  yarious studies have been published in which they
the Illumina platform. Finally, 40481 and 38851  paye evaluated the transcriptome by using different
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bioinformatics methods in integrating RNA-seq and
microarray data. In research by Ma et al. (2017), a
hierarchical Bayesian model has been proposed for
integrating data obtained from microarray and RNA-
seq methods regarding breast cancer. The result
indicated the improvement of detection capability
and significant pathways in the identified
biomarkers from the proposed Bayesian model. This
finding was repeated in several experimental
datasets and it was confirmed that merging two
datasets improves the accuracy and detection
capability (Ma et al., 2017). Another bioinformatics
study was conducted by Castillo et al. (2017) to
integrate data sets obtained through microarray with
RNA-seq methods to identify breast cancer profiles.
In this research, the microarray data set was analyzed
through a pipeline in R, and the expression values
were calculated. The RNA-Seq data set was also
analyzed through the intended pipeline in the Linux
and the expression values were calculated. Then the
expression values of both sets were integrated into
the R and DEGs were identified. The test results
indicated the high accuracy of the integration
method (Castillo et al., 2017). Zhang et al. (2017),
also accomplished a meta-analysis study to
investigate the carcinogenic risk of Bisphenol A
(BPA), which is an endocrine-disrupting chemical
and is associated with many diseases, including heart
attacks and diabetes. In this research, the gene
expression data sets of microarray and RNA-seq
were integrated and after calculating the DEGs and
analyzing the gene network and their ontology,
finally 85 DEGs (68 genes with overexpression and
17 genes with downexpression) were detected (Zhan
etal., 2018). The results of all these studies indicated
the high accuracy of the integration method and
improved accuracy and statistical strength of the
results. Therefore, it can be stated that in the field of
in silico studies (using different servers and software
packages), it is possible to point out major genes that
play key roles in the body's vital functions and
pathways with greater accuracy. The present study is
devoted to investigating the differentially expressed
genes (DEGSs) of the Longissimus Dorsi muscle of
Texel sheep during the different stages of growth
and development, using bioinformatics methods to
integrate the data obtained from microarray and
RNA-Seq methods related to the transcriptome of
ovine skeletal muscle tissue. This integration and
normalization of data was mainly to increase sample
size and homogeneity of data.

Materials and Methods

Collecting and Analysis of Microarray Data
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The gene expression microarray data of the
Longissimus Dorsi muscle of Texel sheep at 70-days
embryonic stage (E) with three repetitions were
extracted from the GEO database with accession
number GSE23563
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?a
cc=GSE23563). Quality control, correction,
normalization and calculation of expression values,
and integration of annotation file with the calculated
expression value file to obtain the symbol genes
were done in the R environment and using limma
Biobase, GEOquery software package (Saedi et al.,
2022).

Collecting and Analysis of RNA-Seq Data

RNA-Seq data of muscle tissue from six samples
with two replications in both juvenile (J) (aged 6 to
10 months) and adult (A) individuals was extracted
from ArrayExpress database
(https://www.ebi.ac.uk/arrayexpress/experiments/E-
MTAB-3838). Analysis of RNA-Seq data was done
in the Ubuntu Linux environment. Quality control
and trimming of RNA-Seq data were conducted by
fastQC and Trimmomatic-0.36 software,
respectively (Betti, et al., 2022a). Also, Mapping the
reads, calculating the readings values and the
expression values of RNA-Seq data was done using
the HISAT2 2.2.0, Bowtie2, Samtools-1.9, HTSeq-
0.6.1, and DESeq?2 package, respectively (Castillo et
al., 2017).

Integration of Normalized Expression Values and
DEGs Calculation in R

To integrate the expression values of microarray
with RNA-seq data; limma and sva packages along
with two data sets were called in R software and the
aggregate command was executed for each of the
data based on the approach described by Castillo et
al (Castillo et al., 2017). To remove the non-
biological effects, the batch effect was also removed.
To calculate the DEGs, the samples were first
grouped and then paired comparisons between age
groups juvenile individuals vs 70-day embryonic
stage (J vs E), adult individuals vs juvenile
individuals (A vs J), and also adult individuals vs 70-
day embryonic stage (A vs E). The Venn diagram
tool was used to visualize common genes between
three stages (Taheri et al., 2023).

Analysis of the Gene Network and Ontology

To identify the relationship among the identified
DEGs, the gene network was constructed using
STRING 1.5.1, an application in Cytoscape 3.7.1
(http://apps.cytoscape.org/apps/stringapp) (Shannon
et al., 2003). Next, due to the vastness of the gene
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network, each network was clustered using MCODE
1.6.1 and CytoCluster 2.1.0 applications, and
significant clusters (P-value < 0.05) were identified.
Gene ontology analysis and biological pathways
involved among the genes were investigated using
the ClueGO 2.5.9 and CluePedia 1.5.9 applications
in Cytoscape (Zeraatpisheh et al., 2023). Gene
ontology enrichment analysis between DEGs of
different stages was performed in three categories
biological process (BP), molecular (MF) function,
and cellular component (CC).

Results and Discussion

Calculation Expression Values of the Microarray
Data

Data quality control and normalization were
completed. To calculate expression values, the
GPL10778 platform annotation file with Probe 1D
1042520 was used. Only 9289 probe IDs were
included in the result of this study and from those,
7918 gene symbols were identified.

Quality Control, Mapping the Reads on the
Reference Genome, and Calculating the Values of
RNA-seq

Generally, the quality of all reads was fairly good,
and the average Phred quality score of reads was
above 25. The statistical information of the readings
before and after the trimming process is reported in
Table 1. To align and connect the reads, the
reference genome of sheep (Ovis_aries.Oar_v3.1)
and HISAT2 software (2.0.3-beta) were used. The
results showed that more than 90% of the reads were
mapped on the reference genome. In total, the
number of Ensembl Genes based on which the
reading values were calculated by HTSeq software
was 27056. After removing IDs with zero readings
in all samples, 10855 IDs remained (Table 1).

Normalization of Data and Calculation of
Expressed Values of RNA-seq Data

Normalization and calculation of expressed
values of RNA-seq data were done using the
DESeq2 package. After merging them with the
annotation file to obtain gene symbols from 10855
Ensembl 1D, finally, 9417 common genes were
identified among all individuals.

Integration of Normalized Expressed Values of
Microarray and RNA-seq Data

Both the expressed values of microarray and
RNA-seq data, which were calculated in the
previous steps, were integrated by R software to
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calculate the DEGs. Then, the batch effects (which
were related to the different techniques of producing
two sets of data) were removed and their graphs were
plotted. The PCA plot before removing the batch
effects, the boxplot, and the PCA plot of the merged
data after removing the batch effects were plotted
and have been shown in Figures 1, 2, and 3,
respectively.

g @ Microarray data
RNA-SEG data

Figure 1. PCA plot of both microarray data (orange
color) and RNA-seq data (green color) before
removing batch effects.
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Figure 2. The box diagram of the distribution of gene
expression values which is obtained from the
microarray and RNA-seq methods after integration
and removing the batch effects. The green areas
include the first quartile, the middle quartile, and the
third quartile.
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Table 1. Statistical information of the reads (mapped on the reference genome and calculated by HTSeq)

overall

Total seq. of Total seq. of Ensembl Total
Samples GC% alignment Coverage
raw data trimmed data Gene counts
rate%

J-F2-1 8647125 45& 45 6622025 83.14 34.92 35771 2973
J-F-2 13368944 46 & 45 10132560 94.46 56.23 66540 4195
J-F-3 13756065 46 & 45 10454415 94.38 62.52 68088 4247
J-F-4 8685734 45& 45 6641245 84.72 35.93 37226 2995
J-F-5 13374250 46 & 45 10156487 94.52 61.30 70882 4253
J-F-6 13831915 46 & 45 10539372 94.49 63.17 69362 4257

A3-F-1 19697023 46 & 46 15023092 94.04 79.39 5882 113446

A-F-2 19792913 46 & 46 10350142 94.22 61.86 4981 78175
A-M*-3 9016506 46 & 46 7220274 91.87 4151 3937 63936

A-M-4 5771315 45& 45 4633682 89.71 26.54 3077 39784

A-M-5 9285314 46 & 46 7445816 91.85 43.09 3968 65933

A-M-6 5852296 45& 45 4703164 89.99 27.03 3061 39651

1Juvenile

2 Female

3 Adult

4 Male

DEGs Calculation

The number of DEGs between J vs E stages was
103 (FDR- adj.P.Val < 0.05), of which 64 genes had
overexpression (logFC > 1) and 39 genes had down
expression (logFC < -1) (Table 2). In the comparison
between A vs J individuals, 28 differential genes
with FDR P-adj value (FDR-adj.P.Val) < 0.05) were
identified, among which 11 genes were up- (logFC
> 1) and 17 genes were downregulated (logFC < -1).

Also, in the comparison between A vs E stages, 62
different genes (FDR-adj.P.Val < 0.05) were
identified, among which 37 genes showed up-
regulation (logFC > 1) and 25 genes showed down-
regulation pattern (logFC < -1). However, no
common differentially expressed gene was detected
among these three age stages (Figure 4 and Table 3).

Table 2. The DEGs in pairwise comparison of age stags

Time point No. over-expressed gens No. down expressed gens Total

70 d Embryonic - Juvenile 64 39 103
Juvenile -Adult 11 17 28
70 d Embryonic - Adult 37 25 62

Table 3. The Venn analysis of DEGs in pairwise comparison of age stags
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No.
Time Point Genes
gene
HMGCR, ARNT, MYBPH, CMBL, CKAP2L, PPM1K, KDM1A, SEC24D, LMO7, RDX, AKR1A1, VBP1,
Juvenile — MYOZ1, EPB41L3, PGAM2, TRAF4, CD6, PON3, ASF1B, RCSD1, TRPS1, RAD51, MARCKSL1, RFC2,
70d 58 PCOLCEZ2, PGM1, BUB1, MYOT, NCAPG, CCND2, PHF19, AOX1, CA4, PPP1R3A, ACTN2, AMPD1, CAl1,
Embryonic USP25, DDC, CHURC1, MUSTN1, ADAMTSL4, SQLE, MPP7, PLAT, ETFDH, GHR, CHMP4C, UBE2C,

ABR, TMEM159, COX7Al1, MOCS1, NR3C1, ALDH2, EEF1A2, TCF7, SCHIP1

Adult -
12 ZBTB47, ARLG6IP5, HIPK3, AKAP9, RBM25, COQ5, LRPAPL, MKLN1, HMOX2, FUBP1, FAM175A, IPO5

Juvenile

Adult-70
PIGU, PTPN14, AFF1, TTLL1, PRKAB2, ACAN, SOD2, PRKCZ, MFN2, CAV1, MTUS1, NAMPT, PHKGZ,

d 19
AKAP7, PLN, INTS10, PPP1R3C, Clorf21, CDK2AP1

Embryonic

Adult -

Juvenile

Juvenile — 9 PPIB, ANKRD40, ZFAND5, XIRP2 DLD, CKM, PDK4, PDLIM3, PPP1R1A
70d

Embryonic

Adult-70
d

SFRP2, CASQ1, ACTN3, VCAN, FGL2, UCP3, EMILIN2, SNAP25, MLLT11, MX1, HN1, VEGFA, CCNB1,

Embryonic
36 NNAT, KIAA0101, TMOD4, AMOT, NOSTRIN, ALDH1A1, VSNL1, ACOT7, FBP2, KLF9, CA2, MBP,

Juvenile —
AGTR2, MFAP2, SLC2A4, AASS, MYH1, CKS2, ISYNA1, IGFBP2, ERBB3, SYBU, HSD11B1
70d

Embryonic
Adult-70

d
Embryonic 7 NFATS, PECAM1, UQCRB, CTSL1, CTNNB1, ABI3BP, COX4l1

Adult -

Juvenile

17
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Figure 3. PCA plot of both microarray and RNA-seq
data after integrating and removing batch effects. The
data related to each age stage is marked with a separate
color. A: Microarray data is shown in orange and RNA-
seq data is shown in green. B: The green, pink, and
purple colors represent the data of 70-day embryonic,
juvenile, and Adult stages, respectively.
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Figure 4. Venn diagram of pairwise comparison of
DEGs identified among three age stages.

Gene Network, Gene Ontology and Biological
Pathways of DEGs

Gene Network, Gene Ontology, and Biological
Pathways Between DEGs of J vs E Stages
Among the 103 DEGs identified between J vs E
stages, finally, the gene interactive network was
plotted between 74 genes (Figure 5). Three
significant gene clusters (P-value < 0.05) were also
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identified. The first significant cluster with a P-
Value of 2.779E-5 had 11 nodes, including CCND2,
UBE2C, BUB1, RAD51, CKS2, CCNB1, NCAPG,
ASF1B, RFC2, KIAA0101 and CKAP2L genes,
which all of them showed down expression (Figure
6). Various studies have shown that all these genes
somehow play a role in the cell cycle, cell
proliferation (Ewen et al., 1993; Rother et al., 2007),
mitosis, and meiosis (Sartor et al., 1992), in
regulating and modulating the structure of chromatin
nucleosomes and DNA packaging (Geiman et al.,
2004; Simpson et al., 2006). These pathways are
related to mitosis and consequently to the growth
and development of muscle tissue during embryonic,
newborn, and mature individuals. Therefore, it is
expected that the genes involved in the above
pathways have higher expression during the
embryonic period and the expression of these genes
decreases during the postnatal period compared to
the embryonic period. The second significant cluster
with P-Value of 1.050E-4 had 11 nodes, including
CKM, MYH1, AMPD1, ACTN3, CASQ1, MYOZ1,
MYOT, TMOD4, ACTN2, XIRP2 and PDLIM3
genes, all of which had over expression. The main
function of this cluster is mainly in skeletal and
striated muscle function. Therefore, they play a role
in connecting the actin filaments to sarcomere,
muscle contraction (Ribeiro et al., 2014), cell energy
homeostasis, ATP hydrolysis and converting
chemical energy into mechanical ones (Vikenes et
al., 2009), improving the nucleotide purine cycle,
maintaining  calcium  concentration in the
sarcoplasmic reticulum during muscle contraction
(Terentyev et al., 2003), regulating the activity of Z-
plane sarcomeres (Beggs et al., 1992; Salmikangas
etal., 1999). The increased expression of these genes
may be due to increased muscle activity or muscle
contractions and hypertrophy, therefore, the over-
expression of these genes in the juvenile stage is
expected due to muscle tissue enlargement. Among
the genes of this cluster, ACTN3 and MYOZ1 genes
have already been reported as genes related to
muscle hypertrophy (Gaeini, 2013). AMPD1,
CASQ1, ACTN2, and PDLIM3 genes from this
cluster have been identified and reported as
differential genes in comparative transcriptome
profiling of longissimus muscle tissues from
Qianhua Mutton Merino and Small Tail Han sheep
(Sun et al., 2016a). Also, The MYOT gene has been
previously reported as a DEG in the Transcriptome
analysis of skeletal muscle at prenatal stages in
Polled Dorset versus Small-tailed Han sheep By
microarray method (Liu et al., 2015). The third
significant cluster with a P-value of 0.010. had 4
nodes included AOX1, ALDH2, ALDH1Al and



Journal of Cell and Molecular Research (2024) 16 (1), 13-24

Integrating RNAseq and Expression Array Data in Sheep Muscle Tissue
(Mohammadi et al.)

AKR1A1l genes, all of which showed over
expression. Genes that have been related to the third
significant cluster involved in glucose metabolism
(Lefrancois-Martinez et al., 2004), aldehyde
dehydrogenase (Ohta et al., 2004), and adipogenesis
(Sigruener et al., 2007).

Ontology enrichment analysis for DEGs between
J vs E stages showed that 29 BP were enriched in a
significant pathway (P-adj Bonf > 0.05), which
mainly related to angiotensin pathway and its
responses, cell development in striated muscle,
myofibril assembly, sarcomere organization,
calcineurin regulation, biosynthesis process of
ribonucleotide biphosphate, pyruvate, and purine.
Also, 10 MF were significantly enriched (P-adj Bonf
> 0.05), which are mainly related to carbonate
dehydratase activity, carbon-oxygen lyase activity,
hydro-lyase activity, iron-sulfur cluster binding, and

MOCsr

Nodes: 4

Denaty: 0.667
Quality: 0.667
Pwakse: 0.010

flavin adenine D binding nucleotide (FAD) and
SNARE binding (the main role of SNARE proteins
is to mediate the fusion of vesicles with the target
membrane). Eight CC were significantly enriched
(P-adj Bonf > 0.05), which were mainly related to
contractile fiber, sarcomere, myofibril, I band, and Z
plates (Figure S1).

Gene Network and Ontology in DEGs of A vs J
individuals

The gene network and biological pathways
between DEGs of A vs J individuals were not
identified, which may be due to not only the small
number of DEGs (28 genes) identified between these
two age stages but also the lower levels of
ontological information of the sheep species
compared to other species (Javadmanesh, 2020).

-
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Figure 5. Significant clusters of interactive network between DEGs in 70-day embryonic and juvenile stages. In this
network, genes with large and dark green nodes have the highest expression and smaller and red nodes have the lowest

expression.
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Nodes: S
Density: 0.600
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Figure 6. Significant clusters of an interactive network of DEGs between 70-days embryonic and adult stages. In this
network, genes with large and dark green nodes have the overexpression, and smaller and red nodes have the down

expression.

In ontology analysis, one MF was significantly
enriched (P-adj Bonf > 0.05) which was related to
collagen binding. Also, five CC were significantly
enriched (P-adj Bonf > 0.05), which were related to
the Golgi-Cys apparatus, cell-cell contact zone,
contractile fiber, I band, and Z plates (Figure S3).
Enrichment analysis for DEGs between A vs J
individuals showed 20 BP significantly enriched (P-
adj Bonf > 0.05), which were mainly related to cell

death in response to oxidative stress, bone
regeneration, bone erosion, endothelial cell
differentiation and growth, endothelial barrier

creation, acetyl-CoA biosynthesis process from
pyruvate,  Thioester ~ metabolism/biosynthesis
process, nucleoside bisphosphate
metabolism/biosynthesis, metabolic process/purine
nucleoside bisphosphate biosynthesis, metabolic
process Acyl-CoA, metabolic process/biosynthesis
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of acetyl-CoA, metabolic process/biosynthesis of
ribonucleoside bisphosphate (Figure S2).
Gene Network, Gene Ontology and Biological
Pathways between DEGs of A vs E stages
Among the 62 DEGs identified between A vs E
stages, finally, the gene interactive network was
plotted between 47 genes (Figure 6). The first
significant cluster with a P-Value of 0.004 had five
nodes including CASQ1, TMOD4, ACTN3, MYHL,
and FBP2 genes, all of which had overexpression

which is impressive in muscle contraction,
hypertrophy, and regulation of calcium ion
concentration in the sarcoplasmic reticulum

(Almenar-Queralt et al., 1999; Ribeiro et al., 2014;
Terentyev et al., 2003) as well as participating in
regulation the process of gluconeogenesis (Rakus et
al., 2005). The second significant cluster with a P-
Value of 0.018 had seven nodes that included
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SLC2A4, MX1, COX4l11, SOD2, MFN2, UQCRB,
and UCP3 genes, and all of them had overexpression
which played a role in the easy release of insulin-
dependent glucose in adipose tissue and striated
muscles (skeletal and heart muscle), induction of
interferon in macrophages and adjustment the
cellular immunity in cell (Horisberger, 1992),
production of mitochondrial cytochrome ¢ oxidase
enzyme and adjustment the equilibrium of the proton
electrochemical  (Huattemann et al, 2001),
production of mitochondrial superoxide dismutase 2
(Zelko et al., 2002) in the mitochondrial respiratory
chain and electron transport (Jung et al., 2011), The
expression of GTPase proteins that are embedded in
the outer membrane of mitochondria and are
necessary for mitochondrial fusion and also energy
balance in the mitochondria (Boss et al., 1998;
Filadi et al., 2018). The SLC2A4 gene from this
cluster has been identified and reported as
differential genes in comparative transcriptome
profiling of longissimus muscle tissues from
Qianhua Mutton Merino and Small Tail Han sheep
(Sun et al., 2016a). The third significant cluster with
a P-Value of 0.030 also had three nodes including
PRKAB2, PHKG2, and PPP1R3C genes, where
PPP1R3C and PRKAB2 genes had overexpression
and PHKG2 gene had down expression. These genes
are involved in cell energy supply through the
expression of phosphorylase b kinase enzyme
(CHEUNG et al., 2000). This enzyme activates
glycogen phosphorylase b to maintain the normal
level of glucose between meals by breaking down
the glycogen (Huang et al., 1993). PPP1R3C gene
from this cluster has been identified and reported as
differential genes in comparative transcriptome
profiling of longissimus muscle tissues from
Qianhua Mutton Merino and Small Tail Han sheep
(Sun et al., 2016a).

Ontology enrichment analysis for DEGs between
adult and 70 days embryonic stages showed that 25
BP were significantly enriched (P-adj Bonf > 0.05).
These processes are mainly related to the bone-
building process, positive regulation of organ and
muscle tissue growth, angiotensin pathway and
responses, regulation of striated muscle contraction,
calcineurin-mediated signaling, calcineurin-NFAT
signaling cascade and its regulation, regulation of
receptor signaling pathway through JAK-STAT,
calcium-mediated  signaling, and  cellular
carbohydrate biosynthesis. The significant MF of
enrichment (P-adj Bonf > 0.05) was related to the
regulation of cation channel activity. A CC was also
significantly enriched (P-adj Bonf > 0.05) which was
related to contractile fiber (Figure S3). Therefore, it
is very important to evaluate genes at the level of the
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transcriptome, which has significant differentially
expressed levels in different stages of development,
as well as to determine the amount and mode of
action of these regulatory factors on the control of
the function of a tissue.

Conclusion

This study has investigated the expression profile
of muscle genes by integrating the transcriptome
data of Texel sheep muscle tissue (obtained from
two different methods, microarray and RNA-Seq
methods) at three important age points. By
assessment the gene network among the DEGs of
three age stages, 37 genes, including CCND2,
UBE2C, BUB1, RAD51, CKS2, CCNB1, NCAPG,
ASF1B, RFC2, KIAA0101, CKAP2L, CKM,
MYH1, AMPD1, ACTN3, CASQl, MYOZi,
MYOT, TMOD4, ACTN2, XIRP2, PDLIMS,
AOX1, ALDH2, ALDH1Al, AKR1Al, FBP2,
SLC2A4, MX1, COX4l1, SOD2, MFN2, UQCRB
and UCP3, PRKAB2, PHKG2, PPP1R3C were
selected. The gene ontology and enrichment analysis
of the identified DEGs revealed the function of these
genes in cell proliferation, protein synthesis,
formation, and organization of myofibrils (in the
embryonic stage), muscle contraction (in the
juvenile stage) and lipid metabolism (in the adult
stage). By integrating the expression data obtained
from two different methods, this study provided a
general view of the differences in transcriptomes in
the muscle tissue of sheep at three important age
points. Also, the selected genes such as BUBL,
RFC2, KIAA0101, RAD51, CKS2, and UQCRB
that were identified for the first time in this study can
be a useful source for biological investigations of
genes related to muscle growth and development in
sheep. In the end, it can be said that the data
integration method can complete many incomplete
studies and provide useful results. However, for the
final approval, laboratory validation and additional
studies are needed.
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Figure S1. The ontology of the DEGs identified between the 70-day embryonic and juvenile stages. Small nodes are
genes and large nodes are ontology phrases.

http://jcmr.um.ac.ir
S1-S3



Journal of Cell and Molecular Research (2024) 16 (1), S1-S3 Integrating RNAseq and Expression Array Data in Sheep Muscle Tissue
(Mohammadi et al.)

. it o
—

velcgment - o
’_ - . toc
,"’4' z//’

/,

/

PECHMT contractile fiber part

collagen binding .
CTsL

.

L] .
o =<acetyl-CoA i

o ' biosyrithetic cell death in

o \processfrom  response'to

| pyruvate, oxidative stréss

ARLEIPS

LRPAP1

ARAPY

Figure S2. Ontology of DEGs identified between adult and juvenile stages. Small nodes of genes and large nodes of
ontology are phrases

http://jcmr.um.ac.ir
S1-S3



Journal of Cell and Molecular Research (2024) 16 (1), S1-S3 Integrating RNAseq and Expression Array Data in Sheep Muscle Tissue

(Mohammadi et al.)

o
gellular e . N
carbohydrate ‘\.\
biosynthetic \
pHta2 Process o s — .
" regulation o
- calcium-mediated.
PECAM s |ng “

|_“-vasculogenesis
X Ny

oD LAY alcneunn-MEAT sgnakng
! ',
__/ ™,
”/ ™ S .

gnaling  positve reguiation of muscie.efan
T deydiopme

Figure S3. The ontology of the DEGs identified between the 70-day embryonic and adult stages. Small nodes are
genes and large nodes are ontology phrases.

http://jcmr.um.ac.ir
S1-S3



