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Introduction Among different sheep breeds in the world, the Texel breed is known as a meaty
and muscular breed. Skeletal muscle growth is a step-by-step and exponential process from
differentiation, development and maturation, which is regulated by gene networks and cell
signaling pathways, and several genes and factors are involved in the process of muscle fiber
formation and their growth and hypertrophy (Badday Betti et al. 2022). The study of gene
expression is done with several methods, and this gene expression information is used in
breeding programs as a tool to improve phenotypic choices. Databases are a large source of
expression data that can be used by bioinformatics methods to integrate heterogeneous data
from different studies and platforms. In this study, by integrating the microarray and RNA-Seq
data available in the database belonging to the muscle tissue of Texel breed sheep, the
transcriptomic profile of the muscle was compared at two ages of embryonic and adult.

Materials and Methods Microarray data related to longissimus dorsi muscle tissue with three
replicates d-70 embryos from GEO database with accession number GSE23563 and RNA-Seq
data related to muscle tissue from six samples with two replicates from adult individuals from
ArrayExpress database were selected. Limma, Biobase and GEOquery software packages were

used to calculate the expression values of the microarray data related to the embryonic age in
the R environment, and Tuxedo, HTSeq and DESeq2 packages were used in the Linux and R
environment to calculate the expression values of the RNA-Seq data (Kamali et al. 2022;
Sahraei et al. 2019). Then two types of expression values were integrated and to eliminate non-
biological effects, the batch effects were also removed. Next, differential genes were identified

with the limma software package. In order to identify the relationship between the identified
differential genes, the gene network was drawn between them by software of Cytoscape
version 3.7.1 and String 1.5.1 program. next, due to the vastness of the gene network, each
network was clustered with MCODE 1.6.1 and CytoCluster 2.1.0 programs (ClusterOne
algorithm) and significant clusters (P-value < 0.05) were identified (Saedi ef al. 2022). In order
to better understand the ontology and function of the identified differential genes, the Gene
Ontology of the genes was investigated using software of Cytoscape version 3.7.1 and ClueGO
2.5.9 and CluePedia 1.5.9 programs. After receiving the Gene Ontology results, significant
Gene Ontology terms (P-Value < 0.05) related to functional groups were identified. Finally,
the selected genes (Adj P-Value <0.05) were identified and introduced in these two age groups.
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Results and Discussion After quality control, correcting and normalizing the microarray data,
the GPL10778 platform annotation file with 1042520 Probe ID was used to calculate their
expression values. After relevant analyzes of 9289 Probe ID identified related to the data of
this study, 7918 Gene Symbol was identified finally. After quality control, trimming and
normalizing the RNA-Seq data in total, the number of Ensembl Genes based on which the
reading values were calculated by HTSeq was 27056. After removing IDs that had zero
readings in all 6 samples, 10855 IDs remained. Then, these 10855 Ensembl ID were merged
with the annotation file to obtain Gene Symbol, and finally 9417 common genes were
identified between the six samples of adult age. The results of differential expression analysis
showed that there were significant differences in the expression of 62 genes (37 increased and
25 decreased) in the muscle tissue between adult and embryonic age. By creating a gene
network between differential genes, 15 selected genes were identified, including MYH]1,
ACTN3, CASQ1, TMOD4, FBP2, SLC2A4, MX1, COX4I1, SOD2, MFN2, UQCRB, UCP3,
PRKAB2, PHKG2, PPPIR3C. The function of these genes has been proven in cell
proliferation, protein synthesis, myofibril formation, and lipid metabolism. Differential gene
enrichment analysis revealed some biological processes such as Vasculogenesis, positive
regulation of ossification, positive regulation of muscle tissue development, regulation of
muscle contraction, contractile fiber part, calcium signaling, calcineurin-NFAT signaling
cascade and regulation of receptor signaling pathway via JAK-STAT, the molecular function
of regulating cation channel activity and the cellular components of the contractile fiber.
Conclusion This study in addition to confirming the accuracy of the integration method of two
types of heterogeneous data, provided a general view of the transcriptomic differences of Texel
sheep muscle tissue at two important age points to be a useful source for biological
investigations of genes related to muscle growth and development in sheep.
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Figure 2- Boxplot of the distribution of gene
expression values obtained from microarray and
RNASeq methods after integration and removing
batch effects. The green areas include the first
quartile, the middle quartile, and the third quartile.
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Table 3- Genes with increased expression between adult and 70 days of embryonic age.

Gene Symbol logFC AveExpr T-test P.Value adj.P.val  Bonferroni
FBP2 3.034244 7.453365 5.539103 8.48E-06 0.001991 3.670732
PPP1R3C 2.823403 10.138 3.91733 0.000589 0.024217 -0.32517
HSD11B1 2.782934 6.12764 6.866368 2.92E-07 0.000161 6.835957
MYH1 2.260161 11.59883 8.366309 8.3E-09 1.36E-05 10.13162
ACTN3 2.178041 8.273333 4.354317 0.000189 0.012926 0.744079
SLC2A4 2.054425 7.460889 5.582893 7.57E-06 0.001914 3.777934
KLF9 1.963932 5.503618 7.091172 1.68E-07 0.00015 7.350841
COX4l11 1.927319 9.562411 5.445294 1.08E-05 0.002093 3.440628
FGL2 1.924955 6.438032 5.259021 1.76E-05 0.002754 2.982131
TMOD4 1.863128 8.802091 4.765696 6.41E-05 0.006388 1.761543
MX1 1.846713 6.704768 3.995615 0.000481 0.021306 -0.13506
MBP 1.795783 7.179845 4716971 7.29E-05 0.007046 1.640821
UQCRB 1.719672 9.54251 5.127208 2.48E-05 0.003055 2.656649
PLN 1.705074 7.953816 3.671922 0.001108 0.036073 -0.91539
CAV1 1.674279 6.466443 4671898 8.2E-05 0.007491 1.529168
ALDH1A1 1.581084 6.428051 5.793099 4.4E-06 0.001204 4.290455
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NOSTRIN
AASS
UCP3
CTSL1
NFAT5
AFF1
SOD2
Clorf2l
AMOT
CASQ1
PECAM1
NAMPT
CA2
VEGFA
PRKCZz
MTUS1
PTPN14
SYBU
AKAP7
MFN2
PRKAB2

1.453875
1.40669
1.391164
1.378055
1.320186
1.30939
1.278101
1.276609
1.274326
1.269251
1.26162
1.252677
1.24611
1.216136
1.18494
1.127114
1.085529
1.081182
1.076681
1.026356
1.004612

5.335228
5.367752
4.897552
7.631864
7.125953
6.417712
6.632185
6.198659
7.106552
8.953483
8.528891
6.575231
5.798616
6.898503
5.038701
6.009025
7.391925
5.567166
5.927487
7.883619
6.775296

6.130006
5.088528
3.749894
4.188295
4.058485
5.037472
4.075197
3.73043
3.860116
3.686058
3.988622
3.677914
4.286247
4.331761
4.110057
3.852893
3.59518
3.733414
5.367946
3.803323
3.674774

1.85E-06
2.75E-05
0.000908
0.000291
0.000409
3.14E-05
0.000391
0.000954
0.000683
0.001069
0.00049
0.001092
0.000226
0.0002
0.000357
0.000696
0.001348
0.000947
1.32E-05
0.000791
0.0011

0.000554
0.003227
0.032785
0.016767
0.019385
0.003562
0.019196
0.033723
0.027392
0.036073
0.021306
0.036073
0.014539
0.013164
0.018944
0.027571
0.040657
0.033723
0.002351
0.030185
0.036073

5.10352
2.561013
-0.72891
0.335773
0.018143
2.434704
0.058941
-0.77556

-0.4636
-0.88166
-0.15208

-0.9011
0.576431
0.688492
0.144137
-0.48104
-1.09786
-0.76841

3.25048
-0.60054
-0.90859

2 Sio) Ve g fob gl o ol SRR o = € Joua

Table 4- Genes with decreased expression between Adult and 70 days of embryonic age.

Gene Symbol logFC AveExpr T-test P.Value adj.P.val Bonferroni
NNAT -2.41962 8.500148 -4.04752 0.00042 0.019467 -0.00862
ACOT7 -1.7284 5.420076 -6.51776 6.95E-07 0.000286 6.02412
IGFBP2 -1.55898 7.795998 -7.05712 1.83E-07 0.00015 7.273291
SFRP2 -1.49095 7.345442 -4.78297 6.13E-05 0.006295 1.804346
ISYNA1 -1.41615 5.849885 -8.49402 6.21E-09 1.36E-05 10.39651
ABI3BP -1.38777 8.139394 -4.24061 0.000254 0.015223 0.464209
CTNNB1 -1.34473 9.220989 -4.2457 0.000251 0.015223 0.476728
SNAP25 -1.34138 5.926042 -6.8015 3.43E-07 0.000161 6.686106
MLLT11 -1.28446 5.608408 -6.27621 1.28E-06 0.00042 5.452683
VCAN -1.26264 6.098742 -4.56524 0.000109 0.008921 1.265119
HN1 -1.23088 7.958271 -4.54582 0.000114 0.009159 1.21707
ERBB3 -1.2049 7.262624 -3.71656 0.000989 0.034048 -0.80877
VSNL1 -1.20476 4.388637 -4.5276 0.00012 0.009379 1.17199
KIAA0101 -1.19771 7.019201 -5.18265 2.15E-05 0.003055 2.793629
ACAN -1.19551 4.322863 -3.59735 0.001341 0.040657 -1.09271
CDK2AP1 -1.1836 8.28275 -3.97701 0.000505 0.021557 -0.18032
AGTR2 -1.08291 5.009504 -6.82985 3.19E-07 0.000161 6.751666
PIGU -1.07011 8.185229 -5.12811 2.48E-05 0.003055 2.658887
MFAP2 -1.05935 8.882939 -4.06435 0.000402 0.019385 0.032461
EMILIN2 -1.03678 6.224918 -4.38136 0.000176 0.012298 0.810768
INTS10 -1.0179 5.922382 -3.53011 0.001591 0.044407 -1.25166



CKS2 -1.01125 7.343007 -4.49475 0.000131 0.009758 1.090771

TTLL1 -1.01047 4.55422 -6.36673 1.02E-06 0.000371 5.667644
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Figure 4- Significant clusters of the interaction network of identified DEGs between Adult and 70 days of
embryonic age. 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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Figure 5- Relationship between the ontology of identified DEGs between Adult and 70 days embryonic age. Small

nodes are genes and large nodes are ontology terms.
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Table 5- The identified ontology terms of DEGs between Adult and 70 days of embryonic age.

GO-1D GO-Term Class  PValue Bonferroni Associated Genes
G0:0001570 Vasculogenesis BP 7.8E-4 5.5E-3 [AMOT, CAV1, CTNNB1]
GO:0034637  cellular Carbo;‘%‘izasts biosynthetic g5 5 1E 3 G5E-3  [ISYNAL PHKG2, PPPIRSC]

. regulation of receptor signaling i i
G0:0046425 pathway via JAK-STAT BP 4.3E-4 5.6E-3 [CAV1, PECAM], PIGU]
G0:1904892 regulation of receptor signaling BP  4.3E-4 5.6E-3 [CAV1, PECAM1, PIGU]

pathway via STAT

_ ~ . ) ) [ACTN3, CAV1, MFN2,
G0:0106106 cold-induced thermogenesis BP 1.5E-3 7.9E-3 PRKAB2]

. regulation of cold-induced i i [ACTN3, CAV1, MFN2,
G0:0120161 thermogenesis BP 2.2E-5 4.5E-4 PRKAB?]

. angiotensin-activated signaling i i [AGTR2, CAV1,
G0:0038166 pathway BP  2.8E-4 3.9E-3 LOC101113341]
GO0:0045778 positive regulation of ossification BP  54E-5 1.0E-3 [ACTN3, CTNNBL1, SFRP2]
GO:1901863  Positiveregulation of muscletissue 5o 4 gr 5 ggE3  [ACTNS, CTNNB1, ERBB3]

development
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[ACTN3, CTNNB1,

G0:0044449 contractile fiber part CC  2.8E-3 2.8E-3 PECAM1, TMOD4]
G0:0006937 regulation of muscle contraction BP 1.4E-3 8.6E-3 [ACTNS, (;fﬁ?l CAVL
GO:004g636  Positiveregulationof muscleorgan 5y 5ar 4 5gE3 [ACTNS, CTNNB1, ERBB3]
development
) — . . . i ) [ACTN3, CASQL, ERBB3,
G0:0019722 calcium-mediated signaling BP 5.3E-4 5.3E-3 NFATS, PLN]
GO0:0048016 inositol phosphate-mediated signaling  BP 2.8E-4 3.9E-3 [ACTN3, ERBB3, NFATS5]
GO:0006942 regulation of strlgted muscle BP 4.9E-4 5.9E-3 [ACTN3, CASQ1, CAV1,
contraction PLN]
GO:.0045844 ~ PosSitiveregulation of striated muscle 5y 4 5e 4 17p3  [ACTNS, CTNNB1, ERBB3]
tissue development
G0:0033173 calcineurin-NFAT signaling cascade BP 49E-4 5.9E-3 [ACTN3, ERBB3, NFAT5]
GO:0106056  regulation OfS?gLZI';ﬁ:””'mEd'ated BP 72E5  12E3 [ACTNS3, ERBB3, NFAT5]
G0:2001257 regulation of cation channel activity BP, MF 2.56E-4 3.8E-3 [CASQ1, CAV], PLN]
G0:0070884 regulation of calcineurin-NFAT BP 12E-4  20E-3  [ACTN3, ERBB3, NFATS]

signaling cascade
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