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ABSTRACT

In order to understand the causes of bovine embryo mortality and viability, it is necessary to identify different pathways
between the embryonic fission and the blastocyst. The enriched sets of genes from a bovine embryonic cell to a 16-cell and
blastocyst stage were examined. The raw DNA microarray data was downloaded from the GEO database. Then
differentially expressed probes were enriched with the online software agriGO v2 by means of singular enrichment analysis
(SEA). The results of this study showed that a total of 5 genes with increased expression, including KPNA7, RGS2, TESC,
MLLT11, BMP15 and 5 genes with decreased expression, including KRT8, CLDN6, PLACS, FN %, KRT18 had the highest
differentially expressed pattern (P <0.05). In addition, 39 gene sets in various molecular metabolic pathways, including
NADP metabolism, tRNA, ATP, phospholipid catabolism, apoptosis and cell growth, glycolysis, mitosis; 13 gene sets on
the path of molecular functions, including manganese ion, RRNA, cytochrome C oxidation activities, translation primers,
ATP and ATPase activity and at the level of the cellular components of 12 gene sets on the path of the cytoplasmic cavesicle
membrane, endoplasmic reticulum membrane, microtubules and Spindles and plasma membrane showed the highest
enrichment (P <0.05). As a result, the gene sets enriched with blastocysts indicate the beginning of cell differentiation and
the transition from the blastocyst state to the implantation process. Ultimately, at this stage, gene sets are expressed, the
interaction of which is likely to result in the survival or analysis of the embryo.
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Figure 1. Distribution diagram of principal component analysis (PCA)
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Figure 2. Volcano diagram for the identification of different expression probes (P<0.05).
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Table 1. Different expression genes (n = 10) in the blastocyst stage.

ProbeName Gene

Description log2FC AdjP-Value

Bt.25374.1.A1 at KPNA7 Karyopherin subunit alpha 7
Regulator of G-protein signaling 2

Bt.10855.1.S1_at RGS2
Bt.18080.3.A1 at TESC Tescalcin

4.423798 5.09E-07
4.178549 4.19E-06
3.40824 4.39E-06

Bt.3735.1.A1 at MLLTI1  Myeloid/lymphoid or mixed-lineage Leukemia; translocated to, 11 3.329412 8.54E-09

Bt.22954.1.S1 at BMPI15 Bone morphogenetic protein 15

Bt.23608.1.S1 s at KRT8 Keratin 8
Bt.24617.1.A1 at CLDNG6 Claudin 6
Bt.21883.1.S1 at PLAC8 Placenta-specific 8
Bt.23418.1.S1_at FN1 Fibronectin 1
Bt.1745.1.S1 at KRT18 Keratin 18

3.314015 1.29E-05
-5.16312 1.64E-10
-4.78228 1.44E-09
-4.4626 5.91E-08
-4.09489 1.50E-10
-4.01235 1.64E-10
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Positive values indicated upregulate and negative values indicate down regulate.
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Table 2. Enriched pathways at the level of biological processes using agriGO V2 website and SEA analysis

GO_acc Term Item Percent AdjP-Value
GO:0006915 Apoptosis 45 4.80 1.00E-21
GO:0009069 Serine family amino acid metabolic process 19 2.03 2.10E-12
GO:0006366 Transcription from RNA polymerase II promoter 17 1.81 1.50E-08
G0:0007067 Mitosis 12 1.28 2.80E-07
GO:0031327 Negative regulation of cellular biosynthetic process 12 1.28 4.00E-07
GO:0044275 Cellular carbohydrate catabolic process 14 1.49 7.10E-07
GO:0034637 Cellular carbohydrate biosynthetic process 11 1.17 1.00E-06
G0:0006096 Glycolysis 12 1.28 1.50E-06
GO:0009064 Glutamine family amino acid metabolic process 9 0.96 5.10E-06
GO:0006633 Fatty acid biosynthetic process 9 0.96 7.70E-06
GO:0006073 Cellular glucan metabolic process 8 0.85 8.60E-06
GO:0006606 Protein import into nucleus 10 1.07 1.50E-05
GO:0001558 Regulation of cell growth 8 0.85 2.00E-05
GO:0045859 Regulation of protein kinase activity 9 0.96 2.10E-05
GO:0008652 Cellular amino acid biosynthetic process 8 0.85 2.90E-05
GO:0006694 Steroid biosynthetic process 7 0.75 8.10E-05
G0:0008380 RNA splicing 7 0.75 0.00012
GO:0009072 Aromatic amino acid family metabolic process 6 0.64 0.00022
GO:0006760 Folic acid and derivative metabolic process 6 0.64 0.00022
GO:0009395 Phospholipid catabolic process 5 0.53 0.00023
GO:0009063 Cellular amino acid catabolic process 9 0.96 0.00038
GO:0006739 NADP metabolic process 5 0.53 0.00038
GO:0030833 Regulation of actin filament polymerization 5 0.53 0.00038
GO:0018193 Peptidyl-amino acid modification 7 0.75 0.00041
GO:0045892 Negative regulation of transcription, DNA-dependent 5 0.53 0.00061
GO:0055066 di-, tri-valent inorganic cation homeostasis 12 1.28 0.00065
GO0:0001932 Regulation of protein amino acid phosphorylation 5 0.53 0.0009
GO:0015986 ATP synthesis coupled proton transport 12 1.28 0.0011
GO:0008654 Phospholipid biosynthetic process 7 0.75 0.0017
GO:0006665 Sphingolipid metabolic process 5 0.53 0.0018
GO:0043414 Macromolecule methylation 5 0.53 0.0025
GO:0007596 Blood coagulation 5 0.53 0.0043
GO:0016567 Protein ubiquitination 5 0.53 0.0043
GO:0033674 Positive regulation of kinase activity 5 0.53 0.0054
GO:0006418 tRNA aminoacylation for protein translation 9 0.96 0.0054
GO:0006511 Ubiquitin-dependent protein catabolic process 14 1.49 0.014
GO:0006650 Glycerophospholipid metabolic process 6 0.64 0.028
GO:0006754 ATP biosynthetic process 12 1.28 0.044
GO:0006399 tRNA metabolic process 9 0.96 0.044
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Figure 4. Enrichment of genes in the pathways leading to apoptosis (a), mitotic (b) and glycolysis (c)
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Table 3. Enriched pathways at the level of molecular functions using agriGO V2 website and SEA analysis

GO _acc Term Item  Percent  AdjP-Value
GO:0003779  Actin binding 17 1.81 0.00065
GO:0005544  Calcium-dependent phospholipid binding 5 0.53 0.016
GO:0004129  Cytochrome-c oxidase activity 8 0.85 0.0045
GO:0046933  Hydrogen ion transporting ATP synthase activity, rotational mechanism 10 1.07 2.90E-05
GO:0030145  Manganese ion binding 7 0.75 0.00014
GO:0035091  Phosphoinositide binding 8 0.85 0.032
GO:0004674  Protein serine/threonine kinase activity 16 1.71 0.0047
GO:0046961  Proton-transporting ATPase activity, rotational mechanism 10 1.07 0.00017
GO:0019843  rRNA binding 7 0.75 0.0012
GO:0043566  Sructure-specific DNA binding 5 0.53 0.018
GO:0004298  Threonine-type endopeptidase activity 7 0.75 0.004
GO:0003743  Translation initiation factor activity 9 0.96 0.00094
GO:0008121  Ubiquinol-cytochrome-c reductase activity 6 0.64 0.00094
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Table 4. Enriched pathways at the level of cellular components using agriGO V2 website and SEA analysis

GO acc Term

queryitem Percent AdjP-Value

GO:0044448 Cell cortex part 5 0.53 0.00056
GO:0030054  Cell junction 10 1.07 0.0032
GO:0030659 Cytoplasmic vesicle membrane 6 0.64 0.001
GO:0005789 Endoplasmic reticulum membrane 20 2.13 7.50E-10
GO:0019897 Extrinsic to plasma membrane 7 0.75 0.001
GO:0005887 Integral to plasma membrane 25 2.67 3.20E-06
GO:0005874 Microtubule 7 0.75 0.021
GO:0005758 Mitochondrial intermembrane space 5 0.53 0.0012
GO:0005753 Mitochondrial proton-transporting ATP synthase complex 8 0.85 0.0001
GO:0005635 Nuclear envelope 10 1.07 0.00042
G0:0005819 Spindle 5 0.53 0.00021
GO:0005667 Transcription factor complex 30 3.20 8.40E-19
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Figure 5. Genes sets enrichment in the pathways leading to transcription factor (a) and endoplasmic reticulum
membrane (b).
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Table 5. List of common genes in cell development pathways, fat metabolism, amino acids, carbohydrates and glycolysis

Probe Gene Description Log2FC AdjP-Value
Bt.1552.1.S1 at SARS Seryl-tRNA synthetase -1.14748 0.000974
Bt.10013.1.S1_at ASL Argininosuccinate lyase -1.68481 0.000304
Bt.5345.1.S1 _at MDH1 Malate dehydrogenase 1 -3.15913 5.91E-08
Bt.10437.1.S1_at IARS2 Isoleucyl-tRNA synthetase 2, Mitochondrial -1.84686 0.002316
Bt.20281.2.S1 a at PGM1 Phosphoglucomutase 1 -1.05743 0.047369
Bt.20193.1.S1_at GARS Glycyl-tRNA synthetase -1.35532 0.016346
Bt.9095.1.S1 at HSD17B4 Hydroxysteroid 17-beta dehydrogenase 4 -1.33895 0.041724
Bt.23569.1.S1_at ACAA2 Acetyl-CoA acyltransferase 2 -1.53185 0.009337
Bt.24576.1.A1 at BPGM Bisphosphoglycerate mutase 2.403531 4.84E-05
Bt.8077.1.S1 _at PGK1 Phosphoglycerate kinase 1 -1.56586 0.014985
Bt.5231.1.S1 _at HSD17B10  Hydroxysteroid 17-beta dehydrogenase 10 -1.28335 0.006111
Bt.1229.1.S1_at APOALI Apolipoprotein Al -1.35003 0.008129
Bt.17910.1.A1 _at CORO2A Coronin 2A -1.29764 0.000612
Bt.7915.1.S1 at MDH?2 Malate dehydrogenase 2 -1.69465 0.001373
Bt.20265.1.A1 at ECD Ecdysoneless cell cycle regulator -1.31495 0.026784
Bt.19087.1.A1 at MTR S-methyltetrahydrofolate-homocysteine methyltransferase 1.019277 0.044583
Bt.2973.2.S1 a at PDHB Pyruvate dehydrogenase -3.6069 7.02E-10
Bt.7283.1.S1_at TALDOL1 transaldolase 1 -1.79361 5.03E-05
Bt.18637.1.A1 at PTS 6-pyruvoyltetrahydropterin synthase -1.30818 0.011795
Bt.13505.1.S1_at GPI Gucose-6-phosphate isomerase -1.41699 0.013255
Bt.20919.2.A1 at GNMT Glycine N-methyltransferase -2.03987 0.000571
Bt.22783.1.S1_at ENO1 enolase 1 -1.54494 4.04E-05
Bt.5252.1.S1 at PGAM1 Phosphoglycerate mutase 1 -1.21819 0.001
Bt.22533.1.S1 at ALDOA Aldolase, fructose-bisphosphate A -1.4058 0.000859
Bt.20604.1.S1_at TARS Threonyl-tRNA synthetase -1.32657 0.000521
Bt.2173.1.S1 at ALDHS5AL Aldehyde dehydrogenase 5 family member Al -1.71 0.006605
Bt.2428.1.S1 _at EPRS Glutamyl-prolyl-tRNA synthetase -1.63346 0.000451
Bt.3005.1.S1_at LDHB Lactate dehydrogenase B -1.65213 0.004291
Bt.7849.1.S1 at KARS Lysyl-tRNA synthetase -1.19524 0.005977
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