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Extraction of cause-and-effect transcriptomic relationship in mammary gland tissue of dairy
cattle using Bayesian network.
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The aim of this study was to identify regulatory genes affecting mastitis in dairy cattle using DNA
microarray data. To reach this goal, the gene expression data with the largest number of arrays
pertained to GPL1221 Platform with accession number GSE24560 was extracted from the GEO
database. For quality control of data, ArrayQualityMetrics package and for preprocessing of data,
three step function in AffyPLM, an add-in package in R environment were used. After identifying
differentially expressed genes, a Tabu search algorithm was used to determine regulatory genes
using bnlearn package in R environment. The results of this study revealed the causative and
regulatory role for BCL2A, CCL2, S100A12, AOX1 and MGP genes on expression of other genes
in mastitis of dairy cattle. Gene anthology analysis revealed significant differences in 7 groups of
molecular function, 48 groups of biological process and 11 groups of cellular components. Also, the
results of the enrichment of the gene expression data set showed that most of the differentially genes
expressed in this study that were significantly (P<0.05) active in metabolic pathways (GO: 0009605,
GO: 0002376 and GO: 0006954) involved in response to pathogens, immune response and response
to inflammation in the mammary tissue of dairy cattle.

. L. )
Key words: DNA Microarray, Mastitis, Regulatory Genes, Anthology. J
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FDR p-value Description GO Term

2e-23 5.8e-26 response to external stimulus G0:0009605
1.2e-22 7e-25 immune system process G0:0002376
1.7e-21 1.4e-23 inflammatory response G0:0006954
1.4e-20 1.6e-22 positive regulation of biological process G0:0048518
7.7e-19 1.1e-20 response to wounding G0:0009611
5.5e-16 9.4e-18 cell differentiation G0:0030154
5.6e-16 1.1e-17 positive regulation of cellular process G0:0048522
7.9e-16 1.8e-17 response to stimulus G0:0050896
6.4e-15 1.7e-16 anatomical structure development G0:0048856
8.7e-15 2.5e-16 acute inflammatory response G0:0002526
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4.8e-14
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5.7e-13
5.7e-13
6.2e-12
1.1le-11
5.9e-11
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1.6e-10
1.8e-10
2.1e-10
2.1e-10
7.6e-10
7.6e-10
7.6e-10
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4.6e-09
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4.1e-08
4.1e-08
4.1e-08
4.6e-08
4.6e-08
4.9e-08
6.1e-08
6.1e-08
1.3e-07
1.5e-07

7.1e-16
1.6e-15
1.6e-14
2.3e-14
2.4e-14
2.8e-13
5.5e-13
3.1e-12
7.5e-12
9.4e-12
1.1le-11
1.4e-11
1.4e-11
5.7e-11
5.7e-11
5.7e-11
9.9e-11
3.7e-10
1.5e-09
2.4e-09
3.9e-09
3.9e-09
3.9e-09
4.6e-09
4.6e-09
5.1e-09
6.6e-09
6.6e-09
1.5e-08
1.8e-08
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defense response
system development
cellular developmental process
organ development
multicellular organismal process
antigen processing and presentation
response to chemical stimulus
immune response
negative regulation of biological process
multicellular organismal development

response to stress

regulation of multicellular organismal process

locomotion
taxis
locomotory behavior
chemotaxis
behavior
developmental process
humoral immune response
cell-cell signaling
regulation of apoptosis
regulation of programmed cell death
regulation of cell death
programmed cell death
apoptosis
negative regulation of cellular process
death
cell death
anatomical structure morphogenesis

response to biotic stimulus

b

G0:0006952
G0:0048731
G0:0048869
G0:0048513
G0:0032501
G0:0019882
G0:0042221
G0:0006955
G0:0048519
G0:0007275
G0:0006950
G0:0051239
G0:0040011
G0:0042330
G0:0007626
G0:0006935
G0:0007610
G0:0032502
G0:0006959
G0:0007267
G0:0042981
G0:0043067
G0:0010941
G0:0012501
G0:0006915
G0:0048523
G0:0016265
G0:0008219
G0:0009653
G0:0009607
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1.5e-07
4e-07
4e-07
2.9e-06
4.3e-06
2.4e-05
2.4e-05
0.00065
3e-07
1.8e-06
7.8e-06
0.00076
0.0011
0.032
0.044
5.9e-36
4.7e-27
4.2e-07
5e-06
5e-06
8.1e-06
1.2e-05
7.4e-05
0.0097
0.0097
0.033

1.8e-08
5e-08
5e-08
3.7e-07
5.6e-07
3.2e-06
3.2e-06
8.9e-05
4.2e-09
5.1e-08
3.3e-07
4.2e-05
7.4e-05
0.0027
0.0043
5.6e-38
8.9e-29
1.2e-08
2.3e-07
2.4e-07
4.7e-07
7.8e-07
5.6e-06
0.00093
0.00093
0.0034

protein maturation by peptide bond cleavage

protein processing
protein maturation
innate immune response
growth
cell adhesion
biological adhesion

regulation of biological quality

extracellular matrix structural constituent

protein binding
receptor binding
cytokine receptor binding
calcium ion binding
endopeptidase inhibitor activity
peptidase inhibitor activity
extracellular region part
extracellular region
plasma membrane
cytoplasm
proteinaceous extracellular matrix
extracellular matrix
extracellular matrix part
plasma membrane part
intrinsic to plasma membrane
integral to plasma membrane

protein complex

G0:0051605
G0:0016485
G0:0051604
G0:0045087
G0:0040007
G0:0007155
G0:0022610
G0:0065008
G0:0005201
G0:0005515
G0:0005102
G0:0005126
G0:0005509
G0:0004866
G0:0030414
G0:0044421
G0:0005576
G0:0005886
G0:0005737
G0:0005578
G0:0031012
G0:0044420
G0:0044459
G0:0031226
G0:0005887
G0:0043234
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FDR BJ BF FE P C Term
Enrichment Score: 4.91 Vs
1.5E-7 1.3E-8 1.3E-8 33.16 1.4E-10 9 bta05332:Graft-versus-host disease
2.0E-5 4.5E-7 1.8E-6 9.77 1.8E-8 12 bta05168:Herpes simplex infection
Enrichment Score: 4.21 Vad s
7.6E-6 2.2E-7 6.7E-7 10.73 6.8E-9 12 bta05164:Influenza A
2.0E-5 4.5E-7 1.8E-6 9.77 1.8E-8 12 bta05168:Herpes simplex infection
Enrichment Score: 3.99 Vel
3.3E-4 5.0E-6 3.0E-5 12.89 3.0E-7 9 bta04668:TNF signaling pathway
0.74 0.002 0.06 5.20 6.7E-4 8 bta04060:Cytokine-cytokine receptor interaction
Enrichment Score: 2.79 Fads
0.001 1.9E-5 1.5E-4 18.36 1.6E-6 7 bta05150:Staphylococcus aureus infection
11.77 0.03 0.67 8.36 0.01 4 bta04610:Complement and coagulation cascades
Enrichment Score: 2.19 0 4l
2.06 0.007 0.16 9.211 0.001 5 bta04974:Protein digestion and absorption

*C:count, P:p value, FE: Fold Enrichment, BF: Bonferroni, BJ: Benjamini
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