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Table 1. The investigated genes list in the genome-wide association studies for somatic cells score in dairy cows

e
References

o3
Genes

(20)
(46)

ALX1, BTBD3, KCTD12, LRP1B, MGC152575, RANBP17, STK39
C10H150rf41, ANKRD55

ALCAM, ANKRD33B, C200RF96, CMBL, CTNND2, DDX4, DEFB117,
DEFB119, DEFB122, DEFB122A, DEFB123, DEFB129, DNAH5, EGFLAM,

(45) FNDC3B, IL31RA,

ISPD, MC4R, PRKCSH, REM1, ROPNI1L, SFMBTI,

SLC38A9, SNORA18, SNORD123, SOX10, TAS2R1, TMEM110, TMEM212, U2,

U6, ZBTB20, ZCCHC3

ACSS3, ALG6, C6H4orf19, CAMK1G, CCDC73, CEP170, CORO1C, DDR2,
DEPDC5, FAM19A1, HSD17B4, KCNB1, LPHN2, MEGF11, MTMR3, NEK11,

(71)

NR3C2, NUP98, PIK3C2A, PLXDC2, PLXNA4, RBM19, REEP1,

ROBO1,

RPH3A, SHISA9, SLCO3Al1, SORBS1, SP140L, STIM1, TADAl, THY1,
TRPM7, TUBB2B, VNN1, ZNF683

@)

DCK, DOKS5, ETV6, FOXK2, GCGR, GPRC5A, KCNG1, MANSC1, NFATC?2,
RGS9BP, RPTOR, SLC9AS, snoU2_19, TDRD12, TMPRSS11F, U6

ARHGAP39, BCL2A1, BMPR1A, C1D, CD180, CHRNA7, ETAAL, F9, G2E3,

(78)

GLRX, GRIA3, GRIK2,
MAPK15, MEMO1, NCOR1, PLEKHA2, PTK2, RAB3A, RWDD3, SAA2,

1DO1,

IGF1, ILDR2, ITPK1, LUZP2, MAGEF1,

SIDT1, TBXAS1, TRAPPCY, TSPYL5

(33)

CHPF2, MZT2B, SSPO

C9orf69, LHX3, QSOX2,

(22)

INPP5SE, SEC16A, NOTCH1, EGFL7, AGPAT?2,

FAMG69B, MRPL36, LPCAT1, SLC6A3, CLPTMIL, TERT, SLC6A18, SLC6A19,
SLC12A7, NKD2, TRIP13, BRD9, DEGS2, CHCHD6, TXNRD3, C3orf22,

CHST13, UROC1, ZXDC, SLC41A3, ALDH1L1, KLF15, CCDC37, LPIN2

(82) SYTL4

(44)

ACOT7, ACTL6B, C1H210RF56, CCER1, CFAP221, HMGCS1, KIAA1217,
ME3, NPFFR2, NSMCE2, SEC23A, TNFSF11, TPCNL1, ZBTB7C

ADAMTS12, ADGRA3, AGXT2, ANKRD17, ANO6, ARF3, ART3, BANP,

C1QTNF3, C20H50rf42, CNOT6L, CXCL9, DCK, FRS2,
GXYLT1, KAZN, KIF1B, KLHL20, KMT2D, NELL2, NFIB, NPR3, OSMR,
PCED1B, PDZD2, PRLR, PTPRR, RABGAP1L, RBP7,

(3%)

GC, NPFFR2,

RUFY3, SCNSA,

SHROOMS, SLC2A13, SLC38A1, SLC4A4, SOWAHB, SPEF2, SPSB1, TTC23L,
UBE4B, UGT2A1, VPS13D
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Figure 1. The overlap of a number of genes identified in the genome-wide association studies datasets for
somatic cells score in dairy cows. Also, studies 7, 8, 9, 10, and 11 were removed from the van diagram due to
non-overlap with other studies.
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4. Polyol metabolic process

5. Cellular amino acid catabolic process
6. Pyruvate metabolic process

7. Adenosine triphosphate
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Figure 3. The functional networks (cellular components) grouped for the somatic cells score trait in dairy
cows, large nodes represent functional terms that are related based on kappa score (> 0.3), and the most
important terms in each group are shown in bold. Each node size indicates the importance of gene ontology.
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Figure 4. The functional networks (molecular function) grouped for the somatic cells score trait in dairy cows,
large nodes represent functional terms that are related based on kappa score (> 0.3), and the most important
terms in each group are shown in bold. Each node size indicates the importance of gene ontology.
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Abstract

Background and objectives: Mastitis is an inflammatory disease in dairy cows that occurs in
response to infectious factors. This inflammatory disease has a high negative economic impact on
the dairy industry. In recent decades, somatic cell score has been used as an indirect method to
control mastitis. Resistance to infection disease may be defined as the ability of an animal to have an
immune response to prevent the spread of pathogens after infection. Previous studies showed that
animals differ in their genetic ability for immune competence. Genetic resistance to mastitis involves
interconnected biological mechanisms that result from differences in the response to mastitis that
activate and regulate different levels of the immune response. A better understanding of the immune
system and the metabolic pathways involved in responding to various pathogens may be used as a
complementary approach to the control of the disease. Several studies have been evaluated genetic
mechanisms affecting somatic cells score in dairy cows. Many candidate genes affecting somatic
cells score has been introduced. But the complex relationships between genes and pathways that
affect them have not been fully identified yet. The main purpose of this study is to integrate the
results of recent genome-wide association studies on somatic cells score using meta-analysis to
obtain a set of important genes and pathways.

Materials and methods: In this study, a search for the genome-wide association studies dataset
in Google Scholar was performed using the keywords Dairy cows, Genome-wide association
studies, and Somatic cells score. Gene sets were available in different populations of dairy cow
breeds (Holstein and Friesian breeds and red cows) in 11 independent studies from 2011 to
2019. Two hundred eighteen candidate genes for somatic cells score were found from genome-
wide association studies. The number of common genes in dairy cows was examined using the
Venn diagram. Then, all available genes were combined and evaluated using meta-analysis. The
ClueGO v2.5.4 plugin was used to conduct gene ontology analysis and KEGG pathways. The
CluePedia v1.5.4 plugin in Cytoscape v3.7.2 was used to visualize genes and protein-protein
interactions.

Results: The results showed that U6, DCK, and NPFFR2 genes as the key candidate genes have
an important role in combating infection and pathogens in the development of mastitis. Some
biological processes, cellular components, molecular functions, and related pathways were
identified. The most important biological process, cellular components, and molecular function
pathways were mesenchymal cell development (P=3.92e-04), apical plasma membrane
(P=2.83e-03), and solute: cation symporter activity (P=3.71e-04), respectively.

Conclusion: Generally, the results of this study showed that meta-analysis based on a large
number of original data revealed the most important candidate genes involved in the fight
against mastitis pathways. This information provides a solid foundation for the development of
new treatments for mastitis. Therefore, identification of important genes and gene ontology term
enrichment (with high power and accuracy) can play an effective role in genomic evaluation and
design of breeding programs aimed at controlling mastitis in dairy cows.
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