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Table 1- Descriptive statistics of milk protein composition traits in Holstein population.

. Standard .

Traits No. cows Mean deviation Max Min
Protein percentage 614 3.06 0.29 4.28 2.09
Protein yield (kg) 614 0.75 0.32 1.82 0.36
asl-casein(asl-CN) 614 35.45 17.46 72.63 1.96
as2-casein(as2-CN) 614 16.64 8.62 53.91 1.01
[ -casein(p-CN) 614 31.23 10.31 69.59 2.24
k-casein(k-CN) 614 7.51 1.69 23.48 0.43
a -lactalbumin(a-LA) 614 2.25 0.85 10.10 0.10
B- lactoglobulin (-LG) 614 6.93 3.67 48.64 0.18

The six major milk proteins are expressed as a weight-proportion of the total protein fraction.

! Hypergeometric
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Figure 1- Manhattan plot for A)protein percentage, B)a-lactalbumin, C)g-lactoglobulinin and D) protein yield in
Holsteins cattle. X axis, SNPs positions on chromosomes, Y axis, -Log10 P-value
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positions on chromosomes, Y axis, -Log10 P-value
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Table 2- Number of significant SNP identified from genome-wide association studies (GWAS) and genes

mapped by related trait

Trai No. of No. of significant SNP assigned No. of significant
raits L
significant SNP to genes mapped genes

Protein percentage 1542 643 527
Protein yield 1735 602 484
as1-CN 996 315 278
as2-CN 875 450 363
B-CN 622 283 264
k-CN 902 543 455
a-LA 1240 864 655
B-LG 1045 626 581
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Table 3- Gene set enrichment analysis significantly (P < 0.05) associated with yield and protein percentage and

composition traits

Category  Term No. of genes! Pvalue FDR
genes
GO_BP G0:0005513: Detection of 5 CALM2, CALM3, POU1F1, 7.28E-10  6.51E-07
calcium ion KCNMB4, STIM1
G0:0007600:sensory perception 7 KCNIP4, COL11A2, OR52N1, 1.72E-09 1.02E-06
ASIC2, COL11A2, ASIC1, LTBP3
G0:0032570: Response to 8 CSN1S1, CSN1S2, CSN2, CSN3, 2.77E-11  4.96E-08
progesterone LALBA, TFAP2A, PPP3CA,
STATSB
G0:0015347: Sodium- 8 SLC22A12, SLC22A6, SLCO4AL, 1.04E-04  1.69E-02
independent organic SLCO2B1, SLC22A8, SLC22A10,
anion transmembrane SLC22A9, SLC22A11
transporter activity
G0:0046983: Protein 7 HEY1, MYC, ID2, TCF23, STAT3, 4.1E-2 9.9E-1
dimerization activity ANO4, E2F6
G0:0007595: Lactation 8 STATS5A, STAT5B, VDR, 3.1E-2 1.62E-02
NEURL1, ATP2B2, CSN3,CSN2,
PRLR
G0:0030282: Bone mineralization 8 KLF10, CLEC3B, WNT11, 2.1E-010  1.63E-06
PKDCC, RSPO2, FBXL15,
IFITM5, SERPINA1
GO_CC G0:0030055:cell-substrate 16 ADAM17, TNS4, SYNPO2, LIMD1, 1.78E-04 1.22E-02
junction FERMT2, WASF1, TNS4, WWOX,
CLASP1, GSN, SYNE2, TLN2,
EPB41L5, AFAP1, LMLN,
NUP214
GO_MF G0:0016597:amino acid binding 13 GRIAL, ANXA3, HOMER1, 1.70E-04  2.14E-02
ANXA4, GRIK3, PAEP, GRIN2D,
CACNG4, GRM4, GRIN3A,

DAGLA, HOMER3, GRID1
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G0:0061134:0008066: peptidase 11

regulator activity

G0:0016595:glutamate binding 12
KEGG bta04921:0xytocin signaling 10
Pathway pathway

bta00561:Glycerolipid 12

metabolism

bta04911:Insulin secretion 12
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Genome wide association study Gene-set enrichment analysis to identify genome
region associated with milk protein composition in Holstein cattle breed
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Introduction: Genomic selection has provided the dairy industry with a powerful tool to increase
genetic gain in economically important traits such as milk production (Taylor et al. 2016). One way
to identify new loci and confirm existing QTL is genome-wide association analysis (GWAA).
Furthermore, the identification of gene loci with major impacts on economically important traits is
one of the most important goals of dairy cattle breeding. It was hypothesized that QTL-assisted
selection and genomic regions affecting production traits increase the efficiency of selection and
improve production output. Genome-wide association studies typically focus on genetic markers with
the strongest evidence of association. However, individual markers often explain only a small
component of genetic variance and therefore provide a limited understanding of the trait under study
(Dadousis et al., 2017). One solution to address the above issues and deepen the understanding of the
genetic background of complex traits is to move the analysis from the SNP to the gene and gene-set
level. In a gene set analysis, a group of related genes harboring significant SNPs previously identified
in GWAS are tested for over-representation in a particular signaling pathway. Gene set enrichment
(GSE) analysis plays an essential role in extracting biological insight from genome-scale experiments.
It reduces the complexity of molecular data and improves the interpretability of biological insights
(Pefagaricano et al., 2016).

Material and methods: The present study aimed to perform a genome-wide association study
(GWAS) based on gene set enrichment analysis to identify the loci associated with milk protein
composition traits. For each cow, a total of eight traits including protein yield, protein percentage,
as1-casein, as2-casein, B-casein, k-casein, o-lactalbumin and B-lactoglobulin were recorded using
plink software and no any correction to adjust the error rate. Gene set analysis essentially consists of
three distinct steps: (1) the assignment of SNPs to genes, (2) the assignment of genes to functional
categories, and finally (3) the association analysis between each functional category and the
phenotype of interest. Briefly, nominal P-values < 0.05 from the GWAS analyzes were used for each
trait to identify significant SNPs. Using the biomaRt2 R package, the SNPs were mapped to genes
when located within the genomic sequence of the gene or within a 15 kb flanking region upstream
and downstream of the gene to include SNPs located in regulatory regions. The Pathway databases
Gene Ontology and Kyoto Encyclopedia of Genes and Genomes were used to assign genes to
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functional categories. The GO database labels biological descriptors for genes based on attributes of
their encoded products and is further divided into 3 components: biological process, molecular

function and cellular component. The KEGG Pathway Database contains metabolic and regulatory

pathways that represent the current state of knowledge about molecular interactions and reaction
networks. Finally, Fisher's exact test was performed to test the over-representation of the significant
genes for each gene set. The gene enrichment analysis was performed with the KOBAS platform. to
identify over-represented biological processes. In the next step, a bioinformatic analysis was
performed to identify the biological pathways performed in the BioMart, DAVID and GeneCards
databases

Results and discussion: Gene-set enrichment analysis has proven to be an excellent complement to
genome-wide association analysis (Gambra et al., 2013; Abdalla et al., 2016). Among the available
geneset databases, GO is probably the most popular, while KEGG is a relatively new tool gaining
ground in livestock genomics (Morota et al., 2015, 2016). We hypothesized that using genset
information could improve prediction. However, none of the SNP classes of the gene sets
outperformed the standard whole genome approach. Gene sets have been developed primarily using
data from model organisms such as mice and flies, so it is possible that some of the genes included
in these terms are irrelevant to milk production. It is likely that a better understanding of the biology
underlying milk production in particular, as well as advances in bovine genome annotation, may
provide new opportunities for predicting production using gene set information. According to the
gene set enrichment analysis, 20 categories from gene ontology and the KEGG pathway were
associated with the associated traits (P0.05). These categories include oxytocin signaling, glycerolipid
metabolism, response to progesterone, calcium ion detection, complement and coagulation cascades,
and amino acid binding, including the significant association of candidate genes CDH13, PAHTM,
SPP1, CSN1S1, CSN2, SERPINA1, SLC35A3, ODC1, and PAEP with protein yield and content,
phosphorylation of glycoproteins, coagulation and curd solidification of milk and lactose synthesis.
Some of these regulatory regions, such as B. enhancers, are far removed from the genes. Therefore,
although the gene could be part of the analysis, the relevant variant would likely not be included in
the SNP class of the gene set. Finally, a linkage disequilibrium disrupts the use of biological
information in prediction, since irrelevant regions (regions with no biological role) capture some of
the information encoded in relevant regions, giving both regions similar predictive abilities. Using
very high-density SNP data or even whole genome sequence data could alleviate some of these
problems. Finally, it is worth noting that our gene-set enrichment analysis was performed using a
panel of SNPs obtained from a single marker regression GWAS based on a simplified theory of the
genomic background of traits, e.g. Ignoring the collective effect of SNP. Therefore, other approaches
(e.g. GWAS, which studies SNP through SNP interactions) might provide a better basis for analyzing
the biological pathway.

Conclusion: Our result showed a potential for genetic selection to improve milk quality in terms of
milk protein composition per animal. Because genetic improvements are heritable, cumulative, and
permanent, that improvement would be permanent and beneficial.
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