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Table 1- A summary of the gene list related to the genome-wide association studies (GWAS)

Reference

Gene

Jiang et al. 2010

Cole et al. 2011
Strucken et al. 2012
Chamberlain et al. 2012
Guo et al. 2012
Meredith et al. 2012

Zielke et al. 2013
Minozzi et al. 2013

Tesfayonas 2014
Jiang et al. 2014
Raven et al. 2014
Fang et al. 2014
Spehar 2015
Iso-Touru et al. 2016
Nayeri et al. 2016

Shin et al. 2017
Marete et al. 2018

Cecchinato et al. 2019
Cai et al. 2019

CYHR1, DGAT1, PPP1R16A

FUT10, LPP, PGLYRP1, ZBP1, FKBP2, GNAS, HHIP, MGMT, TTC14

ERICH3, TTC27

GHR, GRK5

ECI1, HS3ST6, MLST8

ADAM19, AGO2, ALCAM, ARHGEF16, ASIC2, ATP10B, BIRC6, BRINP2,
C10H150rf41, C14H8orf33, C1QTNF3, CACNAILE, CDC42BPA, CLK4, CLNK,
CNOT6L, CNTN6, CNTNAPS, COL22A1, CPS1, DISC1, EDIL3, EEF1D, EEPD1,
EPPK1, ESRRB, EYA4, FAM102A, FAM114Al, FCRL3, FCRLA, FGGY, FMN2,
FTSJ3, FYB1, GNG2, GPC6, GPIHBP1, H2AFY, HOPX, IGFBP7, KCNK9, KCNN2,
KHDRBSS, KLHL2, MALT1, MAMLS3, MED24, MIR2360, MITF, MPP2, MS4A10,
MYRIP, NELFCD, NIPBL, NLK, NNT, NPY2R, PDE4D, PIPSKL1, PLXNAA4,
POLR2B, PRKRIP1, PTX4, PUM1, RBM47, DIEXF, RELL2, APP, RER1, RHPN1N,
RPF2, RYR2, SDE2, SEMAGA, SGK1, SLA, SLC6A9, SPOCK1, SRPK2, EIF2C2,
SYNM, SYNPR, TERT, TET1, TNRC6A, TRHDE, TRIM9, TSHZ2, UBR4, ULK4,
USH2A, ZNF696, AOX4, ATP2B2, KNG1, C18H16o0rf46, CACHD1, CAPZB,
CSMD2, FAT3, GML, HIVEP3, KCNH8, MARK2, MEIS2, MSANTD2, OXCT1,
PID1, PRKCE, SATB1, SCARB2, SLC25A12, SLC25A48, SOST, SPHKAP, SSBP2,
TENM2, USP44, VDACL1, XKR4

RPGRIPLL, FTO

EPS8, GPR20, LY6K, MAF1, PTK2, SCRIB, TRAPPCY9, ZC3H3, ZNF623, NINJZ2,
PLBD1, DENND3

MROH1

FAM135B, GPT, MAPK15

BTRC, MGST1

MIR2388, SYN3

PAEP, PRKD1, SLC8A1, THRB, ZNF385D, CHD4, IFFO1

HSF1, CLEC16A, NEURL1

ZNF16, CPSF1, GRINA, JRK, PSCA, SLURP1, SMPD5, ZNF34, ZNF7, ARHGAP39,
EXOSC4, PARP10, RPL8, TONSL

LDLRADS3, ACADM, ASB17, NABP1, RABGGTB, TMEFF2

AQP7, FCHSD2, GOLGA7, GOT1, XPO5, KDM4B, LY6G5B, MYO3B, NMI,
NOS1AP, STK3, CCDC57, ABCCY9, ADARB2, FBX011, GRIN3B, HERC],
LURAPIL, MYOF, NEUROD1, OR6N2, PKNOX2, PREP, PRKDC, RABI1A,
STATS5B, USP40, ZFHX3

EPHAS5, TECRL

COX15
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3 Biological process

4 HECT and RLD domain containing E3 ubiquitin protein ligase family member 1

5> Ankyrin repeat and SOCS box containing 17

¢ Tripartite motif containing 9
7 Kininogen 1
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Figure 1- Protein-protein interaction (PPI) network for milk fat yield. The network analysis was performed with

a high level of significance, and the transverse lines represent the levels of interaction (wider lines indicate
stronger evidence of interactions)

Table 2- Statistics of the seven clusters predicted by the MCODE algorithm in the protein-protein interaction
(PP1) dataset on milk fat yield

Cluster Score Proteins  Interaction Interacting protein Protein Function

Rank (nodes) (edges) names

1 7 7 18 ARHGAP39, CPSF1, Internal space of the endoplasmic
CYHR1, PPP1R16A, reticulum, metal ion binding,
GRINA, MROHL1, integral to membrane
SMPD5
2 6 6 15 HERC1,UBR4, ASB17, Proteolysis involved in cellular
TRIM9, KLHL2, BTRC protein catabolic process, ion
binding

3 4 4 6 KNG1, NPY2R, GNG2, lon homeostasis, plasma

APP

membrane part, regulation of
growth
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TTC27, DIEXF, FTSJ3,

MEIS2, NLK, EYA4,

MGST1, PAEP, GHR

TNRC6A, XPO5,

Internal space of the endoplasmic
RPF2 reticulum
Positive regulation of biosynthetic
process, protein kinase activity, ion
binding
Mitochondrial membrane,
Extracellular region, oxaloacetate
metabolic process
Nucleotide binding

TSHZ2

EIF2C2

Cluster 1
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Figure 2- Clusters ranked using the MCODE algorithm for milk fat yield. From left to right represents clusters
1,2,3,4,56,and 7
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Introduction: Cow's milk is one of the most important animal products for any country and known
as an important source for fat and protein originated from animals (Fenelon and Guinee, 1999, Martini
et al., 2016). Milk fat has a high impact on taste of milk and other dairy products (Spelman et al.,
1996). The liver in ruminant animals including dairy cows plays an important role in the metabolism
of carbohydrates, fats, vitamins, hormones, and etc. The absorbed nutrients pass through the liver
from the gastrointestinal tract and enter the blood circulation system, and eventually enter the
mammary glands of dairy cows. Therefore, the liver plays an essential role in cow lactation (Graber
et al., 2010 and Schlegel et al. 2012). All of the components that determine milk quality can be
considered as quantitative traits that are controlled by many genes and are influenced by
environmental factors. If genetic markers can explain a significant part of the variation, they can be
considered as ideal candidates for genomic selection (Shi etal. 2019). Previously, microsatellite
markers were frequently used to identify quantitative trait locus (QTL). With the progress of science,
the advent of the single-nucleotide polymorphisms (SNP) are used in genome-wide association
studies (GWAS) to identify QTL. In dairy cows, some of the major genes with significant effects on
milk fat have been identified in previous GWAS studies. Therefore, with the existence of a large
number of GWAS in dairy cows, these studies can be combined using meta-analysis to achieve higher
power results. These studies contribute to our current understanding of the genetic regulation of milk
fat yield traits. This approach provides a better understanding of the genetic architecture of complex
traits. The network clustering algorithm and cluster identification are important tools in the structural
analysis of networks. Various types of clustering algorithms are used for protein-protein interactions
(PPIs) networks analysis. In this study, we used an algorithm known as MCODE to identify dense
regions in the PPIs diagram (Bader and Hogue, 2003). The overall purpose of PPIs network clustering
is grouping of genes or proteins that according to various scales are related to each other. The network
of PPIs contains different proteins important in different pathways. These genes or proteins are
clustered based on the similarity of metric and are known as matrix distances. It is also important to
predict molecular assemblies of protein interaction data because it provides another level of functional
annotation (Gollapalli et al., 2015). The purpose of this study was to conduct a meta-analysis of
GWAS in cluster analysis to identify genes that are effective in milk fat yield in dairy cows.
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Material and methods: In this study, the data used were GWAS summary data. All data were
collected from 19 published studies from 2010 to 2019. This research included main papers and
dissertation (valid dissertations with published papers). All available genes were combined,
synthesized, and evaluated using a meta-analysis method. The Cytoscape v3.7.2 software was used
to analyze and visualize the genes examined by the STRING v1.5.0 plugin and to extract clusters
from the MCODE v1.5.1 algorithm. Therefore, the results of the GWAS summary data were
combined in molecular networks with PPIs, which have a significant role in increasing the association
studies power to identify genes affecting milk fat trait. Also, the DAVID server was used to identify
the gene ontology (GO) term enrichment in order to detect enriched biological terms associated with
genomic regions and to identify gene networks using functional annotation clustering tools based on
enriched pathways analysis.

Results and discussion: In this study, we analyzed 223 genes using the STRING plugin in Cytoscape
software. These genes were associated with at least another gene and had a direct and partial
correlation with each other. In the gene network, the correlation created for milk fat yield trait
included 213 genes or nodes and 219 edges (gene connection). The P-value calculated in the STRING
network was statistically significant for enriched pathways in PPIs (P =2.6e—09 ). The collection of
important and popular genes were evaluated using the MCODE plugin. Seven clusters were identified
and grouped in this network. For instance, proteins in cluster 1 included: ARHGAP39, CPSF1,
CYHR1, PPP1R16A, GRINA, MROH1, and SMPD5 genes. As shown in Table 2, cluster 1 (score=7)
was connected with 7 node density to 21 nodes. This cluster showed proteins that play important roles
in the internal space of the endoplasmic reticulum (cellular components), metal ion binding
(molecular function), and integral to the membrane (cellular components). CPSF1, CYHR1, and
GRINA were the major genes involved in the internal space of endoplasmic reticulum, metal ion
binding, and membrane integral, respectively. It was found that clusters 1 and 2 have the highest score
between all reported clusters.

Conclusion: These results show that using data from different sources can increase the reliability and
accuracy of GWAS studies. We were able to identify the most important genes in the network
pathways using the GWAS summary data in cluster analysis. This method determines the quality of
proteins involved in fat yield while facilitating our understanding of the molecular structures of
proteins. The most important genes with high scores were identified in cluster one (ARHGAP39,
CPSF1, CYHR1, PPP1R16A, GRINA, MROH1, and SMPD5) and two (HERC1, UBR4, ASB17,
TRIM9, KLHL2, and BTRC). These clusters based on existing biological knowledge can help data
mining and system models understand network interactions and pathways. These protein clusters
provide a deep insight into how genes interact with each other in network analysis for fat yield.
Moreover, it was observed that meta-analysis of GWAS summary data can play an important role in
the wide understanding of network visualization and cluster analysis of identified genes in enriched
pathways. Therefore, cluster analysis can improve the identified genes power for economically
important traits such as milk fat yield in a population of dairy cows and can be used in future genomic
evaluations and breeding programs.
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