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Genome-wide association study for udder health traits of Thai dalry
cattle using weighted single-step approach with random regression test-
day model
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undnga: MafnmaTuduTusTealuy (GWAS) uedesdiofitusyavsnnlunsseyuinafdueuuiluy uazanuduuls
maugnssuiiisatestudnunsilulnd msfnwedsliingusradidotuunuinafiuevuiluiifsdosiudnme
avamdulutssnnslaulve waglduinamduevudluildssymiuaznalnmedsing1vesduiidsvinanodnuny
wienil apdeyaiifnuuszneusedeyansuuumadlaunfnlutunaaou (TD-SCS) eifou $1uu 82,378 Sufin Foyailulnd
"meﬂmsmmmﬁua:uammmnmNmawuﬁﬂﬁﬂuﬁvmmiuu (SNPs) g Illumina BovineSNP50 BeadChip (Ilumina Inc.,

San Diego, CA, USA) fif11au SNPs flidTuasevisianun 41,930 SNPs 9ndaifiddeya sNPs waellulnidiuau 632 ¢
UsifiudvEwauas SNPs (SNP effect) Tngliisnsuuudumeudeiifinsdaningn (WsswAS) felumafunaaeumsannes
wuuds itessymBuiiddaiendestudnuasidnuerlduinafidueuuilufldosueamuuusdnumesiugnssuimn
fovay 0.5 wion1nnin vinnAduevuiTuuvdniiiertosiuazuuumadlamdn (scs) wueguulasiulaa BTA 11, BTA 16
uay BTA 21 Ushadluwvansuidldelunefisnuuususiumaiugnssuiisadndes suwwmmﬁmwamma‘wuﬁmimaq
aﬂwmvmﬂﬂmmmummaawmaau \eFeuiiisunadnsiugiudoya (NCBI, Genecards wag UniProt) wuinil 21 Suiid
senuieItosiugiduiu uasidvdwasie SCS ogaluddny g &Juiuﬂa:u Interleukin superfamily (IL1A, IL1B, IL1F10,
IL36A, IL36B, IL36G, IL37) dasulalalail IL1 IL36RN, IL1RN) S’JM‘VNEJ‘H’EJU 9 (MIA3, RCOR1, TRAF3, CDC42BPB, EXOC3L4,
TNFAIP2, PPP1R13B, TAF1A, TRNAT-UGU, TRNAC-GCA, HHIPL2, NCK2 ia3atneuaznalnnisdaineraesdudmsu SCs
dndlugBudunsfunuBuiiiendestussuugiiduiu nssuaunisdniau msfnde uarnisuinead Bufiseyldlunsinuil
anusaliifududmunegluns@nmnisuanseonvesdu

AdAny: AzLuuganleuifn; lauulny; lunaiunageunisanneskuudn; WssGWAS

ABSTRACT: Genome-wide association studies (GWAS) are a powerful tool to identify genomic regions and variants
associated with phenotypes. However, only limited mutual confirmation from different studies is available. The

* Corresponding author: buaban_ai@hotmail.com

Received: date; October 15, 2020 Accepted: date; December 24, 2021 Published: date April 15, 2021



https://www.researchgate.net/institution/University_of_Georgia/department/Department_of_Animal_and_Dairy_Science

wiuNYAS 49 aTuTl 2: 491-508 (2564)./doi:10.14456/kaj.2021 Xx. 492

objectives of this study were to identify genomic regions associated with udder health trait in Thai dairy cattle, and to
identify genes and pathways that may influence this trait. The studied data set contained 82,378 monthly test-day
somatic cell score (TD-SCS). A density of single nucleotide polymorphisms (SNPs) panel (BovineSNP50 BeadChip,
Illumina Inc., San Diego, CA, USA) was used for genotyping. A total of 41,930 SNPs from 632 animals that had both
genotypes and phenotypes were used for analysis. Effects of SNPs were estimated by a weighted single-step GWAS
(WssGWAS), which back-solved the genomic BLUP from single-step genomic best linear unbiased prediction (ssGBLUP)
using single-trait random regression test-day models. Genomic regions that explained 0.5 percent or more of the total
genetic variance were selected for further analyses of candidate genes. The main genomic regions associated with SCS
were located on chromosomes BTA 11, BTA 16 and BTA 21. Many genomic regions explained a small fraction of the
genetic variance, indicating polygenic inheritance of the studied trait. We compared the results with databases (NCBI,
Genecards and UniProt) and found 21 reported QTLs related to SCS. A large member of Interleukin superfamily (IL1A,
IL1B, IL1F10, IL36A, IL36B, IL36G and IL37) IL1 receptors (IL36RN and IL1RN) as well as other genes (MIA3, RCOR1,
TRAF3, CDC42BPB, EXOC3L4, TNFAIP2, PPP1R13B, TAF1A, TRNAT-UGU, TRNAC-GCA, HHIPL2 and NCK2) related to
immunity significantly influencing SCS were identified. The biological networks including the immunological pathway
such as lymphocyte activation are closely related to SCS. The candidate genes identified in this study can be used as
target genes in studies of gene expression.

Keywords: somatic cell score; Thai dairy cattle; random regression model; WssGWAS
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Table 1 Number of animals and records used in this study

ltems Number of animals and records
Animals in pedigree 32,743
Animals with records 13,737
Test-day records 82,378
Genotyped animals 632
Bulls 142
Cows 490
SNP information 41,930
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Aaewmnilusnamianedlunilylddeuiuiuvuin 1-Mb (non-overlapping window) & a. udndiuresaruwdsusiumig
Wugnssuluwiazudnanuseneusentaiidlug ne 1 Mb szgndauasldifiessyuinamidueuuiiug Weswniiany

WLNzaun31n151y SNPs 1829 Tun1siiansanduau SNPs Avnzan wazdiuruseulunszuiunisiugd Ladnisnageun
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Anadsvosuinumiadluniliviudoutunnnszuaunsugidiesiuau SNPs fuansneiu (10, 15, 20, 30 wag 40 SNPs)
AT WssGWAS Tnefiansananneinuaugnaesiuyiass (realized accuracies) vasAiamanansalunsvinung (predictive
ability, Cor(GEBV, TBV)) wazrteaaf (bias, TBY = b0 + b1 x GEBV) 493 GEBV (Legarra et al., 2008; Garcia et al., 2018) Wag
AETESYeINNSUSEINAIEENAYEs SNPs (Wang et al, 2014) Tnendosdiu Tunsinwilisidndulefiesldnadnsainnisaush
adsdl 2 freuFumiivinedlundifsiuiu SNP flegiadusgiwaiies 20 SNP inslvianuaasalumsmamsainniigaua
A inflation tiesfian uazifinmadiosyesnisUszanadvinaves SNP uniige

YovazvosnuulsUTIuMeiugnssufiesunelasusnamiisilunivseneuse SNPs Adellesiudl 1 aufiosuie
Tae Wang et al (2014) i Arunadlasil:

20 o~
var(a;) varXiZ;zjl;
z 2 s (8)

Oa Oa

o oA

Tned a; AeAmnsiugnIsuvesusnamiailund i fivszneulddae SNP flegfnduatiwiaiiios 20 SNPs, 02 fie

Y
v

AU TUT UM NI TIYaVIR, Z; Fionniapsyas SNP fusummuewdsadal j dmiudniiomun uas §; Aedvinaves
SNP 71 j meluudimmtieneilund i (Zhang et al,, 2010)

WieTlguunuinaidueuudlundifianudfyioesiudnuaeiildinw wsdonusnamisinedlundlivudou
M (Non-overlapping windows) 7ifi81uat 20 SNPs ﬁaawmaaa%mammLLUﬁUi’Jumﬁuqﬂiimﬁwmiﬁ%’aaaz 0.5 %39
11NN MULNUINTANYIVBS Fragomeni et al. (2014), Irano et al. (2016), Lemos et al. (2016), Oliveira et al. (2017), Silva
et al. (2017), Lee et al,, (2019), Zhou et al. (2019) uag Oliveira et al. (2019) & 9Wa15UE23 1T unaa A mungdmsu
fngusvasvosnisinwadad LAZUWAAIFULUUNT I Manhattan plot ¥8sAuuUsUTIUMeiugnIsveaaIamineiedute
Tneusnamduevudluuwmanilngld gnuplot 5.2 (Williams and Kelley, 2019)

4. m‘sszqﬁuﬁlﬁmﬁm (Gene annotation)

' v
a A '

msszyBuiiegmeluusazsuinaiduevuiluniliidenud @aiudulazandugavesmiieing sglfiadosdeatn
Map Viewer wa3giutaya NCBI feausznau UMD 3.1 iduusniiénsds
(https://www.ncbi.nlm.nih.gov/projects/mapview/map_search.cgi?taxid=9913&build=104.0) oz sTuﬁ‘szqiﬁ"ﬁ?wm OH]
aTvdeurunsavAulagldgudeyaenans LLasgﬂu%;ﬂamﬁﬁmzﬁuﬁ (NCBI-https: //www.ncbi.nlm.nih.gov/, Genecards-
https://www.genecards.org/ WazUniprot-https:/ /www.uniProt.org/) iitelimsuiamifivesduiiiendesrednuasdidnw
5. MSIATITRLAEUIBLAZNAINNN9T2I MR 9B (Gene network and pathway analysis)
sedevesduiiszyldaziunliiierhnsiinssiinietevesdulaslfunastoyasoulay GeneMania (Warde-Farley
et al,, 2010) a";umﬁmeﬁwﬁﬂﬁLLaSﬂalﬂwm%’ﬁw8’maﬂEuﬁﬁﬁw%waﬁaé’ﬂwmzﬁﬁﬂm%ﬁwLﬁumimaiéfgmsﬁaadammimz
DAVID (The Database for Annotation, Visualization and Integrated Discovery (Huang et al., 2009a, 2009b) laann1silana

1nelt Gene ontology (Go) @4UszNaUAIE 3 NTLUIUNTST AB NTEUIUNITNIITINN (Biological processes) BeAUIENDUYOS

\wad (Cellular components) LLawﬁwﬁizﬁduLaqa (Molecular function)


https://www.ncbi.nlm.nih.gov/projects/mapview/map_search.cgi?taxid=9913&build=104.0
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Nan1sAnYIkazIasal

o a aa = o aa v
A1SIUNUILIUALDULDUUI LU HaSNIIITYIUNNYIVDY

[}
o a o

nsfnweadatusienleduiluniifnisdiaimuuuduneuder (WssGBLUP) luadsil vilfsrannsansiaaon
warsrMUTnUAEueuLIlul werliuinambueuuiludildssymiumisoduilifotesiudnunrvesguamiiuy Ao
A1 SCS Tagldura SNP anuvuwiuunasludssrnstaudlnedmsuynlasiulausianie nsmuuudndulauansiosazniny
wUsUTIMTUgNTINvRATaLNg SNPs TiesurelasfiuudueuudluniliviudeutusazUszneusae 20 SNP A
Figure 1 uazlfaguuinamduovuilunfiesuednduvesmuulsusumsiugnssufiinniian (Fesaz 0.5 vounnin) uag
Juilddquisadesiudnuridnulilu Table 2 vinafmdueuuilunannsaesuisanuudsysiumaiugnssuldunngs
0.6% penslsimuuinamisuouudlundninaesunglddesndt 0.5% (Figure 1) waruinaananinssangluiiesiug Faued
dwé’ﬂwmsﬁﬂué’ﬂwwﬁmuquﬁuaﬁwmaﬁu (polygenic) annirasea FaftdrusmddivilmAnnsuususunaiugnssu

Ushamsueuudluavdnditheadostu scs wuaguulasiulay BTA 11, BTA 16 uag BTA 21
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Figure 1 Manhattan plots of the additive genetic variance explained by windows of 20 adjacent SNPs for SCS in Thai
dairy cattle
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Table 2 Summary of the windows that explained the most of genetic variance for somatic cell score in Thai dairy

cattle, with a list of annotated genes in the proximity of each window

Window Regions Var Chr Start, bp Stop (bp)  Genes”

(nonoverlapping) (%)Y

27928-27947 0.6 16 26671488 27692042  TRNAT-UGU, HHIPL2, TAF1A, MIA3,
AIDA, BROX, FAM177B, DISP1,
LOC100336644, TLR5, SUSD4, CCDC185,
CAPNS8

20925-20944 0.6 11 45736640 46794995  NCK2, LOC101903923, LOC786288, TTL,
POLR1B, CHCHD5, LOC107132936,
SLC20A1, LOC101903687, NT5DC4,
CKAP2L, IL1A, LOC107132933,
LOC101904177, IL1B, IL37,
LOC104973371, IL36G, IL36A, IL36B,
IL36RN, IL1F10, IL1RN, PSD4, PAX8

34820-34839 0.5 21 68751694 70050042  LOC100847464, TRNAI-AAU, LOCT87175,
TRNAC-GCA, ZNF839, CINP,
LOC101902499, TECPR2, ANKRD9,
RCOR1, LOC783220, TRAF3, AMN,
CDC42BPB, LOC101902932,
LOC104975451, EXOC3L4, LOC615559,
TNFAIP2, LOC100301250,
LOC107131330, LOC509029,
LOC100139514, EIF5, MARK3, CKB,
TRMT61A, BAG5, APOPT1, KLC1, XRCC3,
ZFYVE21, PPP1R13B

YGenomic variance absorbed by 20-SNP moving windows obtained using single-step genomic-BLUP
2/Any genes with start and stop positions within the window were considered. Genes linked to SCS are in bold font while novel candidate

genes are bold and underlined

Ui ueuudluniiioades wazildndnagesio SCS avaguu 3 tasluleu laun BTA 16 (310 26,671,488 fia
27,692,042 bp) BTA 11 (310 45,736,640 9 46,794,995 bp uag BTA 21 (371 68,751,694 &4 70,050,042 bp) Jewuindl 52 By

Anedseau uaz 19 Jundsldlamuuaunuinmiinindaau Eundusunie LOC) (Figure 1 wag Table 2) $1uiudufinulu

@

UinaiidueuuiluumaidfleiSouiisunadnsiugiudeya (NCBI, Genecards wag UniProt) wuindl 21 Buiifisnesiuii

Wgva9nu SCS
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v

wadlvninluthuussneusowadiBeydius uaziwadluszuugfiduiu (Alhussien and Dang, 2018) Tasns@nun
pdetl wuddimsssyBuiisdniniadestugiduiu msdniau sienaifiviuusadluuinafidueiuiiiedesiudnmy
sCs Buwmanil 1dun Melanoma Inhibitory Activity Family, Member 3 (MIA3) Faihmihiauauesdusznountsusnisadi
LLamaaﬂiuLﬁaL%Lﬁmumsmé'dmiﬁfm%mwﬂﬁﬁa (Bergstralh et al., 2007, Rossetti et al.,, 2016) giﬂ.uﬂq'u Interleukin
superfamily L% U Interleukin 1, alpha (IL1A), interleukin 1, beta (IL1B), interleukin 1 family, member 10 (IL1F10),
interleukin 36, alpha (IL36A), interleukin 36, beta (IL36B), Interleukin 36, gamma (IL36G) wag interleukin 37 (IL37) way
fafulalalad IL1 Wy interleukin 1 receptor antagonist (ILIRN) k@ interleukin 36 receptor antagonist (IL36RN) n#533
nuvulastulay BTA 11 5uma’wﬁﬁwmmﬁﬂﬁ@luﬂwsmauauawaagﬁﬁuﬁ’umﬁmm:m WAYNITUIUNITANSONLEU (Benveniste,
2014; Queen et al,, 2019) REST corepressor 1 (RCOR1) iAgdastunsiimihilunisidsuudasveseadsinidonsadull
loruiind warn1smavaussron1sonLEU (Yao et al., 2015; Xiong et al., 2020) TNF receptor-associated factor 3 (TRAF3) &
unumddglunalnnediinervesnisaisgiduivluadidoyfsvesdunvesla (Song et al, 2017) CDCA2 binding
protein kinase beta (CDC4 2BPB), exocyst complex component 3-like 4 (EXOC3L4) uag tumor necrosis factor, alpha-
induced protein 2 (TNFAIP2) flduiiieadesfunsvudsmslumad wazneunhilinisnsionuluusnadiundiiedetu
izuugﬁﬁmﬁuw}'ﬁﬂLﬁmiuiﬂumiaaalmﬂ%ﬂLLﬂ‘u’lm (Porat-Shliom et al., 2013; de Klerk et al., 2018) protein phosphatase
1, regulatory subunit 138 (PPP1R13B) \udanszdunsvianuves ps3 dadummuasluszuundduiu wagnszuaunisme
Yaugas (Mitchell et al,, 2002; Liu et al., 2005) wag TATA box binding protein (TBP)-associated factor, RNA polymerase
l, A (TAF1A) Lﬂuﬁuﬁmmunmﬁuﬁ’]mmaqmaa‘ wazilduieadestuniadiuy (Bergstralh et al., 2007, Rossetti et al,,
2016)

uennd lunguuszansfifinundsmsanuud « idenudeulsstyu SCS uanuhiimuduiusiAsadestulium
LaresUsynoutnuslumsanuay 9 8nf9E13 WU transfer RNA threonine (anticodon UGU) (TRNAT-UGU), transfer RNA
cysteine (anticodon GCA) (TRNAC-GCA), HHIP-like 2 (HHIPL2) wagNCK adaptor protein 2 (NCK2) (Venturini et al., 2014
da Costa Barros et al., 2018; Johnston et al,, 2018; Oliveira et al., 2018)

' v
Y v =~ 1A o

PV =1 N = = ° = Y ' &
NWANMTITeATITNUITTUNTBSnasednyasaumiuuTw 21 8u @udmuily Table 2) FeUswindnuusll
Judnwaziimuausmsiunaisiu InefifunasBuinumieudusenudy q neunthillulauulsaalaifiieideeiudnuae
SCs ailonalissnnUszansiauuvadivedanuierdesiuissansiauuleadlml egndlsinuBuuisiianuuansdisainia

ULEIBWUTOU 9 NIUIT9991NAULANA19BIUTEV NI ANYININENasan1sLanseanvasdu (Oliveira et al., 2019) 970

]
v '

nsfnwasaiideditaiiesain Bovine UMD 3.1 fimsnasiaugnssuantadeiusideswesndeianuuandisainilunves
Tauuleadla endregiatu Msunsnuagmely (insertion/deletion: INDEL) wasa1duLua IAnuwansnafiuga 48,537,190 Lua
n3luuitaviun (Koks et al, 2013) ?faawahmaiﬁlﬁﬂmwmamm?{auﬁm%’umﬁLﬂswﬁﬁﬁaaﬂaﬁiumﬁamﬁwLmu'a Vet
038U warnaszyBuiidenledld Fidusmammunds warssyBunngutoyailumesssrnslutssmelneies
N53ATziATaTIBaznalnnIsgInevasEu

MssgiSenBvesBu (network analysis) 91nseTedufimunudnuarguammiinualagldlusunsy GeneMania
A Figure 2 wuiriia3etnsfuiinanseansautudia 29 Ju (26.97%) wagduiiufduiussmiudiuiu 141 919ms Bu
wandidnlvaiiendestunalansiinenssuugidusuwesnsuiaead wu A) nalansdrineifedestuneumaisms c3
(C3 complement pathway) #siiauiAgadesfunsiiviunueiife B) lassaradsfouiiAsaiunsvudsansinuidorinead

WUU Exocytosis (Exocyst complex) C) naltnn13323ve1 I-kappaB kinase/NF-kappaB signaling ffiauiA eatestuszuy
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1% v

fAufuraneeg1e WU NTUIUMISNIEU NM5egTonTaLYad MIimuIvessuu)ifuiu msudagad WWudu nalnmadine

q

9
duiinuiu D) n1suuawas (Cell proliferation) uag E) N13dugensindeufiuaznisuninvesaaduziie (Inhibition of cell

migration and invasion)

Table 3 uandnalnynainingvesnguiudmiu scs Tnsldduiissyldmunusinsosuisanuudsusumaiusnssy
Wemupvosdazuinuiduevuiluy (Table 2) nalnmsdaingrdnlngdudunisdunuiuiifortestussuugiduiu
(immunological mechanism) N3¥UIUANTSNLEU (inflammation) wazn1sARLYe (infection) W nalnnsdsdayanaildlalslal
fidudenans (cytokine-mediated signaling pathway, GO: 0019221) N13ATUANLTIUINVBINISNENBULMBSAIAU-6 (positive
regulation of interleukin-6, GO: 0032755) N5l LA a'ld (fever generation, GO: 0001660) N1SVUE I@150DNAUBALTAR
(exocytosis, GO: 0006887) n1smumsLisauvesnalnmsdsdyauililelaladidudenant (negative regulation of cytokine-
mediated signaling pathway, GO: 0001960) N13nEUANBIVBITLUUNLANIY (immune response, GO: 0006955) natnn1sne
vouaaaluunulu (intrinsic apoptotic signaling pathway, GO: 0097193) nalnnisdsdggrar1ua15U toll-like receptor
(toll-like receptor signaling pathway, GO: 0002224 ) N15AIUANLTIUINVBIF Y194 -kappaB kinase/NF-kappaB (positive
regulation of I-kappaB kinase/NF-kappaB signaling, GO: 0043123) n153UA25U interleukin-1 (interleukin-1 receptor binding,
GO: 0005149) warAanssulelalay (cytokine activity, GO: 0005125) nalnmsdinendu 1 ieadostunisuvasad (positive
regulation of cell division, GO: 0051781) N1508A 5% & Wu‘uq 554 (transcription from RNA polymerase | promoter, GO:
0006360) karnszUIUNTVRAILaa (cellular process)(extracellular space, GO: 0005615; exocyst, GO: 0000145; ARF guanyl-
nucleotide exchange factor activity, GO: 0005086)
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Q A. C3 complement pathway

B. Exocyst complex

o o Egre aPm
© ~ =
Qe &
T @
b @ E. Inhibition of cell migration
g and invasion
T
gr D. Cell proliferation

C. I-kappaB kinase/NF-kappaB

Figure 2 Gene network produced using GeneMANIA for udder health. The network consists of candidate genes and

related genes (29 genes, circles) connected by 141 interactions (edges).
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Table 3 Pathways identified by the Database for Annotation, Visualization and Integrated Discovery (DAVID version

6.7) in gene ontology (GO) term

ltems Gene count P -value GENES

GO 0019221: cytokine-mediated 9 5.30E-10  IL1A, IL1B, IL1F10, IL1RN, IL36RN,

signaling pathway IL36A, IL36B, IL36G, IL37

GO 0032755: positive regulation of 3 5.10E-03 IL1A, IL36A, IL36B

interleukin-6 production

GO 0001660: fever generation 2 5.30E-03  IL1A, IL1B

GO 0006887: exocytosis 3 6.70E-03  MIA3, TNFAIP2, EXOC3L4

GO 0001960: negative regulation of 2 1.60E-02  IL1RN, IL36RN

cytokine-mediated signaling pathway

GO 0051601: exocyst localization 2 1.90E-02  TNFAIP2, EXOC3L4

GO 0006955: immune response 4 2.00E-02 IL1A, IL1B, IL36A, IL36B

GO 0097193: intrinsic apoptotic 2 3.70E-02  APOPT1, PPP1R13B

signaling pathway

GO 0006360: transcription from RNA 2 3.70E-02 POLR1B, TAF1A

polymerase | promoter

GO 0002224: toll-like receptor 2 3.70E-02  TRAF3, TLR5

signaling pathway

GO 0043123: positive regulation of |- 3 4.50E-02  IL1A, IL1B, SLC20A1

KappaB kinase/NF-kappaB signaling

GO 0051781: positive regulation of 2 6.50E-02  IL1A, IL1B

cell division

GO 0005615: extracellular space 11 9.10E-05  AMN, CKB, IL1A, IL1B, IL1F10, IL1RN,
IL36RN, IL36A, IL36B, IL36G, IL37

GO 0000145: exocyst 2 3.70E-02  TNFAIP2, EXOC3L4

GO 0005149: interleukin-1 receptor 9 5.40E-19  IL1A, IL1B, IL1F10, IL1IRN, IL36RN,

binding IL36A, IL36B, IL36G, IL37

GO 0005125: cytokine activity 9 1.30E-09  IL1A, IL1B, IL1F10, IL1RN, IL36RN,
IL36A, IL36B, IL36G, IL37

GO 0005086: ARF guanyl-nucleotide 2 5.50E-02  TNFAIP2, EXOC3L4

exchange factor activity

GO 0000149: SNARE binding 2 9.40E-02  TNFAIP2, EXOC3L4
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