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Effect of propylene glycol supplement during the periparturient period on negative
energy balance and fertility in Tropical Holstein dairy cows

Arun Chankrachang® Jatuporn Pongpeang?® Tanapon Sukkankah?

Abstract

This study aimed to study the effect of pre- and post-partum propylene glycol on
negative energy balance and fertility in dairy cows. Seventy-nine cows composed of pregnant
heifers up to the 6™ parity cows, with body condition score between 3 and 3.5, were raised and
managed similarly from dairy herds located in Saraburi and Lopburi provinces. Pre-partum dairy
cows were randomly assigned into 2 groups: Control group, 39 cows did not receive propylene
glycol, and Treatment group, 40 cows were fed daily with 500 ml/animal/day of propylene glycol
from 10 days before parturition to 10 days after parturition. Blood samples were collected to
assess the levels of glucose and non-esterified fatty acids (NEFA)on the 10" day before
parturition, the day of parturition, and the 10", 20'" and 30" day after parturition. Reproductive
performance after calving of each cow was also recorded. The results showed that cows in control
group had higher NEFA levels (0.342+0.027 mEg/L) compared to that of treatment group
(0.268+0.028 mEg/L) (p<0.05). On the other hand, there was no significant differences in glucose
level between two groups. In terms of reproductive performance, compared with control group,
cows fed with propylene glycol had shorter interval from calving to first estrus (51.4+5.3 and
90.0+5.1 days, p<0.05), interval from calving to first service (79.9+6.4 and 95.2+6.6 days, p<0.05)
and interval from calving to conception (112.4+9.5 and 140.6+9.8 days, p<0.05). In conclusion,
supplementation of propylene glycol before and after parturition had effects on negative energy

balance of dairy cows and led to better reproductive fertility after parturition.

Keywords : periparturient, fertility, propylene glycol, negative energy balance, dairy cows

Research project no. 66(1)-0208-010
'Saraburi Artificial Insemination and Biotechnology Research Center, Saraburi 18260
“Bureau of Biotechnology in Livestock production, Pathumthani Province 12000

*Nakhonratchasima Artificial Insemination and Biotechnology Research Center, Nakhonratchasima 30310
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(Jorritma et al., 2004; Friggens, 2003) LLazma3wa°’amusmmma%ﬁﬂﬁammwéba Gonadotropin
Releasing Hormone (GnRH) wag Luteinizing Hormone (LH) denan an1sbidvinaiuasssalanagnis
Wigiulnvesieadiaa (follicle) flandn vilinsanldafausnndanasndadroantd (Butler, 2000) iiin
natilussld (Boland et al., 2001) anmsadnsgaslumoalasiau (Estrogen) fhsseumaidudavdsnaon
8191 (Reist et al., 2000) ﬂmmwsuaﬁlm'amaﬂ (Walters et al., 2002) aﬂmsﬁwmumaaﬂa{ﬂaqtﬁw
(Corpus luteum) @snanon1sann1snanges luulusiaameolsu (Progesterone) (Van Knegsel et al,,
2007) Aindaymnmsliudn waranauanysalifug (Lomander et al, 2012) §asnswaufnanaay
Hudnsnismeveiiseuszeusn (Leroy et al, 2008)

launahulvgludineunasndspaoanuiiinnenasuInaunadwasedymauninuazs Ay
auysaiiugluszdugs fedndudedldzunmsdanisuazdesiuiielilidmansenudetgmanae

Astransnasnulawn nsindulnanea %\‘1Lﬁuﬁ’ﬁgﬁ(;lIWUENﬂQIﬂﬂ‘VWNﬂﬂ@WU@JEJEJ’Ni’mL%%ﬁﬂizL‘Wﬂz‘Viﬁﬂ

RUBEIRY)

=3

LLazLﬂﬁauLﬂuﬂqiﬂa LLazmﬂa'aug]ﬂLwﬂulaﬁtﬂuimmaLumlummwwwﬁﬂdauﬁa £QNAATY A5
Lﬁmsﬁ’mqiﬂauaz@uﬁ%u uazanszAu NEFA uag Beta-hydroxybutyrate (BHB) lunszuaiden Huns
fnaunandanuarannudssantymniigdloda (Nielsen and Ingvartsen, 2004) Inslndulna
oalduasilddestunnendanuvinangaluusilaus (Rukkwamsuk et al,, 2005) wagidunisidis

Uizﬁm%mmzuuﬁuﬁuﬁ (Formigoni et al., 1996; Miyoshi et al., 2001)

1aNANTNS NS Inaulnameal Ut 19N ULAL A IAADATINARBNITANAINULTUTUYDY BHB NEFA

wazeselunanan Tuvaeifinsiuduvesseaunglea Sugdu Aaoiaanesen wae Insulin-like Growth
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Factor-1 (IGF-1) (Grummer et al., 1994; Formigoni et al., 1996) fidruiuiunaeniadudnnsiusnanas

(Rukkwamsuk et al., 2009) LAZLRNSATINTHELFA (McArt et al.,, 2012; Slobodankaet al., 2012)

[V
IS5

NATEAlTIngUssasdiiofinwinavedlnsindulnaneat9anounas naIAaenRaNE 191UV
aunawazAuanysanugluwilauuiugnseUnealaadlo Inednrnuauysaiiug lawn S1uiudy
aaonduludansausn S1iuiuraenimaunsiusn Muiuiupseniawaufin uazdnsNsHaNRnATILN

o w Al 1y ¢ A a a a & o og =~ a %
wazthtayanialuldusslovimamiudsyansnmssuvduiuguavananuaydeniaasugialuniunis
Hedlaunlulszmasialy

L4 ad
UNIULALITNINAADY

v 4

A0INNADY

nsfnwadsdmnisAnuilurhfulaunnuasnaaiedislasinisndnnelauaiugnsednea
Toadlmiveansuuadn luluidminaseyd uavany3 dnadssgmsdanisfindreadeiu Ao oglu
Tsaudounuuiaesnaenian Sauntuay 2 ads ndeudunansiludn Ao 92091 06.00-07.00 u. Tugas
U 14.00-15.00 . Tnewllaunsiaueayldsuommstunarermenenumudniveswhumslussozuia
unwarsvorliuy mslfewnsiudidasuiludndiufio Womnsdu 1 Alansu soufinaniiuy 2 Alandy
Auailewdald dvsuorsmenuiiadeu Squisu-suneu Tvghan wu weuu mngé?i negnues
Aufiudituas 2 de uazihdlifunaennan dautiaiou unsau-nguntey Srdifunaeniaiuay

£

audnilnanin wileusildfniaseniunaeana msfadendninaassiniumslasnisdududeya
TausluszuuasaumeleusvesdiinmaluladiinmmsudaUadad inmsdansesmedeulauuiiigs
Faviessvagiing (3 Wouanvhevasnisnavion) ludhafou manau-Sunau 2565 lulaanifiesauisula
uuduties 6 niueandisaalaudluvhiuvennuasng asvguamily uasdssduaziuunene
1A (Body condition score, BCS) dudnidenlauuiifigunmudauss uazdsrneauysailaofinzuuy
F1NYTENIN 3-3.5 aj’m’miﬂﬁgwm@ﬁﬁﬂmamﬁ’ﬁmmmmmeﬁﬁﬁmu@ﬁﬂﬂdn 59U 79 7 21nvsy
neAsns 16 vy vinmsdulaunidingunaaes 2 nau oud 1) ngunaaes (Treatment) 31131 40 73
uaw 2) nguAauAx (Control) S1uau 39 1 Tasluusazrhsudesiiauudwinismaassnsusis 2 nau

[y

laugiidinnaassnglurfuderiudesivuaiuaaengnluginiediu waslauugngudingu

¥
a v a

VINAOIUUEN S18azBennqunaaealiail
! [ J [ A Yo d S 11 o LY =
nqunaas Lunguuwilauailasunisdeulnsindulnanea dausineurvunnaen 10 Tu ud
nasPaen 10 Ju USung 500 B/ Ty
nquaauay Wunguwilauunlilasunisdeulnsindulnanea

NSAUADENS
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Aufunszdonuallauuis 2 nqudnnoukasndinaenluiuil neuraen 10 Ju (-10), Junaen
(0), n&9Aa0A 10 Ju (+10), n§1Aa0A 20 YU (+20) wasndinaon 30 Ju (+30) lagLAufl9g19La 99

Uszun 10 Hadans uSalduidanes Talunasaiuidenilifiaistasiunisudediveadan Uasaln

a

A I a v = g [ y N 1 [y Y v
Hoaudeiafigunniiiesusyanm 30-60 Wi anntuihlydunendsuy aﬂmi’éﬁ]izﬂUﬂ'J']lILGUZJSUHGUENF]QIQE{

9 Y

waz NEFA fiiosufjiRnsumdnendeinuasmans Inenwamunsiay dunanisdudavesusdlauumdy

AADA LATYINNSNALTIEL W5UNINTIBWIDATU 60 Tundanauieuwawilauulindudn

v =R Y
NI3UUNINVIYA

v =

Juiinteyauseda lauy laun 01 @AY kagnansIalasIeen nglaa (me/dL) uaz NEFA

[

(MEq/L) MNdninaaseni 2 nau Awudneuinuanaen 10 Juaudwdinaen 30 1U 91NN15LALLEE0

v
(%) 1 A [ £ v = o

A5 IUN -10, 0, +10, +20 kay +30 53U 5 %’aga/ﬁmfmam 1 61 Yeuassnanideidudauaduiinga

RV RV

(repeated measurement) Tugaiariisnsiuaindniffesiu wazduiinteyasyuvduiug taud Tu

3

Aaan Tududansausnudsnaen Julinauasawsnaudsiuinausin vosuilauuy 2 nqu

nsnseudaya

AuANwTYasdayalaul

Tnuuiltlumsnaaesnszneeglumhialau 16 vhiu Fedidnulauniidmeasuade 4.9 #/mhsu
(2-13 ¢, SD=2.6) Aladseyla 52.1 Lo (24-120 \ieu, SD=16.7) WazAladuddusiosi (parity)
WU 1.6 (0-6, SD=1.1) (Table 1) v} Tauumaassdiulng dunlauuriod 1 (39.2%) sesasny
wilAuniaadi 2 (31.6%) Tuvaedilaaniiosusn wasudlaunvies 3 ddndulndifeatu (11.0% uae
13.9% augsv) fwdeluwlauwiesd 4 Tuly Fdidadruiivadniios (3.8%)

Table 1. Characteristics of dairy cows in propylene glycol supplementation study

Item N Mean Min Max SD

Number of farms 16 - - - -

Number of animals per farm

Control 39 2 1 5 1.0
Treatment 40 25 1 8 1.8
Overall 79 4.9 2 13 2.6
Age, months
Control 39 58 24 120 17.9
Treatment 40 46.4 24 78 13.4
Overall 79 52.1 24 120 16.7

Parity
Control 39 2 0 6 1.1
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Treatment 40 1.3 0 4 0.9
Overall 79 1.6 0 6 1.1

AT IEnEeuYInsuga

amgndsnuraaunalumsfnweded Wessduaruduturesnglea wag NEFA Hudaued Tae
NuN nqiﬂaﬁmm?{aﬁgwmmﬁu 33.7+16.7 mg/dL FsfiAadevesnduamuguuazngunnass Wiy
34.7+16.5 me/dL uay 32.7+16.9 mg/dL AUEIRY d9uA1 NEFA nu3 181108 o9 snuai1 iy
0.283+0.258 mEq/L aglunguaiuay wagngumaaed Janads NEFA wiidu 0.317+0.311 mEg/L wag
0.251+0.187 mEg/L mua1au (Table 2)
Table 2. Summary statistics of blood glucose and NEFA concentrations in dairy cows from

propylene glycol supplementation study

Days Glucose’ NEFA?
Group n
postpartum Mean Min Max SD Mean Min Max SD

Control -10 39 34.9 21.0 69.5 140 0.260 0.030 2140 0.335
0 39 40.0 15.0 147.3 267 0.433 0.077 2473 0475

10 39 31.9 20.8 67.3 123 0.361 0.005 1333 0.273

20 39 31.1 20.6 60.3 105 0.244 0.007 0.650 0.145

30 39 35.8 20.3 67.9 134 0285 0.024 0.790 0.191

Overall 195 34.7 15.0 147.3 16.5 0317 0.005 2473 0.311

Treatment -10 a0 36.2 21.7 77.0 126 0195 0.018 0872 0.172
0 40 30.1 19.0 179.1 256 0282 0.024 1076 0.210

10 a0 34.3 21.3 94.7 16.3 0.281 0.018 0.825 0.185

20 40 32.0 204 102.2 16.0 0.261 0.011 0.842 0.177

30 40 30.8 21.2 514 9.3 0.235 0.005 1.018 0.182

Overall 200 32.7 19.0 179.1 169 0.251 0.005 1.076 0.187

Overall - 395 33.7 15.0 179.1 16.7 0.283 0.005 2473 0.258

! Blood glucose concentrations in mg/dL

% Serum NEFA concentrations in mEg/L

ANENYTAIN UG

Anuauysaliuglusdlauuiuinselnoalaaalny Nddny laun Siuiurasnialudnnsauwsn

'
a1 =

(interval from calving to first estrus) AA1LR8 8LVIAU 70.5+33.4 TU T1UIUTUABDADINANATILTA

(interval from calving to first service) dAadLINAU 85.8+32.2 Tu NUIUTUAADANINANRARA (interval

ISP

from calving to conception) HARAULYNAU 121.0+48.2 U LazdnIINIINANAAATILIN (first service
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conception rate) MNLANNAY 73 67 (NGUAIUAN 34 F7 kag NGUNAADY 39 A7) FeNANITHANNBY
AENAIN1IAAEA WUILATINISHANARIINNISHANATILINVGIRADA T1WIY 30 i Andu 41.19% msIms
HALAAATILINVAIAARALUNGUATUAN LagNguvaaed IAWIAU 44.1 wag 38.5% aua1siu (Table 3)

Table 3. Summary statistics of fertility in dairy cows from propylene glycol supplementation

study.
Trait Value Control Treatment Overall

Interval from calving to first estrus, days n 39 40 79
Mean 90.9 50.6 70.5
Min 40 21 21
Max 185 85 185
SD 35.0 14.6 334

Interval from calving to first service, days n 34 39 73
Mean 96.0 76.8 85.8
Min 40 41 40
Max 186 109 186
SD 40.6 18.8 32.2

Interval from calving to conception, days n 32 38 70
Mean 137.8 107.0 121.0
Min 52 41 41
Max 270 171 270
SD 59.6 30.1 48.2

First service conception rate n 34 39 73
No. of pregnancy 15 15 30
Percentage of pregnancy  44.1 38.5 41.1

nsAATEidaya

HavaIMsEsulnsinaulnansasan1tznaIuvInENna
Sinseidoyadildainnmstuiingludminaassfuieatu (Repeated measurement) Tuusias

FrananeuwazndInIsaaen (Sufl -10, 0, +10, +20, waz +30) Tngldlunanaudady (Linear mixed-

effect model) lngdiauuUsnu (Response variables) Ain nalaa way NEFA diudauusau laun dnswa

A3l (Fixed effect) Fausznoudie NAUNITNAADY (group) Judifiuseeng (days) SnSwaufduiug

(interaction effect) wm"mﬂq'umsmaaﬁui’uﬁﬁuﬁaasﬁa (group x days interaction) wag W15u

1%
Y

(farm) d@udadudu (random effect) lawn fdnd (cow) uaz AMUARIALAGOY (random residual) Nsil
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Svdnansiivesiy (farm effect) gritlulumariiolviaenndestfuniseeniuunisnaass (experimental
design) LATTIBAIUANANNLANFN ST DANULUTUT TR nATIARTINAIMLANF YRS (farm
differences) (Wuldannadinuin mslédnsnavesrhsululunagiglaansansianudnsnavesngs
naaedln) anslunanising)

4

Havasnstasulnsindulnanaadanuauysalnug

Taszideyanuauysaiiugluilauuiugnseleealeadlay laun Sruuiunaentaduds
afausn (interval from calving to first estrus) $1auSunaeniwaunsawsn (interval from calving to
first service) wag I1uIUTUAaOAdINaNRAR (interval from calving to conception) Tagldlananaias
1du (Linear mixed-effect model) Tneldiauusdu Ifun ndwansii (fixed effect) voengunismnass
(group) wae Yasdl (parity eroup) diudadugu (random effect) laun w5y (farm) wag AIINAAIA
\AAU (random residual) IngBvnSnaduuesmisu (random farm effect) amnsnofutsaunysUsiu
yosrndann Tikaus 20.7-47.5 % vesamuuUsUTIuRavin

Foyanansuauniion (s w3e laivies) iudeyaiiduls 2 wuu 13 binary outcome (0 or 1)
F9v1n157LAT12 A8 Logistic regression model 14 luina Generalized linear mixed-effects models
(Logistic regression model) ﬁm%ﬁmﬁwﬁé’mmﬁgﬂﬁm 741438 Restricted maximum likelihood

(REML) Tunisuseunaainsiiitnes laeld imed package (Bates et al., 2015) Tulusunsu R (R Core

Team, 2023)

VAAOUAILLANANUBIALRALTYIINGUMEaTA F (F-statistic) snenudvinavesladuiaula

GLUEULLUU“U@MWLQE?‘EJ least squares means (LS means) U5ua p-values #1835 Tukey (Tukey adjusted
p-values) laele emmeans R package (Lenth et al., 2018) AMnunA1UBdAYNI9adANIZAU 0.05
(@=0.05) N133AN13TBYA NITIATILRATATNTIUUT NITIATILILUAD NITNAAOUATARAT Uasn1s

ASTIEUNIN mﬁsiﬂil,miamwaﬁaﬁ’]L%ﬁ]gﬂ R (R Core Team, 2023)

NAN1SNAABILAZIANT

9InnswUsnguusilauuvianuady 2 ngu naui 1 nquenuau Wuwilauunouwaz nas
raanlilasunisteulnsindulnanea wazngui 2 nguneaes unilauuneunazdsnaonlasunis
Joulnslndulnanea Usuns 500 faddns/dy/iu sawdnaummunnaen 10 14 audadenaen 10 U

WioNrwwFonulAULY 2 NUTENTIATERUAT Nalad Wae NEFA Tudunsuiviusaaen 10 Ju Tumaen

s

wazduil 10, 20 uar 30 YHIAADA KAFANIUAIENANIUYINANAaLAEAINaNYTAITUS I lAuLiTug

3

nsotnoalaaalil lonan1sAnwindusmad
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navasaulnsinaulnaneasen1tzndsnuvinauga
NTIATIEidnsnavesnsasulinsindulnaneadeseaunglaa wag NEFA aralunaidaidunay
(linear mixed model) ithAsmanzandmiunsiinsesitoyadn (repeated measurement) lagmu
liwuBviswavesdviwauFauiug (interaction effect) szmirsngunsvaassiuiuiiiudedn (group x
days interaction) 31NMIAATIENTEAUANUTUTUTDY NQLAG (p=0.0663) thaw NEFA (p=0.1763)
NNAYBIANLAAY Least squares means (LS means) (SE) vesszfuaaidudy nalaa uas
NEFA U371 BvEnaveandunnassiinadosiuanuiduduyes NEFA (p<0.05) Tnsngudiladsunistiou
Inslwdulnanea Tradeves NEFA winfu 0.268+0.028 mEq/L Hesninguiilailésunisteulnslndy
lnanea Feldwintu 0.342+0.027 mEq/L egsilifudAnmneatn uandiiuinguilallddeulnslndy
InameaiiA1vas NEFA fiunnnidadusaunanmadiumsaanslufuseadadelutuiinnndy edslsfinm
nsoulnslndulnanoalifinasosziunglaaanlausvisdesngs (p>0.05) (Table 4) Feaonndosriy
Rukkwamsuk et al. (2009) ivinnsnaasslasnisteulnslndulnanealutieszoznounasn 7 fuuay
szozndanaen 7 Yu wuiwilaunnguiililddeulnslndulnaneaiidnues NEFA snnninnguusilausi

Joulnslndulnanea wazseiunglaaiimldunnsteiuluwdlauunsasangy

Table 4. Least squares mean=SE for blood glucose and serum NEFA between treatment and

control groups

Trait Control Treatment
Glucose (mg/dL) 344+ 1.4 322+ 15
NEFA (mEg/L) 0.342% + 0.027 0.268° + 0.028

b Different letters in the same row indicate significant differences between groups at the p < 0.05.

NNsAnwINUIIMIsiUAguLUaTEAUANLTduYes nglag way NEFA Tugisiasusneu
AARAAUDIEIRaDR (JUf -10, 0, +10, +20, waz +30 ) Fslunanldlun1siasiziasedl daelwaunsa
nadgoUIzAUNSABULUaiINa Nl 9nAaauues NEFA aaontienal 10 Tunouaasn auds 30 Tu
NaIAADA WU TuNReiutuaIniuraen (days relative to calving) fnanaszAu NEFA (p<0.05) ay

d' a U U | d' v = U U v d' [} 1
WaNa1TanANLANA19TENIngY ATunediu wudrluiuilauuaaengn (day 0) wilauulungy
AIUAY d5EAU NEFA (0.459 mEg/L) geninualauunguitdeulnsindulnanea (0.299 mEg/L) o819l
WadAty (p<0.05) (Figure 1) wandliiuinnmstoulnslndulnansadmadsonsndsuuinauna vl

wilpuudn1susussanzaanalen vinlvnisaanelusiuvrdinannanas
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0.5
0.459*
0.45

04 0.386

0.35
0.286

0.3 Ofg/‘ 0.31
0.299* 0.298 D,

0.25 0.252
0.27
0.2 0.212

0.15
0.1
0.05

day -10 day O day +10 day +20 day +30

e==@== control treatment

Figure 1. Least squares mean for serum NEFA at different days relative to calving

(* indicate significant differences between groups at the p<0.05)

uananil nsdsuntasmessedu NEFA 9nlaunsia 2 nquiizuuuuadiedu Tasddiadogs
figelutunaongn anifusedu NEFA dee 4 anasvidanaen ag1dlsfiniu naumanssiitoulnsindulng
ABANUITEAU NEFA tu Tumaengn (0.299 mEg/L) dinauldinnuagliupnsameditutudl 10 dou
Ao (0.212 mEq/L) wavseiu NEFA nendinisaasnanatfisadndosluiufl 10 Jundirasn (0.298
mEq/L) 1ntuiedes 4 anszdvasegiedn 1 Safinsideuuvasiesinn Tnglinuauuansiaves
seiu NEFA Tuduiluansdnaiu Tumanssiudna nguauasd@lifinsteulnsindulnanea agnuiisesu
NEFA fauunnsnsiudaauegeiidodidyniada lnsanigseniteiunasngn (0.459 mEg/L) fu
Jufl 10 feunaan (0.286 mEg/L) uag 20 ndsAaan (0.270 mEg/L) (Figure 1) uanslmiuinuilaualy
naumuAuiigmndsnunnaunafisulssennit nanfeudlauuiinnzvandsnuiidesilfiang
aanglufuinnndt Jusanaiinisteulnsindulnaneaaunsaannisaanslutunioannendsnuuie
aunalaaninsidlddeulnsindulnanes

Indvdnavesiuiidnstutiuainiunaen (days relative to calving) asaunglad wuin Judi

1 YY) 1Y

aefutuaniunaen lliinaseszaunglaa (p>0.05) dadu Falinunmsivisunvasesseaunglaaly

' 1%
L= YR

Fufishafiuna 2 ngu wazlimuguuuunsiasuulasiidaauvesssiunglaanniudl 10 feunasa auds
uiil 30 ndsnaen (siuanina) Faaenadasiu Rukkwamsuk et al. (2009) Alsinuanauansnsve sy
aututuresngleai 1 uaz 2 dUamindseaen luslauuiteuuaslideulnsiwdulnanea agrdlsfinm
nsfnmfanam Menuissiunglaavesilauunguilideulnsindulnaneatiuuilifigenin (p=0.06)

Tuuallanquitdeulnsindulnanea Feradumsglnsindulnaneaaiuisadiuszauveanglaalunseua
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Fenlaldlngianiglugeisramefianudesnamdsnuinnluszegndenasn (Rukkwamsuk et al,
2003; Nielsen and Ingvartsen, 2004)
Havasnstasunsindulnanaadanlnuauysalnug

HavasmaasUlnsindulnanearenuauy saliuslundumuANwaENGUMAaes WU TURAGER
Sadudandausn fidede (Least squares means) 1Y 90.0+5.1 JU Lag 51.4+5.3 U 91UIUIUAADA
fenauasousn danadowindy 95.2+6.6 u wag 79.9+6.4 Tu wagdauuraeniwania daiads
WU 140.6+9.8 Yu uay 112.4+9.5 3u muddu (Table 5) wandlifiuiusilauslunguideulnslniy
lnanea fnnuauysaliusvdanasaiindu Tnefswouiuaseniadudaniausn Suutunsendsnan
afausn uazdunuiunaeaiwaniatesniinguithideulnsindulnanea egrsiifudy (p<0.05) B3
aoAndBariu Rukkwamsuk et al. (2009) fistenuiusilausnguiidoulnslndulnaneaiiszoznaiiade

fasnaanauddanta N sidudnnsasnlasina

Table 5. Least squares mean=+SE for post-calving fertility between treatment and control groups.

Trait Control Treatment
Interval from calving to first estrus, days 90.0°+ 5.1 51.4°+ 53
Interval from calving to first service, days 95.2% + 6.6 79.9° + 6.4
Interval from calving to conception, days 140.6% + 9.8 112.4°+ 95

® Different letters in the same row indicate significant differences between groups at the p<0.05.
dusnsmsnaninasausn wui mssdinsivaulnanea lifinasensuauiandiusn Fonuin

A1 odds ratio wesnanALRnaSusrlunduneaesiiasulnsindulnanes Wisufutunguaiuey it

1.03 laiumnsnannsadid (0>0.05) (Table 6) 4 s019LAnanTadugunnungnuesuslauniidanase

Usdninmsyuvdviugvedlaunluyimainaen

Table 6. Logistic regression results for first service conception and propylene glycol

supplementation in peri-partum dairy cows (n=73)

Parameter Odds ratios * 95%Cl P-value 2
Intercept > 1.14 0.27 to 4.77 0.857
Group 0.962
Control (n=34) reference -
Treatment (n=39) 1.03 0.33 to 3.22 0.962

! Adjusted odds ratios
2 \Wald test was used to assess the overall effect of Group and Parity

*> Odds at reference levels of predictors
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Tnslwaulnarea (1, 2-propanediol; CHy0,) iumeswaniifisavu Qmmm%ulﬁﬁ waLdlANUnTin
Fefinmuantiduansiadunszuaunisadanglag uaedinldtuilulunsnunneilada lngende
wanmsiiasdinanaztheiiussiungladludenldedianmd Butler et al,, 2006) Insfilomunidy
wawdnvanvasnsnininsindulnanoalunseimeviin Feanunsognimluaduldegissng (Ferraro
et al., 2009) Faduusslominelalunsannny NEB uazn1izalndsa naanndeulnsindulnaneadiulng
Igoonnusveanszmvinvierudosafiue s uazgniddsudunglaalassu (Rizos et al,
2008) Inslwdulnameaiduasnadurednsilownlunszimevinfiaunsogaduldegasagian
nszinzndndmiunsruiunisaianglaaluiludu (Nielsen and Ingvartsen, 2004) Inslndulnanea
annsndsanamy NEB Idlasnszuaunmsainanglea wasdudmsduasgianstlau uonandinslndu
lnareadadioufinuinmiug n1sduiug wazdsgAnsnnveanfiduiu Tnsnsifiussdunglagly

NanauaznNIsvinuvessululandn e Alada

Uszandamszuvduiugvesailauniutadefiddynanussnsnisiidwmasonanilsmig

q

megﬁwmmswﬁmum ITYTLIALATAINHIUNIIVDINIY NEB wosusilaunlutisusniasnaonds

v = ¥

AeatuUszansnimssuvduiiugdnaie nisaarsludululsunauindiadenenisinuve i
= a = o § v o v a v a = D =

HesnnsavauvedlasiedandwesearlinisminfivarenisidsusenludelidugSoanas
wouluiouazg S vdananonuany sl ug lussesnaunn i uagnIsWAIUIYeIR 18U B ELIN
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Genome-wide association study for milk yield trait in different lactation stages of

Tropical Holstein dairy cattle

Jatuporn Pongpeng!, Sayan Buaban?, Pattarapol Sumreddee!, Tida Komsangthong? and
Praopilas Phakdeedindan’
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 objectives of this study were to identify genomic regions
associated with milk yield trait in Tropical Holstein dairy cattle, and to identify genes and pathways
that may influence this trait. The studied data set contained 409,122 monthly test-day milk yield
(TD-MY). A density of single nucleotide polymorphisms (SNPs) panel (BovineSNP50 Bead Chip,
Illumina Inc., San Diego, CA, USA) was used for genotyping. After genomic data quality control,
42,119 SNPs were retained from 3.397 animals that had both genotypes and phenotypes. The
GWAS analyses were performed considering 3 different lactation stages: early (5-95 DIM), middle
(96-215 DIM) and late (216-305 DIM). Effects of SNPs for each lactation stage was estimated by
back-solving the direct breeding values estimated using the single-step genomic best linear
unbiased prediction (ssGBLUP) and random regression test-day models (RR-TDM). To identify
important genomic regions related to the analyzed lactation stages, moving windows (SNP-by-
SNP) of 20 adjacent SNP explaining more than 0.50% of total genetic variance were selected for
further analyses of candidate genes. A total of 3, 4, and 3 important genomic regions were found
in the early, middle, and late stages of lactation, respectively, and a total of 45 genes were found
that were related to all stages. The same genes were found in the early-mid and mid-late stages.
When analyzing pathway, biological changes of genes in the lactation stage were found to be
significant (P-value < 0.05), including the genes ABCA4, ABCD3, ARHGAP29, SLC44A3, FNBPIL,
MOCS1, GCLM, LRFNZ2, TMED5, PHF2 and F3. These genes are involved in important pathways,
including: growth and multiplication of breast cells, stimulation of milk production and secretion,
transport of both lipids and proteins and regression of breast cells. The results from the study
suggest evidence of the same or differential sets of candidate genes underlying the phenotypic
expression of the milk yield traits across lactation stages, which will lead to knowledge of the
genetic basis of the population structure and can be used as target genes in gene expression

studies.
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wazdAnerugululeun waziiddgdoyauinuiluiifsfosiudnuurUnaduiwesssvins
TauunseUaoaleaailuiiaguussfiegedieditn mafnwaseilinguszasdiilefnyaruduiudias
Fundmivszymuinailuiifodoriudnvusuinahulussezmsliuiuanssiulusenns
Truumsednoaloadla wazldvinailuuildnmamiu nalnvesdu uagnszuviunismedaniniil

DVIBNANDANWEULAINATY

Asn1sAnw

=

Payanlulnd Wuguszin wazdlulnd

1Y N

Toyafildlunsfnwasalidudeyavsunanhuuluiunageu (Test-day milk yield, TD-MY) 578
Y | ¥ o v v < W ' s v & Y [
mveauilauilngluseumshiuuasausniladuinuiegianisunuasnsfifsdauumivssmady
TEADU ARDAGNTEVINFBUNNTIAN 2536 Dusieusuau 2564 NTruTihiluszuugudeyalauuves
dlnmalulad@inmnisndadadnd nsuvadnd ndnuulddanisteyamebiduluauieuly

Aarialuilfe engpnongnATILINoYTEMINg 20 Ba 48 Wwiew Julviundndnlviedsewing 5 uay 305 Tu Ju

[y 1 '

VAAOUATIUINOYTENING 5§13 60 Tundsnaen UTinausluudazuegszndng 1 i 45 Alansu wile

Y

wiazdifeslveyaluiunaaeuedetos 5 Juiin wazimualiddeyasglundunisdanisineaiy

Y 9

=4

s

(Contemporary groups) 88191y 5 Juiin uenanniudlaninuniazdemsiuneius wastayaiug
UsziRaggnavdeunduly 3 4101y Aendeinisdanisteyasziideya TD-MY dmiunisAnwdiuiy
409,122 aya Mnuilauy 47,285 ¢ saududeyaiugusyinvedanineivesiulanlinandndiuiu

89,728
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Table 1 Number of animals and records used in this study

Items Number of animals and records
Animals in pedigree 89,728
Animals with records 47,285
Test-day records 409,122
Genotyped animals 3,397
Bulls 190
Cows 3207
SNP information 42,119

Tayadlulndlaninnisasiamdeyaninuunnsraniaiugnssuluszaudluudle Ilumina
BovineSNP50 BeadChip (ILlumina Inc., San Diego, CA, USA) #1dwire99u 2 (5113w 54,609 SNPs)
v3e 11959 3 (@F1uan 53,218 SNPs) Insitsaeaiastuil SNPs udioufudiuau 50,908 SNPs Tas
foya SNPs fildagdosrinunisaaunuama T (Quality control) dsfiansandae Call rate > 0.9 dwuita
SNPs wazdluudnd auiidadages (Minor allele frequency, MAF) > 0.05 N1588NANaNAA Hardy-
Weinberg (A1NULANASEnINIANuaniannta warenudiidnnn) <0.15 nMsnadeunnudnuiszning
ArausgnuaIu (Parent-progeny conflict) uanang SNP ﬁlaimwﬁ’]L.Lmiw%aaﬁﬂuiﬂﬂuiezmL‘Wﬁ%
lilignianldlunmsiinsedt anendsanmsmuguaunm ddeya SNPs fmdodmiunisinsiey
117w 42,119 SNPs 9ndnis1uan 3,397 d1 dannsmuaunanm SNPs uazdegnstusuiunsiagly

TUswNSU PREGSF90 (Misztal, 2022) s1eazidennakdndty Table 1

nsATIEdaya
1. MIIUIEAINISHANN UGN (GEBV)
AduUTEANSNSANnBYdNYDY GEBV (Random regression coefficient of GEBV) vaddniusiazaa

AusuanewausUSUaNuULla Ty BSUAUINNNISIATITINBIAUTENIUANULUTUSIUBALANLLUTUSIU

[ I

1 d‘ a 1 6 Va gfl = %
s weldlunisussdivAnsnaniugaluy lagldisnsuuudunsuieinnlunaiuegaunisanasey

[

WUUdN (SS-RR-TDM) wagiinssiiavdnuaueaislusunsy AIREMLF90 910 BLUPF90 software family

Y

(Misztal et al., 2022) wWutierfiufunsAne1ues Buaban et al. (2022) &1 SS-RR-TDM @unsardeuli

Y v

oeflusUvasiunindlawsd
y = X4b; +X;b, + Vh + Za + Wp + e, [1]

Tnefl Y WunnwesvestuiinUinadudluiunegeyu; by iunnwesvesdniwaiiluszuy

Feuszneumeaduasiivemmbenauiiou-U-ganisnaen; by Wunnwesvesridudszansnisanaey
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Asil 189 Legendre polynomials (LPs) fideusglunausiug-nauergiinaen; h idunninesvesdnina
duiflesann gs-Y-Feunaaey Tng h~N(O, Incﬁ); a uay p \Dunnmevesdilszavinisannee
LUUguYes LPs Adeufungludninaidesaniugnssy wazdninaiiesandwandounins lne
a~N(0, H®Gy) waz p~N(0, I,®Pg) awd1sv; uaz € unnnesvosdninavesni
aaraad ou lne e~N(O0, InO'g) wnind Xq, X2, V, Z uaz W 1du Incidence matrices
donndsstudninafinarnundesy; H L*fJuLa,Jm%ﬂsﬁmmé{’uﬁuﬁ’mqﬁuqﬂﬁuﬁf;f@LLUmmﬂmiﬁwﬁ’u
YoeAuFNTUSIEnIdm TluiugUse I (Numerator relationship matrix, A ) fuaaduiusn1aTluy

(Genomic-based relationship matrices, G): In W Identity matrix; GO Lay PO Wuunsng 4 x 4

ANULUTUTINTwresduUsEaANTIn1sanaeedudmiudnswalle s niusnssy wazdninaiilesan
v o w 2 1 o A
AnLIRdoNaNT MNEdy; Of iunnuuusUnuismess T-dounaaey; 02 L uAaa

wlsususmvesmnuaanaeu uar @ 1 a Kronecker product function

[y

a1dured LPs dadumuusiusiuvestadonsd wastadudn fruianiuliug (DIM) aud
nnualay Gengler et al. (1999) nM1s@nw1ASIT LY LPs @@ Ul 3 (Constant, Linear, Quadratic hag
Cubic) wagld LPs dviuiiiendudmiudvznanisanassuuuasiivasiuvdy nguiugdiwuniu 3 nqu
ANUSTAUEIELAaALEadlnl WSew (HF) Usenaumie HF < 87.50 %, 87.50 < HF < 93.75 way HF >
93.75% nguergfinaengnitunidu 7 nau lnsudaznquiinaiunng 3 e nquusnilengesnidn 25
A ' tZ = ! A o < ' A a [
o uazngugavineiiangunnndi 39 Wew gamadiuunidy 3 nau Ao 9euru (WeFRINIEU-NUATTUGS)

gfou Ewau-lguiew) uazgru (NSng1AL-nA1AL)

[

AnnEured H fsdndudmdvaunisduuunananunsadsulaenad:
0 0 ]

-1 _ aA-1
HT=A" 410 16!+ BAy) — wA;l

(2]

lnefl A fownsndauduiusszninedniluiuguszidmsudninnda; Agg 1Wuuning
mnduiusszninsdniluiuuseidmsvdainddlulnd a, B, W waz T 1 Huiadaarsnimin o
waz B WBuadliiiondnidestiym Singularity Tnefianvadu 0.95 waz 0.05 muaIRU (VanRaden,

2008) wesng G gnassunuisnisves VanRaden (2008) fail:

G = 7ZDZ 3]
2y, pi(1-pi)’
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=

e Z Avtunsnguad SNPs 1USUAIMINANURDAAA 1A AA, Aa Way aa 11 -1, 0, way 1
o w a a & o H v o ) a
muaiy; D Aeumsnduwinuesyuvasaraisiinindmsuainuwdsusiuves SNPs (Suuwsn D = I);

m fednuiuAseaue SNPs wag Pj AoAUDdadavad SNPs 1 1

nNmesYBIAINIsHaNTUg T lunvesdaiudazds 1 (GEBV)) alédunissiu GEBV s1e3uann
DIM ianaianuszaznsiunlasualagnisaaniniaesvesrnduUssavansonneehuugunanugnTsy
AUNIINAIVIUE (Predicted genomic random regression coefficients) AaLUASATBIAMUTIIM LPs

anuitesunelag Jamrozik et al. (1997) [4] §ail
GEBV; = T§; [4]

el 6;  WHunnwesvesridulszdndnisanassuuudumnsiugnssudlunfivhugle
dusudninnaze 1
T DS nuaseuUsunius i aseminet st uiandu LPs sutaseasnsiiu

I
Y

A91U GEBV duSunAazsseen1sunuesdmiwmazal 1 3959u191nn15974 GEBV weasiu ve4

DIM fidlaaanie e [5], [6] wag [7] fAe:

GEBV1; = GEBV1;s + GEBV1;4+ - + GEBV1;q¢ [5]
GEBV2; = GEBV2;9¢ + GEBV2jg,+ - + GEBV2;,4:<

GEBV3; = GEBV3i,1¢ + GEBV3,,17+ -+ + GEBV3;35

(7]
Ins#t GEBV1;, GEBV2; uay GEBV3; 1 GEBV dwidutiswesnisluuszesi 1 ve

ASAUY (Szeedis: 5-95 DIM) F9WanIDetlanISiNaNanMiuTIL S28s7 2 (S2eenana:96-215 DIM) &9
LAANDITEYLAINUYDINST MNARNAAUIUN LAY 528N 3 (STeeg: 216-305 DIM) T9Land0et9n15WinIg

HAMINUaRaIINRNEUgANS I Aua1ey

2. NISANEIANUTUNUSNINGI UL (GWAS)
¢ v v v o o ~ AN A ) a - o X o a
n1sAnwIALENTLENIN R luLessyBunIuAudnyarUTI At luastilagaliunising
AITUNINTLESNISIAUIUY 3 ST A9 1) S2aLAUVDINITIAUL (5-95 DIM) 2) S28NangUDINIS iUl
(96-215 DIM) kag 3) S£8N18U09IN15 UL (216-305 DIM) Iaelgasn1swuud unauLd g in19079
Uil (weighted ssGWAS: WssGWAS) Tagdndwaves SNPs (SNP effect, U) Tuunazszagnisiruutu

ATUINNIAINNTEUIUNTINGT (A0S U1elagasldenveedunounITINEIA1U1509 MM URDUIIN
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‘Scenario 17 1u Wang et al. (2012)) sglumaidaduduoiuiuililunisussfiudwiugnssuilu
Tneldoaniuas PostGSf0 (Aguilar et al, 2014) Tnsnisuiaunisideus GEBY (@g) luusiazszaznns

TruslufudvEnares SNPs Tngfinrsanldmnunlsusumsdiug (03) sufumuiiesunsliluges (8)

wag [9]:
[ag]: 7DZ’ ZD'] 52 8]
u DZ' D u
dNSNavawsaz SNPs 1au191nNNSLAZNNS:
u= DZ'G'a, [9]
FaruavENaveIusiay SNPs luudazsreznslvua Ao
u, = DZ'G 1a [10]
1 gl
_ r~—1
u, = DZ'G™ ag, [11]
r~—1
uz = DZ'G™ ag; [12]

loedl Uyq , Uy , Uz Wunnmesavdnaves SNPs Tussuziu ssagnans wazszezingveinis

Ty muaney; ag1, g2 , Ag3 Wunnmesvyas GEBV Tussusau s288nane wasseesyingvasnsin

UL AUARU uazdemuuadu o lanmualineuntnidud

~ o A ! d’l’ N ! Y a A
bUBIINATIRTIVNIATLAUIN DY UUNUTTUVDN SNPs tag7 € 9198 WA ILANNIITUNIUNIBNT

¢ A

Usziumaniuly ins1g31dnsdiuseninediuay SNPs wagduiudnindalulndas (Wang et al,,

2014) uag SNPs ﬁaeﬂw‘f%mﬁqamﬁuawﬁm Linkage disequilibrium (LD) @3¢i® QTL A8 ululNg

Y

SNPs M1flA3unuIkLugs (High-density SNP panel) @sagdanainlidnsnaves QTL aznszaneluma
SNPs snualusiumisiiden LD as (Fan et al,, 2011) mematiusiadluanldladeuriuiuvuin 1-Mb

(Non-overlapping window) 3agnldlunisiuindadiuvesaiuuwdsusiumaiiugnssulunsassumia

a

N1AMUNTI9 1 Mb wagldieseyuiinadluy iWesaindanumuizauniinashd SNPs i ed 9 Ty
ns@nwiisldnisiugiased 2 daeiundsiouuudlunnfdduay SNPs Negfniuegiesiaiiio 20
SNPs ws1gliauausalun1siuieuIniige daeaidesgn wazdauaiesvein1sussuin

anENaves SNPs u1nTign

388azv0IAUKUTUTIUNIINUE NI TN oS UelagAwmr Ui luuN Usenoaunig SNPs 9

[

dewloatudl 1 anw [20] fieSuelae Wang et al. (2014) Furadléinai:

20 _ -
var(aj) VvarXj=zjuj
e [13]
Oa Oa
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a

lapdl @j AeAmanugnIsuvesiunilsuudluad 1 Ausenaulusie SNPs Negfiniueaeng

AoLHDd 20 SNPs, O'g ABAMUKUTUTIUNIIAUTNTTUN AN, Z; ADLINLABSVBY SNPs 1USUAIRNY

Ly} A

muddadai j dmsudnivionn waz Uj Aedvanavas SNPs 1 J neludumisuudluni 1 (Zhang et
al., 2010)

3. msszqu?mmﬁuu LLaznﬂiiz‘quWlﬁ'u (Genomic region identification and Gene

annotation)

'
v a v % %

\ieNrszyuInaRluniianudAyiigtteatudnvaUTinaniug avihenusnamiiandlug

A laviugounu (Nonoverlapping genomic) #8914 20 SNPs §4@1115095 U18A1NLUTUTIUNIS

HUFNTTUNMUALADE1UREWINAY 0.5 % A1UNUIIN15ANYIV09 Fragomeni et al. (2014), Oliveira et

= a

al. (2017), Silva et al. (2017), Lee et al. (2019) way Zhou et al. (2019) emwmimmé‘g’i%ﬂummsﬁﬁ

mmgﬁm%’uﬁ’mqﬂizmﬁmmmsﬁﬂwm%ﬂﬁ wazlanIguLuunIIv Manhattan plot U99ANLYIUTIU
maﬂ’uqﬂsimaaLﬂ%wmsJﬁa%msJImEJU'%nm%IuaJmmﬁImﬂﬁi’f gnuplot 5.2 (Williams and Kelley,
2019) psamkarszyBuilegaeluusazruinadluniildidonuds (szingaisudu uazqedugavosiite
§Tu) Taeldias eefioa1n map viewer Y9951U% 08 UMD 3.1 (https: / / oct2018.archive.
ensembl.org/ Bos taurus/ Info/ Index Lduunufi 81989 drufuudlseyldvanunagnsiaaounu

F1utayas1ee) (NCBI-https: //www.ncbi.nlm.nih.gov)

4. NAS1ERATU1Y waznalnn19¥ainevesdunidnSwanedanwns (Gene network and
pathway analysis)
518% 0vesd un sey ba s ldim eviin1sTas1evinid 19 laeld (1) g1uve Genecards

(https://www.genecards.org/, Safran et al., 2010) (2) Tolusunsu R package Enrichr (Kuleshov et al.,

2016) 33uUg1UT 038 Reactome (https:/reactome.org/, Fabregat et al., 2018) uag (3) JuAT1E™

wievnevedulagligiudaya GeneMania (Warde-Farley et al,, 2010) a3 HaTINAUNBDS UL EY

o
NNYU

NAN1SNARBILALIN5A]
Atade dautdsauunnnsgiu uasAndaswugnTsu
Aade dudeauunsgu Adesiugnssedsseiu warardnsiusnssuedslundas
SYULVRINTIAUN (Szezau (5-95 DIM) Syznais (96-215 DIM) wagszeeng (216-305 DIM) ¥09n151iA
ual) 91NNN5IASIERiasdnuaEAae SS-RR-TDM drwdudnwarUsunaniusluseunisiduuusnues
Uszwnslauuvsedaealeadlat fuandly Table 2 Anadsvessuaniunluiuneasy faviifu

'
[ Ly a

13.73 + 4.57 nn. UagdlA19ns1iugnssuedeseiuwintgu 0.36 uenanilendnsiiugnssuaisluusag


https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib55
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib153
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib153
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib178
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib102
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib232
https://www.genecards.org/
https://reactome.org/
https://reactome.org/
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JrEUIN1sULd S UAmsudnwaMzUSau daregluseaudiunaisluyae 0.41-0.44 Tnedive
dunnInAdnsiugnIsuvesanvaueUIuuLT 305 U (5-305d) dudgeninAidnsiugnssulag

Wagse ulngiALNAY 0.46

Table 2. Mean, standard deviation (SD), and average heritability estimates of milk production

traits of Tropical Holstein population in the data set used for genetic evaluation.

Parameter?

- - 2 1.2 2 2 2
IS Unit  Mean D hg hg_g5py hge_215r h216-3051 N5_305D1

TD-MY ke 13.73 a.57 0.36 0.41 0.46 0.44 0.46

! TD-MY=Test-day milk yield.

2 h?l = Daily heritability; h§_95 DIM = Early lactation heritability; hg6—215 DIM = Mid
lactation heritability; h%16—305 DIM = Late lactation heritability; h§_305 DIM = 5-305-DIM
heritability.

ns3zyUTnaEiun uasmsssyBuitieades
nsnwmnuduiuitedlunluadsdvilinansn seyuinadlug uarldusnuiTuaild
szymunisasduiliietestudnumsuinaniuniisssedu (5-95 DIM) szaznans (96-215 DIM)
warszeeving (216-305 DIM) veanisivua Tnewleofiansanainnsin Manhattan plot 783¥o8azaay
uUsUTIUMeiugnIIITeAIasINY SNPs nudluszeziu Lavszernansweensivuy annsnesune
AALUsUTIUMNSTUgNsINlFINNES 0.77 % uay 0.72 mwdidy dennninszegsinevesnisliuy

(0.70 %) egnslsimuuinadlundiulugeduiglatesnin 0.5% (Figure 1) wagiuniavariinszangly

Vvsdluy Jeudidnuasiiudnvasiruaumedunaiadu (Polygenic) anivisdluy Jaddiusiu
o o ‘NI o

dAgynvibmian1suususiumaiugnssy venanddmuiiusnadluudmsusseenigvaanisivuy

o

v v

dmiudnvaueUsinaunlidndiureianuwlsUTIUNIsiugNITUAININSE UL DY F90719AeUBsY

555uvRvesanwarUSUTNuNlus T e IR ANN
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A) Early lactation stage B) Mid lactation stage
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C) Late lactation stage

Figure 1 Manhattan plots of the additive genetic variance explained by windows of 20 adjacent
SNPs for milk yield in A) early (5-95 DIM), B) mid (96-215 DIM) and C) late (216-305 DIM) lactation
stage in Tropical Holstein. The dots above the red line indicates the regions explaining more than

0.5% of the additive genetic variance.

asUusnndluniieSuisdadiuvesaunususiumeiugnssuiinnige (Fevas 0.5 n3e
1nnin) wienlalulwuuarduiiiedes Wudﬂuﬁxazﬁwaqm{[,ﬁumu'%nm%lumﬁ%agjuuiﬂﬂﬂezm BTA 3,
BTAG uaz BTA6 danusnil 10 Suilimefisnesiu way 1 Sufisldlémmuaunuimminfifidaou (Fud
Fududae LOC) luwazﬂmwaqmﬂﬁumu‘%nmﬁiuméjﬂagjuu BTAL, BTA3 way BTA23 (Table 3) &<
wudidl 20 Buiiaeiisieau way 12 Suidsldldmmununuimmuindiidaay Euiitugugie LOC) wazly
sepeinevossounsiviuauIndlundeeguudtatuu BTAL, BTAS, BTA9 way BTA24 Fawuihil 15 fud
wneilseeu was 18 Suiidlilldsmununuimminiadaau Euiitudusie LO0) egdlsinuasifiuii

finsseyduinmileudulussegnislvuusineiy wu lussezduveanisliuuiiduneguulasiuleuie iy

€

vnulusrerna19veInsiuNAadu ABCD3, ARHGAP29 way ABCA4 warlusyeyna1ivadns iyl

TP 2 SrzUpINIS UNNLANANWTlAuFuRUS fuwasumatulavutnAnwmileuiulung 2 svey
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YDINIFIAUNT WANANY @DAAABINUNITANEIVDY Oliveira et al. (2018) WAZKNAVDINITILATIZITAT
ANUFUNUS TENINTLULAU-TLULNANVBINIT ALY TLULNAN-TLYLTNNEVDINTIAUN LASTLULAU-SLLY

PgYBINIT L Falaavindu 0.88, 0.85 way 0.57 mudinu (lilawanang)

Table 3. Summary of the windows that explained the most of genetic variance for milk yield in
early (5-95 DIM), mid (96-215 DIM) and late (216-305) lactation stage in Tropical Holstein, with a

list of annotated genes in the proximity of each window.

No Windows Var! Chr? Start Stop Genes®

(nonoverlapping) (%) (position)  (position)

Early lactation stage (5-95 DIM)

1 5676-5695 0.77 3 48627062 49639691 ALG14, TRNAY-GUA, CNN3,
SLC44A3, F3, ABCD3, ARHGAPZ9,
ABCA4
2 8688-8707 0.50 4 99542142 10080927 CNOT4
5
3 11799-11818 0.50 6 54063716 55048602 LOC100848287, TRNAC-GCA

Mid lactation stage (96-215 DIM)

1 5687-5706 0.72 3 49200769 50673505 ABCD3, ARHGAPZ29, ABCA4,
LOC783590, GCLM, DNTTIPZ,
TRNAR-UCU, MIR760, BCAR3,
LOC101905185, FNBP1L, DR1,
LOC101905706, CCDC18,
LOC107132311, TMED5, MTFZ,
FAM69A

2 1727-1746 0.56 1 103105517 10415246  SI, LOC104970979, LOC781603

3

3 36281-36300 052 23 13793884 14623137 DAAMZ, LOC107131718, MOCS]1,
LOC100848955, LOC104969558,
LOC104969567, LOC107131723,
LOC100847495, LRFNZ, TRNAI-UAU

Late lactation stage (216-305 DIM)
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No Windows Var! Chr? Start Stop Genes®
(nonoverlapping) (%) (position)  (position)

1 16206-16225 0.70 8 86056611 87006712 WNKZ, FAM120A, PHFZ,
LOC100139841, LOC101907579,
BARX1, PTPDC1, LOC104969435,
MIRLET7A-1, MIRLET7F-1, MIRLET7D,
ZNF169, LOC101908010,
LOC101907893

2 1727-1746 0.52 1 103105517 10415246  SI, LOC104970979, LOC781603

3

3 37630-37649 051 24 38983896 40114436

4 18283-18302 0.50 9 100656795 10166788
9

LOC781066, LOC104975763,
C24H18orf42, ZBTB14,
LOC107131781, EPB41L3,
LOC107131782, TMEMZ200C,
LOC100847357, LOC107131783,
LOC101904513, LOC107131780
LOC101908046, LOC101908095,
TRNAC-GCA, LOC100848504

!'Var = Variance explain;

2Chr = Chromosome;

® Genes = Candidate genes in the window regions explaining more than 0.3% of the additive

genetic variance.

a ¢ 1 S a a daa a 1w
N13IAIISHELAIDUNY LLaznalnw']a%'a'awﬂ'lﬂaasmwuawswamaaﬂwmz

NFUNNUIAENITTEYUTIUTILL Lazn155eyEY nudufeIteesinedisienunnIzes Iy

Viavua 45 Bu uazillelinsgvimihlagldgiudeya Reactome wumsidguudamisiinmluszeznis

T ussin9q 1 90ed1f sy (P-value<0.05) fauaniny Table 4 G8uii ddayldun ABCA4, ABCD3,

ARHGAP29, SLCA4A3, FNBP1L, MOCS1, GCLM, LRFN2, TMEDS, PHF2 wag F3 lng@unsnesunenting

[
Y A

Yasduluniazsyarn s lan gl
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338AUVBINTI AL (5-95 DIM)

usfuusfussdussneundnveaing lussezduvosmslfuumuiud fafiieadostunsuuds
nsnladu waznszuirunisiuniludduvesladiulawn ABCA4 (ATP binding cassette subfamily A
member 4) wag ABCD3 (ATP Binding Cassette Subfamily D Member 3) 8y saesil unuanvinl
ansadnvivsinaluiuludaldedfiussansain ABCA4 Wu Lipid transporter fiffunummdn
Yuds Phospholipids wag Sterols (Coleman et al., 2013) @2u ABCD3 \Ju Peroxisomal transporter
Fahmihiivudsnsalusfuaissn (Very-long-chain fatty acids, VLCFAs) wazansusenau Lipid suq 11
1UTu Peroxisomes (Ranea-Robles et al., 2021) ARHGAP29 aansvidbalusiy Rho GTPase activating
protein (GAP) Zaiiuandnues Rho family Afunumddnlunmsmuaulasiiseaduin actin luwad
s Tusiuiiendestunsesguasifinsouadiénue (Zuo et al, 2016) Fadunszurunisddy
Turasduvasnsliun F3 e Tissue Factor (TF) wulwihuamas Monocytes unumlunszuaunisi
\3en (Hemostasis) kagn159nLa@u (Theodorou et al., 2010; Witkowski et al., 2016; Musgrave et al.,
2023) unumvesduil i eadestunuduusnaufidanuanlug s ureanisiduy SLC44A3
(Solute Carrier Family 44 Member 3) 13 ulusfiuvudsil funuimdrdalunisandesiady (choline)
(Hedtke and Bakovic, 2019) #ufuanssndudmsunatsnszuiunmsmedanin wu nsdunszinea
TWadnuazmsadradorumadusiinladudinaladuaine e esanmsmsinlunseimnzgim ua
wagndndaaianuudinsdunnasdrAgredeadulusmsvesyed lneuwla 1 67 (2% luiiu) Jladu

v

Useanad 40 un. FeAsduiiou 10% vesuSuaunuuzihaeTudmsunudsTod e (Artegoitia et al,,

Y Y

2014)

528ZNA19YINITIAUY (96-215 DIM)

wugulunguieaturasiunisliunleun ABCAZ uag ABCD3 Fufuduiifiunuimlunisuuds
lysfuuy way ARHGAP29 fiflunuinsenisiasyvonsagdidiuy uonainidamududugiuduldun
FNBP1L, GCLM, TMED5, MOCS1 way LRFN2 WUsAu FNBPIL (Formin Binding Protein 1 Like) Nsg#u
mafanedmelsistuvonduloueniiu Fsenadmarenisindouievousadlboydius (Alberts et al.,
2002; Wu et al,, 2017) 8u GCLM (Glutamate-Cysteine Ligase Modifier Subunit) ﬁmﬁﬂﬁlﬂumiéﬁu
Q) qgaaaiﬂulﬁalﬁalﬁmm (Elolimy et al., 2021) 81 TMEDS5 (Transmembrane P24 Trafficking Protein
5) ponsialalusiuiinulduunisves milk fat globule Tuthusmdswaztun funumluidnnsmds
anslaeraslunsuSusdaasvuasdusiudugliviauldnudavane (Yang et al, 2016) 8u MOCS?

(Molybdenum Cofactor Synthesis 1) vhuthiidaasizilyuduitulawinmes (Molybdenum cofactor)
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Fadududnssdfisebiuneuledaieg aelusinie venainilududiyn (Molybdenum) tosdadu

ﬁmﬁwummﬁwmmmfmmiﬂ (Archibald, 1951; Reiss and Hahnewald, 2011) 81 Lifn2 (Leucine

Rich Repeat And Fibronectin Type Ill Domain Containing 2) LfJuIUiauﬁagfwﬁ’qmaéﬁwmmiumi

duasizidiaionuns (Castellanos et al., 2007) waztiendesiun1ssudygrauasdeussam (Synaptic

transmission) 9871348 ITRIIUNIINTEAUNMTATIAaENITVEIUILY (Morimura et al., 2006)

SEENIYVBINITHAIUY (216-305 DIM)

Tuszezinevesn1sliuy wudu PHFEZ (PHD Finger Protein 2) & sviwii#ilunisuntesainy

\d@er1ev03 DNA Wrunalnnisidsunllaslaseainelasun@u (Pappa et al, 2019) §3913LAA1NNTT

Untasnisnisannssvaivasiiiuunauniswiiaunlule Inglandsnsliuuuinaiatinnsiderieuss DNA

waLNSANEVBNTaatRsNINANLLLelussaE T

Table 4 Numbers of pathways and genes identified by Reactome database (P value < 0.05)

Traits DIM  Identifier Reactome Pathway P value Genes
Early 5-95  R-HSA- ABC-family Proteins 0.0014  ABCD3 ABCA4
Lactation 382556 Mediated Transport
stage
R-HSA- Extrinsic Pathway of Fibrin ~ 0.0027 F3
140834 Clot Formation
R-HSA- RHOA GTPase Cycle 0.0028 ABCD3
8980692 ARHGAP29
R-HSA- Transport Of Small 0.0058 ABCA4
382551 Molecules SLC44A3
ABCD3
R-HSA- Diseases Associated With 0.0071 ABCA4
2474795 Visual Transduction
R-HSA- ABC Transporters In Lipid 0.0099  ABCD3
1369062 Homeostasis
Mid 96-205 R-HSA- Molybdenum Cofactor 0.0093 MOCS1
lactation 947581 Biosynthesis

stage



Identifier Reactome Pathway P value Genes

R-HSA- ABC-family Proteins 0.0109 ABCD3 ABCA4

382556 Mediated Transport

R-HSA- Glutathione Synthesis And  0.0184  GCLM

174403 Recycling

R-HSA- Diseases Associated With 0.0200 ABCA4

2474795 Visual Transduction

R-HSA- RHOA GTPase Cycle 0.0217  ABCD3

8980692 ARHGAPZ29

R-HSA- CDC42 GTPase Cycle 0.0223  ARHGAP29

9013148 FNBP1L

R-HSA- ABC Transporters In Lipid 0.0275 ABCD3

1369062 Homeostasis

R-HSA- RHO GTPase Cycle 0.0303 ABCD3

9012999 ARHGAP29
FNBP1L

R-HSA- Class | Peroxisomal 0.0306 ABCD3

9603798 Membrane Protein Import

R-HSA- Synaptic Adhesion-Like 0.0321 LRFNZ

8849932 Molecules

R-HSA- Canonical Retinoid Cycle 0.0351 ABCA4

2453902 In Rods (Twilight Vision)

R-HSA- WNT Ligand Biogenesis 0.0396  TMEDS

3238698 And Trafficking

R-HSA- HDMs Demethylate 0.0421  PHFZ2

3214842 Histones

stage

HianseiATeUnevesdunTeteuiintuauanvasUTinauudlagldlusunsy GeneMania

N A ) v

wudndigununngluaTetnedediudiuiu 51 8u (3naw) waziidukansufduiussauiudiunu 259
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Figure 2 Gene network analysis of milk production for all lactation stage using GeneMania (Warde-

Farley et al., 2010). Network includes candidate genes and related genes (51 genes,

circles) with 259 interactions (edges).


https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib205
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib205
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wihfinunswasuslamadinmuesdulussesnsTiundiftudfy (P-value < 0.05) léud Bu ABCA4,
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