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TSPY gene for sex determination of bovine embryos by one step Real-Time PCR

Ll/

Nattanant Sirirattanatanyakul Kalaya Kengvikkum' Viboon Yienvisavakul” Janejira

Kongpunvijit?

Abstract

This study was performed in order to develop a novel, rapid and sensitive method for
sex determination of bovine embryos using TSPY (testis-specific protein Y) gene by one step
Real-Time polymerase chain reaction (PCR) technique for produced frozen sex-embryo.
Blood sample were collected from 5 male and female cows for positive control and test
sensitivity of Real-Time PCR at the lowest target DNA concentration. Bovine embryos were
produced by IVF (In Vitro Fertilization) method. A total of 30 bovine embryos at 8-16 cells
stage were removed and blastomeres were separated in 4 groups 1, 2, 4 and remaining cells
then kept in 0.2 ml tube and stored at -20 C until PCR analysis. DNA was extracted from the
embryonic cells and analysed in Real-Time PCR utilizing two different sets of Y-specific
chromosome (TSPY gene) and X-specific chromosome (K-Casein gene) and fluorogenic probe
primers. The results showed that could be detected at lowest DNA concentration of 0.001
ng/ul blood DNA template. Amount of Blastomeres in 4 groups of the same embryo were
concordant in all cases and sexing efficiency was 86.67 (26/30), 93.33 (28/30), 100.00 (30/30)
and 100.00 (30/30) when 1, 2, 4 and remaining cells, respectively. In conclusion,
sex determination of bovine embryos with TSPY gene by Real-Time PCR technique could be
detected at lowest DNA concentration at 0.001 ng/ul and up 4 blastomere cells was 100 %

accurate.

Keywords: DNA, Bovine embryo, Real-Time PCR technique, TSPY gene
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Aedlauuuarladend e luihdulaumnwasnsiaudesnsiagldlamade Wesanuarilsd
I§uanU3inauasaunmaandniiu drushduladedaudeanislames nsesniinis
waniAsuomnsuardnsnmaisydulaluiagganinlududerlildvanaademnnyinslsldduean
wndy ddludagtumeluladfanmdanutnndiosnann Tdinniiennnusmedueniug
mansuazdluanauliussloniviglusunmsnnausninasseuladauduwummiaiannsald
Tunsudletiymnisdamdundenaunulfidesanidensiumavesigauansailuadadula
naunuldnsmueugosnislisuinunsnsldlnemaiadedindsou uenandamisatiuld
afvayuimfunsadeaeiusuanfiuiugnsslifdummdmneiadla Wunisduyadmis

wswgnaliumlalaiduegned

[ ' '
I~ Y =2 a A

ludnfideagninsunnneiinazdlaslulen Y idudamvuamed da8ufieguulasiuley v
38N 1eEIRY (Y-linked gene) Fudugufinuamizlunedvindu dreg199u SRY ZFY wag
TSPY furdusu Tun1s@ne1ves Affara et al. (1996) wuln TSPY 81 (the testis-specific protein

2 o Aa ° Aa =~ Y] o ¢ & Y
Y-encoded gene) {Wugunianuinnizvedlasluleuineg nlanumiouiuludniidegnieuuny

2 A

Iolunywd fuazla (Jakubiczka et al.,1993; Schempp et al., 1995) udufiuanseonisaundu
IR %ﬂﬂauqﬂma male germ cell ingiamuasinthiluvuiunisudnaidssl (spermatogenesis)
(Vogel et al., 1997) Lemos et al. (2005) wua1 TSPY Suanunsaldiduins esvaneiugnssudiil
amnudumzdemaglunmausninalafildiufueiivsinundudulosmnnld Wudeaiu
Manz et al. (1998) 7il4 TSPY 8u Tumsusnimagoush

n1sasasennadn luieslfuRnisainisavinlanansds 1wuds cytogenetic lnan15n33a
chromosome 385n19M529M13 Biochemical assay A28 X-linked enzyme activity 380159529919
immunological A8 male specific antibody 7511971929919 immunocytochemical hybridization A2
1154 Y-specific gene sufumATiA fluorescence in situ hybridization W35 NSAALENIATING 13
iy famgniosudugiildinanlunisnsasuiu seulddnsiaunismannalasinuinig
ongiugmansunlflunsasanenmadmensdaanzinidueidmneluasannassedsieiiies
FhEM3eBNLUY primers AfiANuTIINzRBE Y-specific gene Faaguulasiuluunadi3onisnis

n533171 wAdla polymerase chain reaction (PCR) TudaqtulainswaunIsn1snsianeninesy

a =

goungesatdandunaila Real-Time PCR 1UASA1SNaNWRUIL1AINN1TYIN PCR LUUALAL 1ae

Y
1%

LN UASNISAAMIUNANAAA LD WLLU 1UUYT LA UT UAIUNITANAAINAI8A1TLS DIuaIUTELAN

fluorochrome fARAULEE specific probe LHUAWWBELALY Usgnausie reporter dye NITUagUane 5’
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o

¥4 probe Avigeoisaisus AlFleun FAM, TET uaz HEX 10usfu uaz quencher dye axdudivans 3’
84 probe 11U TAMRA Watianslouslawdudngeetsawudves reporter axgnnszdu (excite)
wazUanauas (emit) lun15¥ Real-Time PCR Lﬁaﬂﬁﬁ%ﬂ extension Anty Taq DNA polymerase 713l
5" nuclease activity 96in reporter dye 88na7n probe ¥ reporter dye #§A%1908n3IN quencher
dye uaganunsamondsnuseninlusuvesnamgesisawud duilraunsaiauiinuvesiidue
WmnessdunnddeinisnseialduarannseTnuTinamsueiidiutunlsiug nglisuiudes
sel¥inszurunsiaeaunon (Gibtha) Pierce et al. (2000) 57697171 wipfla Real-Time PCR {4357
fanuwiugglunisnsiauenne drgauluuyudlagld TSPY gene LyuLfigafiyu Cameiro et al.
(2011) wud1 TSPY gene LulA3 pamnesiugnssufiianuduwizsomary Auszansanduasd
474U copy number ﬁqqmmxauﬁﬁmﬂiﬂmmﬁﬂ Real-Time PCR Tud 2006 Badr et al. (2006)
nsuennesgsulanaznsylelagld wadfioouszuy blastocyst 72875 one step Real-Time
PCR wu1ausaueninalaagnegnded 56 63370 57 d1 vesdieaula wazludigeunszUananine
iﬁgﬂé}’aqﬂgﬂ 25 §7

fngusrasdvasnmsfnuideluaiod ilemuineiianisnsausninedagoulalay n1siin
Al Real-Time PCR fianunsaiausunaiiuadvaned fusunaies wu s1uww 1 - 3 wad
blastomere 10428 0UlATEY 8 — 16 L9aa K38 morula ®3® trophoblast ¥ess18aulATyYY

blastocyst 1Husiu wazdu TSPY fflanudnmesslastuleumed wildlunisnsiauennadigeuln

'
1 v =

Pufugaiuisnsnansafianuguiisenlsnnssezlaeinandsunamesaisiseuatlusening

o w o

Maeiniiunsey Plrdanula QnAeg wugazTIAEINIIWALA PCR LUUSUAN LUSEANS AN

Ju iledlundsdigeunenimantudslunisiudviulalulasinsusulsaneiuglauumseUnea

loaalnuiaz lusN15LNLAS UL BATNTNIINLATING

gunsaluardsn1maaag

dninaaas
Felnnlsendailuwndminassys Unusd eysen ivsegadentameduazinadieonn

hiununsnsluaIeYieveIrudTuMsNaNeukasnaAlulag N sandn Jaseys

douNnnaag

v

WesluRnsnguideiauimealulagiinmmsuaadadn drinwelulagdinimnisdaue

v §f v v

dnd Jardaunusiil

BYSLIAINITINNADN

Fasfaud 1 na1Aw 2552 - 30 Aue1gu 2555
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Audegrsdenlamedwazimedoagieae 5 61 lanasaiuidenniflansdeaiunisuddinveaion

MMsNUAladaAan

(E0TA) iubiigamgdl 4 - 8 ssrnwaldea Wislddmsuluianunuuan (positive control) lalunis

egouUszavsmMuazauhlunseanenweues primer wag probe

n1sNaNA29aulARIE3T IVF

1. ivsalalaannlsseidnd ihungnanlavddladeinuasduasenundnslieenaintn
UAQNGIULAZUI i &slaiildunfusnunlutnen phosphate buffered saline (PBS) il 11Uodius
fetal bovine serum (FBS) wagenUfirus Mgamgdl 35-37 esmwaldea

2. thdsdslaladiiesufofnisnelu 2 alus gafiuleleledmelgdedanvoadifaiifvuin

[ [ v
U 3 v | ¥ 1%

d
dusihuaudnana 3-8 fadwnsuuisly Andenleleludiiidueadfydaviedudeusousiaus 3 4
(cumulus-oocyte- complexes: COCs)

3. Wneiss COCs Whasfsiunseutfauslnenszuauns in vitro maturation (VM) Tag
wnzdedlutiner TOM 199-Hepes 71 10 Wosidus FBS 10 lulasndu/fiaddns FSH (folltropin) 1
lulasnsu/fadans Estradiol 17B (sigma) 0.54 fadnsu/dadans pyruvate 0.14 Jadnsu/dadaans
L-glutamine 10 u1lunsu/daddns epidermal growth factor wag 10 dadlua B-mercaptoethanol
(fAuUasan indlazany 2552) tneides COCs Tigamqll 38.5 ssmwwaifea uay 5 wWosidud co, Tu
s mARTIudLIMSgand1 95 Weddud Tudimedeaunm 22-23 Falus

4. 171 COCs Alfhluufaussuindoundudla AdanToudie3s “swim-up” nuisves
Songsasen and Apimeteetumrong (2002) il ‘J’WT’Jaq%ﬁllmﬂmamﬁ'UIaIEJVL%GTﬁIW%EJMUﬁau%
(matured oocytes) Turbren TALP 741 2.0 fiadlua penicillamine 1.0 dadlua hypotaurine 250
lalaslua epinephine waz 10 lulasn3u/fiaddns heparin lnsusumnududuraseadidu 1x 106
¢ sl 1 fiaddns neidies matured oocytes Faufufoad (Fes 10-15 Tu Tuthen 500 Tulasans)
Tugimzidsauru 19-20 $2Tus gamad 38.5 ssriwaideoa uay 5 Wodidust CO, Tuusssrnea
ArAuduimsgendt 95 wWodidusd

5. Mntueadlefiinufausludsdutien SOF (synthetic oviduct fluid) $aufuisad

I 13

Nzdee (vero cell) aSuey 10 Wesigud FBS lugimnzifes Ngaumgil 38.5 asrnwaided uag 5

U s 1

Wastius CO, TuussennianuTuduinsaanin 95 wWesidua Wunaiuu 3-6 Tu dhdiseuiliasey

Y

flasey 8-16 Wwad (Figure 1) 39588 morula ilgAnwmall
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Figure 1. Embryos at the cleavage stage: A d-cell embryo (left) and a 6-cell embryo (right)
NNSLAILULYARAIBOUAIWSUIN Real-Time PCR

tiadsseulaszez morula (8 - 16 wad) &13¢e ansavane PBS Tdluasazanefid 0.05
\Wosiius pronase E (P5147, Sigma) iitedanedu zona pellucida thesnundedie disavane PBS
3 ads wdailUinnrzgalenead blastomere #281A3 89 micromanipulator n1eldndaq
a3 stereomicroscope laefou 1 Tu usniwas blastomere 1u 4 ngu fenguduiu 124
Wad uaz Wwaddivde aandigeu 30 Tu wwad blastomere fuenldifivluvasnruin 0.2 Gadans
7iil 1 lulaséns vesansazanes TE (Tris-EDTA buffer) fusnwlifigaumail -20 ssnwaidea auniy

22UNUINTIATITINE

NsENARLOUIEAINAIBEN LT aALALITARAB DU

1. d1708 198 0auai nf Lo uleA 289 Aai AA L ule QIAMp-Blood DNA Extraction Kit
(QIAGEN® Germany) lagtigaagns DNA Aldunvhnageuainududuvesiidueiiunnsietu 6 seau
Tnensideansiiduonsaas 10 W (10 fold serial dilution) Tneidaandlifiamdadui 10, 1, 0.1,
0.01, 0.001 ¥a0.0001 wlundu/llasans mudsu Tnenadeunuuduas 5 511 enadeun
hlunsanausnmafiaansansivldvesrnududuiidueiiddian

2. Yuwaa blastomere 3ndisau wnainndwe tagld3s water heat (Fauladnan Hirayama
et al. (2004)) Tngifisni1 deionized 10 lailasans Tiauouiigumgi 95 ssauwaidoa ilunan 10

=]

UM

mMainsuauABuedieiaias Real-Time PCR
Aduefianaldnidenlauazainsadaisoutiuinsivaeusenea tagld primers 13
AMUTINIEAU Taslalen X laun K-casein gene (Chen et al, 2003) Tastulaw Y laun TYPS gene
(Lemos et al., 2005) wae primers probe fiRnRandeanseua (TagMan Probe) auTable 1 1ng
MsiusuIufBuediemaina Real-Time PCR 141A3 049 StepOne Plus (Applied Biosystems) &

v
v aaa

aeAUsEnouveslfisendell YsuiauAsevianun 20 lulasins Useneusae forward primer way
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reverse primer U84 TSPY-specific primer (Y chromosome) Liag bovine specific primer (X chromosome)
10 lulaslua edvag 0.4 lulasans TagMan probe dw3U Y chromosome Wag TagMan probe d1su
X chromosome 15 lulaslua aesag 0.27 lilasdng wag 2X TagMan Fast Universal PCR Master Mix
(P/N 4352042) 10 lalasans thndu 6.9 lulasans uaz DNA template 1 lalasans Tneselusunsusal
Pre-incubation 95 asAN@al@ua 20 AU amplification 95 esrwal@a 10 U Way 60 BIALYA
Bea 20 Fu¥ 91U 50 S0 v Indanauavigeaisadudcieg SDS software YeA3ee StepOne Plus

(Applied Biosystems)

Table 1 Specific primers and probes for X-Y chromosome

Specific chromosome | Primer/probe Sequences (5" —» 3’) Product size

(bp)

X chromosome
K-Casein gene F —CAAGCCCAGCCAACTACCAT- 443

R —GATTTTTCTTTGGTGGAATGGCCATA-

Probe VIC ~-CCACACCCACATTTATG-

Y chromosome F —~AGGGCAAGGCCTGGTG-
TSPY gene R —GGAACTCCCGCCCGATTC- 260
Probe FAM —CCGCCACGTCTCCGTC-

N3N UNATIZING

Jinsnzsinalasnisasaadansfinduves PCR product Inen1snsiatn fluorescence #ae
TUsunsuluiag 09 Real-Time thermal cycle n1suUanailinasidad PCR product #iind uaan
orimers AiiANuTNNZse TSPY gene Mifindae probe FAM (©§unsinld@yiiu) nuanzlaineg
windu uaz PCR product finTuan primers fiflAusLwIZHe K-Casein gene fifindae probe
VIC (FunswiEiTen) Sadu primer auau nuvislameadiagmade (Figure 2) fedudisoumeray
Usingudunsin 2 dudanm Panel A anugiidhgoumaiisaznudunsiniiies 1 dufanm Panel B
Tneilen C, (cycle threshold) FailuArduausouvesmshaumes Real - Time PCR filiiAuasgosisa

WUSFAAAULEY threshold tWuAIUITANULTUTUYDIRLDULBNFBINISNAEDU TaailAuduRushUU

NARUAUANILTNTURLOWE (A1 C, AnnAdueties A1 C, tesdiduiaiin)
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Amptfcaton Pot Amplfcation Pl

) TSPY

K-Casein ! KrCasein
usf Ct gene

35/ C
gene o

08 |

] Value ol Value
1 usf

051 Threshold s} Threshold
o2 vag g

o] |
oo Threshold y = Threshold &
29556, 021 N

aRn

L, P

7 o [

0.0 o

»
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Cycle Oyele
{ PO — ‘ [ — ‘
Panel A Panel B

Figure 2. Graphical representation of Real-Time PCR data of male and female cows. Panel A
(male): PCR product of TSPY gene primers/probes (blue, FAM) and PCR product of K-Casein
gene primers/probes (green, VIC). Panel B (female): Only PCR product of K-Casein gene
primers/probes (green, VIC).

nsAATIEideyanieain

aa a

ldnslmeideyaatimidmssan wasilSeuiieuiosay
NANTISNAABILAZINTA]

YSunaanududuvesidule

nsnaaeuanla (sensitivity) ves3snnasuusnnela TngnisyaAinnududusgnuesd
BSuenndonlauvhmnadeurnududuresiiduefiunnsneiu 6 seiu lnemadonsiiduenseay
10 i1 (10 fold serial dilution) Tneideandlfiannandududl 10, 1, 0.1, 0.01, 0.001 4a¥0.0001 U
Tunsu/lulasans sudidu sansmaaey wumududuRluesmanfiauisansaaus el
Windu 0.001 wilundu/lulasdns @iewindu 1Alansu/lulasing) fe Table 2 Taglumer asny
Funsw 2 vy vausfimedsaznudunsviiies 1§y Fieure 2) Twwasdt Jinming et al 2007) 161
nedeumlaves pimer TSPY gene faewmaila PCR uuusainy Inevnaeulufes oS uendonladi
P 10, 20, 40 wa 60 Alansu/lulasanslnenamsAnwnsanuaulai 10 Alansu/lulasdnss
aulbiminmsveseduasaidadululdindewmeia Real - Time PCR SuszAvEnwiigendn weiia PCR

LUUR AL
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Table 2 DNA concentrations of sex determination bovine from male and female

whole blood.

DNA Concentration (ng/ul)

Gender (n) 10 1 0.1 0.01 0.001 0.0001
Female Male Female Male Female Male Female Male Female Male Female Male

Male (5) - 5 - 5 - 5 - 5 - 5 - -

Female (5) 5 - 5 - 5 - 5 - 5 - - -

Threshold 0.1 0051247 Threshold

0ot
0.001 ng/ul 001
& ooor 0.01 ne/ul ﬁ\ \ 0.001 ne/ul
& 0.1 ng/ul 0.01 ng/ul
1.0 ne/ul Sy 0.1 ne/ul
1 ng/ul

00001
10 np/ul 10 ng/ul
0.0001

032211

ARN

0.00001

0.00001
0.000001

0.0000001 g S A
002 4 6 810121 16N ZLMHANVHD WAL KEAEND

Cycle

Lee
| wiasein [llwTsry W wcasein [lwTsPy

A B
Figure 3 Amplification plot show the variation of log (/\Rn) with PCR cycle number. [A] TSPY
gene primer (male) at 10 fold dilution concentration DNA (10, 1, 0.1, 0.01, 0.001 and 0.0001
ng/ul). [B] K-Casein gene primer (female) at 10 fold dilution concentration DNA (10, 1, 0.1,
0.01, 0.001 and 0.0001 ng/ul).

PINMTIATITRas8lUTLNTIVEATBY StepOne Plus (Applied Biosystems) Ffuiaen G,
A3 Figure 3 LamgA1 amplification plot ¥0IN1IATIBNLNAAY TSPY gene primer (male) waz K-
Casein gene primer (female) Aisefuaududuiiduie 10 - 0.001 urlunsu/lulasdns Eunsw
Usingdnau wiarandudu 0.0001 wilundu/lalasdes ldusngiduns Womnanldfinsdudy
vdeffinludSinaivesnnvesdufisuevesiu TSPY uay K-Casein Hnavilinisnsiaindeyeo
uasrlgeaisaifusiidugud Fdldausonanaduduns il wagldlddindudu negative control 1z
Livrngnyiilesanlaidl DNA mnmsveaestiasonsauesninalaldfinrududuresiifueriign
0.001 ulunfu/lulasdng 7 C +SD inde 36.82+0.1321 way 40.84+0.1431 183 TSPY gene primer

(male) wag K-Casein gene primer (female) asasu a4 Table 3
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! N . 1 ' P = ' o Y v
A1 G bRa gu8d TSPY gene primers ium')aﬂ"NﬂLEULaﬁ]qﬂLa AN IETAUAITULY UVU

10 fold dilution Wuegluta 23.70 - 36.82 uay A1 C,1adBved K-Casein gene primers WY

Tugng 27.45 — 40.84 ¢ Table 3 Flsradisneun1sAnwves Badr et al. (2006) TunsmaaauAIy

TvasiSnsranennala Tun15v1 10 fold serial dilution (10 — 0.001 WtunsSu/lulASARNS) WU A

C, 1@ues Y primers oglutaa 33.83 - 41.34 wazAn C, 1adoves BOV primers oglutiag 16.79 -

27.00 9l @1 dunsiensly primers vesBunlilunisasiamaiasiuiissiinasaamemaia

g

Table 3. Threshold cycle (C) mean and SD of TSPY gene (male) and K-Casein gene (female)

Concentration of C: Value
DNA (ng/ul) Mean SD
1 2 3 4 5
TSPY gene (male)
10 23.79 23.68 23.63 23.76 23.66 23.70 0.0680
1 27.20 27.13 26.96 27.24 26.98 27.10 0.1269
0.1 30.64 30.36 30.31 30.45 30.51 30.45 0.1297
0.01 33.77 33.67 33.54 33.70 33.62 33.66 0.0863
0.001 36.88 36.98 36.63 36.76 36.85 36.82 0.1321
0.0001 0 0 0 0 0 0 0
K-Casein gene (female)
10 27.57 27.40 27.34 27.56 27.38 27.45 0.1072
1 30.96 30.81 31.22 30.95 30.84 30.96 0.1616
0.1 35.12 34.83 34.99 34,76 34.84 34.91 0.1451
0.01 37.87 37.64 37.55 37.81 37.73 37.73 0.1285
0.001 41.01 40.90 40.62 40.81 40.81 40.84 0.1431
0.0001 0 0 0 0 0 0 0
N13RTINAROULA

HAN1IATIANAA I8 pUlAIINTAd A aulAT LT daTEeY 8 — 16 1wad 91U 30 U

Tngihdgeu 1 lu igausniwad blastomere W 4 ngu fie 1 2 4 wwad wazwadfiwde (Table 4)

WU NENAETIANNTgUKAlA 100 (30/30) Wesldud Aenquiwad 4 lwaduaziwadiiivie duu

nauLwadTaINTasLHale 86.67 (26/30) way 93.34 (28/30) Wesliud fe nagx 1 wad uaznay 2

§ o [ 1 cal 1 v v a =3 M v G~ e & a I < [ o=t
RiLh| amwﬂquLsziaawmumalmlma’mmmmﬂms@mﬂuwaa“lulm WﬁE]L‘UﬁaVILﬂU(?]ﬁ@QSLUL“UiJLﬂULGUﬁﬁ‘N
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Juursvanuin ylrlddfdwelunisnsisasy Madin1s@nwinaunt1ilae Badr et al. (2006) 1o

NAFBUNITHUNINARIDBUIINLYAE blastomere 71 waad a1nA188ulAsEey morula 31u7u 14 Tu

TnewUaeas blastomere 31U 57 8 #539928735 Real-Time PCR kagduu 14 Wwaansian 87

classical PCR wu31 Tinansetu 13 Tu Aaudu 92.86 wWesidud (13/14) §49s19910015/ nw1v99

Martinhago et al. (2010) Tagn1sasranavesiigaulununsmaila Real-Time PCR Lagis FISH

A8 single blastomeres §1u3U 35 WALy 9 Au wuinlinaaugnees 74.3 Wesidud (26/35)

wae 80.0 Wasidus (28/35) muansu

Table 4 Gender determination of 1, 2, 4 and remaining blastomeres cell and matched

embryos by Real-Time PCR, using TSPY gene specific primers (Y chromosome) and

bovine specific primer (X chromosome)

Blastomere
Embryos Remark
1 2 4 Remaining

1 M M M M Male
2 M M M M Male
3 M M M M Male
a4 F F F F Female
5 - M M M Male
6 M M M M Male
7 F F F F Female
8 F F F F Female
9 M M M M Male
10 F F F F Female
11 - F F F Female
12 F F F F Female
13 M M M M Male
14 F F F F Female
15 M - M M Male
16 M M M M Male
17 M M M M Male
18 - M M M Male
19 M M M M Male
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Blastomere
Embryos Remark
1 2 a4 Remaining
20 M M M M Male
Blastomere
Embryos Remark
1 2 a4 Remaining
21 F F F F Female
22 M M M M Male
23 F F F F Female
24 M M M M Male
25 - M M M Male
26 F F F F Female
27 M M M M Male
28 M M M Male
29 F F F F Female
30 F F F F Female
dgunani1Inaag

NIATILNINARIDDULARIY TSPY gene Inedainatla Real-Time PCR WUI1 @10150M573
woninafsoulalagldusmnamutuduvesiidueraniissdu 0.001 unlunsu/lulasdns uay
$1uruwad blastomere faust 4 wwadtuly fianunsnsraldlinanugnies 100 Wedidud uandli
WUIINSASILEAARIBaUlARYE TSPY gene laawmnalla Real-Time PCR flUse@nsanlvinanis
maauﬁgﬂﬁaumuﬁw fanuluazanusumzlunmsasauennala Tnoausansiamsuesnius

0.001 ulunsu/lulasansvsenaus 4 Wwaavuluveawaa blastomere

AnfnssuUsEneA

ANEKITUTDVDUAN AT.118 8AITESY NYrewdelrAmkusinlunITnzBeiIgauLazns

Y

1 v

LI AULEARAI80Y WazWIENAagNY ANNSY W1sdlng 11Un IuiadmininguIdenmun
walulaguaganuvainvalendinndadninniiu Adewdesnuniswiougunsal asaiuag

firaenalunisAnwATal
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Genomic prediction of milk production traits for Thai dairy cattle
using single-step approach with random regression test-day model
Sayan Buaban  Somsak Prempree Monchai Duangjinda?
ABSTRACT

In genomic prediction, the single-step genomic BLUP (ssGBLUP) has been demonstrated to
outperform multi-step methods. For milk production traits, the random regression test-day model
(RR-TDM) has clear advantages over other models. This study aimed to evaluate the feasibility of
using the single-step random regression test-day model (SS-RR-TDM) in genomic prediction of milk
production traits, in comparison with the pedigree-based RR-TDM, and to investigate an effect of
genotyped cows on the accuracy of genomic prediction for young bulls. Data of milk yield
(n=170,666) and milk components (n= 160,526) were from 24,858 and 23,201 cows in first lactation,
calving between November 1993 and March 2018, respectively. Additionally, 876 and 868 bulls and
cows of each data set were genotyped using Illumina Bovine SNP50 BeadChip. We cut off the data
in the last six years, and the validation animals were defined as genotyped bulls with no daughters
in the truncated set. Estimated breeding value (EBV) were obtained with RR-TDM, and genomic
estimated breeding value (GEBV) were estimated with SS-RR-TDM. The prediction methods were
compared with the genetic predictive ability for young bulls, namely theoretical accuracy (I'y),
validation accuracy (I'y) and unbiasedness (b). The I't was obtained by inverting the coefficient
matrix of the mixed model equations whereas the I'y, was measured by the Pearson correlation
between deregressed EBV from the full dataset and (G)EBV predicted with the reduced dataset. The
b was determined by the regression coefficient calculated according to the linear regression model
(closed to 1). Using only bull genotypes, on average, SS-RR-TDM increased I'y by 0.22 and Iy, by
0.07, compared with RR-TDM. With cow genotypes, the extra increase was 0.02 and 0.07 for I't and
I'y, respectively. The bias was reduced when the prediction was based on using SS-RR-TDM and
including cow genotypes. This study confirmed the feasibility of SS-RR-TDM for genomic prediction
of milk production traits in Thai dairy population. The evaluation should include the genotype data
of both the sires and cows.
Key words: Thai dairy cattle, random regression test-day model, milk production traits, single-step

genomic BLUP
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Table 1 Number of farms, animals and records used in this studly.

[tems Number of animals and records

Milk yield traits Milk component traits

Number of farms

Full data set 1,905 1,764

Reduced data set 1,523 1,379
Animals in pedigree 51,128 48,834
Animals with records

Full data set 24,858 23,201

Reduced data set 15,404 13,768

Test-day records

Full data set 170,666 160,526
Reduced data set 97,970 88,000
Genotyped animals 876 868
Bulls 152 152
Cows 724 716
SNP information 41,977 41,975
dayadlulnd

foyadlulndildanmsduundeyavosmuiuuismeiugnssulusssviianalolns (SNPs)
A28 Illumina BovineSNP50 BeadChip (Illumina Inc., San Diego, CA, USA) Fifuneddu 2 @
54,609 SNPs) u13e 11099u 3 (@91u9u 53,218 SNPs) Tasidenld SNPs il eufuiisansiesdu
11 50,908 SNPs LUK LNIIATUANAMAIN B9R1TANAE call rate > 0.9 dwTuits SNPs uaz
luudnd MAF (minor allele frequency) > 0.05 N1588NIINANAA Hardy-Weinberg (AIUWANAIY
sewinsauAfiaens uazawAfidann) <0.15 MsnaaeuALTALdsTEIIagHeusgnray
(parent-progeny conflict) Iaglusunsyu PREGSF90 (Misztal, 2018) lonanldlunisaiuaunmnin
SNPs wagia981¢ N18nd1aINAIsAIUANANAIN Ssanniataya SNPs dwsuldlunisinsey
$1UU 41,977 way 61,975 SNPs andnifidalulndsiuiu 876 uay 868 f1 dwsusnwarUsuu
1y uazdnunreadUsznauinuy mudiu Meandeavesyadeyatuaillilunsfnuiuansld

Tu Table 1
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Ao gavuNY (NeAINEU-NUN1WLE) goTou Ewau-Tguiew) wazgary (N3ngIAL-HA1AL)

\eanANudutouvadliinadeauyAlimiiUsreidnsnaveinunaIaAdouilA T UAREA

nsbiuy uagimvualiensnawuuguiinisnszaguuuundcmeanaiiswiniu 0 waglaseasieaiiy

wlsUsIusvealiman vuslmdusail

hl  [loZm 0 0 0
al | 0 A®G¢G, 0 0

Var Ip‘ =1 o 0 IQP, 0 2
e 0 0 0 Ic?

laeil Gy way Py 1Juwunindaanuwsusiusiy 4 x 4 vesdulszd@nsnisannesuuugy

dniuBvsnalosnniugnITuwazaNMIAANNIT MNE1AU A Wuue3ndauduiiussening



Journal of Biotechnology in Livestock Production °

dnluiugusedR (numerator relationship matrix) I \luun3ndiandnwal (dentity matrix) @ 1Ju
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MME) (Misztal et al., 2018) A21ULUTUTIUVDIANARIALAG DUAINN1TVIUNE (prediction error
variance, PEV) 903duU5 N5 115000 08MUUE 1A LAR 18 ATHNNHUYDUUATNFA UL 18U 09

MME 91nlUsunsa BLUPFOO A1iugnssuvesdninsaziiazgnuiausainuanani 305 Ju lagen

Y

WugNITUN 305 U lanmueanKasIueeriugnTsusendedulviuug 5 8 305 dmiudnuaue
Usunaunslinandminuumuidnises Jamrozik et al. (1997) dwsudnuuziUasidudiosduszneu

W (FP, PP wag PT) HasiuvesaiugnIsuluseunsiviuuazgnunuiislgeLaie

I o o 1

AgnIIugNsIUsely (h3) dmsudnvarUSunanislinandnuiug uazdnuvazilesidus

(%

p9AUsENaUEILY MuInlaeadl:

B2 = Gaa) @)

2 2 2 2
Oa(ayFOhtm+Opa)*toe

518 02y WaE 07 (g \TuAILUTUTINUAEANNLUTUTIUTIN (co)variances) 1ewugNIsu
LAz AIINABULUUAITANTULABZ TU MUEIAU
AdmIiugnIIudmsUSnwarUSunansinandniuy werdnvauzilesidudosdiusznay

U 91 305 Tu (h2p54) AALARSL:

~2
o ] U % a ¥ a 901
h2psq = —————C%) — dmsudnwarUSinunsinananiug (5)
301ohtm+oa(305)+op(305)+3010€
2 32(305) ] v W ¢ @ 13 '3 9;
h5054 = (= dnsuanualziUasigusasnusenauuiul (6)

Uhtm+3§(305)+312;(305)+3§

o 85305488 85305 dmdudnunruiinunslinandaiiuy 1uaunlsusiunay
AULYTUTIUIIUNIIAUTNTTH uarAunndeuuuuamsisuiudusiuliuad 5 83 305 audd
(Jamrozik and Schaeffer, 1997; Jakobsen et al.,, 2002) @3 6Z(305) 4a% 62305y ATuedifud
osfdsznouthua ifuA sl sUTIuLare LU SU TN IR UENTIY WarAaIndDNLUT S

LRAYAILATUIAULNA 5 D9 305 ANUATSU

PEV 9@9AMUgNIsuyl 305 JuasAuinnuileiduyes PEV vasdudssdnsnisannasuuudy

waskUIsINved LPs (Mrode, 2014)

2. MInsRFIUAINUSNIIHRlUNdmTunalaiangdeulas (N1siUTeuliisudsn1svinung
NlsAa RR-TDM iy SS-RR-TDM)

v Y

nsfnwafailidussdunuannsolunsiuneausnssudmiunielafifongduios Tas
T¥nsnsavaeumausiugiuteyaiianas (cross-validation) Ansvunemaeiugnssudesiiade
yoviousl (PA) Tu RR-TDM wazAn GEBV Tu SS-RR-TDM wielailvhnnsnsivaeu (validation bulls) 9
finnsananvislavjuiiengdsioslugndeyaiianasiifiianzdoyailulnt uazildmuusiugiain

N15UEAT EBV dmsunsiazdnuaizaIngatayaniviuauinnil 75% welaiivinin1nsiaaeuainy
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walugTIUIURG 28 1 Aakanslu Table 3 TudAuwsnuazAIUIAT EBV 91 305 Tu dusunialaf
N15953988UM1L RR-TDM Laglddoyananun 31n0uazaIunsaf1uIua de-regressed EBV

(dEBV) dwsunielaudaziilagliansves (VanRaden et al., 2009) Aswialuil

dEBV = PA + =2-FA )

dEBV

1087 R gy Aomnuidesiuvesrn EBV Alisaunisatiuayu (contribution) 99061 EBV Lade
Yaswaull (parent average, PA) Tngfn dEBV azgniuildidunasisnmsgiulunisnsivaey T
\SEIAN GEBY (Waw PA) 11 305 Tu dmsurislafiviinisnsiadeuwsaziinin SS-RR-TDM (uaz
RR-TOM) Tnelddasationas lunisvaaouanuasalumsviuneasldinast 3 4o fuioludl Ao
AU NTINGuE (theoretical accuracy, ry) AIULIUEGNTINIINTIAEDU (validation accuracy,
ry) kazaulioaRuesn1svinuiy (unbiasedness of prediction, b)

anuwsiusuImgud (ry Wurmnuwiudvesdniusaziuesn GEBY (Way PA) 71 305 Ju

Aruadldann PEV (Misztal and Wiggans, 1988):

PEV

8

I‘t - 1 — =
02(305)

e 04305) L{‘JummmLLUsUsauMWQﬂ’uqﬂismﬁUssuwmléf’mﬂ RR-TDM ausiuiliiuait 5 &
305 PEV 1JunuuUsusiuresaunaiaindeuainnsinnedmiudniuiagis wasusiardnumy
FadualdnnaeniidaiidesuosAinuadeusnnsgu (SEPY) nlusunsa AIREMLF90 (Misztal
et al,, 2018) InglowzognsBsdmiunsiemeidelinanisannesuuudy AALUTUTILYBIAY

ARANALAADUININNITYNUNEANNSUERNILABLAIN | LATLAAZANYUEAINITNITAUAN:
PEV, = z/C!! 9)

e z, Wunawmesves orthogonal covariates Maevasiuileddy LPs uay C iluiwndae

Y2INSUNHUYDI MME Naannasiudnswavasdlulnddmsudnl i

ANuusiuguFanisasiadgey  ( r, ) JuArdudszancanduiusveaiiosdu  (Pearson

correlation coefficient) ¥1319 dEBV way GEBV (#38 PA) NUSUAI85INNEDIUDIAINULDLIUYDY

dEBV (_|R%ggy) FULARAIMINANNITAUAN

corr(dEBV,GEBV or PA
r, = 2 ) (10)

2
,/ RieBv

auliaafvainisvinure (b) WuaduUssansnisannesNAuiumulinanIsann oL

dEBV = p + b(GEBV or PA) + e (11)
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Tnofl 1 Aogdn (intercept) wag e Aomnuaaandou AduUsavdnisanneeiidariingd
uargenT1 1 Usidn GEBY (3o PA) fid1auiuads (nflation) uassiAuads (deflation) mudsy
fainsieseiieimauudunouien (SS-RR-TOM) tu azfinisduiunssiuuassadadmiu
uiazyndoyaiinazlifidlulndveausila WewSousunanszmuanmstidiusnveaulasonts

MugeAiugNTIUAluY

NANISNAABIRAZINT

ALRAY daulEAULIINTIIN KaTATDNIINUSNTTY

Auady drudsauunnsgiu wasaAsnsiugnssy (Anadeseiu uarluseunslviuai 305
funnmslieneifiasdnunzdie RR-TOM) dmsudnuasnslinandaiuiluseunisliuuusnues
Uszanslauslneuansly Table 2 Aadovas TD-MY, TD-FY, TD-PY, TD-TY, TD-FP, TD-PP uas
TD-TP flftviniy 13.89 + 4.53 nn. 0.49 + 0.20 nA. 0.44 + 0.14 nn. 1.69 = 0.55 AN. 3.56 +
0.96 %, 3.13 + 0.39 % wag 12.12 + 1.10 % AUa1AU Imaﬁﬂﬂm%gaﬁaﬂawzﬁmLaé"maqLwias
é’ﬂwmﬂﬂé’lﬁmﬁu@msﬁagaﬁg@wm dnudeauunasguvesuiazdnuaziinuiuuusdntes
Sasmiugnssulaeiade e fuvewndnureglussiumasiiunans Tnsdnvasumanisiinands
whu (0.21 - 0.36) TiiAngendnesdussnautinum (0.10 - 0.16) uenaniadnsiugnasuvesdnuasy
Umnansbinandniualusounisliund 305 Yuduganidisnsiugnssulneiadsdeuves

anwuzaenndesiulaedniegluyie 0.43 - 0.54

| v v a | (Y Y a v a 20’ I 1 o =
Agnsiugnssulagdededun UssiulavesuSunaiug waglusiugeaninlududs

#0AAA0INUNAYDY Ben Zaabza et al. (2018) lngtan1zat1984A1dnsugNIsuTaIUTIaualy

'
=

msinwil (0.35) Fafianeglurae 0.17 fa 0.01 (liuany) IndiApstudsildsuanlauuesiody
(0.32: 0.17 - 0.42; Gebreyohannes et al., 2016) wazlauulne (0.36: 0.29 - 0.44; Buaban et al,,
2020) Admtugnasulnetadeseuiudiaviniiesasitugnssnd 305 fu Ssaumanilsoradu
Nau1ANMIAFaANLLUTUIuYesdnYur Iuanseenesludnilasmssunuteyaluiunaaey
wmaﬁuﬁﬂlmﬂuﬁa@ﬂaﬁ 305 Tutudinifen (Abdullahpour et al., 2013) 83AUTENOUTDIAINURU
wsilannsndfinanuulsunuresanuranedsuredlunaiunnaouldogiannmndviwalu
Tuwamsianesilalldgnionsan dewmgueiluanumsaivesndoniefivainvans madeuuas
fudanden msdanisuazszuunsiienins wu Tudsemelve dnwazifeniulesiuluus@ednis
arniligeriatiadomant Tunafunasouagliunlsunuvesnunainadousnnii uazdng
ftugnssudishngt dgmienranadidlaonisliuvdsteyalmlulunaveamsiinsest wu auam
0113 Beenresuiemaisuudasnelusadng vieifeadoatumsiamatugsdnidadiefunniy

(Abdullahpour et al., 2013) A3URANAINVBIAIBRNTINUGNTTUAMT UGN YUEUSIIUNTIAHANER
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anualun1sAneaeg o1 dumsizauLanA1welsEsng I5n5ATIE lumaniuana1eiu

wazdnsnansieyluluna (Machado et al.,, 1999) WeNANUANMULANFAIDIAANAINTLUUNSTIA

91113 warALLATEnIINANNSoululsTAlnedia1nsaesuIEAIgn TN UENITUN AT T UL UAY

dmsulTinanishinandn vsulaunvesUsenalneiinisnszateegninnginin uwaw sy

dusulauuysznaunienanasslanianisinuns 9190ne vy waznistn Tuniamide nnanais

nziuan waznziueen mua1du dulngudilulsenalveiinisiiomnsuuuienduunniiga neld

srUUNsemnsl inwnsnsidemnstuaawansinsiumuuSinauasAun YIS 1 Lel

g wanani laundundsalulsasoudadalan meniasaut unaoniel AedulAuuIIneg1e1y

YSudnitansiinananniglannunainiaeve9sIsusfveslsemalng 151e1aaan1sailainlauy

lulnFouLanIANgNMNIRUINITUALANGNSTY (Buaban et al., 2020)

Table 2 Mean, standard deviation (SD), average daily heritability estimates (h3), and 305-d

heritability estimates (h3,s,4) of milk production traits in the data set used for genetic

evaluation.
Full data set Reduced data set
Traits! Unit Mean SD hg h3osa Mean SD
TD-MY ke 13.89 4.53 0.35 0.49 13.35 4.44
TD-FY ke 0.49 0.20 0.21 0.43 0.48 0.19
TD-PY ke 0.44 0.14 0.36 0.54 0.42 0.15
TD-TY ke 1.69 0.55 0.36 0.52 1.64 0.55
TD-FP % 3.56 0.96 0.10 0.10 3.58 0.91
TD-PP % 3.13 0.39 0.16 0.16 3.16 0.41
TD-TP % 12.12 1.10 0.15 0.15 12.16 1.08

TD-MY =Test day-milk yield; TD-FY=Test day-fat yield; TD-PY=Test day-protein yield; TD-

TY=Test day-total solid yield;, TD-FP=Test day-fat percentage; TD-PP=Test day-protein

percentage; TD-TP=Test day-total solid percentage.

n1snsRdauANugNITuTluNdmSunalaiangdioy

AULNUENTING ]

Table 3 LAAIANRAEVDIAURIUTUTINGWE (ry) VB9 PA 910 RR-TDM Wag AIUENTTY

lpensviungAmugnssudlug (GEBV) 910 SS-RR-TDM dmsudsyyinsinsiaaeuanuusiugningly
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ANWAULUSUIUNISIANARNAAUIUY kaedAUTenNouUIUNT 305 U FIA1UIUIINAITIIUIEAN

WugnIsuilunmeIinmsannesuuuduniansandeyadlulndainelaeg1aied uagannnaelauay

wail@

Table 3 Averages (SD) of theoretical accuracies of parent average (PA) from the pedigree-

based RR-TDM and genomic estimated breeding value (GEBV) from SS-RR-TDM for the

validation bulls using 305-d milk production and milk components, which were

calculated from random regression methods considering genotype of only bulls and

bulls and cows in genomic evaluation.

Traits® No. of validation PA GEBV

bulls Only Bulls Bulls and Cows

r? It Gain¥ It Gain

305-d MY 28 0.51 0.71 0.20 0.73 0.22
(0.11) (0.04) (0.04)

305-d FY 23 0.48 0.70 0.22 0.72 0.24
(0.12) (0.04) (0.04)

305-d PY 28 0.51 0.71 0.20 0.73 0.22
(0.11) (0.04) (0.04)

305-d TY 28 0.50 0.71 0.20 0.73 0.23
(0.11) (0.04) (0.04)

average-FP 9 0.43 0.68 0.25 0.69 0.26
(0.15) (0.05) (0.05)

average-PP 25 0.48 0.70 0.22 0.72 0.24
(0.11) (0.04) (0.04)

average-TP 27 0.48 0.70 0.22 0.72 0.24
(0.11) (0.04) (0.04)

Mean 0.48 0.70 0.22 0.72 0.24

Y305-d MY=305-d milk yield; 305-d FY=305-d fat yield; 305-d PY=305-d protein yield; 305-d

TY=305-d total solid yield; average-FP=average fat percentage; average-PP=average protein

percentage; average-TP=average total solid percentage.

1= theoretical accuracy.

*/Gain= r¢ of GEBV - ry of PA.
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a

Auiugugangelunisiungaiugnssudluunndnwagniiasanidlulndniainele
DY19LAYY LazanvanelatazuilalTourisudu PA SANALTY (gain) lneladuvndu 0.22 way
0.24 vioUszanuTosar 46 Wag 50 MuaRU Inegaukdlugwgangulindulaeaie 0.02 90 %30

Uszanudesar 9.10 WevihweAiugnssudluy (GEBY) lnglddayailulndainanelawazusle

caa 1

WiguMgunuanIunNsandnelaieee1 LR

ANULUgNTnguuanaiuluauadasiiugnssuvesudazdnyuy dnyueNidns

WUgNTIUGY (MY, PY wag TY) azlianuuiudidmguigaduuinninanuaenilaiugnssuei (FP,

=

1 < 1Y 1w v o v Yy 1 o a a o U
PP way TP) @EJ’]QI?ﬂG]’]lIﬁﬂUm%Wﬂﬂﬂ@@iWWUﬁqﬂiiNmﬁuLLU’JIuiJVIGUBVLGﬁUﬂ’J’]ﬂJLL&JU?JWL%QV]@]‘H{]&WMiU

=

mMsvhueAmugnssuiluniinunduileSouiisusiu PA navesnisiiiuauusiug T g
ﬁm%’unﬂﬁﬂwmzaamﬁmﬁumiﬁﬂmiﬂ)‘u 9| (VanRaden et al., 2009; Ding et al., 2013; Jattawa et
al,, 2016; Oliveira, 2019b) s?fq:ﬁms;NaLﬁmsﬁaqﬁw?mm%gaﬁﬁagJJ"Lu MME éﬁ’qﬁ?umisamaﬁaga
MunFadudnunasdeyanidunisyiunediugnssu GEBY fe SS-RR-TDM virliinausiuguis
nguiiutuiewSoudioutu PA 9lda1n RR-TOM Taevialupinuusiugnamguives GEBY 7
Ussidiuldlumsfinuileglussduuiunaniiags (0.68 - 0.73) Fafeadostunisanaswesdreniives
nsvhwe (PEV) ilesanmsléitnmsuuudunowien uasinasidldlunisdendnisudileglu

Usg9In5971989 kagUseyInsnngiagey Nilanuudugias NAUDINITANWT TaansliLiuna

' '
Ly o

ANUFNTUTNATENINANMURLIUTUT NGB WaZAITNTINUINTTN SNYENTAINTUINITUAIILTAT

]

EBV %138 GEBV Mflauanuwdugiiiaannassiu Luan at al. (2009) lulaunduaslunguuseme

o (% '
aa o Y I

wasAN dmsu FP NflA1AMULINENTINg B NANIUTBRINAITNTIRUGNTTUNRINTT wasdn
udeenitumning G iaSeufisuiudnuugdy q Swasviouistayalun1siuieddnuiu

oy waznluivsuiuddmisluadeniinaseninuudugrves EBV wie GEBV feduiudeyaiily

6

Indvesdnuue (Hayes et al, 2009) lun1s@nwinssidrurudeyalulndaldlunisiuieen

Ly )

WUGNTINAMSU FP dutloanindnwuzdu 9 Jeviliannuuiug1ves EBV %30 GEBV dmsu FP 7la

]

FNIENYULIU
AMULNUINTIN1TNTIEDU

Table 4 LaAIANLRAVDIAIUBUUELTINITATIVEDUVDIANRASNOLY (PA) 910 RR-TDM

Ly

LazANTUENTTUIAEN1SYINUEANTUENTINALUYN (GEBV) 910 SS-RR-TDM dwiuuseynsiingivaey
AnuiuglaglddnuaeUinanslinandaiiug wagesdusenaudiuui 305 U FaAWIUINNTT
o " w = Y aa | aa % = 5 ' | = o
uemiugnssuluumeisnisanaesuuuduniasandeyadlulvdainnelasg1afes wagainia

Weolawazuila lagnalusiniiaesvesninuntetuaieves dEBY (rggpy,,.,,) V8INelAnTIAa0U

v @

dmiuusiavdnuuregludie 0.84 fiv 0.88 dmiudnuugnislnandnuiuy Failuuhiniiaenndes

[ Y

MUASRTITUgNTINAmMTUWaEanwe (Snwugnila1dnTiugnssunganIntuasiaAininuuue
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89n71) ANUiugITansasaaeunusediuladmiu GEBY lagly SS-RR-TDM dldgeninfuseiiiy

lng PA Togld RR-TOM lunndnwaeidneg anuudugidanisnsiaaauves PA deagluyae 0.06-

0.34 Uay GEBV dlfnagluyis

0.12-0.39 wa 0.22-0.40 dwsunisldteyadlulndannelaeesg

A7 wazanvianalakazialla MUE1AU ANUWINENTINITATIIFRUNANgWULIRTAT18YIAY SS-

RR-TDM 9 nmslddayadlulndanelmegiuied uazainvanelanazuile WalUSeuliisuiu RR-

TOM tiufidlngiadeifintu 0.06 uaz 0.13 90 visoUsvanudosas 33.30 uay 72.2 Amady (Table

4) lngAnuudugiideansnsisgeuiiniulagiade 0.07 90 Levituigen GEBY laglidayailulnd

InanalakazkilaSeuisunuanIuNsaindne lais99e19uhen

Table 4 Validation realized accuracies of parent average (PA) from the pedigree-based RR-TDM

and genomic estimated breeding value (GEBV) from SS-RR-TDM for the validation

bulls using 305-d milk production and milk components, which were calculated from

random regression methods considering genotype of only bulls and bulls and cows

in genomic evaluation.

Traits" No. of validation  rqgpv,..,~  PA GEBV
bulls
Only Bulls Bulls and Cows
r,” Iy GainY Iy Gain
305-d MY 28 0.87 0.24 0.31 0.07 0.37 0.13
305-d FY 23 0.87 0.15 0.18 0.03 0.33 0.18
305-d PY 28 0.87 0.22 0.28 0.06 0.31 0.09
305-d TY 28 0.87 0.11 0.18 0.07 0.27 0.16
average-FP 9 0.88 0.06 0.12 0.06 0.22 0.16
average-PP 25 0.84 0.34 0.39 0.05 0.40 0.06
average-TP 27 0.85 0.15 0.25 0.10 0.25 0.10
Mean 0.86 0.18 0.24  0.06 0.31 0.13

305-d MY=305-d milk yield; 305-d FY=305-d fat yield; 305-d PY=305-d protein yield; 305-d

TY=305-d total solid yield; average-FP=average fat percentage; average-PP=average protein

percentage; average-TP=average total solid percentage.

2/rdEBVmean: the average of the square root of the reliability of de-regressed proof for

validation bulls (dEBV).

*r,= validation accuracy.

¥Gain=r, of GEBV - r, of PA.
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mssaeteyadlunlunisiuneaiugnssudluudie SS-RR-TDM tummiusiugndens
AT19A0UYDS GEBV dmsuiieunndnvauzoradumsie GEBY famdfadoulunsdudaogag
Mendelian wagiusind H 1doslosdninislulndudlidiulnd fudnitliddulndudiillulng dd
nsidoulessnuniaiug Use IR (Garda et al, 2018) AsiuFadunisuszanuAinuiiaunig
ftusnssuesinifienyduiosdaiusslosiinnnindlodioudu PA msdunuilaonadastuiisea
Tunsfnudug Taeld3snmsuuutunouiersunieusufelunalufunnaeunsonnosuuuds
wangseuNsiualunsyiueAiugnssudlunvedlaunduaslunguussimauesan (Koivula et al,
2015) uagnsviusaugnssuilunuvassiuneululalaaalaiveauauin Oliveira et al,
2019b) wsfimAuwsiugdiinga {Jaé’aﬁﬁ@ﬁﬁﬂﬁﬂﬁmmLL;JuETWL%amim’maawaamiﬁﬂmﬂ%’jﬂﬁ
wAnsaInnsAnwaLY Wun msiivssanssndemundn waresuszneulunivosuladulng

aa ) % = & o Vo a o 9
wummLmummawa;gJaWIuVLmUm1mW‘Waiﬂwmaauiwmumimaauqﬂwmuiuﬂizmﬁwwmumm
anyuldeaRvasnisiinune

Table 5 uansAdulsvavsnisannesdausauainnnaliifenfivesnisvhuieAadsves
wousl (PA) Ingld RR-TDM wazrwugnssudlun (GEBV) Iagld SS-RR-TDM d1wsuuszuinsd
asvaeulnglddnvarUTnansirnanantuy wazesAUssnoutund 305 Su Fekuineinisnis
annosuvuguifinnsanteyailulndoinvelaegaien wazanvawelauazualalunisviunee

Ly

ugNTINIL LY

Table 5 Regression coefficients (b) and standard error (SE) of parent average (PA) from the
pedigree-based RR-TDM and genomic estimated breeding value (GEBV) from SS-RR-TDM
for the validation population using 305-d milk production and milk components, which
were calculated from random regression methods considering genotype of only bulls

and bulls and cows in genomic evaluation.

Traits No. of PA GEBV
validation bulls Only Bulls Bulls and
Cows

b SE b SE b, SE
305-d MY 28 023 021 045 031 047  0.27
305-d FY 23 0.19 031 0.33 045 058 042
305-d PY 28 0.18 0.18 032 0.26 035 024
305-d TY 28 021 021 043 031 045  0.27
average-FP 9 0.19 136 0.48 1.36 0.48 1.66

average-PP 25 054  0.38 0.67 0.39 0.75 0.43
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Traits” No. of PA GEBV
validation bulls Only Bulls Bulls and
Cows
average-TP 27 0.30 0.38 0.44 0.42 0.39 0.46
Mean 0.26 0.45 0.50

Y305-d MY=305-d milk yield; 305-d FY=305-d fat yield; 305-d PY=305-d protein yield; 305-d
TY=305-d total solid yield; average-FP=average fat percentage; average-PP=average protein

percentage; average-TP=average total solid percentage.

pamdnnsudaAnduUszana nsonneslndifiss 1 axUsdinlunishuisanuuanenmig
fugnssusevindnienulioafiunn mdusyavinisannesres PA dwiuyndnvauenislinande
iy Teoglutag 0.19 - 054 Turueiidnduysyavimannaesves GEBY feoglurag 032 - 0.67
ua 0.35 - 0.75 dwmsunislideyadlulndnnwelaegiadier uazaniaelauasuslalunisviue
Atugnssudluy ey lunsfnuedeildmiudnumenslinandamiundeduussans ns
0ANBBUBTS GEBV uay PA #1071 1 s?fqﬂq%dm"}ﬁﬂmaﬁllé'ﬂguquﬁuﬁq danalyin1svinuneen
ftugnssuvegnlatuldifussaiiefisutunisuanseonvesgnlamartiulusuian usdegrdlsfnmen
FulszAnd nnsannesdiléan SS-RR-TOM vasdnuaznisliuandniuulasadedandlng 1
11N RR-TDM nmansfinyustinnisudsunlasmsvsuuusadulngldiususs 1 (PA) an
Humsvhuieaniugnssuiluy (GEBY) astheifiuauusiusilunisussanasiugnssuliitu e
WisuiteuAduusyans nmsanaosves GEBV fiuszunaldlumsanuilfunsdnwdu o A1433
ey (Koivula et al, 2015; Baba et al, 2017) uazfifinmsuivamaiiiesununindaiuduiuss
Tust (G) uazsdndmuduiusyeaiususe A (A) uilimmlionfgedutuiatu (Christensen
et al,, 2012; Koivula et al., 2015) L,wimﬁﬁﬂmﬁﬁai’wmu%’agaLﬁaﬂmﬂvw'aiﬂﬁiﬁuﬂﬁmmaauv-nm
wiugwies Aduuszavinisannesves GEBV MuszanaldFelalndifeaiu 1 mnUszvnsdredeiid
qunlnguinasdmalianuuiugilunsiuedinty savasadiuanliondld Tnesiuuds
SS-RR-TDM #iU5¢@nEn1minilon3 RR-TOM Tundnnuuwiugigangus mnuwiugigain1snsiaaey
wazaulilend (FszAndnisonnes, by) e RR-TOM Mifoyaiudusedd dafunruudug il
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Result of laparoscopic Al in superovulation donor goat on amount and quality of embryo
Arun Chankrachang Anone Thuangsanthia # Visid Tongtieng® Pinglanna Kunchormn®
Abstract

The objective of this study was to determine Laparoscopic artificial insemination in the donor
Boar goat for the number and quality of embryos in the embryo production. In doe that had given 1
kid, aged between 2-3 years old, being healthy and strong. There were 50 does with normal reproductive
systems and estrous cycles, divided into 2 groups of 25 individuals. The first group was a control group
which natural service and the second group was an experimental group which Laparoscopic artificial
insemination and flushed embryo 7 days after breeding using surgical methods. Total number of
ova/embryos recovered, the number of ova fertilized and percent ova fertilized per doe flushed, in
natural service, (Means+SD) were 17.34+5.47,9.63+7.23 and 56.34+36.31, respectively, which was not
statistically significant difference (P>0.05) with Laparoscopic artificial insemination group. In Laparoscopic
artificial insemination, (Means+SD) were 14.16+6.40, 6.50+5.39 and 49.89+42.79, respectively. And
embryos grade A, B, C, D and unfertilized ova /degenerated per doe flushed, in natural service,
(Means+SD) were 6.54+3.80, 3.37+3.60, 0.65+1.13, 0.23+0.54 and 7.32+7.37, respectively, which were
not statistically different (P>0.05) with Laparoscopic artificial insemination group. In Laparoscopic artificial
insemination, (Means+SD) were 5.67+0.81, 2.66+2.65, 1.3d+2.42, 0.50+1.23 and 7.67+8.61, respectively.
It can be concluded that Laparoscopic artificial insemination in donor of embryo production process was
effective. The number and quality of the embryo was not statistically different from natural service.
Therefore, the production of embryo for distributing genetically produced goats to farms, farmers can

choose both methods of breeding, with no difference in efficiency.
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Table 1. Means+SD total number of ova/embryos recovered, total number of ova fertilized

and percent ova fertilized per doe of Natural service and Laparoscopic Artificial

Insemination.
Parameters Natural service Laparoscopic A.l.
number of does 18 12
Total number of ova/embryos recovered 17.34+5.47 14.16+6.40
Total number of ova fertilized 9.63+7.23 6.50+5.39
percent ova fertilized 56.34+36.31 49.89+42.79
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Table 2. Means+SD embryos quality in grades A B C D and unfertilized ova / degenerated per

doe.
Parameters Natural service Laparoscopic A.l.
Total number of ova/embryos 17.34+5.47 14.16+6.40
Embryo grade A 6.54+3.80 5.67+0.81
Embryo grade B 3.37+3.60 2.66+2.65
Embryo grade C 0.65+1.13 1.34+2.42
Embryo grade D 0.23+0.54 0.50+1.23
Unfertilized Ova / degenerated 7.32+7.37 7.67+8.61
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Reproductive Performance of the Replacement Herd During The year 2008-2018
Nanmanas Sikong", Petchroi Petchreng?
Abstract

Age at first calving (AFC) of each cow is a key indicator of the quality of young stock
management. In this study, the model calculation was used to compared 107,214 dairy cows
in Thailand that were born during 2008-2018 and had a pedigree of 75% Holstein Frisian or
more. Age at first calving (AFC), number of service per conception (NSC) and First service
conception rate (FSC) of each breed groups were monitored. A statistically significant
difference of AFC and FSC between the birth year of 2008-2018 showed the AFC tending to
decline every year and FSC tended to increase. (P <0.0001 and p <0.0001, respectively), NSC
was found to be statistically significant difference only in the 75-87.5HF and> 87.5-93. 7T5HF
breed groups (p <0.0001), including a yearly downward trend (p <0.0001). When comparing
the breed groups, AFC values for groups> 87.5-93.75HF and groups> 93.75HF were differences
in 2011 and 2015 (p <0.0003). The 75-87.5HF breed group gave the lowest mean of AFC at
727.5 + 8.795 days and FSC of this group has significant difference from others (p<0.01). The
NSC showed no significant difference between the three breed groups. AFC comparison
between Masterbull farms and the other farms in the past 5 years showed a significant
difference in the years 2014, 2015 and 2017 (p <0.00002) only in > 87.5-93.75HF. breed group.
In conclusion, the analysis showed that the performance index of the replacement herd for
the past 10 years had improved in a more efficient way. The lowest AFC value was found that
age at the conception was approximately 21 months, consistent with the Bureau of
Biotechnology in Livestock Production’s policy to support Al at approximately 18 months of

age to get the most efficient replacement cow.

Keywords: Dairy cow, replacement dairy herd, age of first calving, number of service, first

conception rate

Registered No.: 63(2)-0208-138
 Bureau of Biotechnology in Livestock Production. Bangkadi subdistrict, Amphoe Mueng,

Pathumthani Province. 12000
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Figure 1 Least square means and standard error of AFC differentiated by Al zone

(1=Saraburi, 2=Chonburi, 3=Nakhonrachasima, 4=Khonkhan, 5=Chaingmai, 6=Pissanulok, 7= Rachaburi, 8=Surathani and 9= Songkla)



Journal of Biotechnology in Livestock Production e

nauateuguUseanlu 3 nguauateidenlaalay Ao 75-87.5HF, >87.5-93.75HF
wag >93.75HF Mmuaidevesu iy wsegaus wag as SUjung, 2547 tnglusuideaduiliinig
Aurandudesavaintoyafuasnuiniinquaieiien 75-87.5HF Seaay 36.40 nqudaeiien

>87.5-93.75HF Sosay 53.82 uagnauaiuidan >93.75HF Tevay 9.78 lnglulanguaiuiden

(%
[

laalpufisnninsesay 75 WinUssuisulunisiwsizrasadl

21gLilaAARARNAIULIN

Age at first calving (d)

1200
—-&- 75875

1100
- >87.5-93.75

1000+
—— >93.75

900

Days

800

700

600 | | | 1 | | I | I | |

IR IC SR C TR I A SRS SRR I A
DR I S S R N R M 2

Cow birth year

Figure 2 Least square means and standard error of AFC of three different breed groups.
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Figure 3 Least square means and standard error of AFC of three different breed groups

separated by farm type. (* = has significant difference between farm’s type)
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Figure 4 Least square means and standard error of NFC in three different breed groups.
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Figure 5 Least square means and standard error of FSC in three different breed group.
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Influence of PGF,q on semen quality of fighting bulls in southern Thailand
Wisanu Phaisalrungpana® Visid Thongtheang® Twatchai Pocum® Jatuporn Pongpeng®
Abstract

The objective of this study was to determine the effects of PGF,q on libido and frozen semen quality
of fighting bulls in the southern part of Thailand. This study was conducted in 4 healthy retired fighting bulls,
ranging in age from 10 to 12 years. The semen samples were collected over 8 consecutive times (two-week
interval) by dividing the collection time into 3 periods. During the first and the third period, semen samples were
collected from all bulls without hormone injection. However, in the second period, 2 ml of PGF,q was injected
intramuscularly 1 hour prior to the collecting of semen. Fresh semen quality was evaluated by using several
parameters, including volume, concentration and sperm motility. The frozen semen quality was evaluated in
many aspects, including motility, progressive mctility, sperm velocity and kinematic movement by using
Computer Assisted Semen Analysis. The results showed that in the second period, the duration of semen
collection was less than the first and the third periods, which were 11.63, 32.64 and 32.87 minutes respectively.
In terms of fresh semen, the volume of fresh semen collected during in the second period (7.25 milliliter) were
higher than the first period (3.35 milliliter) and the third period (2.83 milliliter). Also, the total sperm count of the
second period, which was 14,337.25 million, was higher than the first period (4,128.36 million), but there was no
significantly difference compared to the third period (14,712.87 million) (P<0.05). However, the sperm motility did
not show significant difference in 3 periods. (P> 0.05). Concentrate on the frozen semen quality there were no
significant difference of motility and progressive motility between the first and the second period whereas both
parameters of second period were significantly higher than the third period (the motility of the second, the first
and third period were 63.71%, 63.92% and 56.68%, respectively and the progressive motility of the second, the
first and third period were 56.92%, 58.36% and 50.53%, respectively). However, in the velocity movement of
VAP, VSL and VCL, and kinetic movement of ALH, BCF, STR and LIN did not show significant difference between
3 periods (P> 0.05). In conclusion, PGF g, could increase libido, volume and total sperm count of the fresh semen

but did not direct affect on the frozen semen quality of fighting bulls in the southern part of Thailand.

Keywords: Semen quality, fighting bulls, PGF,q
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Table 1 Reaction time and Characteristics of fresh semen from 3 periods in fighting bulls.

Period
Parameter SEM P-value
1 2 3
Reaction time (min.) 32.64° 11.63° 32.87° 1.58 0.0001
Volume (mL.) 3.35° 7.25° 4.57° 0.40 0.0005
Concentration (x10%/mL.) 1,376.36° 2,167.5° 3,142° 211.02  0.0003
Total sperm (x10°) 4,128.36°  14,337.25° 14,712.87° 1532 0.001
Motility (%) 72.73 74.38 71.67 0.67 0.2987

2P | east Square means followed by different letters on the same row are significantly different (P<0.05)

ANNTMTDNEUAINTUILTINUT SnsInsiedeudl wazdnsinisidountudnmin Tutos

7 2 fAlUunnei199InY199 1 uAganingaei 3 eg1eddudrAynieada (P<0.05) FaliA8nIInig

WPABUT 63.92, 63.71 LAY 56.68 % wariA18nIINSIAARUT LU 19w 58.36, 56.92 uay 50.53 %

Tu297 1 2 wag 3 mud1eu weAusluNISIeaaUN VAP VSL ag VCL wazdnemuzn1siAaoud

ALH BCF STR uay LIN e 3 ¥asliunnsnefunisadd (P>0.05) fa Table 2

Table 2 Characteristics of frozen semen from 3 periods in fighting bulls.

Period
SEM P-value
Parameter 1 2 3
Motility (%) 63.92° 63.71° 56.68° 5.337 0.022
Progressive motility (%) 58.36 ¢ 56.92° 50.53° 5.134 0.017
VAP (um/s) 55.17 51.90 55.30 3.339 0.178
VCL (um/s) 87.37 79.45 84.32 5.352 0.097
VSL (um/s) 45.27 44.40 46.73 3.057 0.371
ALH (um) 4.47 4.10 4.31 0.293 0.193
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Period
SEM P-value
Parameter 1 2 3
BCF (Hz) 23.64 23.18 23.46 1.216 0.855
STR (%) 82.33 81.94 84.10 4.268 0.609
LIN (%) 53.83 55.95 57.00 3.739 0.385

b | east Square means followed by the different letters on the same row are significantly different (P<0.05)
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Survey on Reproductive Problems Due to Abnormal Chromosome

in Beef and Dairy Cattle in the 1% Region
Panpilai Sekasiddhi' Kriwon Hongyuntarachai' Arun Chankrachang?
Abstract

The survey on reproductive problems related to chromosomal abnormalities in beef
and dairy cattle of the first livestock region in Thailand was performed by using 4,845 blood
samples to identify the karyotype and chromosomal characteristics. The samples were
collected from 210 beef and dairy farms, varying in ages and breeds, during the period of 2005-
2009. The results have shown that the abnormalities in number and chromosomal appearance
including freemartin, 1/29 Robertsonian translocation and Trisomy were detected in 0.14 % (6
samples), 0.05% (2 samples) and 0.02% (1 sample), respectively. Therefore, the culling of beef
and dairy cattle carrying chromosomal abnormalities should be done in order to decrease the

chance of abnormal genetic distribution in next generation.

Keywords: chromosome dairy cattle beef cattle 1% region
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NaN1SNAABILAZIANTAl
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Windanv1inazdmsgiinale 4,225 dregne nudenuraunanialasiulausiu 9 dreeg1a andy
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Table 1. Chromosome Analysis results.

no. of no. of

no. of no. of no. of fail
year normal abnormal

farm samples WBC culture

chromosome chromosome

2548 64 1,218 151 1,064 3
2549 38 773 79 684 1
2550 42 994 207 787 2
2551 aaq 1,181 129 1,051 3
2552 22 679 40 639 0
total 210 4,845 606 4,225 9
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Table 2. Classification of chromosome abnormalities: Freemartin, Robertsonian Translocation and

Trisomy
numbers of abnormal chromosome
year abnormal Freemartin Robertsonian Trisomy
chromosome Translocation
2548 3 2 1 0
2549 1 0 0 1
2550 2 2 0 0
2551 3 2 1 0
2552 0 0 0 0
total 9 6 2 1
% 0.14 0.05 0.02
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and wazlunqulafilugnaniileasluleuiaund sxlidnsnisnaufinainiingugnannilastuley
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translocation fimwanysaifusiuazlusudiediladu duplication 130 deficiency 8193zgnead
dmasiAnnisufausle uddageuazmeoneuety 90 Ju lnglainsanuanuinunfveslaslulen
LWUU 1/29 Robertsonian translocation sistaneguaginaiflefiiunngazddnsazdsngiiuni
(Rubes et al., 1996) aEJ'leﬁmué’mimdwﬁ%ﬁigﬁwaqmmhjamﬁaiﬁuﬁjmaﬁumswmmémmaa‘
duiugiinaunidsdamasonsruiudulelnaifinnuiaunivedesileudidomndwarifliiAanis
AEUDIRIgaUTEEELIN (Molteni et al, 2005) Tulafitdu 1/29 Robertsonian translocation agwu
anuRnUnAveswadduiugluegd 2.76 Weoddud uas Tuly 4.06 wWesidud (Bonnet-Garnier et al,,
2008) vielafiLdu 1/29 Robertsonian translocation uavgyilvigeuiaund 10 % luvasdiul
Tavilimeseuiaund 20 Wesldud f8nsinsnevesinesuy 5 1Wesidud aenaenisuauiioy 28

U hazildnsIN1IMNeURedioey 7 Wasiud nevdinisuauiien 56 Ju (Schumtz, 1991)

waginsnsranuauraunfvedlastuleuyila Trisomy 1wl w.a. 2549 wudrlugnlawnery i
A13lalnd 1Ju 61,XXY G'Tfa"l,zimmmﬁ@mmmmaugsaiﬁuﬁ:léf esanninensnsisnvesdailaane
pannrsulunends lay Rieck et al. (1970) loseaumsasranulastalan 61,XXX Tulaaniug
waale TnedilafenanfioTorzimauaznsduiuguni Norberg et al. (1976) nsranulaslale
61.xxx TulraniuediiFeusn dlaliuansorniadudn wuwansenadudndausieny 13 Weuauds
91y 18 1heu ladungnauiaan salvluiesey uaz Sysa et al. (1998) s1aaunisasianulasiuley
61,xxx luladulngjinazimnuanysaliuguazlvigniifadlelndund uay Schmutz et al. (1994)
wudlasafiilasiulon 61,XxY aliiflegdluhitofindsoonin ngdnssuymanaiiaussan e

UNA aunsUURaNTUG LA
dgunaninaas

msﬁﬁifmﬂmmmimamﬁuﬁé’mﬁaqmmﬂm’mﬁmﬂﬂam‘lﬂﬂﬂ%ﬂﬂﬂLﬁaLLaﬂﬂum Tuitud
Uadnilun 1 wumnuiaundnislasiulsuiidu freemartin 6 &2 1/29 Robertsonian translocation
2 67 wag Trisomy 1 &3 Andu 0.14 0.05 waz 0.02 Wesdud audiy Fanutesuin wuginli
\nensnsAndlafinsaanuauinundvesiaslilauding Wetestunisaionenmnuiauninig

lasluleugdandnisusioly



Journal of Biotechnology in Livestock Production °

YDLAUDLUL

WasnauRaunfvedlasiulaunnanvardmanonuauysaiiugdsausanenenlud
Juanle daulanmmuainmianuauraunfvedaslulaumsuusiliinuasnidvesdnidniisosn

Nl wazadsiinsarialungulanenugynd iedesiunisnsyareanuiauninidasiuleusaly

LONE1591999

Basrur, P.K. and H. Kanagawa. 1969. Pararellism in chimeric ratios in heterosexual cattle twins.
Genetics 63:419-425.

Bruyas, J.F., F. Feini and D. Tainturier. 1993. Le syndrome “repeat-breeding”: analyse
bibliographique 1°Partie: Etiogie. Revue med vet. 144:385-398.

Bonnet-Garnier, A., S. Lacaze, J.F. Beckers, H.M. Berland, A. Pinton, M. Yerle and A. Ducos.
2008. Meiotic segregation analysis in cows carrying the t(1;29) Robertsonian
translocation. Cytogenetics and Genome Research, 120,91-96.

De Lorenzi, L., P. Morando, J. Planas, M. Zannotti, L. Molteni and P. Parma. 2012. Reciprocal
translocations in cattle: frequency estimation. Journal of Animal Breeding and
Genetics, 129,409-416.

Dyrenhal, I. and I. Gustavsson. 1979. Sexual function, semen characteristics and fertility of
bull carrying the 1/29 chromosome translocation. Hereditas 90:281-289.

Eldridge, F.E. 1985. Cytogenetics of livestock. AVI publishing company, INC., Westport,
Connecticut., pp.75-92,115-188.

Esteves, A, R. Bage and P. Rita. 2012. Freemartin in Cattle. ResearchGate. Chapter September
2012:99-120. Available source: http://www.researchgate.net/publication/256293263,
November 30, 2017.

Gustavsson, I. 1971. Distribution of the 1/29 translocation in the A.l. bull population in
Swedish cattle. Hereditas. 63:67-169.

Khatun, M.R., Md. Arifuzzaman and A. Ashraf. 2011. Karyotype for Identification of Genetic
Abnormalities in Cattle. Asian Journal of Animal and Veterinary Advances, 6: 117-125.

Marcum, J.B. 1974. The freemartin syndrome. Anim. Breeding Abstracts, 42,227-241.

Meleshko, A.A. 1991. The reproductive ability of animal carrying The Robertsonian
translocation (1/29).  Animal Breeding Abstracts, 59(4).


http://www.researchgate.net/publication/256293263

Journal of Biotechnology in Livestock Production Q

Molteni, L., D. Meggiolaro and M. Giovanni. 2005. Fertility of cryopreserved sperm in three
bulls with different Robertsonian translocations. Animal Reproduction Science, 86(1-
2),27-36.

Norberg, H.S., A.O. Refdal, O.N. Garm and N. Nes. 1976. A case report on X-trisomy in cattle.
Hereditas 82:69-72.

Rieck, G.W., H. Hohn and A. Herzog. 1970. X-trisomy in cattle with familial tendency toward
meiotic non-dysjuction. Cytogenetics 9:401-419.

Roberts, S.J. 1971. Veterinary Obstetrics and Genital Diseases. 2nd Edn., CBS Publication and
Distributors, New Delhi, India, pp:496-506.

Rubes, J., P. Musilova, L. Borkovec, Z. Borkovcova, D. Svecova and J. Urbanova. 1996. A new
Robertsonian translocation in cattle, rob (16;20). Hereditas, 124(3):275-279.

Schmutz, S.M., A.D. Barth and J.S. Moker. 1994. A Klinefelter Bull with a 1;29 translocation
born to a fertile 61,XXX cow. Can Vet. J. 35(3):182-184.

Schmutz, S., J. Moker, A. Barth and R. Mapletoft. 1991. Embryonic loss in superovulated
cattle caused by the 1; 29 Robertsonian translocation. Theriogenology, 35(4),705-714.

S.0. and J.b. Kaneene. 1988. Risk factors and associated economic effects of the repeat
breeder syndrome in dairy cattle. Vet. Bull. 58:891-903.

Swartz, HA. and D.W. Vogt. 1983. Chromosome abnormalities as a cause of reproductive
inefficiency In heifers. J. Hered. 74: 320-324.

Sysa, P.S., J. Krolinski, Z. Gotyzniak, M. Matuszewska and E. Stota. 1998. Kolejny przypadek
trisomii XXY u buhaja z wychowalni. Mat. Konf. Naukowej pt. Aktualne zagadnienia z
zakresu embriotransferu, higieny mleka i rozrodu zwierzgt domowych. Polanica Zdroj,

pp:112-113.



Journal of Biotechnology in Livestock Production °

4 P o < o =
nsaselusunsunmsmiieaiinisiludauaznauiiedluung
WUAAT 1509NTY 1IR3 ARISNYY slwges Unyauena”

UNANELD

ngUszasAioasslusunsunswlienhnmadudadmsunisnauiioudie

[%
[

AsAneluATl

o a

FBaeanutetnaen lagandunisAnuluknggnuaumeile Alasunisideluriiuunznnass
AAIVENIUIA AEERILNNEAIERT JUIANTUNNINGIEE 8.8 3. uATUFY 11U 92 da T
gunmudeusanysalaziihesaunisiludaund vhnisfnwszwminadousaiay 2562 udeuiiviay

2564 TUswAsUN15tAEe7un 4 TUswnsy lown TUswnsui 1 d@an 9951uulusiaanalsusdnwng

'
[

(Progesterone : Controlled Internal Drug Device (CIDR®)) 14 Tusiuiugasluuuns nuuuiuisas
1nu1lalnsd u (Pregnant Mare Serum Gonadotropin: PMSG) 885 LUUNTO@ATLAAUA Y
(Prostaglandin) uazsesluulnuilalnsUu3aads (Gonadotropin releasing hormone: GnRH) (CPPG-
14) TUsunsud 2 @on CIDR® 14 Susiufugesluunsoaniwnauiy wazgedluy GnRH (CPG-14)
TUswnsudi 3 @on CIDR® 7 Fusrudugesluy PMSG gosluunsaaniunauiu uaseasluy GnRH
(CPPG-7) wazlusunsudl 4 @on CIDR® 7 Sushufugesluunseanmunaufunazaesluy GnRH (CPG-
7) wamsvaaenuwneiildsunismienivnelusunsud 1 waglusunsud 2 szuansonnisiduda

qaﬂdﬂﬂmﬂmﬁ 3 wazlusunsud 4 Andudesay 57.14, 52.17, 33.33 way 36.84 auasu Tuvaeil

a o @

BNIINIHANAAVBINLIY 4 nqu WiTauunnd1eiuegldedidgnieada (P>0.05) wenaniléy

[y

] A vo ~ o v ‘:4' ‘:4' = = a | =
W‘U’J’]LLﬂ%VleﬂiUﬂ']ﬁLVUEJ'Ju’Hﬂ?EJITJﬁLLﬂilI‘V] 3 way IUﬁLLﬂi@J‘W 4 921RNIINTADAUUNEULINEUNIUNG

a o

ABUNARNZINITUTUNTUN 1 uaglusunsun 2 egrailtdedn

[

neads asuladlusunsunismilend

mMsdudamelusunsui 1 uay 2 unzuansa1nsiudaaninlusunsud 3 Az 4 WANENIINTHENRAR

Talumnenanu

Aty Mswaufisn nswdenihnsidude ung

BINLLDEUIVINNT: 64(2)-0208-096

fa o =

Y gudidenisnaniiguwasinalulagdinimsvys o ns19u 2.5793

Y

Z1p3dnIu1a ANEERIWNTEAENT PRI IR LUAUNETU NTIMNY

3/ fa o = o I I aa = SL 1 = = 61 1
AUINYNINFUNTNUASINALULAYTINTWLTYILNN B.1D3 3LYUILNY



Journal of Biotechnology in Livestock Production °

Establishment of estrus synchronization and artificial insemination program in sheep
Muksuda Ruangkree! Chatree Khatiworavage? Thanittian Punyamongkol®”
Abstract

The aim of this study was to establish estrus synchronization program for artificial
insemination (Al) in ewes. The experiments were conducted in 92 healthy ewes with normal
estrous cycle. The study was carried out in sheep experiment farm, Department of Animal
Husbandry, Faculty of Veterinary Science, Chulalongkorn University, Muang nakornpathom,
Nakornpathom and conducted from October, 2019 to March, 2021. Ninety-two ewes were
randomly divided into 4 programs (1) program1 (CPPG-14) Controlled Internal Drug Device
(CIDR®) (14 days) + Pregnant Mare Serum Gonadotropin (PMSG) + Prostaglandin + Gonadotropin
releasing hormone (GnRH); (2) program2 (CPG-14) CIDR® (14 days) + Prostaglandin + GnRH; (3)
program3 (CPPG-7) CIDR® (7 days) + PMSG + Prostaglandin + GnRH; (4) programd (CPG-7) CIDR®
(7days) + Prostaglandin + GnRH. The study showed that the percentage of estrous response in
program1 (CPPG-14) and program2 (CPG-14) were significantly higher than program3 (CPPG-7)
and program4 (CPG-7) at 57.14%, 52.17%, 33.33% and 36.84% respectively but there are no
significant differences in conception rate among the treatment (p>0.05). Moreover, the
percentage of the Al gun passing through the cervix in program3 and program4 were higher
than program1 and program? significantly. It was concluded that estrous synchronization with
CPPG-14 and CPG-14 showed better sign in estrous synchronization than CPPG-7 and CPG-7

but there was no different in conception rate.

Keywords: artificial insemination, estrus synchronization, sheep

Registered No: 64(2)-0208-096

YRatchaburi Artificial Insemination and Biotechnology Research Center, Photharam, Ratchaburi
“Department of Animal Husbandry, Faculty of Veterinary Science, Chulalongkorn University,
Pathumwan, Bangkok

*¥Chiangmai Artificial Insemination and Biotechnology Research Center, Muang, Chiangmai



Journal of Biotechnology in Livestock Production Q

AL
Jaytunwninsladauaulalun1sid s aungiut uanninunsn sy g aungIuIuy e

5387 518 (Whzduau 53,228 1) 1wl 2560 10 8,034 118 Tud 2564 wavduszrnsunzifisny

v 6

114,263 ¢7 fedulngfldisnisveneiugaenisidneiusaues demalmnunsnsdosdamnenugin

=]

ndantugend Wesannwenuguneiiongnisldnunaeuidusasiiedesiunisiinlaymnisnay

' I3
v & a Y I3 Y

Wendnnielugsdsdamalvdnisugniliinundign anudunulsauazauanysaliugan anvs

jmd)}

G
AudssgenlsafndovnaszuUEUTLS denareussansnmlunisduiusanasinliiAnaugade
msduasughasedidsaunsndusgnann inwnansdeiulienuaulamanisau oo
wazUfuugugnsnunzmiieutuadnisu ieduns Ussvdndldaneluninidssguagnsdnnag
yiowus anunsaausumssasiudietesfutazuitiymnsnanidendanielugs satailaaftuns
wnsnszaevadlsafinnevansduiuglaegnaliuszd@niaim egrdlsinunisuauiisuunsdaiilinig
duaSuuarliuinnsanniedg Wesnnlusunsumsmienimadudalunngdililduavinfinisuasi

BNIINTHAURANADUVIIAN

naadnfilusunsunamdenhnadudeluwmeidnnuiuldtuung uidmudymnng
mavaUeIINgesluulnuLUTUTINARUTeEe wazdlngdaudasnndeusema Tngldeesiuy
TUsiaumelsu (Progesterone) duasizvuiinaentasnasn (¥dnauvadalaunievianosin) saufu
gosluunsoaniunaufiu (prostaglandin) sasluulnuilalnstuidads (Gonadotropin releasing
hormone: GnRH) gosluuunInwuuY s g5 ulnulalnsduy (Pregnant Mare Serum Gonadotropin:
PMSG) waggesluudinuuassloinlnulalnstu (Human chorionic gonadotropin: hCG) (Wildeus,
1999) umnssiusaniuiwinvesgesluy vunvessesluukarsvesatlunsnieni Tnededs
wseumsiudanmsssumivesins Fesesluulusnamelsuazgnvdsesnuiluszezqiiivaiaves
wsoumsidudn mswidenihnsdudamesesluulysaamelsurinaentosnaon sosluulusiaa
welsuazgnuasseeniuazduriunstesnasaidngnssuaidoniiazienetsraios lvivoulsd
aueamganvdsvieaineeesliu GnRH anas inalinsiaiyvesieadiAangavs indaasnd uagiile
nongesluy Wanawelsuoon wwvlieslslustantandseosluu GnRH WsTudnass wasnsedul
noulAaues dauwﬁméjaaaﬂmuvﬂaaﬁLﬁaaﬁagt,aﬁyq (Follicle Stimulating Hormone: FSH) lLag
gosluugfiluds (Luteinizing Hormone: LH) vivlvleadiAaiimsiatey uazdnifizuansornsiduda
Tunaisoun drusesluunseaniunaufufigndvinlinesdagifion (Corpus luteum: CL) 1inn"s
aanedn gosluunseaniunaudugnliiieaaraetagiioudidensiiseguuiale uagsinazdaluiu
\Aenfuiivhnisoensefluulusnamelsusilnaontosnasn (Wildeus, 1999) dwmsugaslau PMSG
iy fguswniouseslun FSH wazeesluu LH igaslineadifadnisiaiyuaniianisanlu

(Monika, 2001)
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dmduldsunsunismdenihmsdudalusnzdulddnnsdnwlivanelusunsu ldun nnsld
gosluulusiawelsurindalaudontatnaen (CIDR®) 189981987 YU 12 T4 NULNELEAIDINTS
WJuda 91% (Carlson et al,, 1989) N1514 CIDR® w1 14-20 Ju 52UV LUY PMSG NULNZLER
1M 5.Judn 92% (Hamra et al,, 1989) wagnuINdsnsINSNANRAIINNSHELLTBUMEn1Taan T
wasiouHLuABNAgNA 40.7% Uay 64.5% dmiunsuauiisufemaiansdendesamilsaleia
(Ritar et al,, 1990) n1514 CIDR® squdugesluunaeanLnaufu wazgesluudaivasiloinlnuile
5Tu (Equine chorionic gonadotropin: eCG) NUSASINSHANRAAT 56.7% (Dias et al., 2015) 115
14 Intravaginal Sponges 12 Yusiufugesiuu eCG nuidnsnisuaninisiludnd 79.4% waziidns

NSHALRAT 60.42% (Kalyan et al., 2014)

v

wen N Finusieaumsideesluulusiamelsusrozdu 5-6 Ju Insldmdauiunisin
gofluunsoanunavAulutunsnluunsuazunsuaslisasluy PMSG vuia 200-300 1U lutuiinen
gosluulusiaamelsuriingontosnaen (Menchana and Rubianes, 2004) wagiisnaauluwnginis
Htnanswidenthnsidudauasniswaudamniinisldssoren SnsnauioundnIsuanie1nis
& way waufleunuusmuaand 56 Saluamdsnisasngesluy Tag Vinoles et al. (2001) 571897u
msldsesluy  Tuswawmelsuszozen (12 Ju) Inansdsesannisuadlneldnennsainin (63%

[
1Y o w

vs 87%) nstagesiuulusiaamelsusyezau (6 Tu) ag1aiidudAgynieans
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AzLUY) guanwdassanysal fheseunisiludaund waslufinufiaunfsussuuduiug 1Geagi
WSUUNENABDY AMTARNNEAIENT PIAINTAUNINGIRY B.L1183 2. uATUTH YIIN5ANYITENINN
WausaIAY 2562 Hasauiiunal 2564 1MUNUNAABLUU Completely Randomized Design (CRD)

Anualimlusunsunisuileiinisiduda 4 Tusunsu TUswnsuay 23 6

ASn1snnang

duunsmualyilasuladennassie 4 WWsunsy Usenausie gosluulusiaumalsusiia
Falauaantosnasn (EAZI-BREED® CIDR® Sheep and Goat Device; Zoetis Australia Pty Ltd, New

Zealand) $7unUgasluunIoan LAauAY (Estrumate®; Vet Pharma Friesoythe GmbH, Germany)
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YU 125 ug. 8051UU P.G. 600% (Intervet International, Holland) au1a 1 1fa §sUsznousae
gosluu PMSG 9u19 400 1U uag gosluu hCG 200 IU waggesluu GnRH (Receptal® MSD Animal
Health UK Limited Walton Manor, United Kingdom) 100 ug. Wazyinn1SHaufisun1835aann1u
N9 09Aa0n (Transcervical Artificial Insemination) 2 ﬂi’yd‘ﬁl 48 ey 56 %Immwé’amiaam

gas5luulUsLaamalsy

Tsunsud 1 wilerhdesesluulusaunelsusindalauaontosnaon (EAZI-BREED®
CIDR® Sheep and Goat Device; Zoetis Australia Pty Ltd, New Zealand) N9YesraanduLian 14
TU S ugesluunseanLnaufu (Estrumate®; Vet Pharma Friesoythe GmbH, Germany) Lag
P.G. 600® (Intervet International, Holland) waz@®5 Luu GnRH (Receptal® MSD Animal Health

UK Limited Walton Manor, United Kingdom) (CPPG-14)

DO D14 D15 D16
b e oo freeeeeeemmeeee >
Insert CIDR® Remove CIDR® GnRH 100 ug. Al1,2

P.G. 600%® 5 ml.

Estrumate® 125 ug.

U 0 @em CIDR®

Uil 14 nen CIDR® wazdnsasluu P.G. 600® Usunal 5 Jaddns uazsesluu Estrumate®

WA 125 ug [WnauLile

uil 15 Angesluy GnRH vw1a 100 ug Wnawkile (MrUATIaT 16-18 Talusnauvinnig
=

NAULNYN)

(%
[

FUN 16 NEUTBY 2 ASIN TN 48 hay 56 adnan CIDR®

TUsunsud 2 wigadesesluulusiaunelsusindalauaontoinasn (EAZ-BREED®
CIDR® Sheep and Goat Device; Zoetis Australia Pty Ltd, New Zealand) Maresnasnuiian 14
TU SaufvgesluunseanLnaufu (Estrumate®; Vet Pharma Friesoythe GmbH, Germany) Lag

8935 11U GnRH (Receptal® MSD Animal Health UK Limited Walton Manor, United Kingdom)

(CPG-14)

DO D14 D15 D16

T — B I R >
Insert CIDR® Remove CIDR® GnRH 100 ug. Al1,2

Estrumate® 125 ug.
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Tuil 14 nen CIDR® wagdngesluu Estrumate® aunn 125 ug lWnawuile
Uil 15 2ngesluu GnRH 1WA 100 ug [Nl (ARLATEIaaT 16-18 Taluenauvinnig
NEuLiBN)

JUN 16 WANTBY 2 ASINTILUIN 48 way 56 viaanam CIDR®

Tsunsud 3 wilerthdnesesluulusinumelsuvindalauaentetnasn (EAZI-BREED®
CIDR® Sheep and Goat Device; Zoetis Australia Pty Ltd, New Zealand) N19voIRannduan 7
TU SaAvgesluunseanLnaufu (Estrumate®; Vet Pharma Friesoythe GmbH, Germany) Lag
P.G. 600® (Intervet International, Holland) waz@easlauu GnRH (Receptal® MSD Animal Health UK

Limited Walton Manor, United Kingdom) (CPPG-7)

DO D7 D8 D9
e o fooeeeeeee e oo >
Insert CIDR® Remove CIDR® GnRH 100 ug. Al1,2

P.G. 600%® 5 ml.

Estrumate® 125 ug.

Sufl 0 @en CIDR®

Sufl 7 gon CIDR® wavdngesluu P.G. 600° USuna 5 1addns wazgesluu Estrumate®
Jun 125 ug Wnduie

$uit 8 ngosluu GRRH w1 100 ug Windnile (Fwungaaan 16-18 Falusrourinis

NELTIB)

JUN 9 WANWIBY 2 ASIN TALUIN 48 way 56 aanan CIDR®

Wsunsud 4 nswdlenihsesesluulusaunslsuvinddlaudentotnasn (EAZI-BREED®
CIDR® Sheep and Goat Device; Zoetis Australia Pty Ltd, New Zealand) navesnaanduiian 7
TU TAVges lUUNTanLNaUAY (Estrumate®; Vet Pharma Friesoythe GmbH, Germany) Lag
895 LUUW GnRH (Receptal®; MSD Animal Health UK Limited Walton Manor, United Kingdom)
(CPG-7)

DO D7 D8 D9
— I — R— :
Insert CIDR® Remove CIDR® GnRH 100 ug. Al1,2

Estrumate® 125 ug.
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Jui 7 nen CIDR® wazgesluu Estrumate® au1a 125 ug LUINa1Lile
Tuit 8 Angesluu GnRH 9u1n 100 ug WNawLile (MuuATIIaT 16-18 Falusneuyinnig
NEuLiB)

JUN 9 WEANWIBY 2 ASIN TILUN 48 way 56 aanam CIDR®

Y [

Tuiindaya azuuusnne ensiludnandnuazveseiozmavinnas didenngluyes
ARBALALEIULDNYBIABUARNUUITALAY ANEITAlUNSARATUHALLTIEUH1UABNAGN LATATIANTT

HINDINEVAINSHNAUTBY 40 PYLATBIDANSITIIUA
N3AATIEVTaYaNI19EanR

FATIZRAULANAIITENIINqUNAaDIEmSUTaYa n1suansen1siludn aruaiunsaly
NsAoAYUNANLIEUHIUABNAGN ULaTENTINTTAIYIBY ¢e Chi-square test WagIiATIwiAUENITUS

veslusunsunswiloniinisdudane n1suane1nsidudn Anuanansalunsaentunau o

¥

ABNAGN UAZENIINNTAIYIDY My afirvesiiuives (The fisher exact probability test) MuuARIAIY

v o

upnE9eEiitedAgN9adain p-value <0.05
NANTISNAABILAZINTA]

= gj r.:’ll 1 ® = (% Y] 6 o < [
nsAnwAssiinuIssezanlunisaen CIDR® danuduiusiunisuansennisidudn was
ANuansalunisaenuveslunanisufisaaungn (p<0.05; Table 1) Tngnudn wnAlasu

ﬂ’ﬁmﬁlﬁl’}ij’]ﬂ’]iLﬁuﬁﬂﬁ’JﬂIUiLLﬂﬁﬂJﬁ 1 (CPPG-14) LLﬁ%I‘IJiLLﬂﬁiJ‘ﬁI 2 (CPG-14) zuansonsiiudnas

Y

AUSHNSUN 3 (CPPG-7) hazlushnsu? 4 (CPG-7) @sUANNaIuNso@onUunauLNeun1ufme

[y

ungnnuIngAlasumMsmienihmelusunsui 3 (CPPG-7) uaglusunsuil 4 (CPG-7) 9eil8nsINTg
dontunauiiieusufsnaungnaandlusunsui 1 (CPPG-14) uaglusunsuil 2 (CPG-14) Tuvaeilyl

NUAULANA1UBIDNTIN TR s luLnzAlaTun swdeninsidudane 4 Tusunsueensiidedfny

VANGAI
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Table 1 Estrous synchronization and fixed time Al in sheep: The relationship of CIDR® insertion

duration and P.G. 600 on estrous response, Al gun passing through the cervix and conception

rate.
Programs Estrous Number  BCS Estrous p-value Al gun passing p-value Pregnancy
synchronization  of ewes response through the ewes
cervix
! CPPG-14 21 3 127 (57.14%) 3" (14.29%) 3(14.28%)
2 CPG-14 23 3 127 (52.17%) 6° (26.09%) 1 (4.35%)
3 CPPG-7 18 3 6°(3333%) 0% e P9 1555w
¢ CPG-7 19 3 7° (36.84%) 13° (68.42%) 0 (0%)

*P: mean in the same column with different superscripts differ significantly (p<0.05)

Body Condition Score (BSC)

ANNTUIIUIUAI DY 1N ZANULNUNITA NI UNTARUALITUSWLATNAL 23 G2 ATENIN9NT
andunsdnwinugesiuulusiaamelsuvilnasndasnasn (CIDR®) NaanouliaIfinImuaAINLAL
NAaIULUSHATUT 1 371U 2 2 TUSWASUTA 3 979U 5 hag WUSWASUT 4 91U 4 67 FIAUED

wNENAaadulUSWNTUT 1, 3 way 4 913U 21, 18 kA 19 7 AU

nsanwituaselldsesluulusiaamesisulusunuunria@ilau (CIDR®) wWon1sAIuauly

2 o I = =~ v ] = ° !
seunsiludneglussevgiisaia esnnldanuisuasinnuadiauslunisanldesgesiuy
(Holtz, 2005) wuann1saen CIDR® w1y 14 Fu (long-term protocol) TulUsunsudl 1 uag 2 ungazdl
YSunaudenneludesnasnunnnitnazuansennisiudauinninnisaen CIDR® 7 Fu (short-term

protocol) Tulusunsud 3 waz 4 uwilumanduiulusunsunisaen CIDR® 7 Tu fnauiieyanunsoaen

3

Yunaufisuninudigreungnlnglildussiulauinnds uwiegnalsinuldnunnuuansisvesdnginis

a o (Y

favisednaiifudfynisadflusngildsunmsmieahnndudais 4 TWsunsy Sefaudenisseauy
289 Menchana and Rubianes (2004) ﬁﬁﬂﬂﬁmauLﬁaumuﬂamgmmzﬁmmL’Jawamﬁaﬂmmzﬁ
Igsunswierimsdudage CDR® lussozraifiuansieiunudn Tsunsunisaen CIDR® 6 Ju
Iﬁﬁmi’lﬂﬁg\‘iﬁaﬂﬁq\iﬂ’iﬂI‘UiLLﬂillﬂ’]ia@(ﬂ CIDR® 14 Ju i 41.2% uaz 29.1% MUENU La¥aIN
AN5AN®IVDY Carson kazAne (1989) Wui1n1s5hd CIDR® 12 11 nuIwneuandan1ssudn 91%
LazdPRIINSNANRAIINNNTITWBLNY 95% LALaINNISANYIVEY Hamra LagAte wWu31n1siy CIDR

14 Fusaufiu PMSG 750 1U unzuansernsiludnasis 92%

g95luU P.G. 600® Usznaun18g95luu PMSG (Pregnany Mare Serum Gonadotropin)

'
=

ez hCG (Human Chorionic Gonadotropin) Ferrwanszeziatserinusuuansonsiiudnauia
818Nty (Dogan et al,, 2018) kagNIEAUNITNAUIVRINOATAAKAZNUTNIINITANLYVDINNY

(Koyuncu and Ozis, 2010) Jsianltiienaunugesluuy PMSG luns@nwiassddslinuninuuansig
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voednsn1sludn dnsnisaenlunauiiieuuisneungn uazdnsnsawiesduunsilasung

o w a

wiflehmsidudamslusunsuilduaylaldseslauu P.G. 600° egnsdivuddymeania dedaudaiuna
N3ANYIVeY Zaiem et al. (1996) Tuungsiug Black Thibar Mwuinsiasugasluy PMSG luseaui

waINENai (300 450 uaz 600 IU) azdwmabiwnzuansannisiludauniudaeuiiuiunguilale

= v

nstasugesiuy PMSG wiingesluu P.G. 600% aziivihigslunsanssuziiainisuanseinisidu
dnaufaiainnly (Dogan, 2018) usrwaianldlunsdneluasaiilunsirusunanldlugnsun

Usuldluung (Armstrong et al., 1983) Fsdsnalidiusunavesgasluu PMSG ﬁlﬁﬁl@itﬂmwaﬁ%ﬂizﬁu

[y

TunzwanI1N1SuUdANTARLLINTY Wananddanuinnisideasiay PMSG Tusyaze1 agnalilin

[

1158374 anti-PMSG weudivenTuneludidnd (Bodin et al, 1997) dwalvisadniliauanysaii

>Na,

a

fanad Linnsuanse1nsiudatininunf@ (delay of the onset of estrus) (Baril et al., 1993) fatiu
399 0UADIINSANBINANTENUN912LAATUINNNNS IS luU P.G. 600° Tuszezenl wazvu1ni

winngadlunismiiertnsiludaveanzylulszmealnesoly

(Y )

N EdRveIsRIINISHANRATULAZT

a o

nmsAnwiluafsi linumnuuansnsed1aiided
Iggunamidsnihnmadudavesis 4 Tsunsy Tnefldnsmsuauinvedusunsud 1, 2, 3 way 4 9
14.28%, 4.35%, 5.55% Waz 0% AUa1au FasnnsuaNfAnTiaeniansAnIIRe UMt LR 89
nswaufn 7 60% lunnedildsunismisrinsdudameseiluuluswanslsuringentoinasn
U 12 TU Tuduges iy eCG 200 1U waginnsuaulionuuuninuaial (Kalyan et al,, 2014)
Wufenfun1sAnewes Dias et al. (2015) Aistssuinsmioninisdudalagldoesluulusaane
Tsurlingonratnasnuiy 9 Ju SauAugesluunasanILnauny Lazgeasluu eCG vun 250 1U Lay
N TsuL Ui UAaNd SRS InSNaLRnTl 56.7% egalsAmuanuulsiuvessnsinisnaufniiny
Tunsaneadsioradunaiiieananseezinainisaon CIDR® Fsdawaliisysugesluulusiaainelsy
Iuﬁwmaﬁmiqasﬁu MIAARN1IAIA9UDY dominant follicle (Rubianes et al., 1996; Leyva et al,,
1999) Tnenuinszavvessasluuluswamelsulusedu subluteal levels avinliiAnAudves LH

pulse Aurndu Favhle dominant follicle naneudu persistent follicle (Adams, 1999) uag

'
Ly 1%

persistent follicle Ainntuiuiivihnsnauisntaziinnuauysaliugitesas Johnson et al., 1996)

ﬁm%’ummmmmaamﬁumamLﬁawhuﬁqﬂaumgﬂé’aaiﬂiLLﬂimﬁ 3 (CPPG-7) wazlusunsud
4 (CPG-7) qmdﬂﬂmﬂimﬁ 1 (CPPG-14) wazlusunsudl 2 (CPG-14) Anludesay 77.77%, 68.42%,

14.29% wag 26.09% ANUAINU FIANNAINNTaIUNSARAUUNANLT LN uDIPunanT Wl dINase

Y

(% [
o v @

Fasnsuanin ag1elsAnuanuansalunsaenluna e[ 1une mqﬂimmwuéﬁuﬂuaﬂwmz

I3

NNEINIATDLNY LYU AINLIIVDIABUAGN IUMIUABUAGN (cervical ring) Faumnsinaiulumusiug

9

[y

91y AwuvisdnazdwarenueIndslunsaealura N UABNARNLiONTHAN B (Khalil et

o & = & = o A a £ ] v 6
al,, 2017) ANuELSaveInsHauisnluwngdulidadeiineivemaiaUsens GNYNUTVNUNG
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918 ANWAINNNILINIAVDY  ABNAQN TLELIAITENININITARBATINISNANIBNMATAN TNEY
Wen U gania Wiy uazd i wauisnnidlufsaunmdnieanieiug uenainddsla
YNUINNNSHANTBUAENAT ANTARINABIaI N TALAULTERIINSHANRATIANINNSHANL LA

nsaeatuRuABLAgNT! 44.89% LAy 31.25% MudWU (Anel et al., 2005)
dyunan1Innay

TUswnsunsmlientinsiudaiiianisuauisusieisann 1 utosnasnsie n15aen CIDR®
w14 U QUsunsud 1 wag 2) duavihlnunzuansornisidudanniinis CIDR® wiu 79w Qusunsy

7 3 uay 4) willdnsINsnaufnliwanssiuluynlusunsy
¥
Jalauauuz

WawnlusunsunisvaasslukngvesUssmaludulnggnuiunisldauunainunedenis
insAnwuisfnludiuvesnisiiumegtssasiuuluung (hormone profile) isas1alusunsuns

witghmsidudaiianisnaudenlmvunzaudunnslulsemealne
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The Effect of non-esterified fatty acid, blood glucose and blood urea nitrogen on

conception rate in artificial insemination in goats
Petchroi Petchriang Muksuda Ruangkree?
Abstract

The objective of this study was to determine the relationship between non-esterified
fatty acid (NEFA), blood glucose (Glu) and blood urea nitrogen (BUN) on doe’s fertility and
conception rate at 30 days after weaning. Ninety-four healthy goats in Ratchaburi province
were used in this study. Blood samples were collected for NEFA, Glu and BUN evaluation. The
does were synchronized for estrus with Controlled Internal Drug Device (CIDR®: Progesterone)
for 17 days with prostaglandin and Pregnant Mare Serum Gonadotropin (PMSG) at 14 days after
CIDR® insertion. Ninety-four does were inseminated at 48 and 72 hours after CIDR® removal.
The pregnancy diagnosis was performed 40 days after artificial insemination by
ultrasonography. The average of NEFA, Glu and BUN for ninety-four does were 0.39 (+ 0.25)
mmol/L, 61.80 (+9.89) mg/dl and 55.02 (+ 35.32) mg/dl which are each within normal ranges.
Twenty-seven does were pregnant. The conception rate was 28.72%. There were no significant
differences in NEFA, Glu or BUN level between pregnant and non-pregnant groups (p>0.05).
The conception rate for each of NEFA, Glu and BUN, comparisons between the in-normal-range
groups and non-in-normal-range groups showed no significant difference (p>0.05). Given that
NEFA and Glu are indices for negative energy balance, the group where both were within normal range
had higher conception rate than the group where only one of them was within normal range and the
group where both were not within normal range significantly (p<0.05) (conception rate = 39.13,
23,68 and 0, respectively). In conclusion, this study showed that negative energy balance in goats affected

their fertilities with the evidence of decreased conception rate.

Keywords: non-esterified fatty acid, blood glucose, goats, blood urea nitrogen, conception

rate
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Pnuradlusiukazndanudunan lagseavgiselunssuaiden (Blood Urea Nitrogen: BUN) tduei

WAL NUIUBNDIIANIIENSIATUBIMNSIUSAY Mndmilasuamnsiusiuluusunauinasilseau BUN
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guuardmariedninissentinvesitgeuluietilianas (Bindari et al, 2013) lngunfisysiu BUN
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= = L a

Yosunz wogAl 25-60 me/dl Furueny vilnvesems seAulsAuiidniliSunaznisdenlsues
TU5f 1 (Mohamed et al., 2016) Tuvezii an1nsnd191usd9au (Negative Energy Balance: NEB)
Dusavednmslesvenmandandlifismerlissnedesaaslutufiavanl heenuldiielddu
LRSI IUNALNY (Bindari et al., 2013) Tnonuinadnailunsvuadenfiuedsannendanuda
aull 2 villa laun nalaalunszueaden (Blood glucose: Glu) wagnsaluiudase (non-esterified fatty
acid: NEFA) lunszuaiden (Rabiee et al, 1999) lagnnsgau Glu egluszauuni $9NBILNAS
gosluudugduoonndudsnisamelutulusane dwalissdu NEFA aglusedush (Bowden, 1971)
wilfes1anedniidng anizviandssnusinieazdnsaanelefutianldiduuva smndsaw

Favibvinuanslungu NEFA Tunssuadenau lneUnfsenuuas NEFA aziliAntasndt 0.45 mmoUL vise

30-100 me/L (Kaneko et al, 1997) vaugiiszsu Glu fAsening 48-76 me/dl (Merck, 2008)

anmzavgandanuiimiuduiuslnensatuszuuduiuguoaums Tnonuinsedu NEFA gelu
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| | | |-
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seudayaiuvadfdanssuudmsuaideilndnwy laun sedu NEFA, Glu wag BUN

N5AATIEdaYaNIeEan
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TnsmaFouiisudeyamnuunnaanaadivesrdiiisanseninnguiinerosuasnduitlifaios
#1835 Multiple ttests waztU3suLisusnsnsnaudnsenineanguild Avdeidoylutieaiden
11ATFIUVBAUNE (in-normal-range group) waznguii liieglugasAldenuinsgiu (non-normal-
range) uaznaNfiannzaunandanuLaznauioglunnzndsnuidsay ¢e Chi-square test Fail

fvuarauiitudfyn1eadan 0.05 lunnnsiasgsineada lngldlusunsy GraphPad Prism
8.4.3 (GraphPad Software, USA)

NANISNAABILAZINTAl

MNULUNEI IR 94 ﬁﬂ'wLQ?SLLazdauLﬁaqLuummgmsuaqm%uﬂﬁﬁq 3 A1 Aa NEFA,
Glu wag BUN 1atvnAy 0.39 + 0.25 mmol/L , 61.80 + 9.89 meg/dl way 55.02 + 35.32 mg/dl
AUAINU Aalandlu Table 1 s?fwhLa?iaﬁmd’rﬁmaq"luﬁzmﬂﬂamamwz (Kaneko et al., 1997; Merck,
2008; Mohamed et al., 2016) LAZAINTIIULNEI VLA 94§11 WUINTunesavosanue 27 67

AN ORSINSHALRALALYINAUSesaY 28.72

Table 1 Mean+SD of the three interested parameters, NEFA, Glu and BUN in 94 g¢oats.

Parameters mean+SD Normal range References
NEFA (mmol/L) 0.39+0.25 < 0.45 Kaneko et al., 1997
Glu (mg/dl) 61.80+9.89 48-76 Merck, 2008

BUN (mg/dl) 55.02+35.32 25-60 Mohamed et al., 2016

ndoyananisivisavesuiung wianguudunzeandu 2 nau liun nqud 1 1 Junguul
wnzavied waznqudl 2 Wunquusiunglidwies Weviinstesiziuiouiisuruunnasvmneadn
Y031 T BATNT 3 Arludiunesaasngy laun A1 NEFA, Glu wag BUN snudau wudnbiddainy
! (% A IS A ! ! v [ gj oA N (% A a
waneeiuvesrduaiiluionsenitenguiviesuaslivies uasivaeenguiin1iad svesseauaTuall

vaauAegludisunidaiandy Table 2
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Table 2 Mean+SD of the three interested parameters, non-esterified fatty acid (NEFA), blood

glucose (Glu) and blood urea nitrogen (BUN) in pregnant (n=27) and non-pregnant (n=67)

groups.
Parameters Pregnant group Non-pregnant group Normal p-value
range
NEFA < 0.45 0.82
(mmol/L) 0.40+0.28 0.38+0.24
Glu (mg/dl) 62.26+10.18 61.60+10.16 48-76 0.78
BUN (mg/dl) 61.81+34.06 52.09+34.71 25-60 0.11

deuvsnguuwsiunsienavessziuadiaiiludon Tnouvadunguiiidndauailudonusas
ﬂlﬂaqlsluszj'wﬂﬂﬁ (In-normal-range groups) Fafinnesndn 0.85 mmol/L 5¥%I19 48-76 me/dl
way 25-60 me/dl d@%suAT NEFA, Glu thag BUN sua1au LLazﬂfcjuﬁﬁ nFwadludanwsazanlile
8¢/luy39Und (Non-normal-range groups) Lﬁa?miwﬁm?wLﬁaué’mwmimamﬁmaqﬁgqaaqmjm

WUISRTININEALAATDWsaRINgu lianseiueg sl ud Ayn9ain (p>0.05) fafiuanslu Table

3

Table 3 Conception rate (%) between the in-normal-range groups and non-normal-range

groups for each parameter

Conception rate (%)

Parameters p-value
In-normal-range groups Non-normal-range groups
NEFA 29.03 (18/62) 28.12 (9/32) 0.94
Glu 33.33 (22/76) 20.58 (5/18) 0.27
BUN 28.94 (20/60) 27.77 (7/34) 0.93

'
1oa

agnelsAmuilafansanieafusdne@nnendanudeau (Negative energy balance) lauwn

A1 NEFA uag 1 Glu Tauiu wulunglunguidannzaunandany (A1 NEFA uaz A1 Glu aglutis

(%
{ | 1 a o

Undvivaesnn) nqundaladmilslaund uaznquitdaliaun@ing 2 A1 ddnsinsnauinisegay

39.13, 23.68 LAz 0 MIUAINU WAYNUINTATINITNANAAVDIW IEIUNF UL AU WANF1IA UDE 19

Y

ydAYN9ana (p=0.03)
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Table 4 Conception rate (%) of negative energy balance indices

Negative energy balance Conception rate (%)
Both were within normal range 39.13 (18/46)°
Only one of them was within normal range 23.68 (9/38)° p-value = 0.03
Both were not within normal range 0 (0/10)

b mean in the same column with different superscripts differ significantly (p<0.05)

annenalavunsdawasiesyuuduiug nenuiniledniodn1ieu1nansenmsazdnaause
maviheuvesszuuduiug (Scramuzzal and Matin, 2006) wagn1suinasewnsilussegiaiuiusin
nudneliinnisanasvesusednsnnmiessuudunug lneduasnean1358 Uy Hypothalamic-

gonadotropin-releasing-hormone pulse generator (Schilo, 1992) Lazarinuazaue (2554) 318911

(% v 6 1 U

1MFIANIIIUR ISR ITAINARLAUA SR TTUUAUNUTVRIdR Tkl ug wudnisliemnsi

Y
a =

I~ ] ! o aa a sl J 1 1 a o
Wganedwasodnuiuneadifaiiingy aannlelaleninniiuazdmananisiiudnuiuveusasly

9

WeadAasneme wenaninuinisiindunisiulalugisnesunisiauiugyinlvsnsinisanliuagdns

NSHANAATLANLINAY (Mani et al., 1992) Tumanduiumnungeglunizn1sdndinermsaeinlv d

£
U = = 1

26U NEFA flastiu Jraseniswdsesluulnunlaivstu (Gonadotropin releasing hormone: GnRH)

Y

P i a aa oq v aa a I3 | @ a . .
mmmamaﬂ’liLﬁ]im%ﬂWaaaLﬂaﬂﬂinaaaLﬂammu’lmaﬂaﬂ FINANBOHNIININANFA (Bindari et al,,

o

¥
= v @

2013) uenanilszau NEFA Nasududuiuselololoduazdsdinisiasguedelaladdne (Schilo,

Y

1992) 5¢avU Glu NANaITlNARBNITYINUYDISILY LI ITWNEALiN1SUSURADAN1IZN1SUINENTOINNS
Taudlunniznisvinaisermsuneasiusednsnmniessuvduiiuganas LLazé’mwmiLﬁmqmmmﬁ

anauwunu (Sibanda et al.,, 1998)

Usunauemsinulavesdmidanudunusiunisiasuklasuasssuuiuniuaaduyaalusiuly

v A

Tanmelaganngegedinisaanesiveslsiulusaniedndludianinisiuleanas Ingnwunrndn il

a val = Y & A % ] ) [ [ Y a a X [y
ﬂ’]iﬂulm/la@a@%%tl,Jﬂ'ﬁﬁﬁ’]EJGl’J“ZJ@\‘iLUEJL‘EJEJVLGUW,JIUiNﬂ’]EJﬂJWLUUW@NW‘ULL@%W’]IMLﬂ@m’ﬁLW@ﬂJ‘Ui%@‘U

Y]

NEFA wazAlauued (Ketone bodies) (Annison, 1960) wananniidaiiraisdadsendinanassau NEFA
Wy an1elnwuinig MIFudedu g sesluuiieitesiunisiasaul (Growth hormone) 131

A5 91115 sEaunasulue1ns Usurae1unsnnule (Bowden, 1971) Inanuinsenu NEFA 9
Wngwiiednieglunnzgnindnemsvsallelnadaialviemsnsegnivdedunaznuinseiu

£
=) U

NEFA azanas 7193191 4-6 ndanlieonnns wenanilsesiu NEFA Nasuazduiusiusedu Glu

anad (Patterson, 1968) Aatiuaaunsaldal NEFA Tunsuadnienalnsunnistanunnlaganieasng
gandnioglun1izvieansemnsiudiausninainseauvesalauiinaznunsiudsuwlaniodnd

2¢/lUNITVINDIMNTOLNTULTI
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Tunendutunisiienmisunsusenniiunniuldfdsadalaaunu Tnenuitemnsnilusau

v ¥
Y = o/ <

gonslugUlusiunaseisy dnaandnsIn1saavias (Smith and Chase, 2010) A1 BUN figetiusiniduna

Y

2
= 1

111910015 o5 UsEAMIUSAuaeellmEan WUI1EaU BUN AaUd9nalibinmnuunng o

Y

yaalelolyd wazdnaaunan1sinn1sUfausua zn1sHAILIUDIRIB0U AINAREENIINITIONTINTDS
fhoouluiothldanasnannemadesluothldilivnzay uoninidinaroaunavossosluy
namAemn 32U BUN getuasiiilisesuulusnamelsutadusesluuddyluntsmunaunisis
Viosfiansnas (Bindari et al., 2013) %"'ﬂuﬂizLwﬂlwawud%ﬂwmﬂi@lﬁmLszdaulmmﬁﬂasiﬁﬂssau
Huewnslu  menungmasanataIaviliiel BUN geduninnild egrdlsAnudnsinisuasiaain

(%
Y [

nswauisluwngtuiidadenfertewmaiedads Wy ssuunsides Tuasggniaiinnisnaufiey

1y

! sa a =1 o A 1 =1 a ] d' o < [
W@WUﬁquNaW‘LHL%@LL@SWWLL%UQW‘U@@UUWW@ wakAnNsaAsn Jusiasunisinteidinisidudn

uiuliug YSunanug ainuvied (Arrebola et al., 2012)
dyunan1Innay

seaunsnludiudase nglea wasgiselunseuadionvesungdlvginmegluyiunfuasing

AognTnIsHanAnliunnAeiY wiilofiansantemnuatisanngndnuday laun nsalududasy
wagnglaalunssuaidiondiuiu wnglunquiliannvaugandinuniinnsaluliudassuavnglaaed

lugrund ddnsnmsnaudnainitnguiiialadmilsdauniuasnquindednunivisaeddn Gan1siin

401 nAINURUAINg1IdaN SENURaAIANY SAITUgIN g T N1SHALARAAA
v a
LaNE1591999

3730 AINFINTNA LYUUTIA WINPATIEN ANF ANA aaBd W5101NT. 2554. KaTaEIBN5ImMIS
wuututilaluszernsseunaudasonisiaumesdifauazamnimuasdtelolsfvotusiung
fudledlng. Msensudunuas. atuil 39 wih 33-42.
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FogUsvasdvasnsfimnifl oUsvdlunnadaniusmnatugnss uasdmuarUnng s e waA eaguLL
wedleaniin (SCS) uavdnunusinaluleug nenlvelendlond Toyaililumsdirmeivsnoudedeyefidin
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warduulmnfinigad luiunageu (TDSCO) Tedwausileuluseumslviususn raeagnt 2542-2559 Tu 119
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Uszanadlddmsu SCS150 wag SCS305 HAwinAY 0.1 wag 0.107 sadfy Tuvaueii A1d mmiugnssuees
Srnsdmadandaus 0011 (U0 §10222 (UD) rraduiusynatus s uasdnensUsmngsenring SCS150 uaw
SCS305 1udle 4GMG WA ® + SE 0,961 + 0.004 WAy 0864 + 0.005 AMENU) ATIEUWUS W UFNTIUVDS
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Selection for mastitis resistance in Thai Holstein dairy crossbred using udder traits
Sayan Buaban® Jureeratn Sanpote? Kiwon Hongyantachai'/ Saroach Kgamkum?®

ABSTRACT

Genetic and phenotypic correlations among average somatic cell score (SCS) and udder conformation
traits in Thai Holstein dairy crossbred were estimated. A total of 3,676 first parity cows in 119 herds which had
information both on udder conformation traits (rear udder height (UH), udder width (UW), udder cleft (UC),
udder depth, (UD), fore udder length (FUL), fore udder attachment (FUA), udder balance (UB) and teat size,
TS) and test-day somatic cell s (TD-SCC) calved from 1996 to 2009 were used. TD-SCC were transformed to
test-day somatic cell sore (TD-SCS) and they were calculated weighted means of SCS from 5 to 150 DIM
(SCS150) and 5 to 305 DIM (SCS305). Models used included the fixed effect of herd-year, year-season of
calving, breed group and the linear regression coefficients of age at calving (for SCS150 and SCS305) and herd-
year, year-season of type classification, breed group the linear and quadratic regression coefficients of age at
calving and the linear regression coefficients and coefficient effect of stage of lactation at the time of type
classification (for udder traits). Variance components were estimated using REML based on multiple-trait animal
models. The heritabilities for SCS150 and SCS305 were 0.111 and 0.107, respectively whereas the heritabilities
of the udder conformation traits ranged from 0.011 (UC) to 0.222 (UD). Genetic and phenotypic correlations
between SCS150 and SCS305 were very high (0961 + 0.004 and 0.864 + 0.005, respectively). Genetic
correlations of SCS150 and SCS305 with udder conformation traits showed moderate to high for FUL (0.658
and 0.751), UB (0.343 and 0.271), UD (-0.314 and -0.372), FUA (-:0.287 and -0.224), whereas the genetic
correlations with other udder traits were low varied from UC (-0.094 and 0.049) to UW (0.120 and 0.240). These
estimates indicate that SCS150 or SCS305 could be genetically regarded as the same trait. Recording of SCS
for shorter periods of early lactation could be representatives of the whole lactation. In addition, the lower
value of SCS, rear quarters deep, height of udder floor above hocks, extremely snug and strong fore udder
attachment, intermediate rear udder height, narmrow rear udder width, and shorter teat size should result in
low risk to mastitis. Therefore, selection for some of udder traits might be helpful to indirectly increase mastitis

resistance using udder health index.

Keywords: genetic correlations, somatic cell score, Thai Holstein crossbred, udder traits
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AN
nsdndendnuaeiunulsausdnauiieaunmiuafidtudunisdidumssusudug
Tugmanmnssunisideslaus (INTERBULL, 1999) wagtduidmnenisufulssiuglaunesvans
Usene waidosnnadulsaiusdnaudulsafiianudemeunssianindsdauy dosnds
ihuimudetiifuidesiusdaonaannds unsdidusiussnaveiniows viesiingoss 019
Fosinlaiia deavinliengnisldnuvesuslaanatiae (Nielsen, 2009) wwinaniswiltulamilsawn
uudnavannsavildlaenisuiulginistanisdssquazaninuinden wu matestuguainu

guamuslalvigngueundie (Norman et al., 2000)

nMsusuUsagAndondnvaziunulsauns niaududnuuamvidafieangtinise
FaaFuLSIEU (Wolf et al., 2010) 1ipsandnuwazddnsdiauiuul svesdnues lnglgUayain
uudniauisiifuuuuanionislaensadelneiudnuusidaudiniusmetugnssutunisfagi
ULFAEUNIIB ou WSl usanana (Luhar et al, 2006) upn1sdndenlaonssdalianunse
91’1LﬁumﬂﬁtﬁaamﬂmmLmausﬂ’ayja (De Jong and Lansbergen, 1996; Heringstad et al., 2000) &
iigadeyadnuwiugadlaandnluiunaaeu (test-day somatic cell count, TD-SCC) fuvandunzuuy
wadlsandnluiuneaey (test-day somatic cell score, TD-SCS) udamenadslioglusuuvuyos
Alad e SCS naoan1slifus (lactation mean somatic cell scores, LSCS) %3 0oglujUnuuves
Aade SCS Tureiuvesnislyuy (early lactation mean somatic cell score, ELSCS) Husausdise
Ardmiugunmdun uazinaglidunusimsdadenileangiinsaiionnusunsivedlsawinu
gnL@uUN199 8y (De Haas et al., 2008; Bloemhof et al., 2009; Windig et al., 2010; Koeck et al.,
2012) ﬁgmiﬁmmﬂé’ﬂwmwfﬁmé’mmwﬁuﬁqmimﬁqaﬂfjwé’ﬂ‘wmdiﬂLéfmmé’mauﬁuammms wadl
auduiudatugnssuiiudaunseiudnuazaudmiudel sawiundniau (Rupp and Boichard,
1999; Carlen et al., 2004)

UBNIINALULUULYAA LR NLAITNwLIAUY (udder traits) Lﬁuﬁmméﬁagawﬁﬁamﬁa
danldlunsdndondnvazdunulsadunsnaunssouiismnamnsadamlaie dzan uas
Hudeyandmnuduiudiinrdestunsifelsadunsniay mnthuldlumsdndendnuazdumiu
Tsaduudnauenatisan SCs ludhuunazmnudssdensiinlsaduusniay (Nemcova et al,,

2007; Bloemhof et al., 2009; Ptak et al., 2011)

Snwaziiundidditansiudu SCC wiodoyalsawuusnaudmivldlunisainadeil
gunINAuN (udder heath index, UHI) aun Aanudnvesdiuy (udder depth, UD), A31un31989
WUUNAS (rear udder width, UW) n1s&aunnzvaadiuumtin (fore udder attachment, FUA) 1ouiin
WIUNNAT (sensory ligament, ) AUANAAYBLAUY (udder balance, UB) uaz AIINE1INTBUUIN
YoIWIUN (teat size, TS) (Rupp and Boichard, 1999; Samoré and Groen, 2006; Ptak et al., 2011)

Ptak et al. (2009, 2011) uuzihiudlauslaaalavesduuauanivinundnuagninada SCS aandn

LUl AL AL LULAI NS UAN WS IR UL &Y
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nsfnyiaseildingussasdiiofnyim auduiusniaiugnssukasanwasUsInNg sening
SCS wavdnwawunvedlauugnuayinelaaglailuseunisliunusn dmsuldiduwuimndduns

aSedsidadendnuaimumulsawnuudniaulunisdadonneiuglauusdely lnenislddeya LSCS
gUnsaluazIsn1mMAaeg

dayauazn1sInn1sdaya

doyaiflilunsfinuadsiifudoya TD-SCC wardoyadnuuzdnuumesvssulauugnuan
nelsadlailuseunsliuuedausn aaengnluras® wa. 2545-2561 Anusaililuszuugudeyala
wuasdtininalulagdinmnsnandadnd nsudadnd Insudlauuusagiia gresiivoyanugusedn

¥

wazdayanisaaeniaenndediu 1o1eilonaonA3lInagYyiaTening 20-48 e Yoyaluiunagey

Y
avagluyreiuliuui 5-305 Tu 9 winiulvualidesndt 150 Tu Tunaaeuasiusnagsenineiun

v =

5-60 ¥A9A1INARBA UAXNGUN1TIANT (Fe-UNnaen vsers-UNUszlluanuuesusg) avdediteya
agetloy 2 Yaya uenniuilaunudaziinideyavziemsuuseianeiug wasdeyaiuiusyin
dounduly 3 4101y AetiuFaiyadeya TD-SCC 1uIu 29,945 Yoy Uagdnuwazld1uNIILIU 3,676

Taya Mnudlauy 3,676 61 SauiuteyanugUszinvedlanineidesiulaiiidoya TD-SCS uay

Y

ANWULLAUY 91U 11,029 6

TD-SCC azuvaatdu TD-SCS muauni1s TD-SCS=log, (TD-SCC/100) + 3 (Ali and Shook,
1980) WAz ntumAnadsd My SCs lureduresuliunainiud 5 89 150 (SCS150) uay SCS

napANSILNaNTUR 5 84 305 (SCS305)

1$1999711115:99919%89 SCC 1 unannaInUSuiiuy (Green et al,, 2006) Falauim
ANRAYLUUAMUIMUNVDY SCS IngAndedsuSunainuuiaannansnuiu SCC dmsuwsias Tunaaau
lngAuInA1NgATURY Raffrenato et al. (2003):

WsCS = 2i=1m5CSi (1)

i=1 M
e WSCS WJuAnadsuuualadminues LSCS (SCS150 %3a SCS305), SCS; Aa SCS Tuiu
nAdeU Way m; AeUTInaunluiuneaeun i Ardunanldegsenineiulvuum 5 81 305 wazlunis

AU SCS150 kA SCS305 agAaadivuiin SCS Tulunnasuagnatios 3 Ju

Yoyavesdnuaziinuy Wudeyaierdosiuauuduswosmnsianmelasdudasuniv
sumeaniifuiiuiesiudunszgnidansu usndudeyaiiliannisliazuuniivandusedy 1 f
50 AzLUY WaznTinlaensugiievesq3sm (2552) dnwneiiiinisialasnsaszneudie 5
anvazge lLNAINEIUBIATULNAY (rear udder height, UH) A311n31916Uuvias (udder width,
UW) 19uda@uumas (udder cleft, UC) muanaednunmas (udder depth, UD) AINLE1U89L61
WU (fore udder length, FUL) wazdnuaisdildainnislimzuuuusznaudag 3 dnvase lauins
mzdaiuudnin (fore udder attachment, FUA) auaunavesfui (udder balance, UB) wag

YUINVBINIUY (teat size, TS)
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AT1ENANMULUTUTIULAEANULUTUTIUTIN TAen15I7S restricted maximum Likelihood

N3AATIEVtaYA

(REML) A28lutnafidninuuIiasizinalsa ngaynsouny (multiple-trait animal model) W1y
TUsunsud5a3uU AIREMLF90 (Misztal et al., 2020) FeiManasail
yvi=XB+Z,+e dnsudnualg SCS (2

y2=XB+Z,+e ANTUSNWEUELAUL (3)

{0 vy, Y2 A0 LIAMDIVOIENWUTAZLULGAALYINAN (LSCS150 wse LSCS305) waglinlnes
Yosanwzla1uN (UH, UW, FUA, UC, UD, FUL, UB wag TS) mua1ny; B Ao LiAmesvoslladensil
Vandedmsuanvaugaviuuwadleundn (aun ge-U U-gan1avesnisaaen nguiug uasduussans

a 1% d‘ o U % % 2 1 A a
nsannegldaudunsivetengiiionasn) uardmsuanvaizisnuy (o §a-U T-ganiavesnsuseidiy
anuaeIUIIe NaNITLS duUTEENSN1T0n0LITAAURTILAZNTANNREMNAIABITRIB YLIBARDN Lay
FuUseansnisannesdadunsaveaiulrunlugiaiaivesnisuseliiudnung); a uway e Av LIALNBS
o377 88 ULl 093 NWUTNTTU KAZAIIUAAIALAG BUATUAIA U 1ng a~N(0, A®G) uae
e~N(0,I®R); X A9 incidence matrices d115uU33uAIN; Z AD incidence matrices d115ulade
du; A Ao weindauduius seninadndluiugused® (numerator relationship matrix); I A9
. . . 2 a ¢ ] a a A 1Y) 2 a ¢
identity matrix; G A9 WATNYAULUTUTIUTINVRIBNTNALLBIINTUFNTIY; R A9 LUATNFAINY
WUSUTIUSINVBIAIUAANALAGDU; 02 AD mmLLUiUiauLﬁaamﬂﬁuqﬂﬁu; 02 Ao ANULUTUTIU

Y994ANUARIAAADY; ® AB a Kronecker product function

gananaeadwunidu 3 ngu Uszneumegaiou @wau-fiquisw) ganu (Nsngau-naiaw)
WaZ 91U (WFNIBU-NUAINLS) waznquitugnIsuduunaussAvaedentaadlniniidewiy
3 nguAe HF < 87.5%, 87.5% < HF < 93.75% Wag HF > 93.75%

AeeAUTENaUAINLUTUTINLAELUTUTINs R st I Tdauinmatgnsiug nssy

ANNAURUTN UGN ITULAEENwEUIING Aell

Y o . .. 0'2
AOR5IUENTIU (Heritability, h? ) = G—;‘ (@)

p

U o 6 [y . 3 ().
AMUAUNUINWNUFNITU (Genetic correlation, I'g(xy)): 8&y) (5)

2 2
\ / Ogx)* %g(y)

ANNFuTUSYRIaN¥aEUIINg (Phenotypic correlation, Ip(xy))= Tp(xy) (6)

2 2
1/ px)* p(y)

'
=

19 02= m’mLLUiUiauLﬁaqmﬂﬁuqﬂﬁmwumﬂazau

0p= ANLUTUTIUUDIINANYAULUIIN VLA

Op(xy)= ANNLUIUTIUTINYDIA N UIING TEMINAN YUY X Ly y
og(xy)=m’mLLUiUiau'ﬁ'ammaﬁuqﬂiﬁmzijé’ﬂwmz X ATy

Op )= ANLLUTUTIUIIVLATBITNAIY X
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Op(y)= ANULUTUTIUVIUATDIAN B v
Oprn= ANULUTUTIUMSTUGNTTUVDIANBAY X

Oary)= ANMUMUTUTIUMSUgNISUvRsinYME ¥

NaN1SNAaBILazIANTAl

ARfguazdUTELUNNINTTIY

Anad ukazd 1 sAUUNINTFINEIMTU LSCS wazdnuwuzii1uuvaskilautg nuaulne

1oaalnulusauwsNYBINISIAULTIUIY 3,676 63 (Table 1) SA1wINAU 3.488 + 1.320 way 3.673 +

a1 1 {

1.187 @1m5U SCS150 hag SCS305 ANUANNU AU NPUSIAIUNN NN IAlAEASIL A0 58134

Y

3.272 + 1.054 (UC) §4 19.787 + 4.430 (UW) uardnwaztiruniilaarnnislinzuuuiiniogsening

Y

26.663 + 5.761 (UB) 14 28.920 + 7.582 (FUA)

Table 1 Description of traits, phenotypic means and standard deviations (SD)

Trait! Description of traits Mean SD

Udder measures (cm)

UH Measured based on the vagina endpoint to the beginning 19.787 4.430
of rear udder tissue

uw Measured based on the highest point of rear udder tissue 11.596 3.481
between the niches on both sides

ucC Measured based on the depth of the groove divided — 3.272 1.054
between the left and right rear udder

ub Measured based on from the floor of udder to the level of  13.459 5.055
the cow hock

FUL Measured based on from the beginning of the front udder  4.174 4.068

to the relative line drawn down from the hip bone

Udder scores?

FUA 1=loose to 50=strong attachment 28.920 7.582

UB 1=low rear udder to 50=high rear udder 26.663 5761

TS 1=short to 50=long teats 26.689 6.620
SCS

LSCS150 Weight lactation means of test-day SCS during 5-150 DIM 3.488 1.320

LSCS305 Weight lactation means of test-day SCS during 5-305 DIM 3.673 1.187

'UH = rear udder height; UW = udder width; UC = udder cleft; UD = udder depth; FUL = fore udder length;

FUA = fore udder attachment; UB = udder balance; TS = teat size; LSCS150 = weight average of SCS at 5-
150 DIM; LSCS305 = weight average of SCS at 5-305 DIM.

“Evaluated subjectively on a scale from 1 to 50.
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Anaderes LSCS305 fildogluthafsriusenululssmnsuslaun Czech Holstein waz
Czech Fleckvieh (Zavadilova et al., 2011) wag Polish Holstein-Friesian (Rzewuska et al., 2011) i
fAuviniU 3.40-4.13 3.16-4.01 Wag 3.59-0.42 awddu wazdlenganiineauliluvssnslauly
8718 (Samoré et al,, 2008) Uszu1nslaunludns1u (Dadpasand et al.,, 2012; Kheirabadi and
Alijani, 2014) wagUszanslauuluining ajﬂu LaEUs1¥a (Alam et al,, 2015; Costa et al., 2015;
Nishiura et al., 2015) A L& 8984 LSCS305 TA144n71 LSCS150 apnndaefiuni1sAnyiues
Dadpasand et al. (2012) dquAnadsvesdnuusduuiildannsiiasuuuain 1-50 dmsudnuoe
fdnwiu Iealudangeniinsfnelulauudandeulsadlainiifou vesSamoré and Groen

(2006) NILNUNNTIAALLUY 1-50 dlaunu

AIAULUTUTIULALANINTINUTNTT

APAULUTUTIUMUENTTN AAALYSUTIUTRImNIAAIALAR DY ANRTIUGNTTHYD
Fnuaizidiuy way LSCS dmsutulfundl 5 81 150 (SCS150) wag nsTwuud 5 fa 305 (SCS305)
uanalilu Table 2
Table 2 Additive genetic variances (62), residual variances (62) and estimated heritability

(h?) of udder conformation traits and LSCS (SCS150 wag SCS305)

: 2 2 2
Trait' o5 os h SE

Udder measures (cm)

UH 1.133 8.109 0.123 0.007
uw 0.278 2.995 0.085 0.006
uc 0.006 0.520 0.011 0.001
ub 3.401 11.896 0.222 0.011
FUL 0.351 9.583 0.035 0.002

Udder scores?

FUA 0.995 37.265 0.026 0.002

uUB 0.525 18.905 0.027 0.002

TS 2.143 21.251 0.092 0.007
SCS

LSCS150 0.123 0.988 0.111 0.008

LSCS305 0.087 0.727 0.107 0.007

'UH = rear udder height; UW = udder width; UC = udder cleft; UD = udder depth; FUL = fore udder length;
FUA = fore udder attachment; UB = udder balance; TS = teat size; SCS150 = weight average of SCS at 5-150
DIM; SCS305 = weight average of SCS at 5-305 DIM.

“Evaluated subjectively on a scale from 1 to 50.

ANMULUTUTIUMIIRUENTTud T Ud N LSCS vasuulauuia1winiu 0.123 uag 0.087
d1m5U LSCS150 uag LSCS305 AUa1AY waznIsiiuduresndnuulsusiuveimuaaiani oul

wldululumadeatuiuanuwususiuneiugnssulaeilanindu 0.988 way 0.727 mudIAy
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danalignsiugnssulielisnsdiuliednuuiuliuunnnuddiawifiumidu 0.111 waz 0.107 du
anvaziuNiiA1dnsugnITUABUT AUt udnwMe SCS fAagluge 0.011 (UC) fia 0.222

(UD) AAuAaaAfauInsgIuYessnsiugnssudmsunnanuvaeiia1egsening 0.001 §4 0.011

[
v [

ARTUENTTITES LSCS150 wag LSCS305 Asuidiuldndsifanviity 0.111 uas 0.107
auadu TnalAseiunisUsziliuneuntmelunasaunisiiiuuees Mrode et al. (1998) (0.11-0.12),
Jattawa et al. (2012) (0.12) waziauna1n15AN81999 Boettcher et al. (1998) (0.14), Rupp and
Boichard (1999) (0.17), Samoré et al. (2008) (0.18) wagu1nn11 Heringstad et al. (2006) (0.070),
Holtsmark et al. (2008) (0.026) Ll aLU ULl uiulaAanIsnARDERUUEY ANSRIITUgATTUT
Uszanaladatosniinis@ne1ves De Roos et al. (2003) (0.237) LAnINNIINISANE1U99 Koivula
et al,, (2005) (0.07), Rzewuska et al. (2011) (0.09), Kheirabadi and Alijani (2014) (0.03-0.07) k& ¥

anduet wazAndy (2563) (0.15)

dauedasiugnssudmivdnuaziuud vy ivssnaldfalndidseiuildussanaly
rounthillussrnsiferiudadicoglutag 0.020 (UB) F9 0.170 (UD) wazifudilldlunisiiuam
EBV lullaguu (nsuuednd, 2561) usagnslsinuuisdnvaziiauwnnaisliainsisaunouniily
Uszrnsdu tneialuudafidnesninfildanusznanisenussvinsieadlatsaaa (Rupp and
Boichard, 1999)

ag13l3AmuA1dnITUgNITUTTIENYAIE SCS Lazdnwazi1uuINRaIen1sAnwliaIg

(9

WANASNAY YUBEAUAIITIAAINY haztnuny g Inkasliazuy (Muir et al,, 2007; Bohmanova et

Y

al., 2009; Miglior et al., 2009)

AUFUNUSTNINUTNITU wazdnuazUsing
AUAUTUTNIAUTNTIY wAENIENBATUITING F81i1e SCS150 Uag SCS305 138 T8N

LSCS (SCS150 SCS305) nuanueLa
Table 3

1y vedlaugnaaulnelaaalaidluseunisiiuuusnliwansns

ANNFNRUSI I UgNITURaTa Nz UIINg A UTEaNaIsENINg SCS150 way SCS305 e
Winfu 0.961 + 0.004 uaw 0.864 + 0.005 Muay Taevhlunuinmrmdiiususs LSCS fudnwus
Wsmanednuardanuieidoatuliideusuunansiageeglugasioud 0.120 (TS) §s 0.751 (FUL)
FUL, UB ua UD fanainuduiusniawugnssuduie LSCS150 uag LSCS305 Apudnaga e
\Wisuiieufudnuasdnuudug Jalianminfu 0.658, 0.343 uaw -0.314 d sy SCS150 way 0.751,
0.271 uaz-0.372 dwu SCS305 muddiu azvieuliiiuinuilafifionuenveadusmiiun (fuu
Whunviegndaduann ) amnuaunavosiuniislags (Wuuvdsganindami) uazaiudn
voufuufisriasteiilunn daudiiustuasadlsniniigs uasiimnuidswiomsfnidolse

WuLSNEY dnwazuudug dauduiusnisiugnssuiu LSCS lussauliunanshngauiniag
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au UM wag FUA fieuduiusmaiugnssilui@eauduis LSCS Aty -0.201 uay  -0.287
dm3u LSCS150 wazdlAninfiu -0.224 uag -0.224 dmsu LSCS305 UW wag TL daduduiusnig
WugNITUAIUINAY LSCS dAwfiu 0.120 wag 0.184 dmiu LSCS150 uag 0.240 wag 0.047 du
UC fanuduitusyisiugnssudu LSCS ogluszdusn (0.094 1wy LSCS150 uay 0.049 dmsy
LSCS305 paduiiusdanausdinduniidnisnigBavoasuuminfudssuuuuiulufuilures
farmgevendedornumdsinemnng anuniwesdusiivangay wageugnvoniundud
AnuduusHU SCS fidn Tneluanuduiusmednungsngsening LSCS fudnuuzidiuuden
ogfluseiush daslandaud -0.015 (FUA) fis 0.037 (TS) ¥y LSCS150 wazdirndaus -0.030 (FUA)

214 0.055 (TS) d@5U LSCS305

Wenasananuduiusaneluseninednuus i uun Anwinuitany dunusniaiugnssy

! o =

serinanuaieiliaffegeeglugienin 0.008 (Anuduiusidaau) fs 0.852 (ANUFNTUSIBAY) UW
famduiusurunarshud@euandu UC (0.447) fiu FUL (0.411) ualanuduiusideauiiu UD (-
0.574) Flianunievesiudlulagnuanlulssmelng danuduiusiuiiamaderiudnvuesdy
gauNnas ANE1RRAUNIV waganuduTuSIURAn e saiutuiu anudnvediu UB i
AMUAUNUSITIUINAU UH (0.420), UW (0.486), FUL (0.465) kay FUA (0.472) Us¥31taRTAIAINY
aunavotiuy (HWuamdgandndiuunin) danuduiusluiiamadiiuanuaaagauning
£ g 4 @ = £ (Y =] v v € a [
YDUAUY AINYNIVBNAIUUNE Wazidudainuuvas wag FUA finnuduiusaudeauny TS (-

s v

0.852) UI¥7 18 Ud oL@ 1uuntinf wuudaluiuaifiasdaudunus vu1nvo i 1uuiLan d1u

AMUFURUSN AN BLUIING T8I sd nvauze Ul laevialudulugilinidasninainu dunusnig

WU

Table 3 Genetic (rg) and phenotypic (rp) correlations (means+SE!) between LSCS and

udder conformation traits.

Traits? SCS150  SCS305 UH uw ucC ubD FUL FUA TS UB
SCS150 0.961 -0.201 0.120 0094  -0314 0.658 -0.287 0.184 0343
SCS305  0.864 -0.224 0.240 0.049 -0.372 0.751 -0.220 0.047 0.271
UH 0.026 0.007 ~0.120 0.193 -0.328 0.339 0331 -0.033 0.420
uw -0.002  0.001  -0.051 0.447 -0.574 0411 0.262 -0.249 0.486
uc 0.016 0.012  0.007  0.089 -0.805 0513 -0311 0.180 -0.008
ub 0.035 -0.045 0.008 -0.123 -0.119 -0.784 03lo -0.344 -0.388
FUL 0.009 -0.018  -0.035 0.072 0.076  -0.150 -0.074 0.016 0.465
FUA -0.015 -0.030  -0.031 -0.016 0.052 0.020 0.182 -0.852 0472
TS 0.037 0.055 -0.027  0.050 0.148  -0.056 0.053 0.034 -0.275
UB 0.006 0.004 -0.001  -0.005 0.029 0.022 0.077 0.095 0.051

VSE of genetic correlations ranged from 0.002 to 0.049; SE of phenotypic correlations ranged from 0.003 to 0.199.

25CS150 = weight average of SCS at 5-150 DIM; SCS305 = weight average of SCS at 5-305 DIM; UH = rear udder height; UW =
udder width; UC = udder cleft; UD = udder depth; FUL = fore udder length; FUA = fore udder attachment; UB = udder balance;
TS = teat size.



Journal of Biotechnology in Livestock Production e

Lo lUAud U s N9 UE NI NLALE IWINdPUTENI19 SCS150 wag SCS305 wag
AUFNRUTVINUENTTUTENTN LSCS wavdnuazinuunussliulannlaungnuauinelaaalaily

SAUMS UL NASILIANUADAAADINUNISAN BB UNAANYAR I

ANUFUNUSNIRUTNITURAE AN B UTINGTENIN SCS150 Wag SCS305 dA1ADUY19EN
Favneeadn SCS150 wag SCS305 anadoldindudnuugmatugnssuideatu Jauandliiuin
nstiufin SCS Tutheduasnislifun (u 150 DIM usn) ansnsanaunudoya SCS naaAasaUNS
T wazidudisimnzauiiazyinliannsasiuruteya SCs ldainladiiuannds wazdauslad

1N

Teefidmnuaaaedsuiinulunisussduauduiudues SCS fudnuwasiduumg 9 us
UD, UW wag FUA fimwdasiusyssiugnssufiudeunsadu scs mileutuluusaziuduazuszwns
(Rupp and Boichard, 1999; Samoré and Groen, 2006; Ptak et al., 2011) Imaiumaﬁnwm%%ﬁ uc,
UD wag FUA fimnuduiusnisiugnssuludeauiu LSCS dau UW danuduiusnisiugnssuluids
UINAU LSCS @onAd 93n un19A nw199049 Boettcher et al. (1998), Rupp and Boichard (1999),
Samoré and Groen (2006), Nemcova et al., (2007), Bloemhof et al. (2009), Samoré et al., 2010,
Ptak et al. (2009, 2011) wag Dadpasand et al. (2012) usi UD iU FUA Hauduiusnisnugnssy
Tugsuandvu LSCS Tuudlauulaaalativaausasiaus (Bloemhof et al., 2009) wazlulauuusiiaia

9999913 (Samoré et al., 2010)

UH fiaudusiusniawugnssudu LSCS luidisau wuiendun1s@nyives Samoré and
Groen (2006) wif1931AN15ANIVBY Dadpasand et al. (2012) AnuANNFURUSNIRUTNTTUAY

LSCS Tudauan Faglimunwiliudmsunisanaswes SCS lunilandanugsiivungay

UB fA1nuduius n1aiugnssuiy LSCS @annd a3y Rupp and Boichard, (1999) way
Sorensen et al. (2000) Tng UB fianuduwusniaiugnssaludsuaniu LSCS danaunnsiigain
A5 nwIABuUn 1 Samoré and Groen (2006) 81914l 9a1131NAILLANF 19917 Uszansla
anTuandey unasendeiinelmAnsnuusniay usswainssudidssiouiauuiiuandeiu Tnslauy
Tulssndlvedulausgruandsdivuanaglasiaisveadusiuandsiulafusuyilusii swszna la

[

wardiffisadlsafngeasdmuduiusfudnuasiuundgeniuiuunt vasileluseUssme
sgdauduius fudnwaziiuuviganiniuamds Yseneufulumeafoalaevluinunsnsd
ngAnssuneruiilanouiaun Soilvdaudsdun siadeainyafiuainnismdnannndily
sreusznea Turhueafieatufu FUL Afanuduiusmetugnasaludeuintu LSCS sstsdinlaus
Tutssmalnednisiaidonnduandsannnd Ssaenndosiunisfnyives auam uasame (2556)
Sudand (2559) wazdandl uwazane (2562) finuindeinelhinlsaduusnaudlnguan

?NLLamﬁamLLazL%aﬁagjiuuuaﬁm’j‘ 19U E.coli, Streptococcus faecalis wag Streptococcus dysgalactiae
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TS fauduitusnistugnssludauandy Lscs dalmuilauuiifivhuuduiinnuduius
AUN15aRa9909 SCS @BAAABINUNISANYITBY Mrode et al. (1998), Rupp and Boichard (1999),
Samoré and Groen (2006), Nemcova et al. (2007), Dube et al. (2008) Wag Samoré et al. (2010)
WA® 19917 DeGroot et al. (2002), Bloemhof et al. (2009) way Ptak et al. (2009) 7 wua1 TS i
AuduiuiBaauiu LSCS vaizdl Dadpasand et al. (2012) nuin TS liflanudutusmaeiugnssu

fu LSCS150 vsaiiisaantiaeludeau (-0.03) fu LSCS305

FatuanaAInudIR SN TN TINTENIe LSCS wardnuaziduuildluuseansd
Arituinallafifauemveaduuminnn Ghunduuiogvdaduaun®) muaunaveadiu
fifiAnga (Wnuuvdsgendnguami) wazanudnveasnuninasdeiluinn msinnzBavesi
uumihilaiufonss uagiunen faruduiusiuaneadlenfndigs wasdiarudssionisfindelsa

LA UNDNLEU

=

ANENTUSIEnINEnY SCS wazanvaziuuilalinmluwdaziug wazdszyns 9198
drungtesivlaseaiiwestoya Adndnanuvesdnuuy Iansuvasoya waglunanldiasien

(Dadpasand et al., 2012)

d3d

9

ANFNRUEVINUENTTULAEE NWrUIING T¥MI19 SCS150 wag SCS305 Tulauugnuaulne
leaalauluseunisliuuusniiengs wanedn SCS150 wag SCS305 dolaindudnuaemeiugnssy
Wt wagnsduiin SCS Tugasiuveanisiiuy (1Wu 150 DIM usn) asnsanauvudeya SCS naon
ftasounisliua LALAINANMNFUTUS NI UTNTIUTEMING LSCS Wardnuwaglinuumalsdnvaed
Uspifiuldduannsnasuldinlaunfivusiuamiegwinduaun i whusmiiigandnduumds
aruBnvesdufioguiedoin mameBaveadunfiuuuuiulufudestes arwgmoniaibou
uamdsinzan anuniiwenduuiios wagvunaveaiLLdy fAuFunusnIaiugnIsuiuen
SCS i uardieudosionsfadolsauusnauiios dwavhliiaudumudelsadium
Snuaudindu feiuTsannsolidnuasiundnusdislumsdadenioduarudumulsag
wudniaulimedenmenisasuiaunimdiuy (UHD sgslsimulunisiiansandendnuusisinu
Taludvflazfosinnsmaasunisnevaussienisdmdendildsuanusazdvdidululs dmsuns

AnLFenanwziulasunasagly UHI luussunsiidnwilusznausieg UB, UD, FUA uag UW

LaNEN331989
nsuuAdnd. 2534, MsUssyudunuitssnisnsudadainuguanislulassnisiaunlaug Aanssy
Wauagkandonelauuiugh (Master Bull Project). 5-6 @Ay 2534t 159usulaunIsY

WAUNIIY NFITNe,
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& a

nudadnd 2561 aueviofugnsuuadnd 2561 drinmaluladinwnsadnuadnd Rusidiyuys
aunsalnaineasiialsealne 81 i 1Wwidslaain
http://biotech.dld.go.th/webnew/Data/Sire_Summary/2561/Sire_Summary2561.pdf

a v v

93501 waulawid. 2552, adensuseidiunazdndoniusialauy nguideuasysaiduiugnssudnd
dinmalulagdinmmsudsadaded nsudedad. 84 wih.

Sl anans Uiie Uszansiug way Usneing fuits. 2562, nsdimadenelsavinuusniaulula
uuuazAUlmes U Tugludminaszui. wnunwns. 47@Juiiey 2):1017-1022.

Fudand 2. 2559 maveanlsauus nauuuulansonsluwiladaunfidnwdesiiue
WeInus USRI Undin A1AITRISEANERS AMEERILNNEAENT PNAINTUUNTINGGE
NTINNL

andaunt Tauu \ieshdng mdamye wag sudde aasdun. 2563, N15UsEIUAINITITREI NI
TUINTIN wazALWIlduMe fugnssudmsuanvazauimumusuNdniauveudlauulng
Ingldvoyaluiunaaeu uiwnums 48 (1): 23-34.

aun1an Aty 3389 wIgatad wand ngeutud uag Aand oguinna. 2556, n1sUTEYY
FHNTURIIR ASaT 10, 6-7 SuIAU 2556 a’lmiquﬁﬁaui’m UNINYINULNYATANERS
WP NVAMUNEY JMIAUATUTY.
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Genetic trends for fertility traits of crossbred dairy cows in Thailand

Sayan Buaban® Jureeratn Sanpote” Warangkana Kitpipit®

ABSTRACT

The objectives of this study were 1) to estimate the phenotypic and genetic trends for milk yield and
fertility traits of Thai dairy cattle and 2) to study the relationship between the phenotypic and genetic trends
of milk yield and fertility traits. The investigated milk yield and fertility traits were 305-d milk yield (305MY, kg),
age at first calving (AFC, mo), days from calving to first service (DTFS, d), days from first service to conception
(DFTC, d), days from calving to conception or day open (DO, d), calving intenval (Cl, d), number of service per
conception (NSPC, no), conception at first service (FSC, %), pregnancy within 56 d (P56, %) and pregnancy
within 90 d (P90, d). The first lactation individual records of Thai dairy crossbred cows in the central, eastem,
northeastern, northem and westem part of Thailand, collected in the database of the Bureau of Livestock
Technology Biotechnology, Department of Livestock Development, and calved during 2002-2015 were used.
Data set consisted of 82,633 lactation records for analyzing 305 MY and AFC and 82,633 fertility records for
analyzing other fertility traits calving during 2002-2015. The phenotypic or genetic trends were analyzed using
regression methods between the average performance or genetic merit of animals per year of birth and the
year of birth (separated by sires, cows and regions). The results show that anual phenotypic and genetic trends
were: 305MY, 37.75+7.09 and 6.955+1.93 kg, AFC, -0.00+0.07 and -0.01+0.00 mo; DTFS, 041+0.17 and
0.03+0.02 d; DFTC, -1.52+0.56 and 0.02+0.03 d; DO, -1.11+0.51 and 0.07+0.05 d}; CI, -1.18+0.50 and 0.06+0.06
d; NSPC, -0.05+0.02 and 0.00+0.00 no; FSC, 1.41+0.51and 0.00+0.00 %; P56, -0.91+0.35 and 0.00+0.00 %; and
P90, 0.64+0.26 and -0.00+0.00 %. When considering among sires, cows and the regions found that almost all
the studied traits except AFC had a higher genetic tendency for sires than the cows. In addition, there will be
a genetic trend value for each trait that has the same and different values in each region. These showed that
selection based on milk yield only in the recent breeding program (2002-2012) induced a positive impact on
305MY and AFC, and negatively on DTFS, DFTC, DO and Cl but had no impact on NSPC, FSC, P56 and P90 for
Thai dairy cattle.

Key Words: genetic trends milk yield fertility traits dairy crossbred Thailand
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HAN1IINARBILALIR 0]

Anade daudoauuanasgiu Ardnsiugnasy uazArdnsen

Anads dhudeuunasgi Adaiugnssu wazAdnseveadnumziinaihusd 305
TU (305MY) waganwazauauysaliusluwdla (AFC, DTFS, DFTC, DO, Cl, NSPC, FSC, P56 Wag
P90) fiFnunmnmsnegikuuiasdnuazmelinaddn Wandilu Table 1

Tuvszgmnsusllafidnuiluadiilfeiade werdmidsauumnsgiudmsu 305My, AFC, DTFS,
DFTC, DO, Cl, NSPC, FSC, P56 Uag P90 L 1n U 4,479.93+1,123.68 Alansy 31.34+5.48 LA ou
101.06+44.88 Tu 48.87+68.47 Tu 149.93+78.60 Yu 428.36+78.60 1 2.12+1.53 Aq
47.87+49.96 % 67.77+46.74 % Uaz 78.35:41.18 % aud1fy Anadeflsenaunnsi1sInseey
Foduadlunazsinsemea Weswinmsindnuas msdansdoya onsnauNuUT UG 7
wanenafululsasyssyns

A1NTINUTNTTUVDIEN WAL 305MY (0.46) HlA1aanindnuaizauanysadnug luwilann

o 2

anwag (0.01-0.07) LArABNIINUINITTUYDISNBEANANY Sl US NI Tayaluusiaiiles (0.07-

9

a1 v v e

0.13) ilidnsiugnssugenitteyalisaiios (0.01-0.04) eniiu DFTC HA8RTIMUNTTIIINY
0.02

Table 1 Means+standard deviation (X+SD), minimum, maximum heritability (h?) and
repeatability (t) estimates (standard deviation in parenthesis) for milk yield and various
fertility traits with continuity and discontinuity data in cows which analyzed by linear animal

model (LAM) with univariate analysis.

Parameter

Traits" Mean+SD Min Max h? t

305MY (kg) 4,479.93+1,123.68 1,017.57 11,771.20 0.46 (0.02) 0.47 (0.01)
AFC (m) 31.34+5.48 18 48 0.13(0.02) -

DTFS (d) 101.06+44.88 20 250 0.07 (0.01) 0.18 (0.01)
DFTC (d) 48.87+68.47 0 400 0.02 (0.00) 0.12 (0.01)
DO (d) 149.93+78.60 20 400 0.07 (0.01) 0.17 (0.01)
Cl (d) 428.36+78.60 291 690 0.07 (0.01) 0.17(0.01)
NSPC (no) 2.12+1.53 1 10 0.04 (0.01) 0.15(0.01)
FSC (%) 47.87+49.96 0 100 0.01 (0.00) 0.07 (0.01)
P56 (%) 67.77+46.74 0 100 0.02 (0.00) 0.08 (0.01)
P90 (%) 78.35+41.18 0 100 0.02 (0.00) 0.08 (0.01)

Y305MY = 305d milk yield; AFC = age at first calving; DTFS = days from calving to first service; DFTC = days

from first service to conception; DO = days from calving to conception or day open; Cl = calving interval;
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NSPC = number of services per conception; FSC = conception at first service; P56= pregnancy within 56 days

after first service; P90 = pregnancy within 90 days after first service

Tneiluddnsmugnssuvesdnyuzavanysaliuglunsladiadoudiss (0.01-0.07)
aonndestufinululaleaalaniuseina@iun (Buxadera and Dempfle, 1997) Talaaalntiuszine
LAUE1 (Ojango and Pollott, 2001) launUszinaleslowly (Demeke et al,, 2004) waglalaadlnil
Usewnelaaaile (Zanbrano and Echeverri, 2014) uaﬂmﬂﬁﬁwé’mwﬁuqnssmﬁwuﬁandnﬁ?uﬁmGi"W
nilulaleadlatusemauauinn Jamrozik et al, 2005) uag laleadlmivszimadu (Abe et al,
2009) wigsnidnifosnunisAnuives Veerkamp and Beerda (2007) wagauilldsioaululauy
Ine (Konig et al., 2005; Buaban et al., 2015)

AdnITvesdnuaEANLANYTauS Aeglutie 0.072 (FSC) fa 0.184 (DTFS) Andild et

9 Y
Tugeiilasganulidmsulauud ey luaninuindeuuuusoudu (Ojango and Pollott, 2001;
Demeke et al., 2004) FAAUINBUENHAVBIANINWIAGBNANITNVLNTENUR DN WAL ANANYTAIRUG
vosilausluussunsidnuiiates msuanseantuseunishiuuasioivesdnyuzALaNysol
v o 1 [ = [y 4 1 £
wugaananealiilulumileuduseunisiiuuneund

ANTRTINNNUTNTIN hazdnI19109a nuaEALaNY T TUTTAluN13ANYIATIH019
WNetesiuladeralgetne 1y AUdudaun1aiugnITuLasdTIne1vesd Yy ANANY TAITUS
AnueInauInkaradligndeddunisindnuugauanysaliug (Merila and Sheldon, 1999;
Falconer and Mackay, 2001) 3% liiuinanimuwingeuuazn1sinnisinasednyazauauysel
[ (% (Y % ! ; o U LY A v 6 1
wugas MmsUfugsnuagdananluwdlaausavilalaenisysulsansdanismnassuuduiug 1w

ac v o Ao a a 1 i 1% v o = i ¢
MIsMITUARNIUSEANS A0 nsrauisdlunavingay Wvihinauisunussaunsaliay
ANt luAUNSHELTIYL Asdanisiiemsiunzandmsulanmasasyiule landinasn
wazlauiauy agslsinuanuiunysvesrdnsiugnssutazdnsg s awiasuideonady

o = ] % ! ax ‘:4' =
AMUNULUTLETBU19INAULANF19URLATIAT19Na UUTEYINT Lukna wazdSnisAldlunisAne

AL

wualiun19dneazUsINuaskul LN 1RGNy

nsiasuulasuesdindeiiuinguazaiiadsvesnuansnaNiug dmudnvazUsunm
s (305MY) uagdnwaugeuauysaiiug (AFC, DTFS, DFTC, DO, Cl, NSPC, FSC, P56 uaz P90)
WigudvUiinveslaungnuauvadlngluyi9seningd w.a. 2542-2555 (A.A. 1999-2012) azuandly
Figure 1 (a-) wagArduuszavsnisanneeidaduiiuandlilu Table 2 wualiumsdnuwazsinguay

3

naugnIsuseld miudnwaruTunaiiug (305MY) wardnwazaualysalwug (AFC, DTFS,
DFTC, DO, Cl, NSPC, FSC, P56 wag P90) maﬂﬂuugﬂmammlmﬁLﬁoﬂmmL’Jmé'faﬂa'nimaimwudﬁ
TAWNIAU: 305MY, 37.75+7.09 hag 6.955+1.93 Atansu; AFC, -0.00+0.07 wag -0.01+0.00 tAau;

DTFS, 0.4140.17 4a£0.03+0.02 7u; DFTC, -1.52+0.56 wag 0.02+0.03 7u; DO, -1.11+0.51 way
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0.07+0.05 7u; Cl, -1.18+0.50 hag 0.06+0.06 7u; NSPC, -0.05+0.02 Lae 0.00+0.00 ?’153\‘1; FSC,
1.4140.51uag 0.00+£0.00 %; P56, -0.91+0.35 wag 0.00+0.00 %; wag P90, 0.64+0.26 was -
0.00+0.00 %

dlefiansanmal Figure 1a nuimsdsuulasesAindsauanisuaniuglundastiduld
Tumavinuarau awvmreseuiunuiiiatuanmsdnmienadunainannisldveius il
Anmswaniugrislunsindendniszfinnsangmzdnuarnsuanseenaeuenidundn Anade
YBIAMUAMNITNANRUTVDI 305MY Gﬁl’mdﬂquééﬁgal,wiﬂ A.A. 1999-2006 (.M. 2542-2509) uazifisy
Bouqauiiauszann 88.86 Alansulul a.A. 2012 (wa. 2555) Faifuan Table 2 Flddinsuiulge
diutulaeiads 6.96 Alansu/A Tutasdam 1999-2012 (w.a. 2542-2555) wwliuildiuandlsifude
UsrAnBnmvaamaideniesutsnmsliuiinaug Tumsdesgiunltumatugnssuveslau
Qﬂmaﬂuﬂﬁmﬂlmﬁawﬁwﬁ (uagUa.@. 1989-2002; W.A. 2532-2545) d@1msuanwae 305MY 9
oeffl 3.29 Alanfw/A (nsuvadnd, 2547) wealunsUsznanisfigaulumsdnetagtudedey

L3

funanIsAn¥AATIERvesnsuUaAdnd (2547) Aeuwiliunisiugnssuvesdnuuy 305MY lunaiug

(8.06 Alan3u/D) Funnndwdla (7.03 Alansu/A) (Table 2 wa Figure 2a) Tiilidesnnniinisdnden

WoNugndANUNTUNINERY TnsgaduneiugnlinaninuiuugeunnauiugivwilavesnunIng

Table 2 Estimates of annual phenotytic and genetic changes (b) and standard error (SE) for

milk yield and various cow fertility traits of Thai dairy cattle beteen year 2002-2015

Traits® Phenotypic Genetic trend
trend (b4SE)
(b+SE)

Cow Sire Cow All
305MY 37.75+7.09 8.06+7.20 7.03+£1.94 6.955+1.93
AFC -0.00+0.07 -0.01+0.01 -0.01+0.00 -0.01+0.00
DTFS 0.41+0.17 0.1840.14 0.03+0.02 0.03+0.02
DFTC -1.52+0.56 -0.06+0.06 0.02+0.03 0.02+0.03
DO -1.11+£0.51 0.14+0.14 0.07+0.05 0.07+0.05
Cl -1.18+0.50 0.14+0.14 0.07+0.06 0.06+0.06
NSPC -0.05+0.02 -0.00+0.00 0.00+0.00 0.00+0.00
FSC 1.41+0.51 0.00+0.00 -0.00+0.00 0.00+0.00
P56 0.91+0.35 0.00+0.00 -0.00+0.00 -0.00+0.00
P90 0.64+0.26 0.00+0.00 -0.00+0.00 -0.00+0.00

Y305MY = 305d milk yield; AFC = age at first calving; DTFS = days from calving to first service; DFTC = days

from first service to conception; DO = days from calving to conception or day open; Cl = calving interval;
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NSPC = number of services per conception; FSC = conception at first service; P56= pregnancy within 56 days

after first service; P90 = pregnancy within 90 days after first service. Unit of traits as given in table 1

dwdudnvaramnuauysaiiuglutisiniusnluwsunsuiulgeiusSaldlsmmuatvmed
wiuou WedmdenifeifiudnumsUmanhundundndadumeyilvdnuas anuauy salitugifeu
yndnwazlnesamdauudldumatugnsslulufiamedlifisssasdd ofiuszansamanas (dun
DTFS, DFTC, DO, Cl uay NSPC) dudnwaiz FSC, P56 waz P90 lulfinsiasunlas nioasuulas
Enveululuiieneidiuszansamadu (Lfun AFO) (Table 2 uas Figure 2b-2)) @ sdanadasiy

o

9897384 Ghiasi and Hanarvar (2016) fild@nwunlimsiugnssunazdnunizusnguesauly
Uspinadusnu wuilauuduwalduiimeiugnesuuasdnuurunganas sedenaifunaiiossnain
Fnwaruiuauy uardnvugainuanysaliuddanduiusniatugnssulumensstudam
(Dematawewa and Berger, 1998; Abdallah and Mcdaniel, 2000; Roxstrom et al., 2001; Liu et al,,
2008) namdemsdmdeniaenindiuliinaiuiedsseidowilidlaundaussonindiuaiiu
auysaliiug (DTFS, DO, NSPC wag FSC) anas (Nebel and McGiliad, 1993; Bagnato and Oltenacu,
1994; Lucy, 2001; Sewalem et al.,, 2008) wazausanudnwasitud llulssinad ugsn wwu
losuaus ans1verndng wazosmnsde sgrslsAnudefinrsananuuildumednuazuiing
(Table 2 uag Figure 2b-2)) dnwauraArmauysaiiugifounnadnuvaeivssdnsnmatuilouuiliimis
SnuartnnguesdnuarUiinasihusfistu sniu DTFS sedoradunaidesainnmsuiuiudsunis
FanmaidssglauunglurlfomnzautuaningfonauardanadouiiudsuuadluluusiasT x
WWouveanumsng (Chanvijit, 2006) WiensuduUsamsdansmeszuvauiug 1wy wisnnsdudaii

UseAnSnn waznsuauisdlunanvunyay
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Figure 1 Genetic and phenotypic trends of milk yield {(305MY, ke) and various cow fertility traits
(AFC, m; DTFS, d; DFTC, d; DO, d; CI, d; NSPC, no; FSC, %; P56, % wag P90, %) in Thai dairy cattle during
year 1999-2012
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Figure 2 Genetic trends of sires and cows for milk yield and various cow fertility in Thai dairy cattle
during year 1999-2012
wualdun1awugNIsULENAUTNAYUTEINA
nMadsunlasAiadefiunnguaranadsvesnuai ke dmiudn s Usnaiuy
(305MY) waganwaurANNaNYsaiUS (AFC, DTFS, DFTC, DO, Cl, NSPC, FSC, P56 uag P90) wigufiu
Uifimanivuiiuslauugnuauveslngluwsaz gl neluga9sendnad w.e. 2542-2555 (A.A. 1999-
2012) fauansly Fisure 3a-3) wazAdulszansnisonneadadufisenndasiuazuandlsly Table 3
Table 3 Phenotypic and genetic trend for milk yield and various cow fertility traits in Thai

dairy cows during year 1999-2012 considerig each region of Thailand.

Traits¥  Trend? feon
Central East Northeast North West All
305MY P 39.97+14.30  45.99+10.77  43.87+13.47  -16.50+9.11  47.08+14.89  37.75+7.09
g 1.4743.72 3.22+3.31 6.57+4.05 4.85+3.83 18.47+4.31 7.03+1.94
AFC P -0.06+0.07 0.27+0.14 -0.05+0.09 -0.05+0.07 -0.02+0.10 -0.00+0.07
g -0.00+0.00 -0.01+0.01 -0.02+0.01 -0.02+0.01 -0.01+0.00 -0.01+0.00
DTFS P 1.15+0.39 0.46+0.23 -0.17+0.27 -0.05+0.24 0.13+0.37 0.41+0.17
g -0.02+0.04 0.06+0.05 -0.0340.05 -0.12+0.04 -0.05+0.04 0.03+0.02
DFTC P -1.47+0.68 -1.53+0.67 -0.08+0.33 -1.18+0.59 -2.0540.55 -1.52+0.56
g 0.00+0.05 0.09+0.05 0.07+0.04 0.04+0.06 -0.06+0.04 0.02+0.03
DO P -0.32+0.47 -1.06+0.59 -0.25+0.40 -1.2340.79 -1.91+0.56 -1.11+0.51
g -0.00+0.10 0.20+0.10 0.08+0.09 -0.06+0.11 -0.17+0.08 0.07+0.05
Cl P -0.41+0.51 -1.17+0.57 -0.2640.39 -1.27+0.80 -1.94+0.55 -1.18+0.50
g -0.00+0.10 0.18+0.10 0.09+0.09 -0.06+0.11 -0.16+0.08 0.07+0.06
NSPC p -0.02+0.01 -0.04+0.02 -0.02+0.01 -0.04+0.02 -0.04+0.01 -0.05+0.02
g 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 -0.00+0.00 0.00+0.00
FSC P 1.80+0.69 1.22+0.61 -0.31+0.28 1.21+0.52 1.64+0.46 1.41+0.51
g 0.00+0.00 -0.00+0.00 -0.00+0.00 0.00+0.00 0.00+0.00 -0.00+0.00
P56 P 1.03+0.42 0.82+0.42 0.03+0.37 0.73+0.37 1.36+0.44 0.91+0.35
g -0.00+0.00 -0.00+0.00 -0.00+0.00 -0.00+0.00 0.00+0.00 -0.00+0.00
P90 P -0.19+0.12 0.60+0.30 0.34+0.22 0.70+0.36 1.15+0.34 0.64+0.26
g -0.00+0.00 -0.00+0.00 -0.00+0.00 -0.00+0.00 0.00+0.00 -0.00+0.00
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YAFC = age at first calving; DTFS = days from calving to first service; DFTC = days from first service to conception; DO = days
from calving to conception or day open; Cl = calving interval; NSPC = number of services per conception; FSC = conception
at first service; P56= pregnancy within 56 days after first service; P90 = pregnancy within 90 days after first service. Unit of
traits as given in table 1

Yg=genetic trend; P=phenotypic trend (unit of traits as given in table 1)

ANNAINUS UAZNTaANRY ST LTIMIN LGN SN VRIS LN UAN BauEANaNY SIS

YR

AduUsEAVSANLdLIUS () uazAduUsravEnsnnnesiiudy (b) spurinsdadsvesnmeAn
mswaugluusasdmudnuurUTinaiumg (305MY) wardnwaranuanysaiiug (AFC, DTFS,
DFTC, DO, Cl, NSPC, FSC, P56 g P90) vaslauugnuanvaslingluy9seningd w.a. 2542-2555
(A.A. 1999-2012) uandlu Table 4 was Figure 3a-3j TnevialunuinArduuseans muduiuszndng

AR EVRIAMAINITHANTUTVDIAN WML 305MY AUA1LRAEUBIAMAINITNANNUT VRIS NYULAIY

9 9

auysaliugiia1U1unans (0.42) feas (0.79) InedlfiAnisuan (305MY-DTFS, 305MY-DFTC, 305MY-
DO, 305MY-Cl Wwaz 305MY-NSPC) waziieinieau (305MY-AFC, 305MY-FSC, 305MY-P59 uay 305MY-
P90) narelelAuuinsliNanan UL NTuazdswavialy DTFS, DTFC, DO Cl wag NSPC 3103y
wiiazyilif AFC, FSC, P56 wag P90 anadsie daduanuduiusiilidens sniu AFC flanasuas
Jueuduiugiideans aenandesiunis@nwives Makgahlela et al. (2007) fis1sruinuualiunns
TUsinanuavesssmauendnildlugaet 1982 8¢ 2001 WiinTusdrerewiios uasnuIanduius
yaugnIsuresdnuusynauNLesdnuuy C fianuduiusmafeatuaoudiags vaed
AMUEURUSAU AFC $ienemsaiud iy wazidiefiarsananddulssansnsannoaidadusening
AnadBvosRaAInsHALTuSTusarUvesdnuaz 305MY uazdnuaraNauysaiiugsislugied
1999-2012 wu31mn9 100 AlanSuwesUsunasiund 305 Yu Mfintuazdawaly DTFS, DFTC, DO,
wag Cl Nty 0.50, 0.80, 1.50 waz 1.50 Y Aua sy vaizdi AFC anas 0.10 1oy nafildaanadas
ffun1sfinw e Melendez and Pinedo (2007) finudngne 100 Alandumas 305MY fifistiuazdana
1% DO WiinTu 0.6 Fu

Table 4 Correlation and regression between 305-d milk yield (305MY) and various fertility

trait both using average phenotypic performance and average estimated breeding values

Correlation (r) Regression (b)

Fertlity traits"
Phenotypic Genotypic Genotypic

AFC 0.28 -0.60 -0.001+0.000
DTFS 0.40 0.52 0.005+0.002
DFTC -0.19 0.66 0.008+0.003
DO -0.09 0.73 0.015+0.004
Cl -0.12 0.72 0.015+0.004

NSPC -0.22 0.42 0.000+0.000
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FSC 0.20 -0.43 0.000+0.000
P56 0.17 -0.70 0.000+0.000
P90 0.15 -0.79 0.000+0.000

YAFC = age at first calving; DTFS = days from calving to first service; DFTC = days from first service to
conception; DO = days from calving to conception or day open; Cl = calving interval; NSPC = number of
services per conception; FSC = conception at first service; P56= pregnancy within 56 days after first service;

P90 = pregnancy within 90 days after first service. Unit of traits as given in table 1
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Laparoscopic ovum pick-up (LOPU) and in vitro embryo production (IVP) in goats:
A feasibility study in Thailand.

Attapol pornprapai’ Anone Thuangsanthia’ Pinglanna Kunchorn? Malee Apimeteetumrong”

Abstract

The objective of this preliminary study were to establish the feasible technique for
collecting the caprine oocyte by laparoscopic ovum pick-up (LOPU) and to produce embryos
in vitro. Three crossbred goats (1 crossbred Saanen and 2 crossbred Anglo-Nubian) being raised
at Embryo Transfer biotechnology and animal Germplasm Research Center, Department of
Livestock Development. There were collected oocytes by LOPU. Injection needle set for
laparoscopic artificial insemination, connected with air suction pump machine were used for
aspirating the follicle on the ovary of doe. A total of 30 oocytes were collected from 41 follicles
as recovery rate was 73.17% (30/41). Then all oocytes were brought into in vitro embryo
production (IVP) program, using commercial media (IVF bioscience, UK) at all steps of
production. Matured oocytes of each doe were fertilized with fresh semen obtained from
fertility proven bucks. After 6-7 days of incubation, 8 blastocyst-stage embryos were obtained,
resulting in blastocyst rate as 28.57% (8/28). The results of this study show that caprine oocytes
can be collected by LOPU method and the blastocyst-stage embryos can be produced by IVP.

These embryos can be frozen for further transfer to recipients.

keywords : ovum pick-up, in vitro fertilization, laparoscopic, goat, oocyte
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Figure 1. estrus synchronization and superovulation for LOPU
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Figure 2. Dorsal recumbency position

AMAUAGILAUINVLVIINNTIAEYBINDINUINDAULAT DA ULLINIAIUNLN 2 ALV ALunIg
seduanusdnianizy lngldenyn lidocaine HCL o siunuaniinsnsaimlsdunisas 2 3% Loy
ALAULSATY trocar dUWSN LIENTIYDIVIBIAIUNUNVDUAIULGIE LazuInaaIaInlsalalaanidn

| v | = Taa A W Y & & o a &
49971 99IN19YDIUD4 trocar T4 trocar NG aunanuatswnan1suaulaeanled annduLiulia
AsuBUlnpanlam U Ye BN eyl ae aavengkast i LY 899l Ut B9 ad AT UM WAL 2 19
trocar dUl 2 1371299 BRI UNL AUV TUA L RUIR TITUT LA UA LA e T T us LU
#oaLdy injection set (AMNOTEC internationalmedical, Germany) 7 1 Sufundsaa1nlsalay
o Y 1 I3 ) [ < I3 [} 5 o a [} [l LY} o
ialdiluneihuvesdudmiuianzgaivleleled nawintuandunisenagiliwazduiiuiunea
AAavustlimendesamilsalay wasduiindeya 31ntuld trocar UM 3 WIEAIAILMUIAINA1EIR

ADUUINIIAIUNLN Wazdan grasping forceps T9ltlun159ULE owaaussla (mesovarium) ety

muuUsfuiumissslaliieglunisaisiulelelys (figure 3.)



Journal of Biotechnology in Livestock Production

Figure 3. Trocar placement for laparoscope (1), Trocar placement for injection needle

size 18G (2) and Trocar placement for grasping forceps (3)

yhmsigleadiafivuinduriugudnatsannnii 3 fadwng Ssanansausadiuldainuuin
vos5aldl (figure 4.) Inglfiduanzifulelolediivszyndunainidy injection set Fadugunsaidmiu
naufeuwnzuuuainilsalala (laparoscopic artificial insemination, LA #ld3aufundesainilsa
lay anvazidulane duareduseiuvoddes vuinduiues 18G idunuAudnaweudy 1.2
fiaduns ANEIVORTN 20 Tadluns idurugudnaavevioddes 2.8 Tafuns LasAINLE1IVes

ViodLass 330 Jadwns (figure 5.)

Figure 4. Reproductive tract of goat showing ovaries with high response to stimulation

(A),(B) and aspirated follicles through injection needle (C)
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Figure 5. Injection needle size 18G for LOPU (A) and closed-up view of needle (B),(C)

Foudedy injection set Alfiazifiuleleleditriugagunsaimanziivleloleduasiaies
5uqzyapmﬂ (NF100KT.18 RC (LIQUIDPORT 100), KNF, Switzerland) wag heating block (N-FTH-
2012, COOK, Australia) masanedalau (figure 6.) virnsiiuleleladaends injection set sauiuns
Tdndosamlsalay (figure 7) Tneldusagad 30 fadumsusen dunaBudugaiiuleleledanmead

[

a da Y a a a + = [ 3 LY [ 19 ¥ a
AanlanwauzuInyuIunTEIaneadiAalisesyuadly Jamgaaainulaleled selinseisldlviin

o—

\@enoon l9a13azas phosphate buffered saline (PBS) (Gibco, BRL, USA) 1@3un18 1% bovine
serum (Gibco, New Zealand) iuthenfulelelsd dsesnsammgiansazats PBS 41371 37 s

wadea Tu heating block
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Figure 6. Injection needle set for laparoscopic ovum pick-up (LOPU) which connected

with air suction pump machine

Figure 7. The grasping forceps were held by assistant for ovary stabilization at third
trocar position (A), General view of LOPU (B) and view of three trocars position during LOPU (C)

[ < 13 I = k4 v a . a aa [y
waqmmﬂuiaialwLaimia‘usamm LNEITAEAY normal saline 1,000 4agdams NaEUAU

a ~

heparin 10,000 IU/ml (Gland Pharm Limited, India) 2 fiadans Ninsgamnall 37 ssmiwadea asly

9 Y

Ly

Yp9909U5U0 200 - 250 Taddans wietasiun1siiakkainfie (adhesion) 1999787858 UUAUNY

2N o,

wareigzdunulutemies Mntunausnuntvisuislauwia aAsusulneenlanesnaingesyias
waztdulauinuna At raen centrifuge tube 7l @15avane PBS wavvounallueadiAald

weslfjiAnsiiensianleleleinelindesgansalawmesle Guiinduiunazaunnvedeleled
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3. MINANRI8UAEITURAUSABUaNIINY (in vitro embryo production, IVP) Atiuns
AUIUADY AU
3.1 mawnzideslelaledlviasynwiouufjaus (in vitro maturation, IVM)

tvesaunaifiagldnsesdiedlonseswuin 75 lulasuns (Agtech Zona filter, Australia)
nndussramlolelefneldndoanssmianeslouasdnidenteloludiiouanin (degenerated
oocyte) 991 ntusleleledfansiivlananun 1nds 3 asa luther TcM-199 Hepes (Gibco,
USA) La3use 5% FBS uay penicillin-streptomycin 10,000 1U/ml (Gibco, USA) guilgamail 38.5
ONGRIGRITEG] ﬁ]’mﬁ?uéjw 3 ﬂ%ﬂ 1‘1413’18’1 BO-IVM Oocyte maturation medium (IVF Bioscience, UK)
dmiuidodeloledliiaiyniouujaus nedleleledlaluiiendsunn 500 lulasdng luamn
L‘W’]%Lﬁy‘ENLLUU 4 igu (4-well petri dishes, Nunc, Roskilde, Denmark) LLaSLﬁyaﬂuﬁjwamﬁymﬁﬁ
USuauansueulaeenled 5% aaumagl 38.5 ssrwaldea WATAUTUSLINS 1nndn 95% w23

25 4lag

3.2 Mswnssuu Iy aunzuazn1suausnulaleledluaiunaass (semen preparation

and /jn vitro fertilization, IVF)
J a go’ d’lj o (% g o (% a a ! & (Y a ! 20’

nauwseNLYe insusuaunatiedmsulausseninaleloludiudieal lngldunen
BO-IVF fertilization medium (IVF Bioscience, UK) Tuanuimiziagsniin 4 viauqaz 400 lulasdns
dndludunzidesniviinastanisveulaeanled 5% gamgll 38.5 esmwaled [Wua 2 Falus
nauldau Mnduiudesanatnuneeaiussuy 1 73 wagkedlnayideu 1 73 NdUseianisly
5 & [ = 1% a ] 1 o = 5 & dl' a a v 3
Undentulwanisniarligniinanmsnauiien newtdawesey  dwisiieujausiulelelyd
Yot ngnaNiugg L uLazwlunggnuauiugtednawdou mud1du vimsnsaaeuaunIn
WY aaﬂé’wm?aqmm?miwﬁﬂmmwaqﬁ (computer assisted semen analysis, CASA) iqlu
Hamiton Thorne CEROS Il (Hamilton Thorne, USA) hagms137TAANU T LT UUILT 8A18LAS B9
photometer (Minitube, Germany) Ut deanA1LINTILILEETIINNENUT Uszanal 150 d1ud
Yude 2 A58 7 300¢ Wy 5 wrilule BO-SemenPrep medium (IVF Bioscience, UK) Taiunantu
ATIAY 2 Uaddns Ngamgivies gadiulaniuuuia lun1stuasen 2 Windeuenlingneuliie
Uszanas 200 lulasdns uagdseiy motility 153310083038 hematocytometer 31NWUAIUIN

Y v & a T & A a & a a
AU T UYRIU WY alarUT U e aztinlua usid oevile 4 nqu AdU1e7 BO-IVF
fertilization medium (IVF Bioscience, UK) 400 lulasdns welildninuiduduvetedd 1X10°
Ywieladans Mialiseninaiisensluunie dileleledninnsidesauasuiainisasynsouu)ausuan
WA 3 A3 AI8UE1 BO-IVF fertilization medium gulugdimeidesnidvsunauiaaisusulagen
laggl 5% aunil 38.5 ssmwaldua greleloledasluaiumizidsssiia 4 vau Adune BO-IVF

fertilization medium 400 lulasansNm3aulinountn Y1ndusdIgtnIsla gaiy L 95an15nean
Y
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unielurauasnany vasnnveeauLtoatiuvauiiileleledua nzidesioluginizideiiusunm

wigansueulasenled 5% samgll 38.5 ssrnwadua Wunauu 18-19 Halus

3.3 NSINIZLAB9A8U (in vitro embryo culture, IVC)

1 Y 1

Woduganainisuaus dredigouatlutine) TCM-199 wa3uaae 5% FBS uaz penicillin-

| [y

streptomycin 10,000 IU/ml guiigaumail 38.5 sarigaifiea d19eaddiuiunasminganaiydd

gananlalng AaeLATes vertex mixer kagldUndgadigoudioanvalgqaAse 1NTUAI 3 A3

[

Lo

wazimzidgaluyien BO-IVC 1 step culture medium (IVF Bioscience, UK) — figulugimzidesind
USunauuiamsuaulaeanled 5% 0anBiau 5% gauugill 38.5 a3 Lwawdea nounti 2 Galug

Tasnigla gesaosuanulunzuaazialuneusuiu 500 lulasdns miuaay BO-OIL liquid

Vo
= £ a a

paraffin (IVF Bioscience, UK) U3sneau 350 lulasans wnzid 89audsiud 6 (Tuil 1 Aeduiis

'
v A

WN2E89) 391198NUINTIEOU MINAIUIVBIRITOU AnmuNIsimuIveiisausaluynTuautaiun
8 Jufindayadiuiudigeuniinmuinismussesliainisimieiies Weldmseussezuamalndad i
feaulwdudlaeldureusudefi dd1unauves ethylene glycol 1.4 M wag sucrose (VIGRO®,

a wa 4

Canada) mgisconventional method aNa3sNUURNIRIUURNS

NANINAABILAZIRT0]
mnnsifiulelelasdmenisianzreadifanavunsiuiy 41 veadida wuinfulelelesls
fravnsiuan 30 Tu Andudnsmsanesiuls Sovas 73.17 (30/41) feilusnglu Table 1.
nMsuanfseureisufausnieuenseinie nmsimsidedelelediSudusiuiy 28 lu
wutldiseusreruanalnTansariouasiuiy 8 fegeu (fieure 8) Andudasinisiiauanalnes

(blastocyst rate) Sovaz 28.57 (8/28) ﬁﬂﬁﬂiﬁﬂgh Table 2



Journal of Biotechnology in Livestock Production @

Table 1. Number of follicles aspirated and oocytes derived from LOPU in each doe

Doe ID Breed Total Collected oocytes in each Total  Recovery
number category oocytes  rate (%)
of follicles  COCs! derived
partial
aspirated > 2 DOs®>  Deg*
CCs?
levels

SAA00367 crossbred

Saanen 15 q 7 2 0 13 86.67
ANGO0368 crossbred
Anglo- 13 1 7 1 1 10 76.92
Nubian
59031 crossbred
Anglo- 13 0 5 2 0 7 53.85
Nubian
Total 41 5 20 5 1 30 73.17

Table 2. Embryo development following IVF of caprine oocytes derived from LOPU in each doe.

Doe ID Number of oocytes Cleavage/ IVC ~ Number of embryos Total
subjected to (%) developed to blastocysts/IVC
blastocyst stage (post (%)

insemination)

IVMTIVF?IvVE Day 7 Day 8
SAA00367 13 13 13 8 (61.54) 3 2 5 (38.46)
ANG00368 9 9 8 4 (50.00) 1 1 2 (25.00)
59031 7 7 7 5(71.43) 0 1 1(14.29)
Total 29 29 28 17 (60.71) 4 4 8 (28.57)

VM = in vitro maturation
2IVF = in vitro fertilization

*IVC = in vitro embryo culture
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100um N~ i s
A doa i) -

Figure 8 Blastocyst formation after 7-8 days of in vitro fertilization with fresh semen (original
magnification, X80) (B: Blastocyst, ExB: Expanded blastocyst, HB: Hatched blastocyst,

DG: Degenerated embryo, UFO: Unfertilized oocyte)

[
| [y} [

AMSAENYIATAL WU BmsINsanznulelaledle Saway 73.17 (30/41) WoNa15U19MIINTG
izt ulalalad laUSeutnsuiusiaa1ured Wieczorek et al.(2020) 7 11n15@ NwILA 82U
nszvaumsiazivleloledung 833 laparoscopic ovum pick-up lasfinisiuileaiinisidude
waznseiumMsanlavatglumelusunsugasluu saudumallanisly grasping forceps Tunsauay
wagndnmewisuuslunmunganlunisanzga wudn Fasnsiasiulavingu Sevay 67 T

' e o A e v P | Y & v I ] '
ANMSIUANwIASItantes nemalafikans1aiuy As nisdenttvuinvaaddlunisianssale Tnaly

msanwnsedl T duues 186 Aflvunaluginin 51891909 Wieczorek et al. (2020) Faltiduiues

23G Aflvwmannit  eradululdinnismiggaleleludiieduifiawialvainin dawalidns

L7 ¥ 1
= < o Y Y = (YY)

nsiulagendt uwavisil Wuilvguuiideds Aeeravilisslaveudild dsuegiuinvsuay

Y

1%

AU U TR

Taduenudnsaluniainuleleleduszneumenateduneu Suswanisiuiieninisduda
waznszdumMsanlivanglusielusunsugesluuimangay Jeusngludnuazvesioadifanauysal
nstsAudnilieglawaznisauausiuisesstldvasnnznuleleledduludiudAgnagyinli
gnsnsziuliiingadu wnldaiunsanrvausiuniaessslyvuzazgaivleleleduasdl
I~ a A [ o ! (=3 o 1 a a Y v | o 1
WeoneanluuiufiaiziivauvilildaiunsavesiusdunyaneadiAaladau azdanailvly

3 sal A vy & ¢ I3 s v & o v aa
ansanuleleledivdeld Tiuisgunsaluazusagatumsiansiiuleleles dadudiuddgyninase

) < 9 = o & ' P ° 9 = Y A
gn3IMsiasiuld nnsEnwasell nudusmanasilraansaesiuleleledlaeg Musvinm
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30 - 40 afNTUTON FeaenAdIiuLTINATINNEaNYDY (Souza-Fabjan et al., 2014) AiaAiA1

9

WINAU 30 Uaaussusen
a o U ¥ aa a a 1 dﬁl 6 o 1 v
nsuangaumedsufausnisuansenie anmsiniziaedleleles 91w 28 Tu wuin 1a

F90UNTNITHAUIDITL oz UANALATAATIUNINUATIUIU 8 90U TulnTusienuasInvag

v 6

ASUUARS

9

(%)

Uszaumudsalunisudndisouungsieisufauiatsuansiney Aadudnsinisiia

[
Y

vandladadsiurianan (total blastocyst rate) anleleledfivinnsiiuainungiidinanun 3 @ s

35 LOPU dsnlludasas 28.57 (8/28)

[

FIUNTNAUIVDIAIDOUN LA N MU WNETTIANINUATIUIU 3 §7 WU TI1UIUA80UN T
'y} =3 a Y < Y | N a | & =
ANSNAIUIDITLELUAALAT AR bl YN U 98Ul BULNE NI NISPOUAUDIRNDTDS LUUT LT bUNNS

‘:4' ° & o v I Aa | ' a a aa a
L'Viu‘ﬁnu’]ﬂ']ﬁl,ﬂuaﬂLLﬁgﬂigYaUﬂ'ﬁfﬂﬂvLSUVTa’]EJI‘U‘V]@ ﬁ]gﬁ\w\la@@ﬂqilﬁ]iwL@UIWW@QW@@@LﬂaLLﬁg‘W‘UW@aa

'
a =

Wandvwialnginin 5 dadwns S1uuuin Mvldleleladauning dwadAydasauseulalolyd

Y

wa1etu (cumulus-oocytes complex, COCs) @auavinliiIgauilnmuINITNn FdonnandnuIeeIu

vV 1

999 Crozet et al (1995) wul1 Weadldantnadszeznisanly Jons1nsimuIvesaudessasy

Y

I3 a a

avaladasias  f93esaz 41 druneadiAanidauialugnin 5 Jaduns WeadiAanidauin 3.1-5

Y

Tadwns wazveadmaniauin 2-3 Jaawns JonsIN1SHAUIYE9HI0UDITL e UANELATER WINAU
Sowar 26 12 uay 6 auadiu azmulainnsiinduvesuaneadfa szdwasenmuninvasielolyd

Y] Y Aok . = o & Y a =
LA NIIWRIUIYBIAIBBUNAYU (Gandolfi et al., 2005) 31NANTANEIATIUNUIN BNIINTLAAUA LAY
AATIUTINUA SB8AY 28.57 FININT191891U89 Souza-Fabjan et al. (2014) NILALIIHIIUNUAN
gnsnsiiauanaladanain LOPU #ifesar 38 31nnsilasnsimaiinuaiala@aniligenn 81a

[
LY

Wasanlunisnaassnsail Idlaleladnanuaiiule dnldldudnsseunieuansianie dalalolas

v
v A

wialdveau e Swadfiydadeuseunatedy aunmiidesadn laun JwadAiydadousey

[ %

UNeu (partial CCs) wagliifiwadAydadousou (denuded oocytes) FaUnf denuded oocytes 9
luiluldnansseunisuonsnenie msizazlana snsinsiinuadla@an a0 Weasuiunisldlels
lgsAunInAanUA (Souza-Fabjan et al,, 2016) win1sAnw1Asei 1Y denuded oocytes 33ufiu
COCs L9 INAT1BNUATVAYUIIRRIUINITLAL AN INVBIVDIRIBOUIINNITYIN IVF 28ATuLile
Wn2desuiU denuded oocytes Tngmsifguulatiaseasne zona pellucida Tlinnsiiudnuaug
UUIURT zona pellucida AllunsanUasuaseImskazasine deaviliiiuanuauysaives
Tuedvauazlglanaraduvedeloled wunsuinisujausnatu  8elundntu danunsanseduyin
TAAANI SN LT IUIUGAA A9 0UTZITUAALAT AN LT ULATAINITOARFAAIUTIUIUYDILTAA T A
(apoptosis) adld (Choi et al., 2013) Uars189IUVDY Souza-Fabjan et al. (2014) WUILUEITINLAY
aal I v 1 W a N ¢ A o a a ¢ s
WnsiAuleleled lulinanednsinisiiauanala@ad lesaindnsinisiia vanaladanainlelelsni

o [ a aa 4 a = L2 dl I3 1 L% L3
NN UL NEd TR 2875 LOPU wsea1nleleolasannunegy tnuainlsewndni
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dyuNan1INAaaY
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Ultrasonic technology for bull breeding soundness evaluation (BBSE)

Witsanu Paisanrungpana’ Janyaporn Rungruangsak' Jullachat Chapanya®
Abstract

The aim of the study was to assess the correlation between breeding soundness using
ultrasonography of the testes and semen quality in dairy bulls. Twenty-five Tropical Holstein sires
at the age of 2 - 7 years from Lumphayaklang frozen semen production research center in Lopburi
province, were used in this study. Semen was regularly collected weekly for six successive weeks,
one-week interval. All bulls were measured for scrotal circumference, scrotal ultrasonography, and
fresh semen quality such as volume, sperm concentration, sperm motility using computer—assisted
sperm analysis (CASA), percentage of sperm abnormal morphology, and percentage of sperm
viability. The correlation analysis was performed to analyze the correlation between scrotal
circumference, age at measuring, semen quantity and quality as well as ultrasound evaluations.
Moreover, multiple regression analysis was used to predict semen quality characteristics.
The results showed that focal point, as a measure of fibrotic lesion in testis, had low to moderate
negative correlations with semen quality including sperm concentration, percentage of sperm
viability, percentage of sperm abnormal morphology, and sperm motility (r = -0.19 to -0.52; p<0.05),
but it had a low positive correlation with sperm abnormal morphology (r = 0.21; p<0.05). Results
from multiple regression analysis revealed significant negative impacts of focal point on most of
semen quality characteristics. Focal point, combined with age of bulls and scrotal circumference
were potentially useful in predicting some characteristics of semen including viability, motility,
progressive motility, and integrity of plasma membrane. However, predictive ability of the
regression models was limited (R squared, R? = 0.28 to 0.35). In conclusion, ultrasonography
technology is a useful technique for bull breeding soundness evaluation (BBSE) due to its ability
to detect and characterize testicular pathology, particularly testicular fibrosis. To increase
prediction accuracy of models for predicting semen quality, further studies with larger sample size
and other candidates for predictor variables are required, which would be eventually used for

breeding soundness evaluation and culling decisions of bulls.

Keywords: Breeding soundness evaluation (BBSE), Prediction, Bull, Ultrasound technique
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HamWeniiaun I Weanauaydsnuasygiakarld dunumenisunlulgmniessuuduiug
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(subfertility) Uszanaidosas 20-40 (Kastelic and Brito, 2012) Fan1siiudiasiedsnisnszAunis
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Wugudnanavesdums Fadudunilsves BBSE (Barth et al, 2008) uisHuguildlunisviuie
USunasegd (sperm output) (Gibson et al., 1985) usiagalsinunisiaduriugudnaiaiioUsziiiu
Yunsamziy ldanunsaldviuigseslsaiiiadunglusume (pathology) Winviuunavessaslsa

meludungseanuauysaliudvedlameag (Kastelic and Brito, 2012)

LA nidaymeuanuauysainug loun nsudawazaun1wiide nwuainnsin BBSE
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Cartee et al., 1989; Yimer et al., 2001; Gloria et al., 2018) T sn1snuseslsa (fibrosis lesion)

Ly

NUTnudungauduiusfunan I Lolasnse (Arteaga et al,, 2005) uena Nl Kastelic and
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e esiduiiienuiuasienuavenuinadumzuazdaliuks Waasansiend
YUSUS Ny faA1adsesansvsdulyun B (B-mode) AE 7.5 MHz (Honda electronic;
H51600V) elwsuluuuiusume Tufinamenevisidnauuaen (ongitudinal plane) wasfienis
W1 (horizontal plane) Tnetuiinamsunisas 3 aww arntduthldinszsdanuduvesnin
(PI) A28lUTUATNILATIERANUTNIBINN (Image J, U. S. National Institutes of Health, MD, USA)
M1135N1398 Tomlinson et al. (2017) 1ag Pl USLIMSUNALYNTALALNITIIAWNNAUNNTA LHUNY

AudNa19naz 10 Tadiwns iaT1enalade Pl (Pl total) 04 MLARZAILILL A1NAINAIETANIS

L8170 (Pl vertical) wagkudve (Pl horizontal)

AuIuAIALLULTEElsA (focal point) Fadurirzuuuseslsnannnisinauinvessoslsa
USLIUD UNEAINAINA189aRS19177 (fibrosis lesion) 7 bA AT UUSIUTBELIATUATNLALAIAUA
Wueziuunurwinvesseslsa (Table 1) A1 focal point AuInlA9INHATINVBIAZUUUIINGATOY

lsanusIngvisnuatunn

Table 1 Scoring of testicular fibrosis lesion (modified from Barth et al., 2008)

Point Criteria
1 fibrosis lesion size <2 mm
2 fibrosis lesion size >2 - 5 mm
3 fibrosis lesion size >5 - 10 mm
a4 fibrosis lesion size >10 mm

v =R Y
N13UUNNVBYA
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1) tduseuledumy (scrotal circumference, cm.) TR 1ga1gmUdnldusou19gndune
Tne¥nseudumsistneionasrnuinadusouiinisiign snefladuluinfisungoglusuasdainty
fusu

2) V31193 (volume, ml) FauSinaihidoanseduiissyUfinasuunaonnnaes feanen

3) mmﬁu%’waqaq% (sperm concentration, x10° cell/ml.) Sadein3os spectrophotometer
(Accucell photometer, IMV technologies, France)

4) S1unupadIaiuldi N (total sperm, x10° cell) AMuInAINHARUYBITINATLAY AN
UUTUYD90ET

5) §951n156A8 auiLazdnIInN156Ad audi L1917 (motility and progressive motility, %)
’3'(51ﬁ%ﬁlLﬂ%@ﬁLﬂi’]sﬁﬂmﬂ’lWﬁé’]nga (computer-assisted sperm analysis: CASA) (The IVOS Il CASA
system driven by software version 14: Hamilton Thorne Inc., Beverly, USA.)

6) 0gANTIN (sperm viability, %) Useiiuainn1sdaud eosin-nigrosin (Dott and Foster, 1972)
Tnonstindeand3anm 50 lulasans naufuaden eosin-nigrosin antuideiinauiuddeundn

aadaa o

U3 7 pl andlesasuunssanaladuasieliuis eaddddnvzgniunelindeqanssminuulidauas

LY &

(Nikon, Japan) Wuagddiuiu 200 f2 AMdsweny 400 win (400X) lnvaadnlufind duiluegdddin

ada o v & aal Y o v adaa o o ady 1a ad o vy
wareddnfAndutuniduilueginaeuay AmuiniesaredILTinlavtinuiuegdnliandnduls
AMAE 100 WAIM5998 200

SouavoadlTIn = aINluAnd X 100
200

7) mmauuﬂaaﬂmau?jaﬁuaq% (functional integrity of sperm plasma membrane) mmaugaaﬁ
?Jaus‘j"aﬁ:maq?]i’m‘[maﬂﬂﬂﬁﬁ Hypo-osmotic swelling test (HOS test) a1u35 994 Rota et al. (2000)
yhlaentesamtitoUsutn 0.1 ml futien HOS solution USanas 1 ml. flgamgil 37 osrniwaiTa i
71614 40 wit andurhdrumay 0.5 ml waufu HOS solution 7ild 5% formalin idudu antu
dunauiana1iun 7 pl. veaasuunszanglad YariumeurunIzanu1e Lasnsiamendoanssatyile
Fauas Masene 1000 w1 (1000X) Yusiuiuead 200 1 feqdiilvinauinmezsiue feqdi
fuiluegdnianuauysaivenderuwadey Auniesazauauysiveadoruead lnehdnnuead

weazuseNtuld aueae 100 Wamnsiiy 200

ogdfiihuse X 100
200

TovazAmuaNysalvoudeviuead
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8) 9aANAUNA (sperm defects) l¥i5n13dandiuy William’s staining n138n15v81 Williams
uazAnuwUaIn1835984 Lagerlof (Kavak et al., 2004). WlagnsneaindeUsina 20 il A9UULAY
nsvandlasuduaiios vieq Advuie wazihlvaudeadlwanasioueanesedanduudalaniy
absolute ethyl alcohol 3-4 U7 waguylu 0.5% chloramines solution 1-2 U7 AUATININT®
mucus vualasmualy &rsluthazennuazlu 96% ethyl alcohol anntugeudaed Carbon fuchsin-
eosin 2-10 unit §raluthazenauazduliuis mﬂfﬂminﬁwﬂé’amamsﬁﬂ light microscope
fdauene 1000 Wi (1000X) wagsmsnsragussveseadludiuiaiisinistond Tnetueadsiuiu
200 #1 Annnsosazeadiaund Tasthinueadninunadidausiafituls gushe 100 udnsde 200
YovazoadnaUnd = egdfiRaUNAfidau X 100
200

¢ t aa

Toyandufingnasisaeuaugned wazdadeyaniAmaung (outliers) sananluddeya

Y Y

ABUNNTIATILINIIED A

n5AATIEdayaneEdn

AnnwviandulsyAndanduiusseninsdnuasnamenmussowus Téun o1gvesworiug
 Tuffudedne duseuisdune uasandnunsrenindoantiadeUinanazamnin wazadn
LLUUﬁwaaaaumimaaawn@m (Multiple Regression Model) Lﬁav‘hmaﬂmmwﬁﬂL%@Imsi%é'wmzmq
menwwamienus ledun o1gvesiewus Wusevisdums wazaivsaidiuldnnmaiadansiond
(focal point k&g P) N133AT1zWn1sanassdmmaasdunsdnwiauduiussenindiulsdasy

PANWANUAUIANY LNDANYIINTFIUTDATLAAUNNTINA U U8RI ONEINTA] UIDDSUIUNTT

(%
v A

AunUsvesuUsnule tneleuanuduiusluguuuuvesaunislansl

Y=Bg+ B X+ BXo++ BX+ E,

F1h

Y AB A1YDIFILUTANY

Xi AD ANIRNILUSDESEN i (i =1,..K), 108 k AB IuIUAmLUSDATY

Bo e AduUsEANSNISaAneY (regression coefficient) ¥a9gadAKNY Y (intercept)
& 1 U a Q‘ U a

Bi AB ANFNUITEANDNIT0N0REYRINILUTDATE X,

£ AB ANAUAAIALAGDU (error or residual)

Idmella Stepwise Tunsidandiudsdasslunisasisaunisanney dwsudnvazannin
& ! ) ~'g v a a o
Wg aumazdnuie s189uluinavesauniIsanaeen Musednfainluiaagan ga
(model performance) lagW 21513101 overall p-value, overall F statistics, R squared (R?),

adjusted R squared (adjj. R?) way Bayesian information criteria (BIC) uananil laldn1suseiiiu
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A2 UF UATINANEAILUTVBIULUUTIABY (multicollinearity) lagg 311 Tolerance
(Tolerance = 1 - R?) &susuonivsziuauduiusiuvesiiulsdasy winal Tolerance dA1aenan
0.1 Ysuani1ddeymn multicollinearity 713Uk M1nA1 Tolerance diA1taen 0.2 waneindidaym

sEAUNNN (Brace et al., 2012; Weisburd and Britt, 2014) AN5ILATIEANEDRANAUAAIAIIULANATS

o w = v Y

st adidudfyisziudesay 95 (p<0.05) MTUsWASH R commander version 3.5.2 (R Core Team,

2018) TumsliesgvanduiusuarnsinsIeRnIsonneenya
HAN1INARaILAYINTAl

1. A15ASIUSLLAUDUNLANANADANTIVIIN

nslimadiadansiendivinasun: Woussdunuanysaiveassuuduiuginag
fidmansznurenudnvurvestnd e dresanseadinug B (B-mode) Aaudl 7.5 MHz
Sufinnwaiefsfiamanuieauazeng vnsiesgianduresninoonuniua Pl vertical
uag Pl horizontal awfumstaruinvesgaiinduuinuseslsauazutasenunzuuy focal point
ilouundnwarnnaiin fibrosis lesion Au3sued Barth et al. (2008) FauvsdnwaznisiAnsoslsn
sanidu 5 nau —waannsUssidiuneRuslaanun 25 §1 nudnvmgnisinseslse 3 wuy
Aeseslsmdniay (mild) §1uau 18 62 U1unaia (moderate) §1U3U 6 62 UazIULI (severe)
$1uru 1 1 (Figure 1) udlinulafsamgundlifiseslsn (normal) uagseslsaifidnuassulsann
(very severe) MsAnwignfunssansanssumsludnivanevin s2udedniiAeas ssvuindn
WU wng Wud1An Pl ERnuduiusiudnuaigrasanves seminiferous tubules (Powe et al., 1988

; Evans et al,, 1996) @aflanuduiusiunisainaegilaenss (Arteaga et al., 2005)

Mild fibrotic changes (score 2)
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Moderate fibrotic change (score 3)

Severe fibrotic change (score 4)

Figure 1 Fibrosis score of bulls evaluated based on Barth et al. (2008)’s method

nsdnwiluafsildnissedudunzdrsmaindansendaoiies 6 dUaifasoty
Wlefamunisiasuulasdnuaznisiin fibrosis Tusamy uavuUsdnuazsoslsAnLANLTULTIVES
134 fibrosis §9n15UsEELAIN grey scale INANSARTIBIRTUANLIORARTUANTUBBULUAY
YOILIAAN ) Tusunslaog1amoiiiosuarsansa (Chandolia et al,, 1997) W'aﬂ’uﬁﬁﬂummiﬁu
nsAnuluadafidunenusiigddaundnidoududduiiagtu (active sires) Fsamnsondntndels
AnuunfvanuninuazUiuin ogdlsfinin mansanudnuagsoslsaiivinasume lussdudes
D93UL39 (mild to severe fibrosis) Usuandn nMsUseiiiudaumemiematindansignnaiunsalddmsy
Usziunruanysaivemieuslaiielugnmssnwuas Josiutigmeuanalliauysaliuguese
stuslaldndnindondudsldosnaiured

wiI1n1sldmatindansieiatunisussiiudunglaazivsslevilunisnsiamseslsa
il esnmzresenuglaiidsannsalinandninteldmuund edrdlsfinu maudsasiuuves
seulsalilldtinsinnsemsuvsnguiidaau Wumsdnduazuulagliinasianngussifiu fsoravinl
flaifanudiung ldannsauisdnuagseslsaldodnmndos dru nisAnwedsd §35uldvnas
WaIL1ISN1TAIuIMAzLUUTslIAot19azLden (focal point) lneraulalainisvas Barth et al.
(2008) Feannsathefivemusiugilunisinseslsaanmsldimaiadansiend uavanunsouiluld

Tumsmeanuduiusivaunmeesiessly
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Table 2 LAAIA1ATALTINTTUUIVOIT NBAUENIINIEAINNOLA UTUIULAZAMATNEILYD

2. Joyaadindanssaun

wagA pixel intensity Wag focal point ANAMNEEAIUNATATANTIFIIAUS IS UNEVOIN DL AUM
IngelanldlunsAnwiluasediinnaiisveteny Ussanu 4.3 Y (2.4 - 7.6 U) drudusauisdune

fAadewindu 38.4 cm. (32 89 48.5 cm.) Tngnudmenugengdes xiliiduseulsdumetiesnin

a

Wanugo1guINNI1 dmuaudnvuzysl It aanlud T (USHns Aududuresodd

v a

wagduaueadnsaiulavianun) uarduaunIn (Sesazveteddidin aruauysalvendenuedd

9 q

padnAUNG dnsIN1TAReun wagdnsnsafauilutiamtn) lneamsunuindeeglugieunsgiu

[

vasn s Marursadn lundaundaududald (sfinssa, 2552) Fududiainnisallingy

Wesnnvenuglafiwariluveiugnldlunmsaundeiiendnindoutdudduiagiu

dmsuadivssdiuldanmaiadansignausnasung nuIiAauELresnInilaann
A28 BUDININE 8T AN IR SUAZULITIN (Pl total) fAad sUsvunas 414.5 intensity/mm?
(294.6 &9 537.7 intensity/mm?) d1uazuuuseslsa (focal point) TA14a8 sUsyu1 97.8
(70 9 132) (Table 2) sadi linun1sAnwisoslsafismms wuufiinsnaunuseslsadioaAzLLY
(focal point) Tnan1s@nwaruunnazidunisfnwnieatuanuduiussening a1 Pl was dnvuy
WINIEAIN LYY D18 %138 f-qmmwﬁw??awhﬁ?u

Table 2 Summary descriptions of range of bull physical characteristics, semen quality and

quality, and testicular ultrasound evaluation of bulls (n = 25)

Parameter !

Mean = SD Min Max

Physical characteristics

Age of bull (years) 432 + 1.56 2.43 7.60

Scrotal circumference (cm.) 38.41 + 5.09 32.00 48.50
Semen quantity

Volume (ml.) 513 £+ 2.31 1.50 13.00

Concentrations (x10° /mL.) 1057.23 + 523.48 60.00 2533.00

Total sperm (cell/ml) 5030.44 + 2914.06 496.00 14880.00
Semen quality

Viability (%) 74.47 + 16.76 8.00 93.50

Plasma membrane integrity (%) 7593 + 17.17 4.5 96.00

Sperm defects (%) 10.19 + 9.63 2.50 57.50

Total motility (%) 69.28 + 18.17 6.00 91.00

Progressive motility (%) 43.74 + 13.88 3.00 68.00
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Ultrasound evaluation

Pl vertical (intensity/mm?) 419.89 + 53.49 266.67 589.33
Pl horizontal (intensity/mm?) 409.01 + 58.98 289.75 611.75
Pl total (intensity/mm?) 2 414.45 + 47.76 294.58 537.66
Focal point 97.81 + 13.29 70.00 132.00

! Each bull was evaluated for their semen quantity and quality as well as ultrasound
observations for 6 times, 6 weeks in a row

2 P| total = average of pixel intensities assessed from vertical and horizontal

3. aNFURUSTENINENYUININIEAN LazAuA LB YRWalA

310 Table 3 HANTITTLATILRAMUFUNUTI¥1IN9 Pl wag focal point AoAMNANYUL YD
sigwus Usinaninie wagamniminge Tnswuin orvemieiuduasiduseutsdumedanuduriug
Tudsuan waoglusgduuiunaia (r = 0.501, p<0.0001) Inga1ndayanui il vorgiiuunty
fuwilvuilduseuisdunzanfinduny (d1efutunsdoigesas ifusoursdunzazanas)
wag linuanudusiusszninadusouissamsiazaiiusziiiuldnnmadndansiand (Pl uay focal
point) aeslsfiny wuinduseursdumgianuduiuslussdududnvagguaimindotads
USunas (USuns r = 0.21, anududuvesead r = -0.22) kaslienunimynanuyaseniiuiosavead
HAUNG (r =~ -0.20 84 -0.21; p<0.05)

nan1sAnwIAMIELTUS eI dnBEIenIenn wazAua i olula dauduuls
uaNENAUTIAIANSANEY Tagdulngial iduseuisdunzinnuduiusludsuinduliums
LaTAMUTUTUYBIDEA (Bhuminand et al,, 2008; Ahmad et al., 2011) wazo1gla (Ahmad et al,,

[ a v W

2011) gnsiregaidu Latif et al. (2011) enuInduseuIdunzliauduiusluseaugsiudiumg

(r = 0.72) wagAUTNTUI0I0E]T (r = 0.72) TulawougWuides 91y 15-20 LAow Bhuminand
et al. (2008) AnwlulAuukar NUANUFUNUSTULTIUINTENINWAUTOUMIUNE AUUSUINT AL

Wudueeead sIudssinueesluu testosterone wanani nsAnwlulaiusenginadnuu 128 f

[

1y Ahmad et al . (2011) wud dnind 1HUTaUdUNE A1 Pl SIUEIUSUIAT kagauuuves
9aNUTUNINDNY WAANNINUNTD LAkn §R5IN15LATRUNVRIRHT ANUENYTIvRNT 0V LodT

wag Anuauysalveseglaslenlifianuduiusivogvedla dnsunainlannnisfnuluasel@eny

[V a

ANuduus ludsavluseaduisenitadussvidunsladuaunInige (AUYUTUY09943

q

a

JouarogdLTIn ANvauyTaiveLteriegd nTINTSIAGeUTkAranIINSIRRUN Ut mTvetesd)

(Table 3) 913 WAHANIIINNTANBLANDIEUINTY FATLWITUTNANYILAUTOUNSUNTILUINTY
wazoRgnidan i amienAeutu dwalvnunimihieanasla druvienuglanionedale

(s UsEUNTUNEtaand) 91rgnidauanliuny dwendnlavdsnsnanimanitlaignldeu



Journal of Biotechnology in Livestock Production @

1WIUNI (@1911n171) aglsiny TeAnruiliddesniiulunsdlalasuanudsmeivsion

dungNaNNANIINIeAINnIolsalussuudunug taelidadsdisetgvala daagvilvliny

% s 1

ANUFUITUTTENTR L RATAMAINUNTD Y5019HANNFNRUSIUITEAUM AuguinuaINNIsAne

(% ' '
v 4 a = a a A

luasell 9l e1avinsiiudeyaddniiufuiadumanngiiedtesludszinui wu Ysuu

Y

1% 44' a A v )

703 luuAlNaalsy %30 Tayadus A eI1U0dAuUNISI ALY D SINTTIR UVUIAA 208197 b0 LU

Y

ANSANWIN L

TuaruresAiUsefiula Al A ans191IAUS LIS UNE WU Pl TANUFUNUSITIUIN

s

lusgAudfiuatgveInenus (r = 0.18; p < 0.05) LALINUANFUNUS TUAME NYULVRINOWUG

LLazé’ﬂwm@gumwﬁ;%%aﬁgm%w‘%mmuaz@mmw Feransdnwidululufiemadeiunans@nuneu
w1 lne Arteaga et al. (2005) nu31 PIldTarudunus fudnvaesnind b aindansie1is
(normal testicular ultrasonogram appearance) LLazammwﬁwL%aiuIﬂLﬁaaﬁ’wuau 16 2 Tomlinson
et al. (2017) Menudlinuanuduiussewine P Ay auaimindela egrslsfiau wan1snu
TunSstluandeainmsfinudug finuauduiudsening p ﬁ’mmmwﬂéw?}ja (Arteaga et al., 2005;
Brito et al., 2012; Kastelic et al., 2012) n13@ nululad 89112 152 sl Brito et al. (2012)
191518971U91A1 echogenicity (A1 PI) fipnuduiusiunisasieedd (sperm production) wag3usneves

987 (sperm morphology) Tulatllad1win 152 @1 sl nuaudunusiliaseaiausluisas

NANNARDY

Brito et al. (2012) l¢fa3unedn msfinwdufilinueuduiussewine Py aanminidela
orflosnanlinsieuievdoyaifissisnanifosutunafuindelaghifudeyadedes
siail \ilaioues seminiferous nfin1sdsuutamdsnininfunindansiend 4-6 dUnsits
adsnaronmun it eld wuiertunmasesesldauiuiuuinusuny asnuaruduius
seainesendnedn Pl uasamnmuindondsanniy 2-4 4Uawi (Arteaga et al,, 2005) Fadenndasiy

=

N13@N®IVRY Brito et al. (2012) NMANMUFURUTIENINNAT Pl waLAUAINUNY ONFIINUY 4-8

'
[ o

duami usogslsfinuanuduiusiilaroudnei uinudn PLidudivsvenssezdigiansyiugla
a v A a v & ~ P 4 ! . .. A

AnINTsldiioUseiunnnInuLYe 1HI9INNSINTUYIAT testicular echogenicity %3af1 Pl
fipuduiusiunisiufeundacved Sertoli cells WaEN1TINLT UVDIVUIALA UK TUAUINA1IVDS

seminiferous tubule

nsAnwluassllinuanuduiussenineegas Pl auandaannaannsaneludaiviie
auq Wi mMsAnwluwnginuanuduiushugauinsenine Pl vesduneiveny Uuca et al., 2011)
d7UnN15A n¥1UB9 Andrade et al. (2011), Cartee et al. (1990) @y Moura et al. (2008)

Feltinadadansrwnanluwnznudn echogenicity vossumuiindududndiulnensaivongvosned
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WNUY WWeenlegUnfiudd dninenugniienguinTuasnuanudouusniusume 3991918831970

1 [ 1

\ledume (testicular parenchyma) ¥09WaWus 4ANURUILL A NT un1dey 1uAudanad

9 9

wiman1sfnwluasafaglinuauduiussening Pl anwauen1an1enIn (818 wasldusouds

=

BUNE) karAMNINULYD (p>0.05) WanuAFuUsEANSandNRUS () Jwudldunasiinanisfedny

o

AUNITANBIDUY NMTLTUIAA9819UNTANB191992 118V IREINITANTIVFDUNUAUA LS

EN

LY

TusgaundidodAgle Tunsaseiutuiuan Pl wuinan focal point SannuduiusiudnvazuIuie

U Y v

4 Y] . = U U € a YRR
wazAnNWeraneanuay (Table 3) Ine focal point fimuduiusideauluszausiiurnududu

v

Y99047 wazedINWANLA (r~ -0.19; p<0.05) WANUI1 dnwuAMAINLLYD (SosazegIddin

q

a o a |

ANNANYINVRLERYNRAT SNTINTTAGRUNLALENIINITAG BUTN U1t Nvedead) drulngudn

q b

fanudunusigdsauluseaudiunansiu focal point (r = -0.43 §i -0.51; p<0.0001) duTo8azodd
AaUnAtY danuduiusisuinluseAuaiiuan focal point (r = 0.21) F9@0AAROINUNANIIANYINY
AuduiuslagldnziuusaslsafiuaunMULYaYes Barth et al. (2008) INKANITANY @1U150U
g3 mne1 focal point WineWy zdwmalivsawazAuNNULTalagTILEaY WiANUFUTUSINY
I o o = [y v o < v | A . Y %
agfluszdusi f9 sedunans danu auiulainAaziuuseslsa wie focal point asnsaldlduiuny
anwaeNIAe fibrosis Mushadung dmsuldlunisinssimenuduiusseninenisiinseslse
wazam e uddidnaninlunsidududsyiug (predictor) Wevhueaunimundonsly

WSz dnunwsely

Table 3 Correlation coefficients () between bull’s physical characteristics, ultrasound

evaluation and semen characteristics

ltem Age sc! Pixel intensity 2 Focal point

R p-value r p-value r p-value r p-value

Physical characteristics
Age (years) - - 0.501 <0.0001 0.178 0.031 0.116 0.163
Scrotal 0.501 <0.0001 - - 0.118 0.155 0.003 0.975

circumference (cm)

Semen quantity

Volume (ml.) 0.208 0.011 0.205 0.013 0.137 0.099 0.057 0.490

Concentration -0.164 0.047 -0.224 0.006 -0.265 0.791 -0.193 0.019
(sperm x10° cells)

Total sperm 0.003 0.972 -0.051 0.538 0.135 0.103 -0.185 0.024
(cells/ml)

Semen quality
Viability (%) -0.346  <0.0001  -0.201 0.015 -0.048 0.562 -0.516 <0.0001
Plasma -0.309  <0.001  -0.199 0.016 -0.004 0.964 -0.483 <0.0001
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membrane

integrity (%)

Sperm defect (%)  0.055 0.507 0.002 0.975 -0.051 0.537 0.209 0.01087
Total motility (%)  -0.317  <0.0001  -0.214 0.009 -0.041 0.624 -0.489 <0.0001
Progressive -0.353  <0.0001 -0.211 0.011 -0.130 0.115 -0.433 <0.0001
Motility (%)

! Scrotal circumference (cm.)
% Pixel intensity (PI) based on the average of Pl assessed from vertical and horizontal planes

of testis

4. FUNITUIYIATINITLARDUNDEIIINTOLLIAVDIDUNE

INNITTLATILVAUNITANNDENY AN LT 8ET19AUNITIUIEANAINWLY olng
Tddnwagnanienmnela laun anguesmenug way duseuldunznela uazavliainnisialay
ldwmadadansiwnin loun pzuuuseslsa (focal point) ag pixel intensity auni1siungdmnsuyn
Y 5 & A g v o A a N A |
anvaza WY of dnaue Wuaunisiiiauszdnsamvedlumadiign lanudgynn

multicollinearity senineiawusdaseluluina (A1 Tolerance 11NN31 0.65) Wa¥NNANNITHIUNY

a o (Y

Ndudnfgnsana (overall model p-value <0.05) (Tables 4 - 11)

uaﬂﬁ]WﬂmiiﬂBﬁﬂumaaumiﬁ’luwiugﬂLL‘U‘U‘Uﬂﬁ (378971UA1 regression coefficients)
qu"LﬁsﬂamuaumiﬁmwiugﬂLLUUG{Jmé’mﬂizﬁméﬂﬁﬂmaﬂmmgm (Standardized coefficients
or Beta) Fan19%i1 Standardized coefficients vewsarfnys iundsluisnsildussdmsunis
WisuisumudArsoseauvesesnavesiuusiunsiweindsanlunsiessinisanasy
(importance of independent variables or X’s in determining Y) Taai n15UsUnU 280098 31U T
vunglifmieieatu fe standard deviation (SD) HrglunsSeuifisuAdulszansnisonnes
sswisiudsduluaunisldiedatu Tnetlivildsefuteddymeetavessulsiunedasuutas
(Bring, 1994) A1 Standardized coefficients UsUand 4 nsUasusUasiuusaiy (1) luniie SD
dlefinisiUBsuntasiauusvhung (0 1 SD Fauanaannnisuusnasdulseaninisangesnuuni

FelgnulwaseunsiUsiiueg

NI UTUINTUNTD

aun13v YR sURelaNNITINTIERNTIRNRENYANWUU Stepwise Hiied018UD4

o ' v
U s v A v v

Weug (Age) WinuninaseuSumsindesgeiivudfgy (Table 4) Ingongvasalailiiudy 1 Y

danalvivsunasindeiudulaeade 0.317 ml auisal@guaunisneinsalluguazuuudula

folu

Lne
be
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USunnsinidle = 3.748 + (0317 x Age)
wagarausaguann1sneInsal lug Az UuLIATgIUY (Standardized coefficients #3@ Beta)
Ixaialud

Ziinashide = 0.213x(Z Age of sul)

WuIaun1sviuneiledadulseansnisinaulaneudnedn (R? ~ 0.045) wanslmiiuinaunis

o [ 1

PUEAINAIEINNITDSUIEANURULUT MSDN15UAsURIAIURIUSUIRSUT LA ADUT19AN YiSBNaTD

b

LY L3

Aneinils aunisianuwsug liunniieanalunisyinune FelaeUnfnaian R? @A 0 99 1) vaslua
Agsusvandenuntuglunisyiuiedige laeviald a1 R? uannda 0.70 dedegluseaugs

A1 R? 5ewdN 0.5 wag 0.7 A1 fednegluseduUiunans A1 R? 581319 0.3 wa 0.5 fedneglusysusi

'
{ o

diuan R2eend 0.30 n1negluseauraud9mi (Henseler et al,, 2009; Moore et al., 2013)

[ ¥
1 v 1

lasan RZAgensuldluaisaind 0.25 wavisl AdsTuegiumans niea1a13v uaazuyuiny

(Garson, 2016)

Table 4 Regression analysis of semen volume

Independent variable b! Beta? t-value p-value
Intercept 3.748 - 6.74 <0.0001
Age of bull 0.317 0.213 2.61 0.010

R=0.213; R*=0.045; F=6.81; p-value = 0.010

! Regression coefficients

2 Standardized coefficients

N15Y1UI18A I INT YT

AUNNTYIUIEANUTNTUOFINAINNITIATIBNNITANNBENYAMIUY Stepwise WUT1VUIA

a [

\@usaUdUMzLag focal point UdVENaRDANUITLTUBET (p<0.05) (Table 5) Lazd1u1Tn AU

q

' 1%
N v o a1 a =

AN muLelaeglitdAgneada Ineweiuusviunedus A a1 focal point ANy

a

1 AYLUY AINAIANUIUTUDAIANALALLRAY 7.3 x10° 198a MUMLNLLDLEUTOUMD UNLLA LT

9

1 o a

1 cm. MlauuduegIanas 37.74 x10° lwad aun1sviungaudutueadnlaladudsean

Do,

Y v

nsdndularoud19n TagaiunsnesurenisiunysvesAtuduegdlainessouas

\O

(R? ~ 0.09) axnsadeuaumnensallugdasuuudulanwoludl
Aaduduagd = 3235.11 - (37.735 x Scrotal circumference) - (7.312 x focal point)
wazannsalisuaun snensalluguaziuuinsgulanadeluil

Zﬂ'nm%’u%’uaq% =- 0224X(Z circumference) - 0187X(Z focal point)
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naun1sviungluguasiuuinggIu wudnduseuldunsiansnase Autudueadgendn focal
point l&ntiee (Beta = -0.224 uag -0.187 A1uaRU)

Table 5 Regression analysis of sperm concentration

Independent variable b! Beta? t-value p-value
Intercept 3235.11 - 531 <0.0001
Scrotal circumference -37.735 -0.224 -2.719 0.006
Focal point -7.312 -0.187 -2.33 0.021

R=0.292; R*= 0.085; F= 6.63; p-value < 0.01

! Regression coefficients

2 Standardized coefficients

N13AIUIDFTNINUN

(%

AUN5VIUERAINIMUATLAINATIATILVNITANABENNAMILUY Stepwise WUTITLNES

a

focal point #i8nEnadeaududuead (p<0.05) (Table 6) Inaen focal point MLfiuTu 1 AxuLY

q

a 1 a

dawalieadnamunanadlngiads 37 wad/ml aunisviunedlddiadusans madnaularoutiem
Tnganunsaeduremsfunsvesdasnsindeudivesegilaiissosas 3 (R2 ~ 0.03) anunsaiden
aunsnensaflugUazuvuulddiolud

2g3viamaA = 8589.19 - (37.037x focal point)
warannsndeuaunnensailusUazuunaasgiuldetelud

Zaq%ﬁ'\muﬂ =-0.176x(Z Focal point)

Table 6 Regression analysis of total sperm

Independent variable b! Beta” t-value p-value
Intercept 8589.19 - 5.02 <0.0001
Focal point -37.037 -0.176 -2.13 0.035

R=0.176; R*=0.031; F=4.55; p-value <0.05

! Regression coefficients

2 Standardized coefficients

N13YIUIETNTINITIAADUNVENOFT

= a

AUN137UIEINTINITIAG BUT 0T LA 1NNTTTLATIENNITONADENY AMUWUY Stepwise

q

a 1

WuI1 8glakay focal point IdnSnanedns1N1siARoUNYBI8ET (p<0.001) (Table 7) uara1u1s

suwAwwgAu MU e lied 1litudAyn19aia nediafiuusvinuiedus A A1 focal point
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MANTY 1 aguuu danalidnsinisindsuiiegivesanatlasaiesovas 0.63 luvnziidelaeng
Wty 10 avdamalionsinisipi oufieglanatanailseuiusosay 3.1 aun13vinuned ba
findudszdnsnmsdndulaluszauan Ineausaesuienisiuulsvessnsinisindouiivedaale

Saway 31 (R? ~ 0.31) anansasdeuaunisnensalluguasiuuiulanssialuil

Snsimsinfiouiiesd (%) = 144.07 - (3.142 x Age) - (0.626 x focal point)
wazanasasuaun1snensadlugUaziuuinsgulafadelul

Zé’m'mﬁm?iauﬁaq% = - 0.268x(Z Age of sul) - 0.457X(Z ¢ocal point)

naunsvingluguaskuLEInggIu wuii focal point d8vSnadednnisiadeuniegiuinnineny
laeg1adaau (Beta = -0.457 ua -0.268 MIUANU)

Table 7 Regression analysis of total motility

Independent variable b! Beta? t-value p-value
Intercept 144.07 - 14.78 <0.0001
Age of bull -3.142 -0.268 -3.81 <0.001
Focal point -0.626 -0.457 -6.51 <0.0001

R=0.556; R?=0.309; F=31.80; p-value <0.0001

! Regression coefficients

2 Standardized coefficients
o o =) i s v a
ﬂ?fﬁ')ﬂ?f/@lﬂﬁ'?ﬂ75!?75‘732.!%21/‘?/7\7%1!777@\7?]6:‘747

AUN1TYUIEEATINITIAG OUNBATN LAINAITILATITYINITONADY NN AMULUY Stepwise

N a a 1

nwuIteglauay focal point idnsnadednsinisindsunlud1aminresedd (p<0.001) (Table 8)

a o (Y

wazanu1sasNiuiueAun N laeg1ailiddAgn1ais Tneediuusiunedusg Al

o

focal point MAHTU 1 Az daNalidnsin1siadeundimtiveseglanadlneiaiososay 0.41
luvueilolaengiiudy 1 U azdenalidnsinisindoufiogianatanatussuiniovas 2.8

AUN15YUNeN e AduUsEANS N1sandulaluseaun TagdaIu1500s u1gnISRULUSYDISRSINIS

a

wieuilutmiiveteailasesay 28 (R? = 0.28) anunsalsuaunisnensalluguasuuuaula

sl

be

anssingeunluiantnvesegd (%) = 95.80 - (2.809 x Age) - (0.410 x focal point)
wazanunsaluaun snensalluguaziuunnsgulaadeluil

Zé’mwmsmé"auﬁlﬂ%ﬁwﬁwmaq% = - 0.315x(Z Age of sul) - 0.393X(Z rocat point)

naunsiuslusUasuuuNInsgIu wula focal point I8nFnanednsnsiAdouily

aviiwededd wnnienglainties (Beta = -0.393 uay -0.315 Aud16v)
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Table 8 Regression analysis of progressive motility

Independent variable b! Beta? t-value p-value
Intercept 95.80 - 12.68 <0.0001
Age of bull -2.809 -0.315 -4.40 <0.0001
Focal point -0.410 -0.393 -5.50 <0.0001

R=0.532; R*= 0.283; F=27.97; p-value <0.0001

! Regression coefficients
? Standardized coefficients

N3 5088 VaNOF U IN

aun19u18ToazveteddRTIAN LAINNITTLATIENNTANNBENY AMLUY Stepwise

q

wuInenglanar focal point 18nSnadeieearaadiyin (p<0.0001) (Table 9) wazaIuITATIUAY
AN muLIelaeglitudAgveada InaWeuusviunedug A a1 focal point ANy
1 pzuuu dwnalieadidinanatlasaissovas 0.61 luvaeidlalaongiiudy 1 U azdwaliiaad
PPN Y ° AV va 1 o a £ v o I

H3nanasUszunusosas 3.1 aunsiuieiladadulszansnisandulaluszaua laganuise

a3uteMIiuLUTveteaddTInlaTevar 35 (R? ~ 0.35) awnsaleuaunisneinsalluguasuuusula

25UVIN (%) = 147.42 - (3.106 x Age) - (0.609 x focal point)
wazanunsalsuaun snensalluguaziuunnsguladadeluil

Zaq%ﬁ‘fﬁﬁ = - 0.287x(Z Age of Bull) - 0.428x(Z Focal point)

nFuNTIUIglusUAzLULNINTEIN WU focal point 8ENadeagIdTInuINNII0LlABENS
FALaU (Beta = -0.428 uay -0.287 Aua9)

Table 9 Regression analysis of sperm viability

Independent variable b! Beta? t-value p-value
Intercept 147.42 - 16.90 <0.0001
Age of bull -3.106 -0.287 -0.2872 <0.0001
Focal point -0.609 -0.482 -7.1418 <0.0001

R=0.652; R?= 0.348; F=38.85; p-value <0.0001

! Regression coefficients

2 Standardized coefficients
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A1N19YWNETREarYRIRaINAUNAN IHAINNITIATIENNITOANBENYAMLUY Stepwise WUT

a A 14 a

fiile focal point fidnswasdofevazveseqiiaund (p<0.05) (Table 10) Inuein focal point

Y a

a4 a X | v aa a a X a v ° ay va
WUV UY 1 ASLLUU a\‘maiwllaﬁ‘ﬂﬁ\l@ﬂﬂmLWNT‘UI@EJLQ@EJ?@EJ@% 0.16 amﬂqimquqﬁﬂlﬂmﬂqﬁﬂﬂﬁzﬁw

9

Do,

n1sinduladeudien lneaunsaeiuienisiuiusvessevazveteaddaundlaiiiesiosay 4

(R? ~ 0.04) anansadeuaunisnensadlugaziuuaulansioludl

agHAUNG (%) = (0.161x focal point) - 6.142
waganunsalisuaun snensalluguaziunnnsgulaadelull

Zazﬁﬁﬂﬂna = 0.210x(Z Focal point)

Table 10 Regression analysis of sperm defects

Independent variable b! Beta” t-value p-value
Intercept -6.142 - -0.990 0.323
Focal point 0.161 0.210 2.572 <0.05

R=0.210; R?=0.044; F=6.62; p-value=0.011

! Regression coefficients

2 Standardized coefficients
o )4 IS tﬂ' 4 a
ﬂ75747ﬂ?ﬂf@f/ﬁ:f‘?/a\fﬁ?71/ﬂ1/y5§y77a\7£357j1/95;7§7

AUNIYIUIEANNANYTNVRLE BV INLAAINNITIATIENNITANNBENYAMILUY Stepwise
wuenglauas focal point BnSnadeauauysalveddeviuead (p<0.001) (Table 11) uaza11a

Sufuveaun e ineglivedAyniads lnadladiuusviiunedus A A1 focal point

' ' [
a a = L%

MiuTY 1 Azkuy dewaliauauysalveadenueadanadlasissosas 0.59 Tuvueiiiiolaeny
Wndu 1 U avdwaliogdidinanasussanasosas 2.9 aunmsvhuenladendudsednsnisdndula
Sa

Tusgaun lngaiunsnasurenisiuwlsvesegdddinlasesas 30 (R? ~ 0.30) @1u15asdeuaunis

wensadlugunsiuuRulafssialuil

ANNANYIDIYaUTRNDHR (%) = 145.97 - (2.891 x Age) - (0.589 x focal point)
wazannsalisuaunsnensalluguaziuuinsgulanaseluil

Zoomisuysaivosferfuesd = - 0.259X(Z age of Butd) = 0-452X(Z Focat point)

naunIvuIslugUAzkULNINggIU WuIi focal point A8nSnadea ANy TaivaudoYuedd

wnninegla (Beta = -0.452 wag -0.259 ALAWU)
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Table 11 Regression analysis of plasma membrane integrity

Independent variable b! Beta? t-value p-value
Intercept 145.97 - 15.643 <0.0001
Age of bull -2.891 -0.259 -3.664 <0.001
Focal point -0.589 -0.452 -6.400 <0.0001

R=0.547; R*= 0.299; F=30.35; p-value <0.0001

! Regression coefficients

2 Standardized coefficients

aa

NNTIATIERAUNTIRnRENVAnLNENeINTIAMAINLLTD WuUINA1 focal point dEnawa

~

AoAuAINUY eegldeddyiAu T UTum Wiuiasdnde uazaududuedd

q

[%
o a

LazldeRanw (ea3viamun Sasnsiedeuiivesedd snansindeuilludrminuesedd eadiidin
DFINAUNR LLazmmaugizﬁﬁuaqL?Jaﬁ:uaq%) dofinnsananadulsyavionnosmsgiu axdiulé
Jerazuuuseslsavie focal point gaiiu (Vsuenirseslsalusumedundu) fuaviliamnin
dngelnesngas Andudszana 0.18 i3 0.48 SD s focal point Tufiadu 1 SD (SD of focal

aa

point = 13.3) (Tables 5-12) § 4wu31 focal point dNaNsENUNINTAARD To8aLUDI0aILTIn
gn3IN19LAAaUTI1099dd 8RNIIN1TAABUN MT1aMI1v099dT way ANANYSalveRE 0 uRdT
(#5001 AN standardized coefficients allA1sening -0.40 uay -0.48)
WeanarsanauaIn1salun1sviugvesaunIsnUsenaunie focal point wage1yle
< o o o w =1 Y ) adda o 44' = a
Juiulsviue dwsununmuiie 4 dnvue loud Sovazuedaddlidin snsn1sinfeunvetedd
gnINTAR ouN lUU1aMi1v099d7 warANANYINvRNT B ead NuIlunadlA1duUTEENS
nsandula vise R? 761 lagdiA1sendng 0.28 (Snsnisadeuiludantn) wag 0.35 (Sevavvetasddil

Y39) §98071aUNTVIUIEAINA 1815005 U18AUAULUTYBIA AU LY B Le busEA Umn

(%
o =

($owaz 28 63 35) (Henseler et al, 2009; Moore et al., 2013) 9y Feuansliiiuin n1slden
focal point $affu 9181A §elsienuusiugilunisensainunmiidedsnanldlaiungn iesan
Tuiafifian R? s azflanuaanainden (error) gendn Faazdsualinisyuneadanaiinnmg usiugy
(precision) fi1as ag13bsfinny winfiansaninan REAseusuldliaisainia 0.25 (Garson, 2016)
aunsiusaunmULdeva 4 dnvaigdanann enafidneainlunisldlunisweinsal 43
Usuifiudn mndesnislimsviunegunimindefianuudugunndsdu enadoadinsiuudoyaiild
Tunsiasest sautsenadosdnufuUsdasyaug fenaldlunisviune Wweldiauusdugilunns
nensaidfiuanniulussduiivonsuld

dmsudnuuzamnminidodug Wu Uies enududuead eadimun uazeadfnund

fwwilduinliannsaldaunisnasiulunmsviunelideseinainsaesuiganuiuwUsvasamnm
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Ungelaninitsesar 10 (R? ~ 0.03 §ia 0.09) Mellinun1sfinwineuntiifeadunisiuieaunin

Yuaomeanuseiliulnannmelndansienin 39kiaunsalSeuiisuRan lenun1sanedule

dyunan1innaay

1. MsldwaiadansignaiaUseiduaussaninssuvdauiugatuisaldnsiasoeslsa

4 =

Noune mmmizqwé’mmmqmwwawaﬂmﬁLﬁm%’uiﬁl,ﬁamu Jen1siAnseslsaifinduazdana

[y

nsznuLdsaudenududuead oadamua Sannianedeusioad Snnsideudilutamtiesd
Yovazoadiidin amwanysalveuderiuedd nfeiesazmuiinunivesesd

2. nsldirmzuuuseslsa wie focal point fildannnisldinafindansiand Wufunuves
msiAnseslsn sawduliadudug ldun engueaneiusuazvuiaduseusaums aunsoldlunisadn
aunsii onensainmn g old userdildannnisneinsaldedauuiugiliunnifisome
widoinddneniwlunisviuiedvivdnvazauamind sunsdnune (Fevazvedeaiidin

q

gn3IN19LAA aUN 109987 dn3IN1SAd U LU 1eminvededd wag ALY Tives ovuead)

a

\‘1 e L‘Uum@ﬂa’]ﬁﬂﬂ’]iﬁﬂ‘t‘ﬂLWZJLGIQJLWE]ﬁi’NIlIL@aVILW@J']uﬂJJlI’]ﬂEN‘U‘U

dalauaLug
nsAnwuienumalulagdansigniniaUseduquniniige Jedwmalaunsse

aussanmssuvduiug Wumadaiiaunsavildde ldfndunsiededad (non-invasive) @11130

UsegnaldlunisidseTadgmaunisudaundelavisleanes nldlun1saue wasvowuguan
Y 1w & a A v o & o =

Ui uguds wenanldvaunsaussyndldludnineiuguindulddndie Amiuiemsinsingm

]

WAy Meludiuvaensiinduussnsinndu siuddaaeiuidu lnge1vaunsaussandly

Tudnisdnduladnaie uena1nd demsiiufulsdaseduq feo1arusaiduduusvitune

[
=

(predictors) W olilaaunisndanundugluniswensalunndsdu Jeazaeliausaldlunis
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Factor affecting survivability and quality of cattle demi-embryo derived from in vitro
embryo production (IVP) after culture

Attapol pornprapai® Pinglanna Kunchorn?

Abstract

The objective of this study was to investigate the effect of culture medium and
embryonic stage on survival rate and quality of cattle demi-embryo after culture. All oocytes
were aspirated and slashed from abattoir ovaries and brought into in vitro embryo production
(IVP) program. A total of 229 embryos were obtained, to produced 458 demi-embryos by
embryo bisection from micro-blade. Then all demi-embryos were separated equally 3 groups
and cultured in each culture medium which were D-PBS, SOF and BO-IVC®. M was cultured for
24 hr, EB to HB were culture for 3 hr. The results showed that survival rate of BO-IVC® and SOF
were higher than D-PBS significantly different (p<0.01). The quality of demi-embryos after culture for
grade 1, BO-IVC® was higher than SOF and it be higher than D-PBS significantly different (p<0.01).
There was no significantly different in grade 2. For grade 3, D-PBS was higher than SOF and BO-IVC®.
The survival rate of ExB, HB and B were higher than M significantly different (p<0.01). There were also
higher quality of demi-embryos after culture for grade 1 than M. There was no significantly different
in grade 2. For grade 3, M was higher than B, HB and ExB significantly different (p<0.01). This study
indicates that culture medium and embryonic stage affect to surviability and quality of cattle
demi-embryo after culture that there were significantly different (p<0.01). Thus, Increasing survival
rate and quality of demi-embryo grade 1 production, ExB, HB and B were more appropriate for

embryo bisection by micro-blade and culture with BO-IVC® and SOF, respectively.

keywords : surviability, cattle, embryo, bisection, demi-embryo
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Table 1. Number of embryos and demi-embryos

Culture medium  Embryonic stage No. of No. of
embryos demi-embryos
D-PBS Morula 19 38
Early blastocyst 13 26
Blastocyst 21 42
Expanded blastocyst 12 24
Hatched blastocyst 11 22
SOF Morula 19 38
Early blastocyst 13 26
Blastocyst 22 a4
Expanded blastocyst 12 24
Hatched blastocyst 11 22
BO-IVC® Morula 18 36
Early blastocyst 14 28
Blastocyst 20 a0
Expanded blastocyst 13 26
Hatched blastocyst 11 22
/N15NAAD9

1. mauleloledainssly

1.1 mgauiuleleledmeledduaziludngn (aspiration method)

Un5eluv laannlseandnd wyluarsavany Dulbecco’s phosphate buffered saline (D-PBS)
(Gibco, USA) fupaiduupaslsiiludiunauwazUsiraniimanglaa wisuleSed vua 5 Tadans
d' v & a ¢ & ) 1y} 3 ¢ a
WousianuWudnel wes 186 811 1 97 wedwmsunisgaiulelelesd wasinieuaisazane hepes
UsgNaunie TCM-199 hepes (Gibco, USA) w@Sue98 fetal calf serum (FCS) (Gibco, USA) 5% way penicillin-

streptomycin 10,000 1U/ml (Gibco, USA) nouaidunisgaiiuleloleys U le5 96719 ous o iU
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uldlu petridish 31U 1 igaumngll 37.5 ssrwaidea wazilumlaleledarelandesgansse
awaile andurnisaislelelesidieaisazans hepes gty petridish 8n 91uu 3 ASY
d‘ a = o = o 2
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1.2 msnaamssluiianulaleles (slashing method)
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2. MIHAARIBAUAILATURAUSABUBNINEY (in vitro embryo production, IVP) aliun1sanu

JUNDU AU

2.1 Mmawzidedlelaledliasynauufaus (in vitro maturation, IVM)

1%
= o

ileleladan petridish fiflansazae hepes 18118079 petridish undniifivnen BO-
IVM Oocyte maturation medium (IVF Bioscience, UK) 2-3 {iadans wazAnidonlelelenidouann
(degenerated oocyte) NMelanaeiganssadaineile 900 INNTEUIUNT IVP antutilelelus
ﬁgwmm 1IN 3 ﬂ%ﬂ Iuﬁfﬁm BO-IVM Oocyte maturation medium (IVF Bioscience, UK) ﬁqquﬁ
37.5 pamwaldea dwiuidsdleleledliinsgndeuufaus Tnevnlelolud lalurenusanm 500
13lAs85 UL EaLUY 4 % (d-well petri dishes, Nunc, Roskilde, Denmark) LL@SL%&JQM@
w21l sef duTumarsveulaoenled 5% guvgi 38.5 ssanwaldoa uazaud udusing

1NN 95% 1w 21-24 Falalg

2.2 mawssuddelanaznisuausivleleludluaiunaass (semen preparation and in

vitro fertilization, IVF)
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nowmssude nsuiuaunatedmivufausseninlelelediuiiead lnglduien
BO-IVF fertilization medium (IVF Bioscience, UK) Tuaumwizideania 4 nauq az 400 lulasang
Y rlug iz gean duSuaudaaisveulaeenled 5% sumngd 38.5 ssAlgaidos
I [ ! o J 4 & o ° & 1 ® o y £ &
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WA 3 AT Aa8U81 BO-IVF fertilization medium figuluginnsidemiivsunauiaasvaulasen
laggl 5% gaunqil 38.5 ssmnwalfea greleloledasluaiumizidssyiia 4 vau Adune BO-IVF
fertilization medium 400 lulasdns Maseulineuntl dindudidimziieuiy iesensveen
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wignsueulaeenled 5% gamadl 38.5 ssrwadua Wuamnu 18-19 F3lus

2.3 M ngou (in vitro embryo culture, IVC)

Feduannanisufaus sredseuadlurien TOM-199 w@Sudae FCS 5% uar penicillin-
streptomycin 10,000 IU/ml gufigaumadl 38.5 ssrwaiioa drvegiduiunasiinwadayda
senanleleladiisinunszuIuns IVF uda Mela3os vertex mixer waglddiadgadgouitionn
Mmaf”]ﬂ%’jﬂ maﬁ?uﬁw 3 ﬂ%\‘i LLastmgaq’Luﬂ;ﬂm BO-IVC 1 step culture medium (IVF Bioscience,
UK) flgulugimeidesiifiviiauianivoulaeenled 5% sendiau 5% gaumndl 38.5 ssauvaidoa
Aounth 2 alus Tnewnzdesingouluthendsuas 500 lulasans Unstusae BO-OIL liquid paraffin
(IVF Bioscience, UK) USunas 350 tulasans WNELAB99UA ST 6 (Fudl 1 AoTuiiSumnzIa )

F91199NUINTIVABUNMIRNRUIVDIITRY Fanunisiauivesiigeusalunniuaudeiun 8 duiin

'
(% =

BUATILIUAITDUNTIWALINITAINTTEZIAINITIZIES AnTuwUiseueenily 3 naue az

e

[y

Wi wazdidngnssuiunmsiaulinsaiieeu wazdesdluasidesiseunsazyinsiely

3. NAALLIATIAEDY (embryo bisection)

£
 ©o

nN1sguasagaty D-PBS lifidiuusenauvesiaa@euuazuunii@oy waziidnaglase

I

2.0 M (ievhlidgeudusyqluau uashafiiuaubsntoniivszqduuin) Ngamgll 37.5 a3

3 U

waldea wWieldiduieidauu ooy antunenarsazany D-PBS USuias 60 lulasans

U 3-4 Y8 AWUIURBATINAERNVUIA 90x20 Haduuns 19 micropipette E1edIgaUANAIN

aa Y = Y & o 1 v 1 A o Y

ANALAALUIATI N1TLANIMITIALIRIo0UBNlUaTAaYaNY D-PBS Iaudnadioouivinnisuzd1sain
dl = dl o L dl Y U a dg/ dgj a

arsavanguenil 1 laudaendl 4 auaiau Welvigsufnuuaiudsaudeanaldadn (Herr et al,,

1990) Toludnrwimdndauuinisirsauniegldndesganssalamesle insquludadndoeuadly
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a13aza18 95% ethyl alcohol UNAY WAEEIMISIALIFIDDU AUAINU NBUTINNITAALUIATIAIODY

& .:4' Y] 9 Yo a o I = a ~ o yaa o = v
nnase iedesiululvidigauigniauusaiedinluiin lnadigeusses M agldIsnsdnuuens ol
wineiu Tunaiziidroouszey early blastocyst (EB) uag expanded blastocyst (ExB) axl435n156n
wusns iAo ouLnarAT s Ja2uve inner cell mass (ICM) tag trophoblast 8819881114 U
aeUsnglu Figure. 1 nntuddigeunigniawuenssluifesluamsiiesiigeauusasyiln lagiiy
@138¥a18 bovine serum albumin (BSA) Wty 0.7 wWesidu Usvanw 2 lulasans asduveathendn
wUssseunidmesusinuuinsinigly tevhateauuan1swealsyy wagyhliausaiusiisoutiy

PMnEIdaLUIgaUlRdY (Chaweewan et al., 1997)

Figure 1. Morula (A) and blastocyst (B) were bisected by micro-blade before culture. (original

magnification, X200 and white scale bar is 10 um)

4. N5\ ABIRIsaURALY RS (demi-embryo culture)

aiummn??mﬁaa'auﬁqmmﬁ 38.5 asmwaidoa e 2 Halus deuldou omnsdes
fhdeuntseandu 3 il fil

1) 91siaEeIseusiail 1: D-PBS $198991n Chaweewan et al. (1997) fldaudsznousail
D-PBS (14287-080, Gibco) T @ 1UNa@uU9d D-glucose 1 mg/ml wag Na pyruvate 0.036 mg/ml,
Penicillin-streptomycin (15140-122, Gibco) UY3unad penicillin 100 IU/ml wag streptomycin sulfate
100 ug/ml wagasueie FCS 20%

2) snsiaesinseuTing 2: Syntatic Oviductal fluid (SOF) 81984270 Takahashi and First
(1992) fid@rulsenau ﬁﬁﬁ NaCl (5-1679, Sigma) 6.294 mg/ml, KCl (P-5405, Sigma) 0.534 mg/ml,
KH,PO,4 (P-5379, Sigma) 0.162 mg/ml, CuCL,.6H,0 (C-7902, Sigma) 0.251 mg/ml, MgCL,.6H,0 (M-
0250, Sigma) 0.1 mg/ml, NaHCO; (S-5761, Sigma) 2.106 mg/ml, Na Pyruvate (P-4562, Sigma)
0.033 mg/ml, BSA (A-4378, Sigma) 3 mg/ml, Phenol red (P-3532, Sigma) 0.001 mg/ml, Na Lactate
(L-4263, Sigma) 28.2 ul, L-Glutamine (G-8540, Sigma) 0.5%, Amino acid essentials (basal medium
Eagle’s, BME) 50x (B-6766, Sigma) 20%, Amino acid non-essentials (minimum essential medium,
MEM) 100x (M7145, Sigma) 10% L&3un1e Epidermal growth factor (EGF) (E-9644, Sigma) 5% Wag
FCS 10%

3) 91SLaeeIseuTAT 3: Bio-IVC® (IVF Bioscience, UK)
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Pntunludsadonanain auia 35x10 dadiwns uls 4 dumngnu Mntuadeuinen
dmsuiassiseu Uunns 60 lulasans $1uau 4 e vuauassdenatainuasUnviugae mineral
oil uazdanunssulilugidosisougumgd 385 ssmuaadoa Usanafgansveulaeonles
5 1Wedidu Wseuensiassfisou Usinas 60 TulASARs $119U 3-0 18R aULIUEE AT eNanERN
IR 90x20 Tadins 91nthild micropipette s’haﬁaéauﬁgﬂé’f@Lujméﬂumiasawﬁm%’umsﬁmé’a
goU 1Nvrdsansavansiidadigousonluemsiasingou s1ua 3-4 ads wazdreiseuandesly
MOABIMISIAEITA80UILATY 4 MR (2 Fdousnulinietonen) Tnusnoeussey M 19naaes 24

4119 waLAIBaUSYYY EB Dasvey HB Toianded 3 99lue wiotdssasuluiainnnvruatan 1Wid

Y

N3rUIUNSUTEIURAIIINIT AT AN YRS UL UIAT B LY

5. NMUTHIUN AN ULALANN TN YDIR18UARALLIAT (demi-embryo evaluation) #AAES
TugwnsiAsessou

fhooudinuenie udadeduaadessey asgnussdiuiaunsuazamuamaneldinges
inverted microscope AM&a 19818 100-200 111 Tasldinaeives Nagashima et al. (1989) wag
Chaweewan et al. (1997) Tngnmnmindeusautsenia wsoonlfidu 3 insa (Figure. 2) dail

1) 1n3a 1: feeufigninuuands Insimuisusiaead TnsazFuiinsiaduiuliuaoy
sUT 1 lndunneylusUdnuaenay astead It uanuMEYeIR 18 8uTre blastocyst (B)
5t waziinsadns blastocoel cavity Tuslml wazdunadiu ICM Ideenedaau liflamnuisunfves
wadnFeiifisadntios (feendn 10 wWedidusd) Wusseudmuisniaifmiuanunsalunissendin

2) 13 2: Mgoufigndauisais fmsiannsuiaeed laseziuinsdaduduiuasy
susslinduineglugudnuaznan adtadsfudnuuzvesdiagoussey B Snada wazdnnsadis
blastocoel cavity Fuanlus usdanadiu IcM 8lidaay warilmufinUnivenvaduiewadile 10
fla 20 Wedidud 1usseudnuisniaifimiuannsalunissendin

3) 1n3m 3: fgouiignaautenie Simuinsveasadliid lifimsusuasufugy nduandu
Snwaznay lalfinnsadne blastocoel cavity Tualval Taiwu ICM faufiaunfveswaduieadie
11nnd 20% Tnaiinga (vesicle) 1nn w3edl blastomere Alilmengy Wusseusautsadeiilaid

ANMUEILNTOLUNITTONTIN
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=] ) H
Figure 2. The quality of demi-embryos after culture which consist of grade 1: typical blastocyst
with a distinct inner cell mass (A-B), grade 2: blastocyst with obscure inner cell mass (C-D) and
grade 3: poorly developed or remarkably damaged blastocyst and trophectodermal vesicle

without a inner cell mass (E-F) (original magnification, X200 and white scale bar is 10 um)

N5AATIEdeyanI1eEin (Statistical analysis)

vudraeanadantilunisdnuidadeninaseanuaiuisalunissendinuaznunInges

q

FIDaUAAWUIATY USENOUMEY FRAVBIUIYALIRAIB0Y SLULUDIFHIBDUNDUNINISANLUIASI WAy

v 1

BNSNAIINTENINVLAVDIUIY LA LIRIDDUNUTLULADDUNDUINNNTAAKUIATT 220NUTEUUAINIE

Y

¥
v a

WTesgvnsannegladaia (logistic regression) laganusalligussunglasail

P.
In (1 lP ) = by + b, State + b,cMedia + b;(State x cMedia) + e
— N
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P, = mnuthazidureemuaunsalun1ssondinuasAnn eI ausiniuing

d'
bl®

by = YndiAunU y

by, by, bs = AEUUSEANS regression Gum(?hl,l,ﬂﬁaisﬁﬂizmzulé’mﬂsﬁaga

State = 3vBWavatsTETVIMBaUROUNIFARUIASS

cMedia = SvSnaveswiavesnedssiisey

(State x cMedia) = BvSnasiuszwinessozveseuiouNIsHALUIRSIT LN
YeeasITiseu

e = AnuAaaLAaauaIntadedy, NID~(0, 02)

ell AuszanaaudezdudmiuanuaunsalunissentinuasAunmussiseny

Anuunsa (B) Awialdlay

P = eBO+Bi/(1+eBO+Bi)
=

by = {uen intercept NUszRUlA
b; = AduUsEANS regression vawUIBaTEUSEINAlAINToYA

e = exponential constant

NANISNAABINAZINTAl

v 1

ANSANWIASIL WU DIMSLALIFIDDULALTEULUDIRIDBUNDUNNINTHALUIASILNARDDNT

o w

N35ATINLALANAINVDIMIBaURE 1 T TEAAYN19ETa (p < 0.01) Tuvaelinudninasiusening

o

a

SLYLUDIRIDOUNBUYINITAALUIAS IN UYL AVDIUIELA U910 DUN AINAN DD HIINITTOAT I

LAEAMNINYDITIBBUNGINTAAWUIATS

Ageuidsdluamsifeaiigausila BO-IVC® uazyiin SOF 16n51n1550A330g9n3181M13
\Aeasgeuyiln D-PBS ageiliudAyneada (p<0.01) AsUsinglu Table 2 uazilofarsanamunIn
YDIFIDOUNSINITAALUIATY WU frsouiidedluommsidesineeuriia BO-VC® lausunausiigau
U 1 dJ 1 d’j U U a 1 a 1 a o o U aa
AALUIATI 1NTA 1 ganTnemsiiusdigeusiin SOF wazgeninvila D-PBS agrafldedAgynisads
(p<0.01) Tuvauzy linuAIuLANANAUTEIUTUIUAIEDUAALUIAT Y N30 2 Tue1IsLaBsdIDeu
AANA1AY wagnul1 9msideiigousiin D-PBS laUsunuiigoudnlunse A 3 gandtvin
SOF ay BO-IVC® agnailtdud1Agyvieais (p<0.01) Tuvazn linua1uuana199e3Usunufs ou

AALUIATY LNSA 3 TUAeaUTasdll 919NSA89R9aUTNn SOF waswtn BO-IVC® (Table 3)
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AT UBYINAURITLELDIRI8aUNDUTNINIFALUIAS S WU FheeusEy ExB, HB Lay B
18n3IN1550ATINgINIWGeUTEYE M ageiidediAgynieats (p<0.01) Tuwnizfigsouszes EB 3
Snsn1ssendinliunnsaiuiideussezdus (Table 2) fgaunaunsAALUIRS 1282 EXB, HB uaz B
arldFsoudauuinia 1nsa 1 luusunadiliuanenetu Tnefiseusses ExB way HB agldusunn
FigoufnuUIA3 1T 1 Innindaseusvey EB waz M egnsditudfyvneada (p < 0.01) vaufiliny
AULANA 9B NI DR ALUASY 1n3e 1 Fldandseuszes B uas EB uazlinumuuansig
yoslSinasnsauiautrss insa 2 ldanfseuiiiiszasunndnaiu uenanidmuin fgeussey M
ua EB agliUSnaifioaudnuuanss nsa 3 1nnin faseuszey ExB uaz HB eghslitudfayvneada
(p < 0.01) Inedseuszey B uaz EB aglduSunaisoudauynie nse 3 liunnenaiu wudendu

USUNUF o auinkUIAse 1N5A 3 Nlnannseausyey ExB, HB way B (Table 3)

Table 2. Effect of culture medium and embryonic stage on survival rate of cultured demi-embryo

Factor No. of No. of Total Probability of
demi- Survived survival rate Survived
embryos demi-embryo (%) demi-embryo (P;)

Culture medium

D-PBS 152 76 50.00 0.69°
SOF 154 123 79.87 0.93°
BO-IVC® 152 132 86.84 0.96°

Embryonic stage

Morula 112 66 58.93 0.80°
Farly blastocyst 80 53 66.25 0.86%°
Blastocyst 126 96 76.19 0.91°
Fxpanded blastocyst 74 62 83.78 0.94°
Hatched blastocyst 66 54 81.82 0.93°

25 Probability of survived demi-embryo within a column with different superscripts are different

(P<0.01
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Table 3. Effect of culture medium and embryonic stage on quality of demi-embryos after

culture
Factor No. of Quality of demi-embryos after Probability of demi-
demi- culture embryos quality (P;)
embryos Grade Grade Grade Grade
1 2 3 1 2 3
Culture Medium
D-PBS 152 23(15.1)  53(34.9) 76(50.0) 0.25° 044  0.45°
SOF 154 71(46.1) 52(33.8) 31(20.1) 0.70° 043  0.17°
BO-IVC® 152 91(59.9) 41(26.9) 20(13.2) 0.84° 034  0.10°
Embryonic stage
Morula 112 30 (26.8) 36(32.1) 46 (41.1)  0.42*° 044  0.39°
Early blastocyst 80 28 (35.0) 25(31.2) 27(338) 052 043 0.34%®
Blastocyst 126 53 (42.1)  43(34.1) 30(23.8) 0.62° 048 0.22
Expanded blastocyst 74 40 (54.1)  22(29.7) 12(16.2) 0.70° 042  0.15°
Hatched blastocyst 66 34 (51.5)  20(30.3) 12(18.2) 0.70° 043  0.17

ab< probability of demi-embryos quality within a column with different superscripts are different

(P<0.01)

NINATAUINTTOATINVDIRIBBUILNITUNIIINNITHAIUIVDIAIBBUIINNTAI blastocoel
cavity Funnlnlwazdanmsiu (M Teag 199019y (McEvoy and Sreenan, 1990; Chaweewan et
al,1997) mnnsAnadedl Flrdiuddninaveomisiasiiseuiitinanesnsinissendinue i
goudautends ilosanifagtuemaissisouiinsiannduesnamin dwmalfnindeaiieeud
UsyAvsammandetu lunisvanesiififelélfemadssiisoudisasusin BOVC® waromaides
F18oufinduLes ¥iin SOF §9Unfio1nsia efnseusia SOF sggniuntdiduemsdmsuly
NTEUINNTT VM wag IVC nsdnwiad ol ldianvssgndldlunind seiageudauusass nudn
Useavisnmuetemsiaeeiiseusia 2 viel iinasesnsinsseatiailiuansiety e1adunaunain
dnlsenouuazanantfmaniluewnsidesiisouis 2 eia deummnzaufunsiamnaaiy
Y0IF18OURALUIATIINNTI10TMNSLA 918 uTinaLLeev A D-PBS Aiduun SmsAnwin1siasesn
dousinuUIndsdenmsasuasnige WousnnssenddauariauinisuesiisousauUes i
Fu Tnpdrunaundnvesemsiassiosuinuy i fldiudsenevvesaisazats PBS waziasudae
FCS ooy 10-20 uazdinmsinluldiasssnseuinusndslunanseindns wu fadoula (Niemann et
al., 1986; Seike et al,, 1989; Arave et al., 1987; Lucas-Hahn and Niemann, 1991) ¢ 2 a'auaq N9

(Nagashima et al., 1989; Stein-Stefani and Holtz, 1994) hag# 19 dulLwy (Yong and Jianchen,
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1990; Chaweewan et al., 1997) 9WnsIasesnoeu wiln BOIVC® IdUSinauiseusaulsnss 1nsn 1
aund1vdia SOF uazgenineiia D-PBS Hagtuemmaldesiseusiin BOVC® Sumufouinanléifes
argaulunatvyindnd 1wy nsndndiseula (Nielsen et al, 2014) NsuanfI80URg (Olssan et al,
2021) N1SHARF 18 ULNELAaZLNE (Markle et al,, 2018; Stoltzfus et al., 2018; Monendrez-Blanco et
al, 2019) warnISNAARISaUNLY (K et al 2020) 1 udu 10970 mmmmﬁmﬁuéauﬁ'ﬁﬂmmwﬁ
anTURBUYBINTF LM EleTIE Beas oy B adudiunilsreenszuauns IVP dauemsid e
sounila SOF liUSinnuigoudauisais 1nsn 1 gandnuila D-PBS Wefinrsanduuszneuluems
Boshseusauisaian 2 vilni wud SuSunames pyruvate 7ilndidesiu (0.0033 mg/ml uas 0.0036
mg/ml) 91N31891UYB49 Takahashi and First (1992) WuU21 9191518 BaiageuTila SOF Midn1sia
lactate 3.3 mM waz pyruvate 0.3 mM aziANd AU TAS NI ULAZ T AINAROWAUINT
909828 0u Tnatanivludigousver M luvneiionnisia sesaseuvia D-PES vzl pyruvate
uay glucose tuunasndsnuliiiuiseu uindulduunaseousautnis tnsa 1 diign Tnglu
ownadisgounia D-PBS flswdy gucose fUTinafigaAuanudndulunsiauowsounasd
wnldudusunsenawadfioou lngenizalioaussey M (Takahashi and First, 1992) 21nN15AN®A
UNUEATY (metabolism) vesansreuilunnamdanu wy slucose, glutamine lag pyruvate
Tunsidssisoulasey B (Foeutul 7) Wunan 3 H1lus laefinsanantimnamssauiignlsly
(substrate consumed) waznAntuazuiansusulaeenlefisufunguaiuay nud Sn1starang
NISVNNIUTDINTEUIUNNT glycolysis VoFeel Inenuin Usinal glucose ﬁgﬂﬁﬂﬂiﬁij’ P IRNUE R
thuazufanisuaulnoenledlifiamuunnds uandvidiuin fseussey B In1suin viegndudenis
inuvestouleyl pyruvate kinase Fedamalilalanunsaiudou phosphoenolpyruvate (PEP) W
oyruvate 1@ (Rieger and Guay, 1988) §1#17u71 slucose aalafausndulunisldiduunds
wruveRsauLazisausauURds walmslrauddyfuaseeuild Suundmdsnusiay
19U lactate, pyruvate way slutamine Judu egalsAnunisidy lactate uag pyruvate Tuusune
flsangay envdsnaren1sUiudsuvesdndiu ATP do ADP meluwadgelu viliAnn1ssuds
msﬁwmﬁuaaqﬂisu'éuudqﬁtﬁﬂmau (electron transport chain, ETC) Laganm1ua1u15av89 NAD*
Tun15.U8 o lactate v u pyruvate A a8toulad lactate dehydrogenase (Quinn et al., 1973)
snmsanundstl wud emnsdegeusiia SOF fignsnssentinvesiisousnulraiiouifios
fuwda BO-VC® uansnafuludunmnmyesiisoudautanis insa 1wty SadunisBusuld
AW lactate waz pyruvate Tuomnsideefageuniia SOF wanzausenisiaildidsiaseu
FauUanss dmsumsdiy slutamine agnsfildnanadnedi olutamine Wuuvamemdulunssuiuns

[

wunvoddureshseulule wasduduamsiwiuiivionssduniadgindnaiasud (ebs cycle) ilaliils
WaIUUNIwaaF8eU (Rieger and Guay, 1988) Lagn1sii amino acid wila BME way MEM Hausae
Tunswauuasi usuuad ve s ousEey M uay B (Takahashi and First, 1992) uana1ninns
@31 BSA fidauraglunswaiuivesiigeu iliwaaveswiseuganziulaf wasiidiugledeiu

ansiwandusenevluinendesinesy wseasnnseiunssyAulnveiigau (Kane, 1987) wag
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dhendushseuniin SOF dnmsiady EGF adhuenslungu polypeptide fawtglunmsiiivdnuead
(cell proliferation) ¥83fi788UlA 9INNITANYIVOY Mtango et al. (2002) fivhnsfnenaves growth
hormone (GH) wa EGF lumskdndseula nuin fimafiuduawvenvadiseuszey B lungu GH
uaz EGF ilaiSeudisuiungudug s GH wag EGF Ssanunsaimuiamnndiseunazdnasonis
Faviasiigatude wagdsdisnenuatiuayuii EGF dwasomatiusiuiuiigeu svoy B (Zahmatkesh
et al., 2013; Sirisathien and Brackette, 2003) lag# 15U (receptor) U939 EGF %aq'ﬁl cumulus-
oocyte complexs (COCs) hagf18 8UNNIEUEIUN 1588y B (Lanergan et al, 1996) uag EGF &4dl
Uselomilunsannnizinienoondindy (oxidative stress) MAnanamiliiaunaszninseyyadass
(Kurzawa et al., 2004) dssalviansitugnssy (DNA) Wsfiu uazansdug gnvhanauassihliiAnnisnne
ya9ad (apoptosis) Fgeuls sy EGF Sellrnuddsenisdunszyt DNA sulludenisdaaszed
Wshufidamasenisiasaiiulnveasad (Carpenter and Cohen, 1990) uagnuin nsifid EGF sauffu
hyaluronic acid (HA) ansagaglviinisiaunvesifgauaslelanaraduvedleloledlvauysal
warau15a97glunITHRIUNVBIRIBaULATES YUY B Lﬁuqﬁu (Rios et al,, 2014) LaTeVNIIAENFs ey
%iln BO-IVC®, SOF wag D-PBS ilnaseusunusngeusauienss tnse 2 ladunnsneiu LAYDIMNSIAEN
#oeu ¥ia D-PBS liUsumfseudauunis 1nsn 3 genan osiaudeusia SOF uag BO-IVC
Pnmsenvdiulddnemadssiiseusida D-PBS envvsiiansensivanzausoniswauives
Frseuiaulinds eseemsiassiiseu viin D-PBS Sdrunauves glucose 1 mg/ml #IBLABULYIN
0.56 mM @eiimnudusunsesiowadieeu Ssdmariliensinssendinvesiseusinuyndsegly
sefue anauvdelfios fovay 50 wazldiuSuanuAMEIseURALUIATY LNTA 3 ganinAgou
sverdu uavemnadssfiseusiln SOF uaz BO-VC finarenmunniiseudauinis 1nsn 3

Talunnenanu

Y

1geusYEY EXB, HB Waw B 18n31N1350nT3ngen11iaausyer M og1397aiau wliiinin
WANANAUFBUIEYE EB @0nAadnun13An®198s Chaweewan et al. (1997) lavinn1s@nw1snsn
M350ATINVOIFBaULNESALUIASY WUT 2 EXB way HB 199511350 INGINIFISRUARKUS
a3afildandaseuszrdu wagioousrey M fdanmssendiniisfian wagliaunsoiaunoud
aunmiiAldluemnsidssiiseuniin D-PBS uaznuin frgeuszey M SaumuniusenIsiauynds
181id dnsaqdewadunnnin uaslimsanizdussminawadiveeninfieousyoy BB uay HB
suiuN1TBaNIzYeRTadfeliLLY 8199 dNaTIIanUIEEVBATWNTUUEENT0IMS dNSLAdlTEing
\wadAoM IRV auTigninuy i suardsarednyInssendintinn Faunns1aaInTeauYes
McEvoy and Sreenan (1990) lévinsaneiluiseulasauinds fuasuansluommsidosiisoud
wanAnsIInMsAnwASel uarszernafildidsnsousnuunie uiu 48 Falus linumuuanng
YDIONIINTIOATINTTNINFIBOUTZEE M waz B agrslsianu dnenuaduayuin msthdseusses
yheeesmaiannnoulimsileiandaudands asviliuszauanudisaganitnsdautaed siseui
asﬂjizazmsﬁwmﬁsﬁ"m'jfl (Nowshari and Holtz,, 1993) uagfiasouszey HB fsuiuwadfivuinan

gawuuuILIIN NutenMIgnanLUirsalafnifiigeusserduY (Tsunoda et al.,1985)

188
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f18ouszey ExB, HB uay B laUSuuf0 susawy 905 9 1nse 19031 Aeousrey M
uazigouszey ExB way HB lsuSmnaiseusinuyands 1nsn 1 ganindideuszes EB fiaenndesfiu
5769711989 Nagashima et al. (1989) Wu31 §180usze B @ 1U150REARI8ouAALUIATY 197 1
ls’fmmdwmsmﬁ'uﬂ 1NN15518971UVBY Chaweewan et al. (1997) WU fedUseY ExB, HB Lag B
Wumseuiiianmsgsniwiseuszes M duiunszuiumsidsuasguinauaswig (differentiate)
vongadasmsnud demavinliidneninluniswaungs uasdeousvey M ldansaiaunoud

v 1

AN INNA LA LUDIMSEEIFIBOU KAZIINTIBINUVBI Shelton (1992) WUl AgaufinLUIATINARIN

1w 1

o a aa P P v A W v Y] A a
Aigoustey B fin1ssendinginitdigeussey M anteyadnadull aunsaduduladn drgeund
v QA‘ 1 a o o’d' 1 = = (v [l 1 [~ 1 o ) FZTY
WAILINS2eeNgendt d9uiueadiuinnd Insdanegiuudundn Wudiddgyililausunu
Aigousinuuiasmduiesluamsiassiigey dnmuinsuasiaunIng (Udy 1987; Losskutoff et
al, 1993) fegauszey B uay EB laUSunausoudnuuns 1nsn 1 liuansdaiy uagdigeunnssey
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Enhancement of embryo transfer efficiency using GnRH in Hybrid Brahman cows
on smallholder farms
Thiwakon Donsing” Bancha Suebsima® Narongkorn Kasemsuk

Nopparat Boonchoosai"

Abstract

The objective of this experiment was to study the Enhancement of embryo transfer
efficiency using GnRH in Hybrid Brahman cows on smallholder farms. This study was conducted
in Ubon Ratchathani and Sisaket provinces, 3 farms, each farm has 24 cows for a total of 72
recipient cows, were embryo transfer to the cows 7 days after estrus. (Period October 2019
and March 2020) The experiments were divided into 3 groups such as 1.Control group without
GnRH injections. 2. The group GnRH injection on the day of estrus. 3.The group GnRH injection
on the day of estrus and on the 5 day after estrus. In a randomized complete block design.
Pregnancy examination by ultrasound 45 days after embryo transfer. The results showed that,
cows injected with GnRH in groups 2 and 3 had Grade A CL higher than group 1 non-inject
66.67%(16/24 ), 54.17%(13/24), and 20.83%(5/24), respectively. (P<0.05) The pregnancy rate of
all 3 groups of cows, found that group 2 was higher than group 1 and 3 33.33% (8/24), 16.67%
(4/24), and 16.67% (4/24) respectively. There were not significantly. (P>0.05) It could be
concluded that, GnRH injection on the day of estrus was able to stimulate accessory CL

function by inducing CL bigger but had no effect on the pregnancy rate.

Keywords: Embryo transfer, Hybrid Brahman cows, Smallholder farms, GnRH

Registered No : 64(2)-0208-130
Y Ubon Ratchathani Artificial Insemination and Biotechnology Research Center, Muang, Ubon
Ratchathani.

% Ubon Ratchathani Livestock Research and Breeding Center, Muang, Ubon Ratchathani.
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Table 2 CL grade of 3 groups in 72 cows.

Group 1 Group 2 Group 3
Parameter P-value
No. Percent No. Percent No. Percent
Estrus recipient 24 100 24 100 24 100
Recipient with CL grade A 5 20.83 16 66.67 13 54.17 0.001
Recipient with CL grade B 12 50 8 33.33 11 45.83 0.001
Recipient with CL grade C 7 29.17 - - - - -

anmsaneluadsil nansveass wa 3 NANNAG3 ﬂajwmaaqﬁ 2 uaz3 WU CL 1nsA A Lag
B ladl CL nsm C daundumaaaﬁ' 1 WU CL thse AB waz C wagnwuan 971931 CL 1A A wag B
11NN NTA C d0ARADIAUTIBIIUVBS Tormnomi et al(2017) 5189143101518 GnRH TwSuil 5 nds
nsifudnlulauy Yaeviliny CL Sanuauysel Fadu cLnsa A TwSusndseu wasGnRH 63
Paoiiunslnaiswdonlu CL nszduliiAn Accessory Corpora Lutea il 891 93ndngos Lau
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MUy Beialaluananatumsans (P >0.05) (Table 3)

Table 3 Pregnancy rate of Embryo Transfer in cattle

Group 1 Group 2 Group 3
Parameters P-value
No. Percent No. Percent No. Percent

Transfers recipient 24 100 24 100 24 100
Pregnancy recipient a4 16.67 8 33.33 4 16.67 0.276

- Pregnancy of
recipient with CL 1 25 a4 50 2 50 0.368
grade A

- Pregnancy of
recipient with CL 2 50 4 50 2 50 0.607
grade B

- Pregnancy of
recipient with CL 1 25 - - - - -

grade C

dlofinnsandnnsseiaslunnsinues CL 1n3a A, B way C nuinsnannsseriaaannnisle
go9luu GnRH lufuidudn SuulduiniinislildeesTuy GnRH waznsldeasluu GnRH luiud
Wudanaztud 5 ndan1sifudn Aaliu 33.33%, 16.67% war16.67% a1ua1su ludiunanis
T¥godluu GnRH lusufiiludauazuit 5 tu ndunuidnsinmsaaosiaunitnisideodluy GnRH

wissasufedluduniduda anvmeoradewiannsldessluudiuiuaninsiwenaindwans
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ANUdAauYee CL udddwmallutagniasAanasuTunaunnidesainnisnevaussnniiuly

F95UNIUNSHFBaeY T5189U3N5easluy GnRH Tuiufl 5 TuazdinaffadnsIN1sRINed

77
Y [y 1w 1

mwé’amﬂmsmﬂﬁ”;a'au‘w'%alaiuu?ﬁuﬂmwmaauﬁié’f@&ﬂmwﬂmﬁaEJ (Alvarogarcia et al., 2020)
wannG fiseeuinnislideaslay GnRH lussdu 10 pe. lusuit 7 ndadudafiudasnmssaiouas
ann15A1eva9n18aulusEasusnaNNISHInAI8aule (Abdulkareem et al., 2019) @pnAd®IAU
sre91un151dg0slau GnRH Tulauy Tudufl 5 way 12 wdanisnauiioy FrefuseAusesluy
Progesterone LasinsnsInsHavies (Karimi et al, 2007) agdlsAnusnsinissariasainnisée
dnfseululadelnsamzlusedunnsuneasnssotdey Suldaseduinuidomatstads wu
ANELAAVDIBINNT szuumsasansdans anmgienia wadalun1suiRam mswieuaiy

nioulafisunouwanasInAIgou (ReRauw Lagnauay, 2563)

dyunan1Innaay

nsangasluu GnRH Tiduwilailenugusmidugnuanluiundudawaznisde 2 asdluiud

Y
Judndulswaziun 5 mendsnsiludaaunsansedunisiimuives CL IMTu CL auysaluwin
Tugflausliausaiuusgdnsninnisd aesliduuulad owus usvidug nualuszdu

WSuLnunInNS e
} 74
YLEUDLUY

= L ) P ~ A o~ a
Wasantusknsunsnaasailidun1saawladaInnishs GnRH Ua9n1sHaufiey tietAguLAes
TUsunsunIsEneendgau ann1snaasdluasatauisaldidutuinis@neluswnsunisuindlioauy

Tkl SUTD LN ERNSNSHINLLRY LietUssanSnnwazwianzaunulatulssmalne aald

AnRNssUUsZAA

Ya o v =

AMEN ATUUBUBUNTEA UNUFAILNNG DUUN LN DIFULNEE K OI1UIINISAUL IV

Y 9 Y Y

fa o o

wAlulag PN nnsEnerniigaukagaRaUNLS LasweAsTy AYEY HE1WIEN15AUEITUWA £U3

Y Y

WugdniguaTvsn Natuayumsaiiuaudinvnisuasniinausun1sveaudItensHauiey

fa o o v (%

waznalulad¥inmguasiusid wazAudIdeuasinsaiugdniauasivsid dwalin1sfnuinsadl

o =3 Yy =
dusalargd
}74 a
LONEITD19D9
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Canine DNA Fingerprint Analysis: A Forensic Case Study.
Saijai Cheunsuk
Abstract

The aim of this article was to report the technique of DNA fingerprint analysis in canine
which was involved in a suspected case of animal cruelty in Sa Kaeo Province. Police officer
was notified that plaintiff’ s was killed. Upon the officer’s investigation, several evidences from
the crime scene were collected including a kitchen knife, 2 suspect’ s shorts, dog’s hair, blood-
like stain swab, killed dog’s tissue and blood and delivered to the Animal molecular laboratory
of Bureau of Biotechnology in Livestock Production, Department of Livestock Development in
order to perform DNA analysis. DNA Fingerprinting technique had been used to identify
individual identity of the animal. However, only DNA from the knife could be extracted as well
as from the blood and tissue. The results showed that the DNA recovered from the knife had
the same pattern of fingerprinting as those from the dead dog’s tissue and blood. In conclusion,
DNA analysis technique could be used to unravel the case of animal forensic science enhancing

law enforcement.

Keywords: animal cruelty, animal forensics, evidence, DNA fingerprint, dog
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1. davanouva 8%e RHINO s13vua 1 Wa (Andnduiialdunsgiie) $1uau 1 @y
uazgomanadnldduvugiuinuluiiAamg (A)

2. mansawadudinavesiiosasdedaldlutuwasnafifoms fadensiy
\NeawiaRnag 311w 1 63 (B)

3. mansdudsieesystesasdedoglutiuuuniomg S 16 ©)

4. fhetnslsidddmiuyhanuazen Aldyuiivianinduasiuidendeguulfizyu
elunTivesdrasasdy 31 1 §u (D)

5. fhedssuidedldanenat S 1 3u €)

6. fegadenntiainginatia 31w 1 9 (F)
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QU LERNIEERE PRI EIGITG

fheghadeauasiuiilevesgliuiignaingmitanadn genomic DNA feyaarda DNA d15a5U
(QIAGEN Genomics DNA Extraction Kit, QIAGEN. Germany) ¥11n1157AUTULAYANUUTENS VD4
DNA T#iidn OD 1260/280 5¥1314 1.6-1.8 #78 Microvolume Spectrophotometer (Nanodrop,

DeNovix. USA) sieg e snuagnifiuliluaisazane TE buffer igaumngd -20°C aun31999n

I

n1svedeu MelinIeudieg1efoueauANdIwIL 1 dreganidenvesguiudid uiiannaieis
WAy
Meg1saningneuduianualiun Sauatswran n1unveEfedads dieg1sddnyy
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Uanlsl (swab) guansazane Tris EDTA (TE buffer) Whidendy ausialufinfoualasiiug
Tuvinafidusessevedlufiauasdiuiin antduuddddinanadluaisazats Tris EDTA fistufu
ewthunadn Mdule wudsiiudedslidddmivianuazeindldyuiivuinuiaiaia
Hunsruiden dmsunansesifesasdeinuasuadenstuidondsinisinamzuiinuauiie
nsslns thaswdluansazane Tris EDTA fedufudewiunadaiidue dmuduruinuluiiiiamg
dhanatamSueseda Salting off thansavaneTris EDTA fidinegednufuimunuiain genomic

DNA ¢gtaaiin DNA ddaguuasinusunamduemeiztidu (U 2)

-3y ! a @ v = o U VY [
U 2. WAAINISNUAIDENALOULDAININNEIU (A): UANIATT; (B): NN madases; (C): n1ainayns

ARG

ASRNaNgNUNADULD

o w 1

mmamaﬁl,é‘ul,aﬁgwmmﬁmﬁﬁ%m Multiplex PCR fagyansiadaualefiuimdued sy
ijf‘ll (StockMarks® for Canine Genotyping Kit, Applied Biosystems™. UK) fiusznoudelnswesind
wQaaLiaL%uﬁﬁﬁTﬂL‘W']wiaLﬂ%‘aqmmﬂﬂﬁLﬁuLaqﬂmﬁ?ﬁu’;u 10 s bewA PEZ1, FHC2054, FHC2010,
PEZ5, PEZ20, PEZ12, PEZ3, PEZ6, PEZS, way FHC2079 ﬂvﬂﬁy StockMarks PCR buffer 1.5 pl;
Amplification primer mix 2.75 pl.; 5 U/ul AmpliTag Gold DNA polymerase 0.25 pl; 1.25 mM
dNTPs 2.0 ul,; distilled water; USu1015521 7 Pl wag PCR condition Ao pre-denaturation 95°C
WU 2 W M8 denaturation 95°C WU 45 U9 annealing 62°C WU 60 AUNTILaY extension
72°C W 45 Fundl S1uau 40 50U waz 72°C W 10 Wil thiegsianaaniissiuuananan
fiFen3iaeunI e Automated Genetic Analyzer, ABI 3500 waziasziiUssuiisuanefuimduie

AelUsunTy Gene Mapper
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fann (luansdoya) Werhduediataldaningneiu Eavasuvay fegstuiilouazdonat
fine) wazdieg1udonguai ldidudimuauundaiateRuidduies1835 Multiplex PCR

FENINTINATEMUBADUEYTA microsatellite F1UU 10 fumia lenanugud 3

— ’J_‘?:’ ———— """“IL‘J“'“’IT"*

3U 3.: u@n Electrophelogram ¥83vu1m microsatellite TULAAYAILNYII89LA5 BIUUNBALE ULE
71U 10 fMunteRInegs (1denvesgiiuaiuay; (2) dnvatsuvay; (3): \enaiviinig;

(4): Builogriuang

:J’ ) dl' a < 1 LY ] a I a a ¥
NUUUIVUIAVD AT BIVUYA LD ULDVDILABEFH 9L 19UIILATIEUS sUL N UA 8L UTHASTY
Gene Mapper wlﬁmmmmmuﬂum‘”’;Lawuqﬂﬁ 410U LA ATAILAUIBIVLATLANA 191U
(heterozygous) #3811 (homozygous) MUFNwMEAn1eNensInNBws Tunstidnuinfdule
Ay v ~ < & o a a o a a0 a a
Alaandavateunay YuiiieanaiauaiewaziiendinguaineliA1vu1nvens eamuneyiln
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Primer l4waaey (Canine Kit)

DNA

PEZ1

FHC2054

FHC2010

PEZS

PEZ20

PEZ12

PEZ3

PEZ6

PEZ8

FHC2079

iy

UNO12

FAOTL 62

11492 123,08

150.99 163.50

22818 23607

10285 11099

179,74 16384

268.06 26804

12425 12143

183.04 186.89

2741 24564

2362 21362

- | v
fudgnnengly

[N016.2

FAO 62

114.80 12299

15099 16351

20815 236.15

10273 11087

179.79 18389

268.08 268.08

124.47 121.24

182.98 186.85

23749 2563

213,56 273.56

gty

UNO17.1

FANS9 62

114.78 12290

15099 163.40

20816 236.03

10275 11082

17964 18377

268.13 268.13

12420 12130

18297 186.75

2749 245710

21355 21355

ongimuA

cld116l

FADG2-069

119.07 12315

15086 171,70

23215 33215

102.96 102.96

17216 17970

26050 29687

115.13 121.

2

180.27 186.83

2931 23748

20365 21365

5U 4. ULAAIUWINYRIA3 DINLNERLO WA microsatellite 19 10 dunidludieg1singneiuia

Uameuvau Juillsuazifengtiuiiniguaziieninnativniugy

a f @ . . @ [ 9 lv o 6 A [ =l 1%
ANYNUNALDULD (DNA ﬁngerprlnt) Lﬂuaﬂ‘lﬂﬂw%’NWUﬁqﬂiiﬁJLQW']BSU’ENLLG]G]’MGI’J fnann1seeld

a a a 1 o A [ v 6 1 a 4 wa %
WATBINUNEALEULD (DNA marker) “UENLma%ﬁnLLMUQW@WQﬂUiUﬁW?LLG\ﬁ%?IU@ Ima%@mauumaﬁm

o aa = ) o w a & aa ! a4 a
W'Uﬁqﬂi'ﬁll'ﬂllﬂ']'iLiEJQG]’JSUE]Qa']@ULU?‘SUE]Qﬂ']EJ@LE]ULE] (DNA sequence) NUAITULEANRNIINRIBUVUIN
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=2

AupNAnsiudainannisgduduynquesaiduiug (Variation Number of Tandem Repeat;

a

VNTR) Tnednuaugfiisiunmuad 2 - 6 wa uazsoileslsiAu 100 asa §90i3n 91 short tandem
repeat (STR) w38 microsatellites iniduyasadaiiuansneiu anunsasienenannwousiganlem
NINVBAUUAA I UENAMUT NIV ITRaNwAIUAAA NI BRIFATL (Cunningham and Meghen,
2001) 1BmAdAnTRNvEETudILABueBURATE1 multiplex PCR Tagldlnsiwesiidinnsind
WgealsaLyud Al T udumsuevuasien iy Uszneuduguuuuaneiuifduenans  suuuy
annsadinldssyiendnvaianei Tnefiduuedommnefiduedmiumanseasiuifdue
Tudndaeiidmnunnndsfuniuuinsgiuanai WHO wag The International Society for Animal
Genetics (ISAG) 11n155U583 (FAO Animal Production and Health guidelines, 2011) n15M513a1
fuafuegnihuldlununsd@inermanslasianizegied duaievgnssulunuuazaiuisn

I dunangiudsznounisiiansanadlaasuadan. 1985 lay Jeffreys wazame tagldndnn1snsig
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v IS
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ﬁquLLmﬂﬁﬁgUﬂ (Padar et al., 2001)
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Performance Evaluation of Tropical Holstein Dairy Bulls

Pattarapol Sumreddee! Roengwut Worawut”

Abstract

This study aimed at evaluating performance on growth, body measurements and
testicular size of performance-tested Tropical Holstein dairy bulls and comparing their
performances between bulls with different origins of sires (domestic vs. foreign sires). Data sets
were obtained from performance-tested Tropical Holstein dairy bulls recorded during April
2004 to December 2020. Monthly performance data from 1 to 18-month-old bulls was
consisted of 3 trait groups, namely, growth (378 bulls), body measurements (376 bulls), and
testicular size (355 bulls). A performance evaluation of Tropical Holstein bulls were based on
a group of bulls with domestic sires. Linear mixed model was used to investigate the effects
of sire origin on bull’s performance and results were reported using least-squares (LS) means.
Results showed that foreign sire bull group had slightly greater LS means than that of domestic
sire group for on-test weight (71.06 vs 65.84 kg), 12-month hip height (127.99 vs 125.65 cm),
body length at 4 month (87.63 vs 85.06 cm) and 18 months of age (134.84 vs 131.23 cm) (p-
value<0.05). Nevertheless, most of performance (31 traits) did not differ between groups. There
were very low to high positive correlations among growth (r = 0.23 to 0.98), body
measurements (r = 0.23 to 0.82), and testicular size traits (r = 0.15 to 0.90) (p-value<0.05). The
performance means of body weight, height, heart girth, body length, and scrotal circumference
of 12-month-old Tropical Holstein dairy bulls were 329.3+55.5 kg, 128.0+6.4 cm, 159.1+8.0
cm, 121.748.4 cm and 31.1+2.7 cm, respectively. An average dairy gain from on-test to 1-year-
old was 0.857+0.180 kg/day. In conclusion, dairy bulls with domestic sires (sires that were born
and raised in Thailand) had similar performance to those with foreign sires. Performance on
growth, body measurements and testicular size from pre-weaning period to puberty of Tropical
Holstein dairy bulls can be used as performance standards of the breed. Furthermore,
information on performance traits can be used for selection and assessment of artificial

insemination bull’s readiness.

Keywords: growth, body measurements, testicular size, dairy bulls, correlations

Registered No: 64(2)-0108-170
Y Nakhon Ratchasima Artificial Insemination and Biotechnology Research Center, Muang, Nakhon
Ratchasima

% Saraburi Artificial Insemination and Biotechnology Research Center, Kaeng Khoi, Saraburi
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Table 1. Number of bulls and records for growth, body measurements, and testicular size of

performance-tested dairy bulls recorded up to 18 months of age

No. of records per bull

Trait group No. of bulls  No. of records
Mean (SD) Min  Max
Growth 378 4,719 12.5(4.2) 2 18
Body measurements 376 4,592 12.2 (4.2) 2 18

Testicular size 355 3,926 11.1 (3.3) 2 16
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Figure 1. Number of records (A) and bulls (B) across birth years by sire origin of performance-
tested dairy bulls (based on weight dataset). Domestic and foreign sires represent group of

bulls with domestic and foreign sires, respectively.
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Tdlumaigadunas (Linear mixed model, LMM) TumsiiasigvdayatiioUszunafiauls

= a

Ao Bnsnavestiuniiiavenavaslafinaaeu (sire origin) AiATendeyaneniiazdnuuy (univariate

[

analysis) lngldlunaluguuuureuuning fail

y=Xb+Zu+e (1)

2

s

e y AolAmesundAding (observations) @S UANEAZNITATYLAULR YUINTNNIY LAZVUIN

(% =

Mg NUUIRNYIRIETUNY, b Aenaesvosdninavestadunsil (fixed effect) u AoliAnes
194875 nad (random effect) e ApLIALABT YBIAINLAAIALAG DU (residuals) X Lag Z g
incidence matrices 7143 oxlosAndunnuazdninaiinanundedu dvdnanfiildlulung 1aun
AnadeUszng (overall mean, W) sire origin (domestic Wag foreign sires) Faduedeiiauladne
AauUs393 (covariate) vosszAvALADA HF (%) LLazmqﬁﬁwmii’mmé’qmm (age at measuring,

a 1

days) (#nL3UN1534AT129 ADG) BnSwaguildluluwa laun YiAnvesdnd (year of birth, ys) 13

Ly

muuplidiiadutadeguilosindivaungu/au (levels) f9mwnuunn Tuvdnuinduidaneiu

oo,

va v

fifiganguiied (partially nested) wagtiiinlallydadenaula (nuisance parameter) s3uMsAnEyIdy

oJe‘QAIQ ]

peansunanlalldiudainialuloug venmileanniluteya awmumslddadevesdnsnady
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Aanadsdianuwingay lumsfineleswiu wudganafinvesdnd (Gou du wagnund) llisnswa
AoNnanuud Anwl (pvalue >0.05) FeluldUadeasnardluluna iesarnnisnandiudu
asrUsEnounanvasnsasslauniugnselaealaadalni n1slidadunmvesseduaneidon HF 34

TguszasdiieUTuaUwANTIANAINBVENavesaeiug (breed effect) (Buaban et al., 2021)

wanandl 1oluma LMM Tunsimsigsideuanidy longitudinal data laun Wdrminga vuin

Y

$19M8 wazvwndny Jalaudazdideyatuiingminnimisen (repeated measurements)
Tunaildmilousufingmndreduluaunisd (1) sniu iudvsnansfivesiulsiuidsaesas
mql,ﬁa’?mmé’uﬂm (a quadratic term for age at measuring) Wazfivualiensnavewiila (a) \Ju
Hadvgudnuiadade 1l esanardaunei Tuiinainlausazdaliddanududaszaeiu (non-

independent records) Ingansnavesiiladousgn1elatiinvesdnd (animals nested within birth

Y

years) anaunsaieulualugluuuvesuuninglanadl
y=Xb+Zu+Wa+ e 2)

\la W fa incidence matrix Ni@enndesiudvisnaguuasila dwudyanvaldus) wilounuiilanand
TERRRN!

Tdluma LMM Jnsevdeyaiiavdnuagauaunisi (1) uag (2) melT Restricted maximum
likelihood (REML) Yagls (med package (Bates et al., 2015) Tuluswnsy R (R Core Team, 2020)

NAADUAIILUANANNVDIA AR TEMINNGNAILATH F (F-statistic) S1891uBnSnavesduiilnvane

lusUuuureenad ey least squares means (LS means) USUA1 p-values #3835 Tukey (Tukey

'
o w aaa

adjusted p-values) MuupAtyEIAYNsaaANIZAu 0.05 (a=0.05)

2) A5 HATILHARTUNUS

'
=< a [J a

Iaszranduiusseninvanssan mvesdnuarsngIInteyanmun (ldadsdsiunig
o) Ingld Pearson’s correlation coefficients LaMAMUFURUSITAFUTENINANTIONINGI 3 AU
F1ENUNATFURUUVBILHUNNENFUTUS (correlogram) BsdnuUanguiaziTesddumuduiusam

a o v s . . . r.ﬂ' Yo 1
YUIALALTAN19VBIANFUWUS (hierarchical clustering order) tiialvidtgsan1sseysUwuULAL

'
saa v o W

1AT9E519T09ANNFLRUS SeuanIzAanduN st Ayn1eata (p-value <0.05)

3) N15USHUTUANTIANINA IEADATINTSUYT

'
J o 1

nsiaszideyalagldatfidanssaun (Anade Fian A1EdEn way SD) Yesanumuemneg

9 Y 9

wielhlar1unsgiuunfvesiauunselrealaadlniinanasnyisorgnisnaaey tngldlangy
domestic sire {usunuvadlauniuinseUnealgadlainuinanuiudadiediu

N1353ANTSTLA NMTIATILAARATINTTAUWT NFIATIwRanduius nMsleseiluma LMM

NIINAADUANARINE) LAZAITATIUNUNIN awé’f&ﬂﬂmmsmmqaaaﬁwL%'g‘d R (R Core Team, 2020)
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NANINAABILAZ T
BNTWAVIDUNLUANDFADNITIIYLAULN VUINTINNY LAZVUINDEUNE

Svsnavesduiiiavemionednumznisadaiuln vuas19ne warauaSnmevaslau
wadfidneaeuaussanin Tuieay 35 A grieneidslunadadunay uansHafiea LS
means ¥84lANg1 domestic sire Way foreign sire HaN1SANWINUIN Tiflgsuradnuazinuay
WANA195ENINNLAABINGN (p-value<0.05) lagaussannaunsasaiiule nudnlauunelungy
foreign sire fiA1LaA889 WT-on-test (71.06 ke) wnnIlANGY domestic sire (65.84 kg) waliiny
mmLLmﬂGiwuaqﬁ;mﬂ’ﬂﬁaﬁmqﬁlm (WWT, YWT wag WT-18m) hag ADG (ADG-wean-12m, ADG-
on-12m, uag ADG-on-18m) (Table 2) dwiuanuazauIns1NN1eg wuitlangu foreign sire 31 height
flo1g 12 \feu (127.99 cm) wnndalangs domestic sire (125.65 cm) uawil body length a7y 4
e (87.63 cm) uay 18 LAiow (134.84 cm) 813n311ANAY domestic sire (85.06 Uay 131.23 cm
L) wlaimuALANANaYeY heart girth MntagengfiAin (Table 3) uonand luiwudndna
vesduilavewioNildednuurvuinsumsnndnwauyluyniaseyidne (eng 4, 6, 12 uay 18

WMDY 593 16 anwaL) (p-value>0.05, nMANwWIN Table S1)

Table 2. Effects of sire origin on growth traits in performance-tested dairy bulls

Sire origin 2
Trait ! No. of bulls p-value
Domestic Foreign
WT-on-test, kg 321 65.84 (1.69) 71.06 (2.27) 0.034
WWT, kg 318 112.12 (2.35) 112.14 (3.01) 0.994
YWT, kg 310 311.69 (11.38) 312.96 (12.09) 0.861
WT-18m, kg 90 447.31 (21.22) 458.42 (21.80) 0.406
ADG-wean-12m, kg/day 212 0.837 (0.038) 0.820 (0.042) 0.545
ADG-on-12m, ke/day 261 0.797 (0.040) 0.803 (0.043) 0.800
ADG-on-18m, ke/day 78 0.787 (0.046) 0.810 (0.048) 0.401

" WT-on-test = weight at start of the test; WWT=weaning weight (4-month weight); YWT = yearling weight
(12-month weight), WT-18m=18-month weight; ADG-wean-12m=average dairy gain from weaning to
yearling; ADG-on-12m=average dairy gain from on-test to 12-month; ADG-on-18m=average dairy gain from
on-test to 18-month

? Least squares means (SE)

lagA nsIniad aussaninaulng (31 dnwae) vadlaniasingy lifinuwanm19iunIg
adld (p-value>0.05) M9l AUUANAIITENINLAABINGUAMTUSNBUE 4 anysT199 Y TLieq

WAnTes (AauU 1.9 49 3.0% d1nSUSNHULIUINTINIY Lag 7.9% d1SU WT-on-test) 399130817



Journal of Biotechnology in Livestock Production

Ierdlausnag Avaiialudssina (Anandiievesisiuginauingludseina) Jaussanmn

6

Tneswlduansnsanlanguininainuidenenugiindunansisdszme Wuiindunnin win

MNI15UIINANRAY (arithmetic means) VBIRNYULANTTANNYNANULNANY WUILALNARNEY

domestic sire fifadsgeninlanay foreign sire (laluaniua)

Table 3. Effects of sire origin on body measurements in performance-tested dairy bulls

Sire origin ?
Trait ! No. of bulls p-value
Domestic Foreign
4-mon Heart girth, cm 312 106.79 (1.05) 109.14 (1.32) 0.073
6-mon Heart girth, cm 313 121.55 (1.15) 122.73 (1.36) 0.330
12-mon Heart girth, cm 298 157.65 (1.43) 159.52 (1.61) 0.164
18-mon Heart girth, cm 86 179.64 (2.10) 182.30 (2.15) 0.191
4-mon Height, cm 312 97.14 (1.08) 98.08 (1.23) 0.329
6-mon Height, cm 313 105.91 (1.39) 107.36 (1.50) 0.129
12-mon Height, cm 298 125.65 (1.53) 127.99 (1.61) 0.011
18-mon Height, cm 86 135.76 (1.63) 137.89 (1.67) 0.150
4-mon Length, cm 312 85.06 (1.47) 87.63 (1.63) 0.028
6-mon Length, cm 313 96.05 (1.45) 96.98 (1.57) 0.365
12-mon Length, cm 298 119.53 (1.77) 119.83 (1.87) 0.781
18-mon Length, cm 86 131.23(2.12) 134.84 (2.17) 0.035

! Body sizes (heart girth, height, body length) measured at 4 months (4-mon), 6 months (6-mon), 12
months (12-mon), and 18 months (18-mon) of age

? Least squares means (SE)

WoTAT1evidninavesduniilnvesnadednuuraussanImie 3 a1y meteyaduiinid

') oA . . = & v Ao o= © v a ' oA
anwagselilas (longitudinal data) Fududeyanduiingrluladifiunasayisnsnaaey wuin au

aa

Aiinvesnolufidnsnasaumindl uazsauindumennanvus wildnSnanavuing1aniy (height

waz body length, p-value <0.05) ¥nitIu heart girth (Table 4) %aimwmﬂuﬂeju foreign sire 4A1Y

a

gawazaueda i laewdsninnittangula domestic sire lieadintes @Aadudszana 1.7 - 2%

v

vesAnadBveslangy domestic sire) ANMMUIBAIINGILALAINLNE1IEIF (predicted height and
bodly length) raaatiasergRaus 1 89 18 1iou veslauumadisassnguifaudianasstugn
Auaseinnends Taglinaannsieseilunaluaunisi 2 (Figure 2) TnsAvihuneueinimgs
yaalAngy domestic sire ﬁawq 6, 12 uay 18 1oy whiu 103.6, 124.6 uay 136.7 cm, ANEIRU 9

A1NI1Ngu foreign sire 1@nWer (106.1, 127.1 waz 139.2 cm, aua1div) lngrasinanasnadesiu
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AUAYIUIEANULNIEIRT NDT8WEITU (6, 12 way 18 Liow) Falangu domestic sire (93.9, 118.5
war 133.4 cm, a1uaIau) dardaduninlangy foreign sire (95.7, 120.3 wag 135.2 cm, ALE16U)
Wendndes azdunaladn anuuanasvesdviueninaiiiissdndesdelafiongiies uwazaiu

wansnsazLitladaIuLN BT NNENNNTY

Table 4. Effects of sire origin on growth, body measurements, and testicular size in

performance-tested dairy bulls, analyzed using longitudinal data

No. of Sire origin 2
Trait ! p-value
records Domestic Foreign
Weight, ke 4,719 223.6 (7.0) 230.0 (7.5) 0.177
Heart girth, cm 4,592 139.2 (1.1) 140.8 (1.2) 0.127
Height, cm 4,592 115.9 (1.3) 118.3 (1.3) <0.001
Body length, cm 4,592 108.2 (1.6) 110.0 (1.7) 0.023
Scrotal circumference, cm 3,926 26.0 (0.4) 26.0 (0.4) 0.970
Testicular width, cm 3,926 4.85 (0.08) 4.86 (0.09) 0.909
Testicular depth, cm 3,926 4.65 (0.07) 4.59 (0.08) 0.437
Testicular length, cm 3,926 9.52(0.10) 9.56 (0.13) 0.723

! Testicular widths, depths, and lengths represented by mean of left and right testes

? Least squares means (SE)

A o p-value<0.001 | B .0
1401 = domestic : L=
- - foreign ! g
£ 1 :
o 1 = 1204
- ! (@]
= 120 : [
[} 1 k5
(3] : >
L T 100+
° ‘ S
L 100; s
(@] : e
o 3 L
[() ; O 80
st ; S
o | o
80 1 &
60 ‘
O O O O O 0O O O O © O O 6 0 6 0 o6 0 o o o o
D O b O b iy D O m O b O b o b o b o b
- - & d O F < B W - - <+ B W

(9] a = N N O O <
Age, days Age, days
Figure 2. Predicted height (A) and body length (B) by origin of sire across age of performance-
tested dairy bulls. Vertical dashed lines represent age at 180, 360, and 540 days (6, 12, and
18 months).
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A o X & @ | I va v P
Na‘mléﬂ,UVﬂi\iu G?N‘W‘Ujf]aﬂwmgamiiﬂﬂqwajiﬂyﬁwIUIﬂuuL‘Wﬂﬁq\mLSUWW@a@‘UaﬁJiiﬂﬂ']W $)]

v A

Usumeladudus (Wu Uadumasiivetegilavinnsin wavsedvatoien wazladuguuasdiinves

U & N

&7 warsadn?d) 9

= a o a 1

ANulnaAganulngluA et et un I dnueane kiiNduIaNBUSANUIEUITTONIN

Yo 1 a

vadlanagndneiinlud1ausema darganingulaniineifinlulssma winuwanseinuiliiies

Y

v '
1 o L% IS

antes (W tvindlelTunaaey AN KALAINENAFINADATINBILNITVIAGEY) BIN5TlALNe

o—

gasauindavesefisnaiu Taussonmilndidssiy enafimgrasnananuamnsalunisusui
199807 (adaptability) InswelafliAnuazgnidssgluvssndlneanafianuannsolunisuiudasie
anmgdienna nsdanadies aunmiivewnsdafluviosdu suddsauwazuuaduanioutiuvos
Uszinalng Andlanquiiivieiinlusissema dednlngidulauniuguiannussmaneugu
@NTFOIUTNT wakAUINT) (@169 wazAMY, 2563) Snwaieiia oadeensuSus g 1T uan W
gfionAluindeuduvedla (tropical adaptation-related traits) ldgn@nwyuneg1eretio (Hu
Prayaga et al., 2009; Porto-Neto et al., 2014; Kasarapu et al., 2017; Naval-Sanchez et al., 2020)
Tngdnwazainad Lun Anunuiou rulasanuusyl AZLUNTINIY TUINTINIY TATINIT

s & v o=

WwiAule Umdndafieny 1 U anudiuniudeuuas WU Wens LLazmmamgmiﬁuq WueY 9
Y] \ Nad 1Y) . q' v & o ° a A a v
ANYULUAULNUFIUNNWUFNTTU (genetic background) NLANAINAY YINITUIUITUIUGUNLNYIVDY
(major genes, oligogenes or polygenes) LazIUINT NS NaVDI8U (effect size) (Barendse, 2017)
Porto-Neto et al. (2014) $1897U8RIIHUTNTTUTLAVUIUNAI (20 519 50%) 9 g9 (>50%) d1mTu
anweg tropical adaptation-related traits Tulawndoudu Fearunsaldlunisandeniieliladniv
Wnzausan1sHanlunTauTy Ay naflaainnisfnuluasidinuinlangunineiowaslasu
nsidgegluaninuindenvesUseinalng Insuanieanvasdnuazliieitesiunisuiuandiiu
amwgﬁmmﬂium%’au%u (U onsnsasedule ntdndd wazauinsuny) unuldunnsieann
naulandnweniinanunyelaiuguianeisusema wiilalunqaunds agdauinsianie (@uas
AUENIE) Tuglanindntes (Table 4) Fsarusananndudeladn Auaunsalunisususa
v ¢ a ° Y] | . . a v a ] a & ]

vasdnieafidruvilignleineslungy domestic sire MTudI18vUIAFUTNLEANTT @1115009
aussanmlaliaeglunitlangy foreign sire (@msudmidngs dnsinsiasaiule uazvundnng)
aglsfinny dududesdnisfnwiiufuludedn Mansiasziniaiugnssy Anuwanasiussiv
a A A A A v A v a v P a X = & 1Y) A A P )
gunaziAIavdunineites ielvitAnanudilanungWuisiiugumaiugnssuiigItasiunis

(%

USuivedaiuivseUnealaadlatsoaningiennimunioudululsemelneg

waN91N tropical adaptability 4dy nszuIuMsiaUsulsaiuglauteradudnuiislade
A o va a g dy ! (% a a A a 1 v 6 1 v 6
Mhlauwediiinandneneiuglaminniglulseina uavlaiiinanneiudaadssna (g
w) Tnesauuddlddmnuuansdsiuvesanssanin launiusnseUnealaaalay Wulaignimunly
Uszinealneunuinndn 30 U agldnsuauniglusu (inter se mating) Wead1alauuiuguy vinlly
Uag0u launiugnsedaealaaalatddiulug dneud Yg1 mens auwaziasqivlaludsemealng
(adausi uazane, 2563) MIfndanrieuglauuiugnselaealaadlad lolduiunandniiug uaz

anuwazgusadud Ay (@du, 2564) nvdwaliilauuinisasyiulanffustszesusnvesdin
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uiaipduniug Feaenndesiutaasuuiediuves Coffey et al. (2006) Muanslviiudtlauufign

o o

dnidonuitelidinmanisiugnssugs (high genetic merit) duunislinandntum (U3ualusiu
warlasuns) Snsadydulslutseigtondani weeihhuingudelianedusninnnilangudid
ﬂ’uqﬂisuluszﬁuﬁ%aﬁmaw (average genetic merit) elurnufuas ety Tudaeusnveenis
ftaulauuiusnsednealaaaln Tainmsdndnindeleuntusuiandisssna Jehlrilemeas
nau foreign sire FIUIUNTUYIWUING VBININAHDUANTIONIN (5EMINT W.A1. 2546 - 2555) Uy
mevdsndinsudadaiamnsonnaeunasdndenwoiuslauufiftugnssufiiondnindeurudls
wanglutszna nisliihdeneiuginisUssmadioadsgnlamedTsos anas waziousd wa
2555 (Husiuin gnlameriiimeaouaussanimionisadiaveruglauy iAnantdenewugiin
waziivlnniglulszmaianua (Figure 1) agslsfiniu Talungy domestic sire lun1sAnwassild
snsEIEImABATIIIANTIANYY (WA, 2547 fis 2563) ANMLANANIYBINNINTEANEFIvEITaYARY

N oa & a v Y] Y% Y} ] Aa v N oS | Y]
Uinau LﬂEJ’JGU'@QI@EJGWQﬂUﬂﬁ]ﬁ]Uﬂ’]Uﬂqif\]ﬂﬂqim’N6] V]llLLU?IUNﬂWiLUaUULLUaQVIWSUU (LU N19AANTT

(2
= (2

LA 839 ANNINBINIT N15IANITAVAN LTuF ) Uszﬂauﬁ’mismumsﬁ’mLﬁaﬂimwmjjmgmﬁﬁ
aussnnmia (useninsmsnaaouanssanm) uaznisdnidensiermisiug nssufisuiusnegng
Aollios (adsk, 2564) Jasowmani danabiilalungy domestic sire fiAade arithmetic means
YosansIAN YN nunE AN gandnlangu foreign sire (liuansea) ilevdntadesudunndond
anuftastunisinnisfienauandisiu sudmaannszuiunisdndentanasntissyegiaand
Anw Bvswavestifnvesdnidegnldifutladodululumadmiumstiesginndneaey Vil wud
dndnavestinnvesdnd @a1m1095U18ANNLUTUTIUTREN YUY (phenotypic variance) ¥ doust 11
89 73% dmsudnuaznisasyauls 19 83 60% @nsUanEazIuINTINNIg wag 7 89 35% @115
Snunizawinsung (uaniwa) nsusulunadediinvesdn Hrerdnanuuanasiiinainnis
Fnn1s uaranmuIndaufienadistunasnszerinan 17 3 idnw lnelanizes19d dunsdiinig

nszaevestoyaliaunanaentisiainany) dugunusngluyadeyanld@nuluasail

dmfudnuasfinuanuuandissninslanga foreign wag domestic sires leuA A1uge
LazAMNENERT (Table 4) 1Tudnuazilaeialundfinnsaenenwugnssulduiunardags
(heritable traits) (1% 1 Northcutt and Wilson, 1993; Magnabosco et al., 2002; Afolayan et al., 2007;
Supriyantono et al,, 2012) lawnagngal foreign sire fiaade LS means YBIINwULAINE1IgINIlA
nau domestic sire @ saanadosiuauAAun1ailulndvesdnuvazdananlulausunougu
uananil Wudiundanedn SnwzNITsYLRULe Whudngh war ADG) liifianuuansnsszningda
aoangy oniutmndileimaaeu (Table 2) Fsdimnudululdindnuausnds Whmdnilos
yiaaay) vaslanga foreign sire figenitlangy domestic sire Fanvmunanlanguusniiiminide
wsnifingendn usiindayaifeasudmdnusniAalaldfnisdudinly Demeke et al. (2003) aguin
dmidnusnifnlulsseinslaiugust Bos indicus uaglagnuansznding Bos indicus uaglaua i
mm?’i’uﬂ’us‘maﬁuqﬂﬁﬂuL%amﬂmuﬂmqﬁ’ufmﬁﬂmhumﬁmq 3 \fiou (r, = 0.66) Teorvatfuayy

s

wafilarnmsfnuluesadl aglsinny dududedinmsiiuiuiindeyaminusniiavedlauuiug

]
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ysoUasaleadlniifufudniunsssnasmnimeimatugnssdueuwen uenaind 1ud
daunedn dledeseidivindaaindeya longitudinal data (luiaaluaunisit 2) liwuauuansis
seialmindvedlagesngy (Table 4) ddliaenndostunailddmsvihmingdaidunaaeuds
wszsidaelualuaunisi 1 n15iAs1evidena longitudinal data 19luinadi fa1sandoya
repeated measurements Tuidninasnvisergiidnu sldhanulsiidudaszresdoyatuiinues
Fnidudentu (dependency) infinnsan uaglinaiUisufisuanadsihmindalassiuandoya
dwindianan dunsienesideliealuaunsd 1 dudatunsdieuisvaussonmlugag
01 faulaflavtinseny felfu nafidunuidnadevesimindlaesusewindaaesngulald
AnuiAnaeiy uifinnuuenssesntnidedunadoy Sadunafianmsofatuld
Hufiuindanain Snuazruindume (Fuseulssamy AR ATINEN LATANLNLITES

daunz) lufinnuuansnaiusenindeaeangu Sseranardudeledn anuauysaliuduvedagangy

(%
Y

Lafanuwnna1aiy lngenadmananalslsznis M9NTEUIUNISAALE 9NN LS NY T T UL

=] %

(selection pressure) Tusinuauauysaivedeiegduiug sIurmNansalun1snandiyevedla

wnidhglusunsunisadaienuslaunvasnsuuadnd (andasd, 2564) sgndlsfinu nsfnwiasailly

'
a1

fifeyanusvenfsanuauysaiiugvaslanyylundvesSnuiasaunminie sudruauy el

Wuglugnann nsAnwlusuiAneafiarsuUisuisuauauysaliusvedlamansaanguLiieli

9

nyuidvsnaveufiuinneiugdeauauysaliugsely

ANAUNUSIZUINENBAULNITIIYHULN VUIATINNIY LASVUINDUNE

o v s

ﬁhawé’l’mﬁuélﬂ8§§1’ugﬂu’mﬂﬁﬁumﬁmzﬁummﬁuwuw%mmL%amimiwdwé’ﬂwmz
ANTIONINGNNG 59U 35 dnwy (Isé?ﬁi’fagaﬁgwmimalaiﬁwﬁqﬁa?{uﬁwLﬁmsuama) Tnevialy nuin
ANFUNUSITNINIANBEUZAN (ﬂzamsﬂuuawﬁmmﬁmé’ﬂwmz) finuduuan (positive relationships)
Tuseusinann 4 gaunn (- = 0.05 A 0.98) (lilduanana) Feuszunm 10, 39, 42 uaz 9% v
dnwaiy (pairwise) fauduiuslussiusuinvielufiauduius (- < 0.30) 61 (r >0.30 §4 0.50)

Uunans (r >0.50 §ia 0.70) uagge (r > 0.70) AUNIUUIYRY Mukaka (2012) anuansu

Tneialunuinanuduiiussenindnuaznsasydule Sanuduiudtudunliussdus
10 §9 gaunn (- = 0.23 T3 0.98) (Figure 3) Inomudusiusgafigawusening WT-on-test Wag ADG-
on-18m (r = 0.98) F89a9uABAINANNUSTZTNIN YWT iU ADG-on-12m (r = 0.96) uay ADG-wean-
12m (r = 0.93) W Udanndn WT-on-test ﬁmmé’uﬁ’uﬁ‘qﬁumiL%%@L@UImgu6] laglany
AUAURUSAU YWT (r = 0.76), ADG-wean-12m (r = 0.75), ADG-on-12m (r = 0.78) wag ADG-on-
18m (r = 0.98) Tuvauzd WWT fanuduiussn 89 Uunansfudnvasnisasaiivladug (- = 0.23

29 0.55) UaNNT LLNITUIAMUAUNUSTZNING ADG 1AUINANN 3 A5AAulun1sAnwIATal

wundAnuduiusiuluseauas (r = 0.75 1 0.96) lngianzod 1983 ADG-wean-12m wag ADG-on-
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12m (r = 0.96) A3l NIAWINAT ADG N1918 12 1iou Feanunsaruialanaansds lneruwinuain

JUBUNAFDU MI9NTUNGIUL

,0°,\ &

c" § &

1
WT-on-test . . . . 0.42 0.35 l
75

ADG-on-18m (0.72 [0.74 0.31 r0.5
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WWT  [0.563

Figure 3. Correlations between growth traits, only significant correlation coefficients were
shown (p-value < 0.05). WT-on-test = weight at start of the test; WWT=weaning weight (4-
month weight); YWT = yearling weight (12-month weight), WT-18m=18-month weight; ADG-
wean-12m=average dairy gain from weaning to yearling; ADG-on-12m=average dairy gain from

on-test to 12-month; ADG-on-18m=average dairy gain from on-test to 18-month

AuduTLSsEnInsdnwaizruIasemglunmsunud dnvaziog nelungudnuas
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PNETTUSgaigAUTEWING heart girth o1y 12 fU 18 o (r = 0.82) wag fieng 4 fu 6 Lo (-
- 0.81) WAL3ENIN height flang 4 fU 6 Loy (- = 0.80) waz Miengy 6 U 18 Lfiou (- = 0.80) Lile
finnsananuduiussznindnuagaindengudnuae fu wulanuduiusiadniianuduiug
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ANNSUANUFUNUSTEMINANBULIUIND NG LaanidlunuInTanudunusiulussaunuin

13 @9 (r = 0.15 1 0.90) (MARWIN Figure S2) lngilafansaunAnuduiusaslunguanyuzifie Ity
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(r = 0.90) WArsENINNERIANYAEAINEIDNE 12 LABU (r = 0.89)
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nsinwilundei] deduafiusniifieseianuduiusvesdnunranssoninvedlauuiug
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Tfanunsaldiluesesiislunisdnduladaidonviefniisla AmuAiuMIRAITaNMENENINMIDUT
lnsiamglunsdidgnlamadidmagavaussanmdudiuuinnifunitnainuaiuisaveanid
nagouanssan nluued egslsiniy WeliiAnauinminaiugnsuvesdnvazaussann
1199 8819590157 Tndudesdinsfnwauduiiusnieiugnssy (genetic correlations) 55131

ANVULANTIONINANE LHIBUTENOUNITINUNUNITANLADN

aussannvasiauumsaUnaalaadladinad

langu domestic sire gnldidudiunuvadlauuiugnseUnealaaalnidmsunisdssdiu

1% Pt A (Y A v v g <
aussanIn mewananlanquiliduiiwnuvedanidmegevanssannludagtuidaiauadule
nau domestic sire Usgnaufiunan1sfnwitenunnuindmsvanvazaussannadiulngveslauy

wnArlalumneingiiy
1. aUTSANINAIUNITITYAUIA

Table 5 LAAIAIANTIANINYDIGNWULNITATYAULAANY g vaslaAuNiTugnsol Aoa

Teaalnilimear Tnorade (xSD) ¥83 WT-on-test Winfy 69.2+20.9 kg (91812ABUTEINM 7024 1)
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WWT 1A 112.8+23.1 kg (818LaA sUszanas 13329 $1) YWT iy 329.3+55 5 ke (21g1ade

Usganad 3749 ) uay WT-18m Wwiriu 462.6+85.2 kg (engladeUsvann 553+9 )

defansandasnmsadaiuln wui1 ADG-on-12m Senade witiu 0.857+0.180 ke/day 3
#n71 ADG-wean-12m (0.903+0.190 kg/day) anunsaustleditlugreusniindstounduy Tadinns
wigiulpfidnintisnevdmeiun ilesangnlaotaldfunansgmuaniadoaisuen 1wy ane
\w3EARINNIsAdaudne nsUsuRiudwandeuuazaninnnsdanisiidsundadiunnvingudu
119 @71 ADG-on-18m fAadeiniu 0.815+0.171 ke/day 89n31 ADG-on-12m \@nties wandli

Wiundasinsisyivlasudaadelaongias 17 Jusiuly

Table 5. Summary description of phenotypes for growth traits of performance-tested dairy
bulls

Trait ! No. of bulls Mean SD Min Max
WT-on-test, kg 209 69.2 20.9 37 162
WWT, kg 205 112.8 23.1 61 170
YWT, kg 193 329.3 55.5 144 450
WT-18m, kg 45 462.6 85.2 275 628
ADG-wean-12m, kg/day 174 0.903 0.190 0.244 1.292
ADG-on-12m, kg/day 164 0.857 0.180 0.272 1.198
ADG-on-18m, kg/day 42 0.815 0.171 0.429 1.143

! WT-on-test = weight at start of the test; WWT=weaning weight (4-month weight); YWT = yearling weight
(12-month weight), WT-18m=18-month weight, ADG-wean-12m=average dairy gain from weaning to
yearling; ADG-on-12m=average dairy gain from on-test to 12-month; ADG-on-18m=average dairy gain from

on-test to 18-month
2. UTIANINAIYYUINTINAIE

ausTanImeuINInTeNeveslauniugnseUnoalaaalniinaywandly Table 6 wuin
A1La8 8 (+SD) v9 heart girth Lﬁ'amq 4,6, 12 LAy 18 WABY MU 107.048.2, 122.3+7.7,
159.1+8.0, WAy 180.59.8 cm Aua"R YU height 1ieeny 4, 6, 12 Lay 18 Lileu 1Ay 98.346.3,
108.1+6.8, 128.0+6.4 uag 136.6+7.4 cm M1UEIAU d@7U body length maalmﬁamq 4, 6, 12 Lay

18 WAau UAWINAU 85.6+7.7, 97.3+7.3, 121.7+8.4 way 132.1+8.6 cm ANUANU

3. AUTIANINANIYUINEUNE

Fofinsananssanmeinuunndunsvedeuniugnselaealeaalntinag Jeuandy Table
7 WU LfI‘IE]IﬂE]']E{ 46,12 uay 18 Liiou ALRA Y (+SD) ¥4 scrotal circumference SALYINAY
15.6+1.7,19.0+2.2, 31.1+2.7 wag 34.2+3.4 cm; testicular width ANy 2.5+0.4, 3.3+0.5,
5.9+0.5 wag 6.6+0.7 cm; testicular depth AAWWAAY 2.3+0.3, 3.1+0.5, 5.7+0.5 thay 6.4+0.7 cm;

uaz testicular length AAWYINAY 5.3+0.6, 6.7+0.9, 11.3+1.0 ay 13.4+1.5 cm AUaIHU
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Table 6. Summary description of phenotypes for body measurements at 4, 6, 12, and 18

month-old of performance-tested dairy bulls

No. of
Trait Mean SD Min Max

records
4-mon Heart girth, cm 202 107.0 8.2 86 125
6-mon Heart girth, cm 202 122.3 7.7 101 143
12-mon Heart girth, cm 184 159.1 8.0 134 178
18-mon Heart girth, cm a2 180.5 9.8 158 204
4-mon Height, cm 202 98.3 6.3 77 115
6-mon Height, cm 202 108.1 6.8 88 129
12-mon Height, cm 184 128.0 6.4 103 145
18-mon Height, cm a2 136.6 7.4 123 147
4-mon Length, cm 202 85.6 1.7 69 112
6-mon Length, cm 202 97.3 7.3 78 119
12-mon Length, cm 184 121.7 8.4 97 146
18-mon Length, cm 42 132.1 8.6 117 148

Table 7. Summary description of phenotypes for testicular size at 4, 6, 12, and 18 month-old

of performance-tested dairy bulls

Trait? No. of bulls Mean SD  Min Max
4-mon Scrotal circumference, cm 166 15.6 1.7 12.0 21.0
6-mon Scrotal circumference, cm 196 19.0 2.2 13.0 26.0
12-mon Scrotal circumference, cm 167 31.1 2.7 23.0 37.0
18-mon Scrotal circumference, cm 30 34.2 3.4 26.4 41.0
4-mon Width, cm 166 2.5 0.4 1.65 3.50
6-mon Width, cm 196 33 0.5 2.00 4.45
12-mon Width, cm 167 5.9 0.5 4.30 7.20
18-mon Width, cm 30 6.6 0.7 5.05 7.90
4-mon Depth, cm 166 23 0.3 1.50 3.15
6-mon Depth, cm 196 3.1 0.5 1.65 4.35
12-mon Depth, cm 167 5.7 0.5 4.35 6.75
18-mon Depth, cm 30 6.4 0.7 4.95 7.75
4-mon Length, cm 166 53 0.6 3.70 6.50
6-mon Length, cm 196 6.7 0.9 4.25 9.60
12-mon Length, cm 167 11.3 1.0 8.95 13.40
18-mon Length, cm 30 13.4 15 10.50 16.50

! Testicular widths, depths, and lengths were represented by means of left and right testes
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Figure 2. Means of body weight (A), body measurements (B), scrotal circumference (C), and

testicular sizes (D) across ages of performance-tested dairy bulls
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Table S1. Effects of sire origin on testicular size in performance-tested dairy bulls

Sire origin 2
Trait ! No. of bulls p-value
Domestic Foreign
4-mon SC, cm 251 15.20 (0.25) 15.26 (0.30) 0.812
6-mon SC, cm 303 18.68 (0.32) 18.29 (0.38) 0.236
12-mon SC, cm 251 30.40 (0.51) 30.52 (0.59) 0.801
18-mon SC, cm 60 34.71 (0.64) 33.69 (0.74) 0.275
4-mon Width, cm 251 2.43 (0.06) 2.44 (0.07) 0.886
6-mon Width, cm 303 3.20 (0.08) 3.13(0.09) 0.319
12-mon Width, cm 251 5.80 (0.09) 5.75(0.11) 0.574
18-mon Width, cm 60 6.64 (0.14) 6.49 (0.16) 0.430
4-mon Depth, cm 251 2.27 (0.05) 2.22 (0.06) 0.445
6-mon Depth, cm 303 3.01 (0.07) 2.99 (0.08) 0.824
12-mon Depth, cm 251 5.60 (0.08) 5.57 (0.11) 0.813
18-mon Depth, cm 60 6.52 (0.13) 6.32(0.15) 0.301
4-mon Length, cm 251 5.31 (0.07) 5.33(0.09) 0.813
6-mon Length, cm 303 6.68 (0.10) 6.63 (0.13) 0.675
12-mon Length, cm 251 11.25(0.15) 11.32(0.19) 0.725
18-mon Length, cm 60 13.35(0.30) 12.76 (0.34) 0.147

! Testicular size (SC=scrotal circumference, width, depth, length) measured at 4 months (4-mon), 6 months (6-

mon), 12 months (12-mon), and 18 months (18-mon) of age

? Least squares means (SE)
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Table S2. Summary description of body weights (kg) across age classes of performance-tested

dairy bulls
Age class (months) Low - High (days) * n? Mean SD Min Max
1to <2 30-59 78 56.0 104 37 89
2to<3 60-89 156 70.0 14.5 43 123
3to <4 90-119 195 90.3 19.5 48 162
4 to <5 120-149 207 112.9 23.0 61 170
5to <6 150-179 206 136.7 25.7 73 201
6 to <7 180-209 206 162.9 30.9 85 250
7 to <8 210-239 197 189.1 34.5 92 285
8 to <9 240-269 199 213.7 38.6 102 311
9 to <10 270-299 202 242.4 39.7 125 345
10 to <11 300-329 199 268.8 45.6 142 395
11 to <12 330-359 198 297.4 52.0 127 413
12 to <13 360-389 193 329.3 55.5 144 450
13 to <14 390-419 179 355.0 57.0 165 455
14 to <15 420-449 149 380.9 63.1 175 499
15 to <16 450-479 123 401.0 68.6 200 536
16 to <17 480-509 100 424.6 72.6 225 562
17 to <18 510-539 58 422.6 81.1 250 554
18 to <19 540-569 45 462.6 85.2 275 628

' Age definition: 30 days interval for each age class

2 Number of records
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Table S3. Summary description of body measurements (in cm) cross age classes of performance-tested dairy bulls

Heart girth Height Body length

Age class (months) Low - High (days) ' n?
Mean (SD) Min Max Mean (SD) Min Max Mean (SD) Min Max

1to<2 30-59 73 82.7 (6.2) 69 100 81.8 (6.0) 65 98 68.3 (7.2) 55 89
2to <3 60-89 154 89.2 (7.8) 65 110 87.3 (6.0) 69 102 74.7 (8.5) 50 97
3to <4 90-119 191 99.0 (8.0) 78 123 93.2 (6.1) 76 109 80.8 (8.1) 64 103
4 to <5 120-149 204 107.0 (8.1) 86 125 98.2 (6.3) T 115 85.6 (7.7) 69 112
5to <6 150-179 203 115.4 (8.0) 92 132 103.6 (6.3) 82 117 92.3 (8.0) 67 121
6 to <7 180-209 202 122.3 (7.7) 101 143 108.1 (6.8) 88 129 97.3(7.3) 78 119
Tto<8 210-239 194 129.4 (8.2) 101 148 112.0 (6.5) 90 129 102.3 (8.5) 74 126
8 to <9 240-269 196 135.6 (8.3) 109 154 116.2 (6.2) 96 131 107.0 (7.6) 83 128
9 ta <10 270-299 200 142.0 (8.2) 114 164 119.6 (6.6) 96 134 111.5(8.0) 89 136
10 to <11 300-329 193 147.9 (7.3) 126 164 122.6 (6.2) 98 135 115.0 (8.1) 87 137
11 to <12 330-359 193 153.5 (8.1) 121 173 125.2 (6.2) 104 138 118.6 (8.3) 96 143
12 to <13 360-389 184 159.1 (8.0) 134 178 128.0 (6.4) 103 145 121.7 (8.4) 97 146
13 to <14 390-419 173 164.6 (7.7) 138 187 130.3 (6.6) 107 142 125.2(9.0) 103 152
14 to <15 420-449 147 168.7 (8.7) 137 189 132.2 (6.5) 111 145 126.5(9.1) 100 151
15 to <16 450-479 120 172.0 (8.8) 146 195 133.3 (6.6) 111 147 129.1 (9.4) 100 152
16 to <17 480-509 94 175.2 (8.8) 155 193 134.8 (7.3) 116 150 130.2 (9.0) 106 146
17 to <18 510-539 57 177.4 (8.9) 158 193 135.5 (6.6) 119 145 129.6 (8.7) 105 147
18 to <19 540-569 42 180.5 (9.8) 158 204 136.6 (7.4) 123 147 132.1 (8.6) 117 148

! Age definition: 30 days interval for each age class

2 Number of records
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Table S4. Summary description of scrotal circumference and testicular width (in cm) across

age classes of performance-tested dairy bulls

Age class Low - High Scrotal circumference Testicular width >
(months) (days) * Mean (SD) Min Max Mean (SD) Min Max
3 to <4 90-119 119 14.2 (1.8) 10.0 184 2.2(0.4) 1.3 3.4
4 to <5 120-149 184 15.5(1.7) 12.0 210 2.5(0.4) 1.7 3.5
5to <6 150-179 197 17.3(2.0) 125 230 2.9 (0.4) 1.4 4.2
6 to <7 180-209 196 19.0 (2.2) 13.0 260 3.3(0.5) 2.0 4.5
7 to <8 210-239 191 20.8 (2.3) 145 260 3.7 (0.5) 2.2 5.0
8 to <9 240-269 189 23.1(2.8) 14.0 30.0 4.2 (0.6) 2.5 5.8
9 to <10 270-299 197 25.5(3.0) 16.0 33.0 4.7 (0.6) 2.5 6.2
10 to <11 300-329 191 27.6 (2.9) 19.0 340 5.2 (0.6) 3.5 6.7
11 to <12 330-359 193 29.5 (3.0 19.0 36.6 5.6 (0.6) 3.4 7.1
12 to <13 360-389 185 31.1(2.8) 220 374 5.9 (0.5) 4.3 7.2
13 to <14 390-419 171 32.2(2.8) 22.2  38.0 6.1 (0.6) 4.3 7.5
14 to <15 420-449 137 33.4 (2.8) 24.7  39.0 6.4 (0.6) 4.6 7.7
15 to <16 450-479 116 34.1(2.9) 255 405 6.5 (0.6) 4.8 7.8
16 to <17 480-509 91 34.8 (3.1) 257 40.8 6.6 (0.6) 52 7.8
17 to <18 510-539 55 34.6 (3.3) 254 41.0 6.7 (0.6) 53 8.4
18 to <19 540-569 39 35.0 (3.5) 264 41.0 6.7 (0.7) 5.1 7.9

! Age definition: 30 days interval for each age class

2 Number of records

? Testicular width was represented by the mean of left and right testes
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Table S5. Summary description of testicular depth (thickness) and length (in cm) across age

classes of performance-tested dairy bulls

Age class Low-High Testicular depth * Testicular length 3
(months) (days) ! " Mean (SD) Min Max Mean (SD) Min Max
3to<4d 90-119 119 2.0(0.4) 1.2 3.3 4.7 (0.8) 2.1 1.2
4 to <5 120-149 184 2.3 (0.4) 1.5 3.2 5.3(0.6) 3.7 6.9
51to <6 150-179 197 2.7(0.4) 1.5 3.9 5.9 (0.8) 3.8 8.5
6 to <7 180-209 196 3.1 (0.5) 1.7 4.4 6.7 (0.9) 4.3 9.6
7 to <8 210-239 191 3.5(0.5) 2.0 4.8 7.4 (1.0) 5.4 10.1
8 to <9 240-269 189 4.0 (0.6) 2.4 5.6 8.3(1.2) 4.8 11.9
9 to <10 270-299 197 4.5 (0.6) 2.2 6.3 9.1(1.2) 5.2 12.1
10 to <11 300-329 191 4.9 (0.6) 3.4 6.4 9.9 (1.2 6.7 12.9
11 to <12 330-359 193 5.3 (0.6) 3.4 6.8 10.6 (1.2) 6.6 13.7
12 to <13 360-389 185 5.7 (0.5) 4.4 6.9 11.3(1.1) 8.7 14.6
13 to <14 390-419 171 6.0 (0.6) 4.0 7.4 11.8 (1.1) 8.4 14.0
14 to <15 420-449 137 6.2 (0.5) 4.6 7.1 12.3(1.0) 9.5 14.6
15 to <16 450-479 116 6.3 (0.6) 4.7 7.7 12.6 (1.0) 9.4 14.9
16 to <17 480-509 91 6.5 (0.6) 5.0 7.5 12.8(1.2) 9.4 15.3
17 to <18 510-539 55 6.5 (0.6) 4.9 7.8 13.1 (1.4) 9.2 15.7
18 to <19 540-569 39 6.5 (0.7) 5.0 7.8 13.4 (1.4) 10.5 165

! Age definition: 30 days interval for each age class

2 Number of records

? Testicular depth and length were represented by the mean of left and right testes
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Figure S1 Correlations between body measurement traits at 4, 6, 12, and 18 months (m) of

age. Only significant correlation coefficients were shown (p-value < 0.05).
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Figure S2 Correlations between testicular size traits at 4, 6, 12, and 18 months (m) of age. Only
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significant correlation coefficients were shown (p-value < 0.05). SC = scrotal circumference; tt

= testicular size



