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A Comparative Study on Fresh and Frozen Embryo Transfer after

In vitro embryo production in goats

Pinglanna Kunshorn? Attapol Pornprapai®

Abstract

This study aimed to compare the outcome of fresh and frozen embryo transfer
after in vitro embryo production (IVP) in goats. Fifty recipients were synchronized by
progesterone, PGF20L and PMSG hormones. Day 7 IVP embryos at development stages of (5)
early blastocyst, (6) blastocyst, (7) expanded blastocyst or (8) hatched blastocyst from
laparoscopic ovum pick up and in vitro embryo production (LOPU-IVP) were used. On day-7
after estrus, 2 embryos/recipient were transferred into 2 groups of recipients (25 recipients per
group) using semi-laparoscopy technique. The first group of recipients received fresh embryos
while the second group received frozen embryos produced by conventional slow freezing
method with commercial ethylene glycol as cryoprotectants. The pregnancy were determined
at 38 days after embryo transfer. Results showed that pregnancy rate, abortion rate, litter size
and twin rate were not significantly different between 2 groups (p<0.05). Pregnancy rate from
fresh and frozen embryo transfer were 52.00% and 36.00%, respectively. Abortion rate from
fresh and frozen embryo transfer were 7.69 % and 0%, respectively. Median of litter size was
1 in both groups while twin rate were 30.77 and 11.11 for fresh and frozen embryo transfer
groups, respectively. Furthermore,pregnancy rate from embryo transfer with 5 and 6 or 7 and
8 embryo stages were not different between 2 groups (p<0.05). In conclusion, the outcome of
fresh and frozen embryo transfer after In vitro embryo production in synchronized recipient
goats were not significantly different for pregnancy rate, abortion rate, litter size and twin rate.
Embryos produced in vitro from stages early blastocyst, blastocyst, expanded blastocyst and

hatched blastocyst can be used for embryo transfer.

keywords : embryo transfer, /n Vitro Embryo Production, embryo cryopreservation, goat.

Registered No. : 65(2)-0208-118
Y Embryo Transfer Technology and Animal Germplasm Research Center, Pakchong,

Nakornrachasima.
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Figure 1. Hormone synchronized protocol for recipient goats.
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Table 1. Effect of embryo status on pregnancy result after in vitro embryos transfer in 50
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recipient goats.

No. of transfer No. of Pregnant rate
Embryo status . . P-value
recipient Pregnant recipient (%)
Fresh 25 13 52.00
0.393
Frozen 25 9 36.00

TuNISANEIASIN TNIINITAINBI9INANSEERINFAIBOUNKAANIGUBNT 1IN UBUUAA LAY
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lusgavana wagsesiunsvenemvewainuadniluauing

Table 2. Embryo development stage and embryo status on pregnancy rate after in vitro

embryos transfer in 50 recipient goats.

Fresh Embryo Frozen Embryo
Embryo development No.does No.does
P-value
stage pregnant/No. % pregnant/No. %
recipients recipients
56 9/15 60.00 a/14 28.57 0.089
7,8 a4/10 40.00 5/11 45.45 1*

* Fisher’s exact test
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Y0INTLUIUNIT IVP wdlounu (Gibbons et al., 2011)
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Table 3. Comparison of results between fresh and frozen in vitro embryos transfer.

Parameter Fresh Frozen P-value
embryo embryo
no. of transfer recipients 25 25
no. of pregnancy recipients 13 9
- no. of abortion 1 0
- abortion rate (%) 1/13 (7.69) 0/9(0) 1*
- no. of kids 16 10
- litter size ! 1 1 0.31%
- no. of twins a4 1
- twin rate (%) 4/13(30.77) 1/9(11.11) 0.36%

! median
* Fisher’s exact test

** Mann-Whitney U test

1Y
YR 4

Wlansiansaaiadnne anendsaindreendisswduna 38 u uneiidviosaznuungni
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Effect of superovulation programs on quantity-quality of oocyte and embryo

by LOPU-IVP in goat donors
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Abstract

The objective of this study was to investigate the effect of superovulation programs on
quantity-quality of oocytes and embryos produced by LOPU-IVP in 56 donor goats (28 Anglo-
Nubians and 28 Saanens, at 2 to 4 years of age). The donor goats were randomly assigned into
4 groups (7 Anglo-Nubians and 7 Saanens per group), corresponding to 4 superovulation programs,
namely, FSH100 (FSH 100 mg), FSH100-PG (FSH 100 mg + PGF,-alpha 125 ug), FSH200 (FSH 200 mg)
and FSH200-PG (FSH 200 mg + PGF,-alpha 125 ug). The recovery of oocytes, were performed by
LOPU in FSH stimulated donors and oocytes were then subjected to IVP procedures. Results
showed that the number of follicles aspirated from FSH 100, FSH200 and FSH200-PG programs
were greater than that of FSH100-PG program (p<0.05). The number of oocytes aspirated from
FSH200 and FSH200-PG programs were greater than that of FSH100 and FSH100-PG programs
(p<0.05). For recovery rate, FSH200 and FSH200-PG programs had higher recovery rate than
FSH100 program. Considering the quality of oocytes, FSH200 and FSH200-PG programs resulted
in a greater number of grade A oocytes compared to FSH100 and FSH100-PG programs (p<0.05).
The number of oocytes subjected to IVP procedures from FSH200 and FSH200-PG programs were
greater than that of FSH100 and FSH100-PG program (p<0.05). Besides, considering cleavage-
stage embryos and blastocysts, FSH200 and FSH200-PG programs led to a greater number of
cleavage-stage embryos compared to FSH100 and FSH100-PG programs while the former two
programs had a greater number of blastocysts than that of FSH100-PG program (p<0.05). With
recard to the quality of blastocysts, FSH200 and FSH200-PG program had a greater number of
grade 1 blastocysts compared to FSH100-PG program (p<0.05). However, there was no significant
difference in cleavage and blastocyst rates for 4 superovulation programs, indicating similar
effectiveness of embryo production. In conclusion, the use of 4 superovulation programs prior
to oocyte recovery was capable of improving follicular development, leading to acceptable
quantity-quality of oocytes and blastocysts produced by LOPU-IVP procedures. To retrieve the
best quantity-quality of oocytes to be used in VP, FSH200 and FSH200-PG were recommended.
Meanwhile, for best quantity-quality of embryos, FSH200 and FSH200-PG should be considered,
followed by FSH100.

Keywords : superovulation, in-vitro embryo production, embryos, goats, oocytes
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24 Hluvidsndnsesluu FSH ugavng)
DO D9 D10 Di11* D12
| B >
Insert FSH FSH  FSH LOPU
CIDR-G® -/30 30720 20/- FSH100 program
AM/PM AM/PM AM/PM
CIDR-G® 50/50 35/35 30/- FSH200 program

AM/PM  AM/PM AM/PM
Figure 1. FSH100 and FSH200 superovulation program for LOPU, FSH was given and ovarian
stimulation started with 100 and 200 mg. (injection 4-5 times by decreasing dose) every

12 hour at 06.00 a.m. and 06.00 p.m., the symbol “*” means CIDR-G® will be removed
before LOPU 12 hours.

1.2 Wsunsu FSH100-PG (Usuneugesluu FSH 21 100 fadnsu uazlusunsu FSH200-PG (Usune
gosluu FSH 573 200 fiadnsu) Anuwdasunann Sanchez et al. (2014) (Figure 2) et
Sufl 0 aengesluuluseanelsuriindontasnasn (CIDR-G®, 0.3 ¢ progesterone,
Eazi Breed, InterAg, New Zealand)
Sufl 7 Tsunsu FSH100-PG 3ngasluu FSH (Folltropin-V®Ontario, Canada) Usina
30 filadn3u Whndanile 1an 18.00 w.
Tusunsa FSH200-PG 3nsaslauu FSH Usinas 50 fadnda. Wndanile nan 06.00
. uagal 18.00 wu.
wazdngoiluu PGF,-alpha (Estrumate®) Usunal 125 lalasniu 1ian 18.00 w.
Suit 8 Tuswnsu FSH100-PG Sngoslun FSH USunas 30 dadnsu wWandmile wan 06.00
u. wavangesluu FSH Usina 20 adndy. Whndunie 1ian 18.00 w.
Tusunsa FSH200-PG 3nsaslan FSH U3unes 35 fiaan3u Whndauile an 06.00
1. uaztan 18.00 w.
Suit 9 Wsunsu FSH100-PG dngesluu FSH Usina 20 fadndy Whndunilean
06.00 U
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TUsunsu FSH200-PG Ansaslay FSH Yo 30 adnsu Whndnsiileiian
06.00 U
Juf 10 98n CIDR-G® ndsandngesiuu FSH Wugavheuazandunisiiuleleledsieds

LOPU 1381 06.00 u. (24 $rlsandsdngeslauu FSH Liuanving)

DO D7* D8 D9  D10**

| R R >
Insert FSH FSH  FSH LOPU

CIDR-G® /30 30/20  20/- FSH100-PG program

AM/PM AM/PM AM/PM

CIDR-G® 50/50 35/35 30/- FSH200-PG
program

AM/PM  AM/PM AM/PM

Figure 2. FSH100-PG and FSH200-PG superovulation program for LOPU, FSH was given and
ovarian stimulation started with 100 and 200 mg. (injection 4-5 times by decreasing dose)

“xn

every 12 hour at 06.00 a.m. and 06.00 p.m., the symbol means PGF,-alpha 125 ug.
injection at 06.00 p.m., the symbol “**” means CIDR-G® will be removed after last FSH

administration

2. NSLASHUAERTD

neudniunsiiulelelud LszQmmﬂfﬁLLazmmiLfJunm 24 Flue wnturinTIeE
aqulszanm (tranquilizer) gy alpha-2 agonist A78 xylazine HCL vu1a 0.2 Tadnsusionlansy
20U atropine vuan 0.04 JadnSusonlansy Windruile warerszfuuan (analgesic) fae
ohenylbutazone au1a 4 fiadnsusenlansy wWinduile waze1U¥ue (prophylaxis antibiotic
drug) #e penicillin-streptomycin awa 20,000 1.U. siedlansa Wnduile Weunsfonnisdu v
nslnuvukanassuUS nardadsmalianisindude (aseptic technique) 9ntutunegduuy
iwossiFnnasdavinunsliegluviueunang (dorsal recumbency) Tngliduwosungogsinii

AUNEae (855008 LazAuy, 2564)

3. nsiuleleladdqeis LOPU

Inggunsaldmsuinzganeadidaiionuleleled Ussandainaunsaldmsunauiionuns
wazing wuvamilsalala (laparoscopic artificial insemination, LAI) 156n11 Robertson standard

pipette (Minitube, Germany) waziauseiududmsuiatzganeadidaiiaiiulololyd ¥ia short



bevel vuaduLUes 20G durugudnans 0.9 fadwns aue1d 70 fadkuns (CHIRANA Medoject,

Journal of Biotechnology in Livestock Production 2023

Slovakia) 1 eusaid1fugagunsninsiansifvleloleduaziadesduanginiauas heating block
(N-FTH-2012, COOK, Australia) Aagaaddlau vinnisinulelelsdvuuimduriugugnalsuinniy
3 finfuns Saufumsldndesamlsalay Tnsldusged 50-70 fafwnsusen 21ndutmaon
centrifuge tube fifla1sarany PBS uagvewmailuneadifaidveslfURnsiionsaanleleles

meldndesanssmiamesle nfeunsfuiindnnuuazaunmvedelelys (essana uavanue, 2564)

4. NITNANAIDIUUDNTINTY

N1INANAFIBOUNINUBNIINY UTeyndN1a1nITUes Maria et al. (2014) 4agd198931n
aITnNaarAME (2564)

4.1 msmwLﬁymia‘laleﬁmﬁw%zyw%’auﬂﬁau% (in vitro maturation, IVM) Tagiilelolwe
@fuld auamingn A B uag C insidedludimizdesiiiviinanuoulnoenlesd 5% guvni
38.5 peAwaiTed wavANLTUETWS 1nndn 95% unw 23-25 Fala

4.2 mim%‘amﬁ;ﬁL%@LmzLLa3ﬂﬁﬂ§au§ﬁ’uiaialsaﬁ1umuwﬂam (semen preparation and
in vitro fertilization, IVF) §1uausgdainnisazatsund sunsududeiilddmivnisujaus

AYUBNTIINTEY Uszunad 1X106 dasesnuiulalalofuasunuinedild 1 67 Netdseninaisanistu

£% [
o N

U 1 L 0 9
ileleladfimzidssaunsunainisaianieutjausud u1dns 3 ads fen1e BO-IVF fertilization
medium figuludinzdesiiiuimauianivaulaoonles 5% guuaf 38.5 ssruuaida

4.3 MIEABaRee (in vitro embryo culture, IVC) A g TSI aA S UD -

lneanled 5% 0onTiau 5% gungil 38.5 s wadya izidsauieiuil 6 (Jui 1 Aviufiisy

]
=

weides) FnhesnuarvdeunIsaLTefsoY AnnuN1TAILIveIsausalUnNIuIURTY
8 Sufinteyadwiuiseudifiiauinsmuszeznainmanizdes Weld deeuszeruaraladad
ansnifsouluiednanliuiusunedau vietdseunududdasldieurudeiifdiunan
299 ethylene glycol uag sucrose (ABT360, USA) A1875 conventional method mﬁ%ﬁﬂﬁﬁamﬂ

WosUUANI3

5. nMstuiindaya
5.1 Suvleadfaiiazgaivleleled (follicle aspirated)
5.2 S1nuleleladanziiuls (oocyte recovered)

fa v

53 91waulelaledadiuunaiununinlelelesd 81989310 WesUfuanisaug T4y

o
v A

wAlulagdinmnsenesnioeulazigadduiugdand el
1n3A A : cumulus-oocyte complexes (COCs) & cumulus litiaenin 2 wu
137 B : partial cumulus cells (Partial CCs) & cumulus UN9&U

150 C : denuded oocytes (DOs) il cumulus
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1M D : degenerated oocytes (Deg)
5.4 dnnuleleludilingnszuauns IVP Uszneusne IVM IVF uag IVC
5.5 91UIUAI99UTTYE cleavage D9TEYY blastocyst
5.6 I1UIUAITOUTTIEUAALAT AR buA UAINLNTA 1 2 3 Wae 4 91989370 Manual of the
International Embryo Transfer Society, 4™ Edition (Chapter 9, IETS Manual, 4™ Edition)
il
1n3M 1 : excellent or good
WNIA 2 : fair
LNFA 3 : poor
\N3A 4 : dead or degenerating
5.7 Snsmafivleleladiiiuld (recovery rate) annsunulelelesdianefiuld faeis LOPU
Wieududuaunead fad wieggativlalalesd w5 oocyte recovered/follicle
aspirated
5.8 9MTINSUUI (cleavage rate) laa1ndnuiusisoussyy cleavage ﬁmﬁméﬁa%‘%ﬂﬁau%
AeueNsINEUTEUisufus Ui seuTiiunszUINNg IVC W38 cleavage/ IVC
5.9. 9M51N15L93 iR 9 o UTTasUANaLATaR (blastocyst rate) lAa1nTIUIURID DUTZYE
blastocyst indnd1835Ufaus neuensaneTsuisuiusuiudagoui iy

N¥UIUNNS IVC %38 blastocyst/IVC

6. NFAATIEVTYAADA
wnunsnaaenldlunisfnwesididuwuuduluvdennievdenauysal lnefivudiasanis
QQQI

atantin153ATIeRAURUTUTIU (analysis of variance) dwsuliasendeya I1uruneadidaiign

Wizgaiiuleloled Suauleleladfiazinulyd Sunulelelediiaunsafuldlunmnin insa AB C

S v

waz D Iuulelelediidngnssuiunms IVP Suiuiigousseyaiiig I1uiuiiseussuzsuaalndan
LAEIIUIUAIBBUTEELUAAATAATUAMAIMNNTA 1 2 LAY 3 UFINIUNTTUIUNIS IVP Nedeuay
mesmiwd'mmLaﬁsmaaLLﬁazﬂdm #2638 Duncan’s multiple range test uananl WMsAaTE
nsannesladafa (logistic regression) dmsuinseisesavnisiivleleledfiAuld Sovaznis
WUsia wazdepaznisiasyisisouszezuanaladad fnussululumanisaia Ussnaudie 8vdna
voslsunsunsedunsanlavatslu uazdvswavesmosiuduny fuunsziuedfymsadad 0.05

(0t=0.05) llUsunsuadiadnsagulunslinseinneadn
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NANISNAABIRAZIRNT

navadlusunsunszdunisanlanangludeUsunnuazaanimlelalys
Table 1 uanmavadlusunsunsziunisanlivagluieuTinauazaunmleleled 91013
Anszideya aeiusunylaiivinadetitinauarannmuedeleles lnsanuamvaaesmuiy
TuUsunsu FSH100 FSH200 uag FSH200-PG fidnunuleadifaiigniatzgagsninlusunss FSH100-PG
pgaiitfuddaymneadn (p<0.05) warlusunsu FSH200 way FSH200-PG fuulelelediianziiuls
genIlUsunsy FSH100 wag FSH100-PG agnallduddayvneadia (p<0.05) dudasnmsianziulelelydls
WUIUTUNTY FSH200 Uag FSH200-PG dengendalusunsa FSH100 (p<0.05) uaglusunsa FSH200-PG dAgs
milUsunsa FSHI00-PG (p<0.05) wazdlofiansannmunmleleles wui1 Tsunsu FSH200 uag FSH200-PG
fiTulelolednmunin insa A gana1lUsunsy FSH100 uag FSH100-PG ag1efived1Aynisada
(p<0.05) uaglusunsy FSH200-PG fiduulalelesnmnin nsa B gendtlusunsy FSH100 FSH100-
PG wag FSH200 (p<0.05) uazlusunsu FSH200 ddruiulelalednanin tnsa B geninlusunsy
FSH100-PG agnsiitiudAgyneana (p<0.05) mmzﬁl@iﬁmmLmﬂsmsuaa'«j’wmuiaialsaﬁ@mmw LN37 B
Tulusunsy FSH100 Aulusunsy FSH100-PG uaglinuanuuanssvesdtuiuleloladaunin insa
C uaz D Aldvnlusunsunszdumsanlavanslusie 4 Tusunsu daulusunsy FSH200 uay FSH200-
PG fiduruleleledfiitngnszuiuns VP gandnlusunsa FSH100 uaz FSH100-PG ae1eiifadndry
N9EDR (p<0.05)
Table 1. Number of follicles aspirated, oocytes recovered, oocyte grade, oocytes subjected
to IVP (mean+SEM) and recovery rate (percentage and probability) derived from in-

vitro embryo production from different superovulation programs

Superovulation program

Parameter
FSH100 FSH100-PG FSH200 FSH200-PG

Follicle aspirated (follicles/doe) 21.07+1.25% 16.93+1.26° 23.71+1.46° 23.29+1.17°
Oocyte recovered (oocytes/doe) 14.14+0.70° 12.36+0.87° 18.71+1.14® 18.93+1.07°
Recovery rate (%) 67.12(0.67)°  73.00(0.73)%¢  78.92(0.79y"® 81.29(0.81)"
Oocyte grade (oocytes/doe)

A 1.86+0.26°  1.71+0.40°  3.79+0.53°  3.29+0.47°

B 3.93+0.21°°  350+0.39°  5.29+0.69°  7.00+0.57°

C 5.07+0.41  4.21+0.45 5.71+0.48  5.79+0.74

D 3.29+0.56  2.93+0.40  3.93+054  2.86+0.58
Oocytes subjected to IVP 11.00+1.77° 10.50+0.72° 15.21+1.02° 14.93+0.52°
(oocytes/doe)

ab¢ Means within a row with different superscripts are different (p<0.05)

ABC Probability of recovery rate within a row with different superscripts are different (p<0.05)
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nlusunsunszdumsanlavatslululsunsufifivuin FSH 200 fadnuagnudn fdmou
Telolodanzfiuls Sruaulelelusinaunin insa A wazduauleleludiidngnszuiums VP gendn
TUsunsunszdumsanlavarglululsunsuiifvunn FSH 100 fadndu tufeulinuvessesluu FSH
fanntuiinalnemssiomanszdumaaiyiulnveseadidaliioualvgsiuaumniu dawavil
naaegeneadiAadioiiuleleluddaeis Lopu uldldlnedeuariivssaninmanntu vilild
$runleloledamnmianniuiailugnisismleleladfidrdgnszuiuns VP getunuan dau
nsdlduumleadidaiigniatzge wuin Tsunsu FSH100 Liflanuuansnsvesdnuaurieadfadign
1z WeiisuAulusunsy FSH200 uag FSH200-PG AausfazdiamnuunnsnswesIuaeesluy FSH
fls 100 fladn$u enaLAnIINBVENATEINMIRUAUBIDERSlIL FSH AiinduazaduleadIAaueuny
Tungulusunsy FSH100 e1afivSinamweaneadfavuinannaunisnssiusealswnsuiidniugindd
TUsunsu FSH100-PG dse1aazdasiimsAnundladonieluiifinadeuiinameadifavuindnnounis
wilgieesluu FSH dely uazainlusunsunszdunisanlavaisludidnisldeesluu PGF,alpha
saufusesluu FSH Inglusunsu FSH100-PG wudn shauneadifaiiansnsaanzgaldmiigaiile
WisuiisuuTusunsuvinun wagsndilusunsy FSH100 feusifiuTuna FSH 100 fafn¥u wihduf
aa wazilefansandnouleleledianefuldseninslusunsy FSH200 wag FSH200-PG fifUanm
FSH 200 fadnduwitiu wazseninalusunsy FSH100 uag FSH100-PG fidUSanas FSH 100 daansx
i wuilalusndnedu Snvissuauleleledamnm nsm A sewrindlusunsy FSH200 uag FSH200-
PG 7ifiUSinas FSH 200 fiadinSuwiniu uagszwinalusunsy FSH100 uay FSH100-PG fifiusunas FSH
100 fadnSawindu nudildunnsneiu sedunsldeodluu PGF-alpha shufugesluy FSH 5aldl
anudndululusunsunszdunsanlivangludidamaseduiuneadidaignianzgn S1uauleleludd
weiuld wagdwauleleladnunin insa A

nMsfnwINsdngesiuu FSH 200 Tadnfu wuvanUSunanmsdauazinizgaiulelelsdsie

'
1 a a 4a

FBeldianiivios nasdngesiuy FSH 1WNgavneg 24 Falus wud UsinaveadiAaianunsanizgala
8 e 21.0+5.0 914 25+6.9 (UG uagAne, 2548) Fedennnadiun1sAnyInTel uazdiaennqaeiu
318414789 Sanchez et al. (2014) wuimsldeasluy FSH vua 180 fadnsu uLuuanUTumn1sia

waziiuleloledaieds LOPU wasdngasiuu FSH Wugaving 24 dlus wieuileuseninanguinang

1% o
& o [

Auleleled 1 A5e waznquitanziuleloleddn 8 AT wasvinaiu 3 dUanst wul AnedeU3inumead
Lﬁaﬁgmmz@m 19.4+7.8 way 18.0+5.8 ANUAGU wazNUI1 WIHNTY FSH100-PG laUSunamleadiAa
719021290 INALALITUNITINENUVBINIADIULT LazdITana (2565) wuii nstdeesluy FSH

USunas 100 fladinsu wuvanUSununsin uSunuveadiAaiignianzen iy 17.80+6.23 WeadifAa

1w [

fos wavsuaulelelesifianziiuls wulh TUsunsy FSH200 way FSH200-PG dsrunulelelediiiany

Aulsigeninlusunsy FSH100 way FSH100-PG dslndidssiusissuwesnauasane (2548) a1

'
1w =

zganiuleleledle 1adeds 18+4.4 fla 22.0+6.7 Telelwsser Falunavessasluu FSH lagnsai

¥

nsrAuNSasaAulaveaneadAalivuagS1uINenYu dewmariilinisianzganeadiAatiiowiu
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Telelasiane3s LOPU I8 ieuaziivszansnmunndu luvasilusunsy FSH100 way FSH100-PG 3
Sruleloledianzfuld denndestunisdneivesiisfaiuul wazessana (2565) Afls1uIy
13.5+5.44 Tolgludsios wazsiuiu 12.7+5.6 lelolesines (Baldassarre et al., 2002) iofiansandns
maziuleleledld wudnlusunsy FSH200 uag FSH200-PG d8nsinisianziivlelelasaend
TUsunsy FSH100 wagdanuinlusunsy FSH200-PG fignsinisansinulelelesdeninluswnsy
FSH100-PG ufunaveslusunsunsedunisanlanansluazyuasesluu FSH Afinadednsinig
wiziivleleludls uazdiaenndasiun1sAnw1vesund wagaue (2548) wuil snsinsianziiulele
lusilel ladwogluraeionay 86.7 713 86.9 91nmsldeasluu FSH 200 fadnsu uuvanUIuunsdn
wardlsneaunisideasiuy FSH 180 Aadnsu wuvanuSuiunsadn nuitdnsimsiaziivleleludla
lunguinzfvleleled 1 ast uarlunguansifvlelolasuaoadsdiauviniy fovas 81.4 way 68.5
MING19U (Sanchez et al., 2014) uansinBvawavesgesluu FSH dnaseuszdniammaanzgalead

¥

Waiaiuleloldaieds LOPU Tuvmeiildnuauunnansweslusunsy FSH100 way FSH100-PG

[y %
[

NMsANEtUATIUNUSUNA FSH 100 f8dnsy wazdaanmaaInunIsANYINISaastuy FSH USuna
100 fiadnsy wuvanUsuIunIsan wuln dasnmsnziuleleladledanvindusesas 73.17 (@350na

WAL, 2564) Lar3auay 75.84 (MIAATULN LALDIIONA, 2565)

[V %
Y

sadnunmyadteleleddaiutadofifinaderuduialunssuiuns VP fufu n1siden
TeloludiAgaazinufaus desldmsussiuannvuemeseadifa Wusiugudnanseslelolssd
sUsrsvedleleladiuaznisdendlelelusiifionsivasumuanysaivesteleles etalunisdnaulai
Tololesiiuningnszuiuns IVP iileliiniswansseuiiusyavEnimunndatu (Paramio and Izquierdo,
2016) uardlsnenunan1sAnyin matleleledannin nsa A (cumulus-oocyte complexes, COCs)
gnseuIung IVP azdsnariliiaseudianileleludnmnin 1nsa B (Mondal et al, 2008) 91

'
¥ 1

nsAnwIATell wudn TUsunsu FSH200 uag FSH200-PG fidnnulelelanfiiignszuiums IVP gandn

Y

[

Tsunsu FSH100 uaz FSH100-PG aaenadasiuinuiuneadifaiignaizen nuleleledanziu
10 Iwulelalednmunin insn A wag B nanfe navedlusunsunseiunisantivanslu wasusuu
6" = :./I le/d o w [ ] 1 a I o
gosluu FSH a1nnsAnwasliianuddgduegrannaediunu wazamunmleleled ninvinis
nszAunaasyivlaveeadiAaliduuiauinndi 3 fadwesladiuiunin svdwaviliaunsai
Tololadlaanurunniu wazlalalwsnmnuladuduleloladninuning dewavinliaiuisauilalelas

9

Wgnszuiuns IVP I1uiuannauiy

navaslusunsunszAunsanlinatglusieuSunuuazannnAI8aY

Table 2 uananavadlusunsunsedumsanlynatslusieUSunauazannIndIgow 9INN13
Ainrwidoya meusunglifidvinadersuiinuuazamnmuawingeu Tnswudn Surudiseu
JrevARIAVealUIUNTI FSH200 wag FSH200-PG AA189n31lusunsu FSH100 uay FSH100-PG 9814
Tidfyn19ada (p<0.05) vausdilinuanuunnaslulusunsy FSH100 wag FSH100-PG dausuay

ArgousreruaaladadnuIlusunIu FSH200 wag FSH200-PG fifgandinlusunsa FSH100-PG



agnafifedfynneadf (p<0.05) vauriildwumnuuanasluluswnsy FSH200-PG fu FSH100 wazlyl
nuANLans 1 lulUsLATY FSH100 U FSH100-PG waglusunsy FSH100 fu FSH200-PG Lile
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fiasanuuauAmMiIsausEerUaalndas wudn lUsunsu FSH200 uag FSH200-PG fdmiusiieay
svogumala@ad \nsn 1 gendnlusunsy FSH100-PG agaiitiudfyn1eadd (p<0.05) vazitliny
ANULANANNVDITIIUFITOUTEETUAEleTas 1nsA 1 Tulusunsy FSH100 fu FSH100-PG waglinu
ANULANAINVBITIWIURBOUT T UANELATAR 1A 2 Uay 3 warlusunsunserumsanlavaneluly
HNanEdRNTINITLUIMLALIRNTINSIasasERUs T U LATEA

nMsAnwAsa wui savesTusunsunsefunmsanlinaelusesunusiseuszeraiing Tu
TUsunsy FSH200 uay FSH200-PG Afiduaugenindeaenadesiudwaleleludidngnszuaunis ve
wazidlofinnsaundis suszaruanaldan wuin TUsunsa FSH200 wag FSH200-PG fid1urugendn
TUsunsu FSH100-PG daidunatisaiosan Tusunsy FSH100-PG fidrurunloadidaignianzge

wazdrwulelelediazinuladesngadeiUsauiisuiulusunsuisnun Jdamarinlindndigou

Table 2. Number of cleavages, blastocysts, blastocyst grade (mean+SEM), cleavage rate and
blastocyst rate (percentage and probability) derived from in-vitro embryo production

from different superovulation programs

Superovulation program

Parameter
FSH100 FSH100-PG FSH200 FSH200-PG
Cleavage (cleavages/doe) 6.36+0.25°  536+0.46°  8.71+0.73®  9.43+0.48°
Cleavage rate (%) 65.44 (0.65) 62.50 (0.63) 67.40 (0.64) 68.75 (0.69)
Blastocyst (blastocysts/doe) 3.14+0.29°  2.64+0.39°  4.50+0.41®  4.21+0.40%°
Blastocyst rate (%) 32.35(0.32) 30.83(0.31) 34.81(0.35) 30.73(0.31)
Blastocyst grade (blastocysts/doe)
Grade 1 1.71+0.28%°  1.43+0.29°  2.57+0.25*  2.50+0.32°
Grade 2 1.29+0.23 1.14+0.24 1.79+0.30 1.50+0.23
Grade 3 0.14+0.09 0.07+0.07 0.14+0.09 0.21+0.11

3b¢ Means within a row with different superscripts are different (p<0.05)

i 1 [y 1

UANALPRER LRI UIUL B8 LAETIINUIUAIDDUTLYLUANELATER 1NTA 1 ANAAUNY AUNTHTIUIU

9

=4

fhgeuszozuaalndad 1nsn 1 Tulusunsa FSH200 waz FSH200-PG gefign deaaenadesiudiuiy
Teloludilidngnszuiuns VP Afis1urugs Fsaziiuliin waveslusunsunszdunismnlivaneludild
FSH USuas 200 fladindu dawalvildiaseununim 1nsa 1 gs suidesnanmsiidmiuleleludi
wsfuldionn uazdanlelelediiinnsAuld aunimnse A fuandisannlusunsudild FsH

USuney 100 Haansy
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MNNAYRIsRSINISLUIT WUt ladflanuusnssfuresiie 4 TWsunsy SslndiAsafunisinm
93 Sanchez et al. (2014) Meaui Sasnsutsilunduitaneivleloled 1 A%t wagnduiaziv
Tololasuananss $ovay 67.0 uaz 68.6 muddu waglndldssiunsaneinisldeaslay FSH Usina
100 fiadnsu wud1 Tomsnsuusiidesas 60.71 (a55ama wazAmy, 2564) wagsouay 55.17 (WA
AU LAYDIIONG, 2565) LAardAAaBINUNISANEYINITMIEDSLUY FSH éamﬁ’uaaﬁmmﬁmém WU
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Polymorphisms of melanocortin-1 receptor gene in coat color expression of

Journal of Biotechnology in Livestock Production 2023

Tropical-Holstein cattle
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Abstract

The aim of this study was to identify or screening and gradually eradicate the carried
red/yellow coat colour (melanocortin-1 receptor gene; MCIR gene) from the Thai-Tropical Holstein
population, by using realtime PCR. Samples were from 9 breeds (10 from each breed), namely, Tropical
Holstein, Angus, Beef Master, Blonde dAquitaine, Wagyu, Japanese Black, RED Brahman, Khaw Lumpoon and
Native. Additional 382 samples were from Tropical Holstein. DNA was extracted from blood samples and
analyzed in Real-Time PCR by primers and fluorescence probes, which are specific to MCIR gene,
subsequently, confirmed the results by direct DNA sequencing. The results showed that three of MC1R gene’s
mutation position are nucleotide base at 296, 667 and 748 combinations of the polymorphic site, resulting in
4 different alleles; E°, E1, e and E2 for predicted genotype using real time PCR technique in 9 breeds, which
found 2 polymorphic alleles, E? and E2. The sequences of MCIR gene by PCR sequencing techniques found
7 different variants which are characterized as follows: a T/C base substitution at position 296 and 748, a /T
base substitution at position 667, 872 and 869, a deletion of one G at position 310, and a duplication of 12
nucleotides at position 650 combinations of the polymorphic site which result in 6 different alleles E°, E1, e,
E2, E3 and el. Three different alleles were found in 9 breeds; E°, e1 and E3. The EP alleles, which showed the
same polymorphism pattems from sequencing and real time PCR. The E3 alleles found nuclectide at position
667 is base C as the same E2 alleles but different E1 alleles is base T and not found duplicate 12 base at
position 650 in E1 and E3 alleles but found in E2 alleles. In this study el alleles is new alleles contains T at
position 748 different from e alleles contains C at same position. Results from two analysis techniques were
in 100% accordance. The genotyping assay of 384 Tropical Holstein cows were composed of E° / E° (286,
74.48%), E° /E2, (91, 23.70 %) and E2/E2 (7, 1.82%). In conclusion, detection of melanocortin-1 receptor gene
(MCIR) in Tropical Holstein cattle using real-time PCR is simple, rapid, sensitivity, reliable and efficiently for
identifying/screening of MC1R gene

Keywords: Tropical-Holstein cows, MC1R gene, coat color
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Table 1. Real-time PCR specific primers and probes for Specific SNP MC1R gene underline

and bold letter represented SNP polymorphisms

Specific SNP MC1R gene  Primer/probe Sequences (5" — 3’) Product size
(bp)

Assay Mix F-GGTGAGCGTCAGCAACGT- 70

MC1R-p296 R-CTGGGTGGCCAGGACAC-

Probe VIC — CCAGCAGCGGCATGA -NFQ

Probe FAM — CCAGCAGCAGCATGA -NFQ
Assay Mix F-CGGGCCTGCCAGCAT- 72
MC1R-p667 R- GCCAAAGCCCTGATGAATGG-

Probe VIC - TGGAGCCGGGCAAT -NFQ

Probe FAM — TGGAGCCAGGCAAT -NFQ
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Assay Mix F-TGCCACCCTCACCATCCT- 68

MC1R-p748 R- GCGAGAGGTGCAGGAAGAAG-

Probe VIC - AGAGGAAGAAGACGCC -NFQ

Probe FAM — AGAGGAAGAGGACGCC -NFQ
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elusunsuluipdes Step-One Plus Real- Time PCR n1sudaraiinasiist] PCR Product fiiaduann
Tnswesfidanusumesadu MCIR Tnefanalelndvesdu MCIR §15UTl 296 667uay 748 Tasaxdl
Jwalelvls 2 viedowlu T vle C mszaxiudunsiianansanuly Tnedudu T findae probe
FAM wighiu C Ainde probe VIC vasiiandlelndadudl 296 war 667 aruinedlolvdasuil 748
d1analelng T finaae probe VIC uailnadlolng C Anaae probe FAM A4A19819NaN15ILAT1Z %

megaihndlelnadwiui 296 wuiledlelndld 3 sUkUUAe TT e CC w3e TC aawandlugunsl

(Figure 1)
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Figure 1. Real-Time PCR amplification plot of the MC1R gene sequence at 296 position (panel A)
the TT allele (T_296 FAM) (panel B) the CC allele (C 296 VIC) and (panel C) the TC allele
(T_296 FAM and C_296_VIC) Genotype distribution 3 pattern



Journal of Biotechnology in Livestock Production 2023

A15A529ATITIAIAULUEVBIEU MCIR

o A

ifduefiataldniegiadenveda Usnaudiedvay 2 lulasing viivens
Fugau DNA vesdiu MCIR srewmaila PCR #isil Tnswied MCIR -F wae MCLR -R (Forward uae Reverse
primers) (Table 2) o8 19az 0.4 lulasdns (10 lulaslug) 2X Platinum® Multiplex PCR Master Mix (Applied
Biosystem, USA) 10 lulas@ns GC Enhancer (Applied Biosystem, USA) 1.0 lulasans distilled water
6.2 lulasans Y3unssan 20 Tulasans Tnedalusunsusad initial denaturation 95 esrneaiies
WY 2 W91 Aee denaturation 95 asA@alGad U 30 TUNN annealing 60 DIAALTHE WU 90
NTiag extension 72 DIANTATHE WU 60 TUIN WU 28 TOU UATAIUAIY 60 DIANTALTEE U
30 W17 (Table 2) A9IEBUNANANINNULNATET PCR laan1s dinandnainufisen PCR undnuen
FuduiiBuerifosnisees purification 1ngld NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel,
Germany) ntugoudaies GelRed Loading Buffer (Biotium, USA) uenauiaduaumiduely 5%
(w/v) Nusieve agarose gel electrophoresis 7 100 V w1y 1.5 $aluansiavunnt uduiis ue (954 bp)
feLA3ad Gel-Doc system (Alpha image 3400, USA) 151 PCR product fildianiiasievidduiuadie
>N BigDye® Terminator v3.1 cycle sequencing Kit Im&fl‘fijl,ﬂ%‘laﬂ AB 3500 DNA Analysis Sequencer
(Applied Biosystem, USA) maglusinss 3500 Data Collection wagdasIzsmmafutuavesiidulonaey

TUsunsu SeqgScape Software Version 3.0 (Figure 2)

Table 2. Specific primers, PCR condition and PRC product used for identification of

melanocortin 1 receptor (MC1R) gene.

Gene PCR Time Number PCR
Primer Sequences o
condition of cycles product
(5>—» 3%)
MCIR  F: ACGATGCCTGCACTTGGCTCCCAG 95 °C 2 min 1 954 bp
R: CCTCACCAGGAGCACTGCAGCAC 95 °C 30 sec 28

60 °C 90 sec 28
72 °C 60 sec 28
60 °C 30 min 1
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Project: RedhairCarrier_200465 (Expanded NT)

RHCarrier ROIs M

296 310

667

Project: RedhairCarrier_200465 (Expanded NT) 650 -
Summary TGCTGGCCCTGATGGCCGTCCTCTACGTCCACATGCTGGCCCGGGCCTGCCAGCATGCCCGGGGCATYGCC|ICIGGCTCCA
WEVEBAANES = 6 o 4 s & & & & 6 & 5 & & 6 6 &6 & 6 6 & & 6 & 8 b & B B & 6 8 6 5 b 6 8 8 b 6 s s b e 6 8 s s b s e s e s e s sesse ol o o o|Ble o s o s & s
Tadas LUy L3N] biu CED b4u -0 LT &0
Reference-AA C J E -3 5 1 ] G 5 E G A L 5

65NCO00E G GC GGCATTGC

65NCO00C G GC GGCAT GC

65NCOO0LC G GC GGCATTGC

65NC001] G 3 G CC GGCATTGC

65NCO01Z G GC GGCAT GC

65NC00LZ G GGCC GGCAT G CC

65NCO0L¢ G C GC GGCAT GC

65NC0O0LE G GCC GGCATTGC

65NCO0LE G GC GGCATTGC

65NCOOL1% G GGC GGCATTGC

65NC009¢ G GC GG ATTGC

65NC0O1 3¢ G 3G C GG TTGC

65NC0137 G GGC G TTGC

65NC0O142 G GC GG [+ TTGC

65NCO14Z G GCC GGCAT GC

Project: RedhairCarrier_200465 (Expanded NT) |
GCTGCCRCCCTCACCATCCTGCTGGGCGTC|T|TC

Summary GAAGAGGCAGCGCCCCATTCATCAGGGCTTTGGCCTCAAGGC
Index b ! (ol ! g
Reference-AA P F 1 L [ L F > g P § = 8§

65NCOODE
65HCO00S G
65NCOOLC

65NCO011 G
65NCO01Z G
65NCO01%

65NCOOL4 G

65NCO09¢ G A
65NCO13¢

65NCO137 G
65NCO143
65N

Figure 2. The nucleotide sequences of MC1R gene (954 bp) are shown position of nucleotide
base 5 positions (296, 310, 650, 667 and 748) which found substitution deletion and

duplication (650 duplication not found in this study)

nM13AnwINouniinivad Graphodatskaya et al. (2000) ¥1A13@NEIEIRULUATDIBY

'
U

MC1R aguulastuleugf 18 ludiuves exon IAvue13v09d9ndlalngd 954 wauns (accession

number U39469) wuq1 asuradiiinaleinsuuansmduevasdu MCIR dnsilasuluveasiwmils



mdlelne 1wy nsvenely (Deletion) Nsunui (substitution) #Sen15tAnN1541 (duplication)
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Hushy sumdsiifimawasuluvesiealelndiiwuiivionus 7 dumisiliiAasuiuy polymorphism
a4 $ada (E° E1 e wag £2) laun shusls uay Samdlelndaisuuad 310 wa G welu (310 G deletion)
Thndlelnsasuiuadi 296 748 wWawuan T U C (T296C and T748C base substitution) fndlelne

[y

1 ULUﬂﬁ 667 869 LLaz 872 Lﬂﬁauﬁ]wm C U T (C66TT C869T and C872T base substitution) way

Do

\an1sg1vestindlelng 12 wanwuadindlelnaainuiuan seaindiwnis 650 (650 duplication)
Aauandlu Figure 3 yinsAndenduntsifinsivdeuldvesiindlondiieldlunisAnuendy MCIR

A S o a3 = & A a U A vy _ o I A a  a ¢
NLLEANDNUVDNAVUATIKRIBUINA %a%%uauﬂﬂﬁiaUﬁa@ﬂI@SWQqsﬂﬂﬂﬁuaaﬂlﬂ:3WW%MLN ﬂa‘UQﬂaIBTWﬂ

duiuail 296 667 uay 748 Tasmsldinada real time PCR lunisasiaseudu MCIR agldguuuy

1Y

adanuana1aiy 4 sUluU dakandlu Table 3

EP  ATGCCTGCAC TTGGCTCCCA GAGGCGGCTG CTGGGTTCCC TTAACTGCAC 50
E1 ATGCCTGCAC TTGGCTCCCA GAGGCGGCTG CTGGGTTCCC TTAACTGCAC 50
e ATGCCTGCAC TTGGCTCCCA GAGGCGGCTG CTGGGTTCCC TTAACTGCAC 50
E2 ATGCCTGCAC TTGGCTCCCA GAGGCGGCTG CTGGGTTCCC TTAACTGCAC 50
EP  GCCCCCAGCC ACCCTCCCCT TCACCCTGGC CCCCAACCGG ACGGGGCCCC 100
E1 GCCCCCAGCC ACCCTCCCCT TCACCCTGGC CCCCAACCGG ACGGGGCCCC 100
e GCCCCCAGCC ACCCTCCCCT TCACCCTGGC CCCCAACCGG ACGGGGCCCCe 100
E2 GCCCCCAGCC ACCCTCCCCT TCACCCTGGC CCCCAACCGG ACGGGGCCCC 100
EP AGTGCCTGGA GGTGTCCATC CCTGACGGGC TCTTTCTCAG CCTGGGGCTG 150
E1l AGTGCCTGGA GGTGTCCATC CCTGACGGGC TCTTTCTCAG CCTGGGGCTG 150
e AGTGCCTGGA GGTGTCCATC CCTGACGGGC TCTTTCTCAG CCTGGGGCTG 150
E2 AGTGCCTGGA GGTGTCCATC CCTGACGGGC TCTTTCTCAG CCTGGGGCTG 150
EP  GTGAGTCTCG TGGAGAACGT GCTGGTAGTG GCTGCCATTG CCAAGAACCG 200
E1l GTGAGTCTCG TGGAGAACGT GCTGGTAGTG GCTGCCATTG CCAAGAACCG 200
e GTGAGTCTCG TGGAGAACGT GCTGGTAGTG GCTGCCATTG CCAAGAACCG 200
E2 GTGAGTCTCG TGGAGAACGT GCTGGTAGTG GCTGCCATTG CCAAGAACCG 200
EP  CAACCTGCAC TCCCCCATGT ACTACTTTAT CTGCTGCCTG GCTGTGTCTG 250
E1l CAACCTGCAC TCCCCCATGT ACTACTTTAT CTGCTGCCTG GCTGTGTCTG 250
e CAACCTGCAC TCCCCCATGT ACTACTTTAT CTGCTGCCTG GCTGTGTCTG 250
E2 CAACCTGCAC TCCCCCATGT ACTACTTTAT CTGCTGCCTG GCTGTGTCTG 250
EP  ACTTGCTGGT GAGCGTCAGC AACGTGCTGG AGACGGCAGT CATGCCGCTG 300
E1l ACTTGCTGGT GAGCGTCAGC AACGTGCTGG AGACGGCAGT CATGCTGCTG 300
e ACTTGCTGGT GAGCGTCAGC AACGTGCTGG AGACGGCAGT CATGCTGCTG 300
E2 ACTTGCTGGT GAGCGTCAGC AACGTGCTGG AGACGGCAGT CATGCTGCTG 300
EP  CTGGAGGCCG GTGTCCTGGC CACCCAGGCG GCCGTGGTGC AGCAGCTGGA 350
E1l CTGGAGGCCG GTGTCCTGGC CACCCAGGCG GCCGTGGTGC AGCAGCTGGA 350
e CTGGAGGCC. GTGTCCTGGC CACCCAGGCG GCCGTGGTGC AGCAGCTGGA 349
E2 CTGGAGGCCG GTGTCCTGGC CACCCAGGCG GCCGTGGTGC AGCAGCTGGA 350
EP  CAATGTCATC GACGTGCTCA TCTGCGGATC CATGGTGTCC AGCCTCTGCT 400
E1l CAATGTCATC GACGTGCTCA TCTGCGGATC CATGGTGTCC AGCCTCTGCT 400
e CAATGTCATC GACGTGCTCA TCTGCGGATC CATGGTGTCC AGCCTCTGCT 399
E2 CAATGTCATC GACGTGCTCA TCTGCGGATC CATGGTGTCC AGCCTCTGCT 400
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CATTGCTGTG
CATTGCTGTG
CATTGCTGTG
CATTGCTGTG

GTGTTGTGAC
GTGTTGTGAC
GTGTTGTGAC
GTGTTGTGAC

GCCAGCATCC
GCCAGCATCC
GCCAGCATCC
GCCAGCATCC

CATCCTGCTG
CATCCTGCTG
CATCCTGCTG
CATCCTGCTG

CCGTCCTCTA
CCGTCCTCTA
CCGTCCTCTA
CCGTCCTCTA

-—-TGCCCGGG
--TGCCCGGG
--TGCCCGGG
ATTGCCCGGG

GGGCTTTGGC
GGGCTTTGGC
GGGCTTTGGC
GGGCTTTGGC

TCTTCCTCTG
TCTTCCTCTG
CCTTCCTCTG
TCTTCCTCTG

TGCCCCCAGC
TGCCCCCAGC
TGCCCCCAGC
TGCCCCCAGC

CCTGGCCCTC
CCTGGCCCTC
CCTGGCCCTC
CCTGGCCCTC

TCCGCAGCCA
TCCGCAGCCA
TCCGCAGCCA
TCCGCAGCCA

TGGTGA
TGGTGA
TGGTGA
TGGTGA

GACCGCTACA
GACCGCTACA
GACCGCTACA
GACCGCTACA

ACTGCCCCGA
ACTGCCCCGA
ACTGCCCCGA
ACTGCCCCGA

TCACCAGCCT
TCACCAGCCT
TCACCAGCCT
TCACCAGCCT

TGCCTCGTTG
TGCCTCGTTG
TGCCTCGTTG
TGCCTCGTTG

CGTCCACATG
CGTCCACATG
CGTCCACATG
CGTCCACATG

GCATTGCCCG
GCATTGCCTG
GCATTGCCCG
GCATTGCCCG

CTCAAGGGCG
CTCAAGGGCG
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CTCAAGGGCG

CTGGGGCCCC
CTGGGGCCCC
CTGGGGCCCC
CTGGGGCCCC

ACCCCACCTG
ACCCCACCTG
ACCCCACCTG
ACCCCACCTG

ATCATTTGCA
ATCATTTGCA
ATCATTTGCA
ATCATTTGCA

GGAGCTCCGG
GGAGCTCCGG
GGAGCTCCGG
GGAGCTCCGG

954
954
953
966

TCTCCATCTT
TCTCCATCTT
TCTCCATCTT
TCTCCATCTT

GCGTGGAGGA
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GCTCTTCATC
GCTCTTCATC
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GCTCCAGAAG
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CTGCCACCCT

TTCTTCCTGC
TTCTTCCTGC
TTCTTCCTGC
TTCTTCCTGC

TGGCTGCATC
TGGCTGCATC
TGGCTGCATC
TGGCTGCATC

ACGTCATTGT
ACGCCATTGT
ATGCCATTGT
ACGCCATTGT

AAGACGCTCC
AAGACGCTCC
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AAGACGCTCC

CTACGCCCTG
CTACGCCCTG
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TCATTGCGGC
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Figure 3. Comparison of the coding sequences of the four bovine MCIR alleles. The non
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identical nucleotides are shown in bold and under line. The first stop codon occurring in e

allele after deletion (310/311G deletion) is shown in bold and under line.

ANSIATIZUNEDR

v

N Teideyaldadadmssau wasiSeudieuieay

Table 3. The four alleles of MC1R gene combining three position polymorphic sites for

predicted genotype using real time PCR technique

Alleles Phenotype Genotype Position 296  Position 667  Position 748

EP (CCT) black E°/ EP cC cC TT
E1(TTT) brown El/E! T T TT
e (TCQO) red e/e TT CcC CcC
E2 (TCT) brown E%/E? T cC TT

NaN1SNAABILaZIANTA

Nan1sNAdauBu MC1R Arewaila real-time PCR

nan1svadeudy MCIR fglnswesiifmiusumezsodu MCIR awn 954 Luawns
uazlnsuiiAsannseansisesuasigesisaeusivila VIC uaz FAM (TagMan MGB-Probe) ana Table 1
ielddmsunsiadeusunis afiu (Single Nucleotide Polymorphism, SNP) fiinnsiasunas
vosiandlolnduesdu MCIR §1¢Ufi 296 667 uaz 748 (T296C C667T waz T748C MIUSITU) WUT
W 3 fuvds ansalddauenauuanansiindadavesiu MCIR I¢ 4 Sadaldun sada E° e E1
waz E2 figUwuudadaidu CCT TCC TTT wag TCT mua1du Asuandlu Table 3 (Graphodatskaya
et al,, 2000) anNanNISNAEBUEU MCLR MmawAlA real-time PCR Uuswsild @iy 3 siwnudlula
14 9 aneiug $1uau 90 fa nudifizuiuy 2 5U fe CCT viai3ndn §ada E° uax TCT ufaifonds
Sada £2 Fslunanisvinaeudisiuvus 667 linuilndlelndadia T wasfishumia 748 liwudiaealelng
viln C Fovisilinudada E1 uaz e muddiu fauandu Table 4 Tnglungalafifidmuassngduude
¥hmas 7inu genotype wuy E%/E lulaug wesia nseleealaadlny wayi1ia (Fawau 10 (1.0)
8(0.8) waz 2(0.2) Aa(dndu) Mua1iu) WU genotype EP/E2 Tulaiug audulia-wudn 210 way

nsoUnoalaadalai (3113w 50.5) 3(0.3) uag 2(0.2) AaFnd1u) Aud1AU) WU genotype E2/E2
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Tuiug Lawdulia-wuda was 2177 §1wau 5(0.5) wez5(0.5) fdndiw) Juansbiiuinlanldnvue
Usinguudds dnenac Sensdidundsvunasmanegmnlilinsiaiigidnanaiadaluanaily

aunsavenlaflguuwksvunas dmsulungulafiindeny genotype E2/E2 wuuiieawintu enviule

[
v Y

wgUnlunawes wu genotype E%E2 9113 1(0.1) azwiuldinlungulanainviaedsiuvisladun

o

drulvgnuiifuuisunnsdsdnvarungiuvuduase imauns wendaddaieiugnasiany

9

adavudan(ER)

Table 4. Genotype distribution, genotypic (in bracket) and alleles frequencies at MC1R locus

in nine breeds using real time PCR technique

Genotypes (n(prop.)) Alleles (prop.)
Breed n  Phenotype E°/EP EP/E2 E2/E2 EP E2
(CCT/CCT)  (CCT/TCT) - (TCT/TCT) - (CCT)  (TCT)
Tropical Holsteins 10  black&white 8(0.8) 2(0.2) 0 0.9 0.1
Angus 10 black 10 (1.0) 0 0 1.0 0
Wugyu 10 dark brown 2(0.2) 3(0.3) 5(0.5) 0.35 0.65
Japanese Black 10 dark brown 0 5(0.5) 5(0.5) 0.25 0.75
Blonde d'Aquitaine 10 brown 0 0 10 (1.0) 0 1.0
Red Brahman 10  red 0 0 10 (1.0) 0 1.0
Beef Master 10 red 0 1(0.1) 9(0.9) 0.05 0.95
Khaw Lumpoon 10 white 0 0 10 (1.0) 0 1.0
Native 10 red&brown 0 0 10 (1.0) 0 1.0

prop. = proportion n = number
NANISANEIAIAULUEYaIEY MC1R

NANNS ATV ULUEVD9EY MCIR ANM813 954 LUAWNS fmen1seanwuulng
wed dmumsiiiutuvesiiduediemaia PCR (Table 2) uaginswidduiuagielusunsy
SeqScape Software Version 3.0 a1n¢aag1ala 9 aeiug 41uau 90 Midusegruferiuiunis
A519MIEATA real-time PCR Lﬁaﬁué’umammgmﬁaqé”gEJﬂ'ﬁﬁﬁlmwﬁa"wml,uamaﬁu MC1R

PUI INNISAATIZIEUY MCIR metnalla real-time PCR 19 3 fwniuslunIsAamenIineaaavuad

'
A o w A

81 MC1R (Table 4) BufunasisnITAATIAERULUATDINT 3 AunusRIfufe a1dun 296 667
WAz 748 (T296C C667T uay T748C muafu) nan15dudunuinlinan1snsIanssiuAonuiisuwuy

2 9ada e 9ada E° (3Uwuu CCT) uag dada E2 (FUWUU TCT) HaN1SMAdauyy 2 35 nansariu

nneaegns Andu 100 %
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dlefinsaniesgidduivaiisuevesiiu MCIR fiAansidsuntamesianile
Infvesdu MCIR 1y n1saramely (Deletion) n15wnudi (substitution) w3 en154Aan13%
(duplication) tfudu Tnesunaesnruinunfivesiandlelndivanun 7 funis (T296C
G310/311deletion C667T T748C 650duplicationC872T Wag C869T MIUAR) aufiuansly Figure 3
wud sUnuUSaBaiildazunand1eiu 6 JULUU Ao EDET e E2 E3 waw el 1aBii 6 JULUUAIANTOLEN

AULANENILARaT (Aauandly Table 5)

E° iuiinnisunufidanalelndfidiunge 296 310 T8y C (T296C) uax872 an Cudu T
(€8727T) Fslunsunuitvesiamalelng aan T Wy C (T2960) finaviliiinnisiasunlasnsnesily
nadudulusau s‘quuiuiﬂﬂ’uﬁf black Norwegian 111518911984 Klungland et al. (1995) uag

Rouzaud et al. (2000) Wuiuiﬂﬁuﬁ: Holstein Mu51891489 Graphodatskaya et al. (2000)
E1 wuiRanisunudiiandlelnddisumia 667 a1n Cu T (Co67T)
E2 wuiinmssnvesssusas i 12 walsetuanswnisilaralelved 650 (duplication 12 bp)
E3 liwunsunufidadlelvdiisiumis C667T waz duplication 12 bp

e NULARNISUIAMNELUVeITPALR NG G MEL1Ue 310 WAZNUNISENUNRTIAATLNAT

A 748 270 T 1y C (T7480)

el putinnIsvIaelured TrPalalng G Akl 310 WUReINU e WARNIAUA LUnung

wnuntaedlalnansunua748 waziludadannuiudulvadlunisfneinsad sUWUUYRY EP E1 E2 E3

(%
[

wag e Mnuluassllfisuuuumileuiun1sAnw1ves Graphodatskaya et al. (2000)



Table 5 The 6 bovine MC1R alleles found 7 Polymorphic sites on DNA sequencing data at
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nucleotide position 296, 310, 650, 667, 748, 872 and 896

nucleotide Position

Allele 650
296 310 (duplication 12bp) 067 748 872 869
EP C - - C T T C
El T - - T T C C
E2 T - dup C T C C
E3 T - - C T C C
e T de - C C C T
el T de - C T C T

de = presence of the deletion nucleotide G
dup = presence of the duplication nucleotide 12 bp at 650 position

The dashes (-) = show the absence of the deletion and duplication

anmFIATEsidFuUaYesBu MCIR Tula 9 @1eWus JULUU genotype dail Tastug
nyelpealaadlniny genotype JULuU EY/EP (8 #1/0.8) uag EY/E3 (2 67/0.2) Wuguwesiany EV/EP
(10 #1/1.0) 3nfamy EY/EP (2 $9/0.2) E3/E3 (3 $13/0.3) EP/E3 (3 $3/0.3) wag el/el (2 #2/0.2)
wwduda wulanwu E3/E3 (5 #/0.5) uaz EY/E3 (5 62/0.5) uaouamauau wu el/el (10 §2/1.0)
UTIHURWAINU E3/E3 (10 #7/1.0) Onanawmeswu E3/E3 (3 #3/0.3) EY/E3 (1 #2/0.1) uag el/el
(6 2/0.6) yTEuny E3/E3 (10 $21.0) wagiuiiomy E3/E3 (10 §2/1.0) Kauandlu Table 6 T
Iuﬂ@'ﬂﬂﬁﬁé’ﬂwmwﬁﬂgﬁwﬁﬁw vmas wu genotype Wuu EP/EP 1nnnq1 EP/E3 way el/el
gniuiugniuezawluia-wuan Tungulavainvaned wagdnafideny eenotype E3/E3 uay

el/et linu EY/EC snviulaviusdnanawesnudada E° wuiites 1 63 wandbiiuinlalunquilagld

Fuududen wulduldlumaiertudunisasiamemaiia real time PCR
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Table 6 Genotype distribution and alleles frequencies of the 7 polymorphic sites and

predicted genotype in 9 cattle breeds by DNA sequencing method.

Breed N Phenotype Genotypes Alleles
EP/E®  E3/E3  EYE3  ellel P E3 el
Tropical 10  black-white 8 (0.8) 0 2(0.2) 0 0.9 0.1 0
Holstien
Angus 10 black 10 (1.0) 0 0 0 1.0 0 0
Wugyu 10 dark brown 2(0.2) 3(0.3) 3(0.3) 2(0.2) 035 045 0.2
Japanese Black 10 dark brown 0 5(0.5) 5(0.5) 0 025 075 0
Blonde d'Aquitaine 10  brown 0 0 0 10 (1.0) 0 0 1.0
Red Brahman 10 red 0 10 (1.0) 0 0 0 1.0 0
Beef Master 10 red 0 3(03) 1(0.1) 6(0.6) 0.05 0.35 0.6
Khaw Lumpoon 10  white 0 10 (1.0) 0 0 0 1.0 0
Native 10  red&brown 0 10 (1.0) 0 0 0 1.0 0

HANTIATIENIULULYDITaTaveI8Y MCIR WU 8ada E° wag E3 I3Uuuuinilauriy

N13@N®1989 Graphodatskaya et al. (2000) wudada E° E1 E2 e wag E3 Tula 5 aewug Laun
§ _a =3 L4 13 ¢ = ¢ o v v a

usTlala uudnleadlay anwauwudaleadlad-Suumea Buwunea wazisalaadlal dmiudada el
& P = o Ja v ea ¢ ¢ a a &2
dugduuulminnulums@nwassilinululaiuinunawes vasuinAuay  wagdIia 9619370
N13ANYINHIUN 9INN1TANYIVBY Han et al. (2011) JULUUVBIFVUAUANYULAITUAAIDNNIY
genotype 8381 MCIR lula 7 anesiugliun uuialaadlad isaleadlay ueada Fesvesa 1y

wuda auin wazgnuauswin-aguuina sewada PCR-RFLP fisunisiindlelng 2 dumnusldun

a

819U% 296 wag 310 nansANwINUE 3 dadalunisAivaunIshanteanvesdvulann E° dmsurud

U A =

AN B @nsSudrunannvianed hag e @unsSurudLny/aunnnasuiasd dnnuaaieeaaiunisanei

v

Yowaia real time PCR 14 siundsiinmnalelng 3 suvs (@1dufi 296 667 uay 748) lnedaaa

(%
[

ATIH
F1 way F2 Wudadanuuaenasnunaneada B iWumsizinsiiusurdsiiralena Aldlunisine

Y a

PIAAAAMULANAILANLINTY TILLAUAMULANAILA DE1NTALRAULINT W UINNNITIT AT AR NN

Ly

fPULUAYRIEU MCIR 11vMsiaseinuiuIndadiaunyian (Table 5)
nsSeufisuNanIsIATIzRsULUUVRIEY MCIR

HAN1TUTE LB UITNMTIATIEYigURUUYRIEY MCIR Mmewmaila real time PCR Uay

wiafla PCR sequencing MaAuLUaUesaafloue tnewuin wadla real time PCR T9inan150913
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fandlelnd 3 sunis (T296C C667T uay T748C nud1nv) Aawanly Table 3 dquwmaila PCR
sequencing Tinan13ns1aTiATIegUuuvedu MCIR Ia 6 sUuuufie EP E1 E2 E3 e wax el lngld
fuvisiiAafAansasulUvesiiieg Tolnd 7 duvis (T296C G310/311deletion C667T T748C
650duplication C872T wag C869T muansiv) fauandlu Table 5 Fsuanisineiliinanugndes
wiloufuits 2 18nndegrmaauAadu 100 % lnsanizdada E° Fududadafiniuqunis
wanseaNUaIuLEAT wudtlulawug Angus Wugyu uag Tropical Holsteins Tnansianseiui 2 33
(10 (1.0) 2 (0.2) ua 8 (0.8) M) GqummiammLLEJﬂaaﬂmﬂé’aﬁaﬁmmmmmmmaanmawu
AunsfisUuuudadaunnnsiy Tuedfusiuudundsfiiansdeuluvesiiadlolnd fivunld
naaou Aanulunnansadu MCIR Wedausndvuduazdvunaslulauniuinsednoalaadlnt
anansaldinaiia real time PCR Tumsnsalinseidslinaldosnagniosusiug Snstsddldinanlunis

n31vaaUleed 9IS nazdanaldaelunsadas1e TudrunisnsrasiemadandisuLualdy

ANNSUNITHTITUTUNANTUATIINU IO ULV ULLA
NAN13ATI38U MCIR launnugnsaUnaalaadln

nnNsAnwluastinuImanimageudu MCIR aemaia real time PCR TulAuy
wugnseUaaslaadlal §1uu 384 62 wu genotype LUugULUU EY/E $9u3u 286 #7 (74.48 %)
E/E2 97 91 67 (23.70 %) waz E2/E2 471U 7 60 (1.82%) Asiansli Table 7 9anWan1svageu

Y @ 1 v s a L] D D @) v
wanslviiudlauuiugvseUnealaaalaiiuuuy genotype wuu EY/ED 1udnuay homozygous
voedada E° Fuludnuazinuiivanseonduyudsuiniian wullguhuy genotype wuu E%/E2 1T
anwag heterozygous Ludnwaynauues dada E° uay E2 dvufiuanseanidud sdutnia du
35UV genotype E2/E2 \udnuaiy homozygous vesdada E2 Fududnvauziiugvia (wild type
+H 2 4:1' S J =) 5 ¥ M = & [
allele, E%) dvuiuanseanidudtinnanvsetiniaidy wilinuguwuy genotype e/e Faludnuoe
v a = & W Yy A & = H =
homozygous ¥edada e Fuludnuuzaseiuassoanduruduny/dimasumies lusssyins
nsoUnealaadlauiivaaeuiiae Tun1sfnwguuuudauresdu MCIR Tulauuiuguuinloadlnly
Useinan1vd ¥es Han et al. (2011) wuinfiguwuu genotype EP/EP 93.5 % EP/E* 4.3% uay E/e
2.2% FedsnefiBuursvuunagiguiu nsidmudada £2 Tulauniugnselaealaaalnianaly
winz leuniiugnseUeealeadlmidulauailadnisWaunUsuuseidnugnssuisinnuaunsalunis
a a 14 dy = k4 v a = ¢ a A

WwigAvleluaniizenasoutu Tauduniulse inandaaunmi ngldleunlsaalainsidou
wugu-anduiugndnlunsusugsaneiuguauiulaiude@dddulatiugiuduiuiuuselid
seAvaneidenlaadalninsideugaluualiiiu 93.75 % FadnvugdvundeinisvedlauunseUnea

lgaaladliusinguiudn-an undieiugiuiinisusulssanlanmduaisidennuglanudilewd
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v v =

lavugnseUnoaleadlal dniudadaudndufisgdesdinisnsiraeuuardniisduvuunddulauy
nsolnoalaadlauiiaidulaugv1i-ieg1auwiads wazawnsarluldidudedinualunis

Usgnaunssusesaneiuglaunselnealaadlni aeAawun1snsaRnnTosdumuuuas MCIR

Table 7 Genotype patterns of MC1R gene in Tropical Holstein using real time PCR with three

different variants position

nucleotide Position animals (%)
Breed Genotype Phenotype
296 667 748 (n=384)
cC CC T EC/EP Black&white 286 (74.48%)
Tropical Holstein ¢ cC TT F2/E®  Black&white 91 (23.70%)
TT CcC T E2/E2 Black&white 7 (1.82%)
dyunan1Innay

nN1snaaedluaalnud JUKUUYeIEU melanocortin-1 receptor (MCIR) #ian13
uansoenvesduululauunselaealaadlal amnsansiaiiaszilameaila real time PCR lagil
sULuuly 4 dada fie E° E1 E2 uaz e Fuludadaiioguusiiumus Extension (E) locus vas8u MC1R
oo B2 1udnuaizieiu (dominant type) dvudude E1 war E2 [udnvuzdesuos dada EX dmsy
[y 1y 3 . a I P o I~ H v 1 <) 1Y v .
anwaENUENI (wild type) dvuiluduinnan wseuinialy du e 1udnyiesoy (recessive
type) dvududunsmsoimasunies Fslunisnaasfinuiies 2 sadade E° way E2 35n15nsiall
° o oA A o a = A o oA Aaa o
ansadnldlunsfnidenvisednnsesduulsvudiateananyuiedniienianizlauuniguyuden
O v Yy 1 a a a a Y I o a oA A 2 aad
whilulvinanisesisaeuldegeiiusedniam danugndeuiugl danudnieiowaziduisnite
WarsIaL37 Larau1s0dudunan1InTIRIATIERMEmATAMEIAULUEEUSUA T WUBULRIYULA S
wnzdmiuldiluszuunsanivaeunie-wiiuglauunndilulusunsunisusuusaneiuglauiiie

AnNTRIAZANTISEY MCIR oandndsUssvnsiauunselnoalendlni

AnRNssuUsZAA
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ANZEILVVRUAN WMt AUEIdensHaueulasinalulag¥inmassys sy

= a

vouwnu wazifedlng Aremdelunisiiudieginden inwasnslaunludminassus s1vys

i =~ | g v 2w | Y Y a 1 av o =
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Detection of recessive gene causing Complex Vertebral Malformation (CVM)
in Tropical Holstein cattle using real-time PCR.

ll/ ll/

Nattanan Sirirattanatanyakul"’ Nachai Sarataphan®, Buh-nga Chindawanichsaku

Abstract

The purpose of this study was to develop a simple, rapid, sensitivity and reliable
assay for Detection of recessive gene causing Complex Vertebral Malformation (CVM) in
Tropical Holstein cattle using real-time PCR for implementing a routine testing to gradually
eradicate the carried lethal gene from the Thai-Tropical Holstein population. Blood sample
were collected from farms in Saraburi, Lopburi and Ratchaburi province were divided into 2
groups using the pedigree databases of dairy cow system of Bureau of Biotechnology in
Livestock Production. Group 1, 160 dairy cows with pedigree traced back to the common
ancestor, the elite sire Pennstate Ivanhoe Star or Carlin-M Ivanhoe Bell or Osborndale Ivanhoe
Star and group 2, 253 dairy cows were have another pedigree in group 1. DNA was extracted
from blood sample and analysed in real-time PCR utilizing two different sets of primers and
fluorogenic probe primers are specific SLC35A3 gene and confirm the results by direct DNA
sequencing. The results showed that Group 1 found recessive gene causing CVM more than
group 2 (22.5% (36/160), 4.35% (11/253)) respectively. Confirm the position base of SLC35A3
gene (G559T) 47 sample found recessive gene and 366 sample not found recessive gene. The
results showed no discrepancies between the two assay strategies and 100 % accuracy.
Real-time PCR use 30 min. for analyze less than PCR-SSCP and PCR-PIRA 230 and 1,030 min.
respectively. In conclusion, detection of recessive gene causing Complex Vertebral
Malformation (CVM) in Tropical Holstein cattle using real-time PCR is simple, rapid, sensitivity,
reliable and efficiently for identify/screening SLC35A3 gene and showed that 47 positive

recessive gene from 413 samples of totals Tropical Holstein cattle (11.38 %).

Keywords: Tropical Holstein cattle, CVM, real-time PCR technique, recessive gene

Registrated No.: 57(1)-0108-012

Y Bureau of Biotechnology in Livestock Production, Bangkadi subdistrict, Amphoe Muang,
Pathumthani Province. 12000
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Tsn Complex Vertebral Malformation (CVM) iulseiisnemenvastugnssuaiunalaedu
Fovuuaelalen (Revell, 2001) ArwAnUnAfiAnTwduNsenaamsnssufugINouggnlnenss
feneilonns AnunfivessUsng ualasadsvesnsvndunds rauasvdu Tnslése (Chu et al, 2008)
\JuammliAnnismevesgnla lesnanmadsuudamesdu SLC35A3 fisumisvesiindlelns
a1 Ui 559 TaelUd 8uan Guanine (G) 11 Thymine (T) (Thomsen et al, 2006) 911518914V
Agerholm et al. (2001) wuinlsa CVM Aglviiansuvisgnlussey 159 Surosnsaanios \Angnenelurias
\udnwauzues Homozysous Recessive dmiugnlaiidulsaudlisionnts fgvamdnd iJudnway
984 Heterozygous Recessive du3enindunvzaaslsn CVM Betka et al, 2008) 5189MUNI5A N
foundamuitmenusie Pennstate vanhoe Star ﬁqﬂﬁLﬁuWaﬁuﬁ:Lﬁuﬁu%a Carlin-M Ivanhoe Bell
Famendaldinismsranuindunmereddsa CvM lngldfunsdrenendunelsa CVM wnainlane
(Konersmann et al,, 2003) l#finmsléinideiuglsaalnianunasionanuaudeulsiuulnogis
s shldAndinmsundnszatevedlsagetu Sreeuiinululssinaanizeiwin (Duncn et al,
2001) @ns51w01049n5 (Revell,, 2001) 1usaswaun (Wouda et al., 2000) &151504k9A (Citek et al,
2006)uardjtu (Nagahata et al, 2002) 9Inn1sasIvaeutayanisliuid snnssuugiudeyalau
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235 PCR-PIRA (Polymerase chain reaction-primer introduced restriction
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1) A159529M8U SLC35A3 mewmala real-time PCR

¥ lnfmosifenudumesiodu SLC35A3 uaz Insuiiinaaindioasi3euasgealsalvus
%10 VIC waz FAM (TagMan MGB-Probe) a1y Table 1 wialddmsunsinasusiunis adu (Single
Nucleotide Polymorphism, SNP) TAnnsWasuLUamesiiralolnduesdy SLC35A3 deufi 559
TaeLUd sua1n GLdu T (GenBank accession number: HM183013) (Meydan et al., 2010) A 1¢

TUswnsu Primer 5 software

Table 1 Real-time PCR specific primers and probes (Assay mixed) for SLC35A3 gene underline

and italic letter represented SNPs

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

(bp)

SLC35A3 F —AGCTGGCTCACAATTTGTAGGT- 79

R —CTCAAAGTAAACCCCAGCAAAGC-

Probe VIC ~-TCATGGCAGTTCTCA-NFQ

Probe FAM -TCATGGCATTTCTCA-NFQ

MIRTIIEU SLC35A3 AenA3as Step-One Plus Real-Time PCR (Applied Biosystem, USA) Tng
Tlnswesuagingu Afianudumesiody SLC35A3 (Table 1) shemaiia real-time PCR flasdusenau
vesUfATeadl USimufAseiavan 10 lulasans Useneudae 20X Assay mixed (Applied
Biosystem, USA) 0.25 lulasans 2X EXPRESS gPCR SuperMix (invitrogen, USA) 2.5 lulasdans 500
ROX™ (Thermo Fisher, UK) 0.1 lailasans 1nay 6.15 Talnsans uaz DNA template 1 lalasans
Tnesalusunsusail Pre-incubation 50 esAwaldea 2 Wit incubation 95 eriaaided 20 Sunil
A1UR8 Amplification 95 asAnwaldad 10 UM way 60 ssAlwaldyd 20 U 91U 50 59U

asavdndyanuuanigesisauiniy SDS Software ¥94AT89 StepOne Plus

nsulanalaenisnsiaidan1siinduees PCR Product 1nen1sma32a3n fluorescence #ae
TUsunsululas 99 Real-Time Thermal cycle n1sudanadiinausinail PCR Product 7LAa%Y u21n
primers AifinudunIzAe SLC35A3 gene lnaflandlelnavesdu SLC35A3 a1nudl 559 Ludada

Thymine (T) #nsa8 probe FAM (dunsiw@udu) usandusada Guanine (G) Ansag probe VIC

(Lduns ARe0) NaNITIATITIIFRE1NUNRIENUDAFA G (WUATYD) LNELAULRET warA19819Ndl
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1%
a o

Bunesnalin CVM aziianisiasullasesihadlelvanudada G/T (dudideiuezduiRku) e point

mutation TiuvtsdsuLuai 559 (Figure 1)

Panel A Panel B
Amplification Plot Amplification Plot
55
425
50
400 VIC (G) FAM (T)
378
458
350
325 40
300
275 as VIC (G)
250
20
C 225 [
o o
200 25
178
20
150
125 FAM (T) 18
1.00
075 __Jf 10
050
e : -
025
0.00 0o
2 4 6 @ 10 12 14 16 18 0 2 24 N 2B N W M N W LN LM M4 2 4 68 B 10 12 14 B 18 N 2R M N M N B 34 B OB M0 L M M 8 N
Cycle Cycle
= Leg=d
| e H W

Figure 1 real-time PCR amplification plot of (panel A) the normal cattle and (panel B) the
carrier of CVM gene cattle, FAM-labeled (T) probe is complementary to mutant allele
and VIC-labeled (G) probe is complementary to wild type allele.

2) MIATIBUTUNBAIBIATIATIZRAFULUA (sequencings analysis) Uas8U SLC35A3

s uefiataldandedindonvedla Usunaiiegivay 4 lulasdng (10 unlunsu/
lulAsans) wfisveneTugan DNA vasEu SLC35A3 drewmalia PCR el 10x PCR buffer 1 Tulasans
primer CVM-F iaz CVM-R (Forward way Reverse primers) (Table 2) ati1sa 0.2 lulasans (5 lulaslua)
Platinum Tag DNA polymerase 0.2 lulaséing (5 giln) dNTPs 1 lulasdns (2 Gadlua) MgCl, 0.6
Talasans (50 faalua) distilled water 2.8 lailasans Usunmssau 10 lulasans uas Inosalusunsy
(PCR condition) il pre-denaturation 94 3ALwALTE UL 5 W AINAIE denaturation 94 BIFN
Waldud Wl 457U annealing 55 9eAALTYE U 45 FUNTILAE extension 72 SaAIWAITHE Wl
60 FWN1 91U 35 FBU kASANUAIE 72 BaALEaLdd U1l 10 w1l (Table 2) Wnandnainuisen
PCR (PCR product) sndauanduduiiduieiidesnisseds purification Tneld NucleoSpin® Gel

and PCR Clean-up (Macherey-Nagel. Germany) niudeudsne GelRed Loading Buffer (Biotium,

USA) wonauindudiuaiouelu 5% (w/v) Nusieve agarose gel electrophoresis 7l 100 V w 1.5
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FAlun 19U uaILRLEwe (281 bp) faewA3es Gel-Doc system (Alpha image 3400, USA) 11
PCR product ﬁié’mﬁmmzﬁﬁwﬁuwaﬁawm BigDye® Terminator v3.1 cycle sequencing Kit (ABI,
USA) Tngldiadea ABI 3500 DNA Analysis Sequencer (ABI, USA) #elUsunsy 3500 Data Collection

warAAsEimaIRulUavesib uemelUsLATY SegScape Software Version 3.0 (Figure 2)

Table 2 Specific primers, PCR condition and PCR product used for identification of complex

vertebral malformation (CVM)

Genetic ) PCR Time  Number PCR
disorder Primer Sequences condition of cycles product
4 ?
(5 3
CVM  F: CAGATTCTCAAGAGCTTAATTCTA 94 °C 5 min 1 281 bp
R: TATTTGCAACAACAAGCAGTT 94 °C 45 sec 35

55 °C 45 sec 35
72 °C 60 sec 35
72 °C 10 min 1

10034 10083 10032 10121 10150 10173 1ozos 10237 l1oz&8 10235 10324 10353 10382

= =« BT R R DT B BN «ul i1 1 il s 00N 0
A T B B A B T A B A T B T T T e

G G T e T © = T © T c A © = T

1193 19: 191 190159 1561571586155 154 15318218, 180179 17177 17175 174173 172 171170169 16i16% 166 165164 163

3 lo03z4 103E3 l1o382 10411 1O440 10453 10453 10527 1OS5S5S 105885 10,
n s TR 1 1H1 11 s 1 R R B R RO 0.1
T c A T G G (= A . T T c T = B (= A G (= AT G T T

oL

190 15:188 1871861858184 183182 185, . 18017178 17176 175174173 172 171 170 161685 16" 161

M

Figure 2 Electropherograms showing the nucleotide sequences across the G—>T mutation

EY
=

e

(indicated by an arrow) in normal (G/G) animal and carrier (G/T) CVYM animals.
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nsAATIEdayaneaia [insiinseiatadenssau WisuifguesazuazA1nugnees

(accuracy)
NANISNAABINAZINT

MIRTINIATIENEUA aenolsa Complex Vertebral Malformation (CVvM) Tulansed realeaalniin e
WATlA real-time PCR #7811508NWUU primers Wazprobes 7511W126 e SNP v0981 SLC35A3
fisuni G559T (Table 1) Ingn1snsa9afnmunisiiiuduves PCR product Tasnisiausunad
fluorescence 2 ¥iin lan G allele A28 VIC-fluorescence dye (&1887) wag T allele A28 FAM-
fluorescence dye (@tniiw) wansoonlasgainduns ey Figure 1 n1sutsnanuin drogelad
Unfagnudada G (@udden) Wesuduien wavseddleiififusosnslss CVM aznudunsml 2 &y
vasdada 6/T (Fuidorarinty) Juinannswasuulasesiandlelndiia point mutation
Aswnisdduiad 559 wazfudunanisnsisaeudlenismada3insieimiaiduiua (DNA
Sequencing analysis) 1838u SLC35A3 §98AM1380NUWUY primers d1SUnsiuTuIuavesiLs ue

AaewAila PCR (Table 2) hagdipsigriainutuan18lUsinsy SeqScape Software Version 3.0

dldd 14 1

(Figure 2) lngnuinsiegelaiunfagnudada G Ligeilfel Lavdngnslanidunssnalsa CVM 2y

NUDAAR G hay T WolUSeuguNaTaInd 2 35 NadanAaaInsInu

Table 3 Group 1, result of CVM analysis using real time PCR in 160 dairy cows with pedigree
traced back to the common ancestor, the elite sire Pennstate Ivanhoe Star or

Carlin-M Ivanhoe Bell or Osborndale Ivanhoe Star

CVM (n)
Sire name CVM no. calf
positive negative
1 positive 8 2 6
2 positive 34 20 14
3 positive 2 0 2
4 positive 8 6 2
5 negative 32 a4 28
6 negative 30 a4 26
7 negative 12 0 12
8 negative 34 0 34

Total (%) 160 36 (22.5%) 124 (77.5%)
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9 9

landnugUse IR (Pedigree) angduiusilinainangidonvesnaiuglauy Carlin-M lvanhoe Bell %138
Pennstate Ivanhoe Star %38 Osborndale Ivanhoe Star 91W3u 160 67 LARYNWOILS 8 i HaN1S
329U gnleafiBuseanealsn CVM d1uau 36 6 LulBudesnalsn CVM S1uau 124 fa Aendu 22.5%

(36/160) Wag 77.5 % (124/160) mua1du vinInsisduneenalsn CVM lureiugins 8 63 nansia

¥ v a

WU Wewug 4 flldureenalsa CYM (@19uMl 1 - 4) uaglvignladiguneenalsn CYM 28 f1 diu
A A~ v a v s v Al iaa v ' o v A ' i [
anlaiiindesn 8 dufnnenug 4 dnliddudesnelsa (@1Aud 5 - 8) winsranuduallavesgn

LY

1 8 filiBudsenelsa CVM uansliiuingnlalasunisanevendusesnalsn CYM 1nanlane-uyl

$Ef

o ¥ 1

ugniiguseenalsauwlsat M1y Table 3

Table 4. Group 2, result of CVM analysis using real time PCR in 253 dairy cows were not have
pedigree traced back to the common ancestor, the elite sire Pennstate Ivanhoe Star

or Carlin-M Ivanhoe Bell or Osborndale Ivanhoe Star.

CVM
Sire name CVM no. calf
positive negative
1 negative 6 1 5
2 negative a6 3 a3
3 negative 26 3 23
a4 negative 57 2 55
5 negative 34 0 34
6 negative 35 0 35
7 negative 24 1 23
8 negative 2 1 1
9 negative 18 0 18
10 negative 5 0 5

Total (%) 253 11 (4.35%) 242 (95.65%)
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dwsungui 2 WUunguanlanivseifnlulainanansdenvesraiugaiuinandiediu
91U 253 AuAnnweiug 10 67 Han1snsIany gnlaldusesnalsa CVM d1uau 11 67 Liflguy
sowralsn CVM d1uau 242 fa Aty 4.35% (11/253) waw 95.65% (242/253) sua1du tngwemug

1

10 ¢ Ifvinsnsaseunuilifidudesnelsa (M wagldnsanasuudlaiamuanuiuilaves
fhoghagnlafiiiBudesnelsn CVM v 11 # TBudesrelsn CVM uandiifuulafiiBudendelsn
cvM iilefignfianunsadnemendusiosrolsa CM anusilelsifugnlaldisuiu Tnglilssumsdienen
inannwelaLlesanwensiaasundilifiiusosnelsa CVM A Table 4 nI9ABUANNYNHBITBINA
M39979 Ingfuduenisnaviinsgimaduiuavesiuviadu SLC35A3 fidumis G559T vndh
fifidusioadelsn CM (a7 &) uagshegns 366 i Mlaififudesrolsn CVM mams3ousis 2 Flsiua

aenndeInTIiuLaziiAIAILgNFBY (accuracy) 100 Weidud (Table 5)

Table 5. Comparison accuracy of two methods analysis by real-time PCR and sequencings

for detected CVM.

CVM
Method analysis Accuracy (%)
positive negative totals
real-time PCR a7 366 413 100
sequencings ar 366 413 100

ANNSUSTOLIANLTIUNTATID AT real-time PCR Tszagnainsiaties 30 Uil d9tee
AIITAUNTY PCR-SSCP way PCR-PIRA Nidaaldiaiuny 230 way 1,030 u1¥ anuaiay (Table 6)

99910 T75 N5 kazIUMDULUNTVN NLANANE Y

Table 6. Comparisons method and time using detected CVM.

Method analysis Process Times (min.)

real-time PCR 1. amplification DNA with primer probe 30

and detected fluorescent dye

2. analysis
PCR-SSCP 1. amplification DNA with primers 30
(Chu et al.,2008) 2. denaturation 20

180
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3. separated by 14%  Polyacrylamide  gel

electrophoresis and detected by silver staining

4. analysis
PCR-PIRA 1. amplification DNA with primers 30
(Logar et al.,2008) digestion with restriction enzyme (over night) 960

3. separated by 2% agarose gel electrophoresis 40

4. analysis

HAN13AN¥IVRY Zhang et al. (2012) n1snsaaaaulsa CVM wuulndlulaiuglaaalninae
walla real time PCR 4aga1nn153tAsganuduiusnaiuguse inlnensdulseindoundaes

s wa A

wuglaleadlauluiunuin nsunsnsgangvadlsa (VM lAranweugla 29 dandinugussiRduans
WuE U191 1nWelanug Pennstate Ivanhoe Star wag Carlin-M lvanhoe Bell ¥ avdugnves
Pennstate Ivanhoe Star ufiu nan1sAnwineuntives Chu et al. (2008) N1595398ums CVM Tu

Aaa v

Taleaalaishemaila PCR-SSCP wuingnladiuau 602 fillinannviewuslafifidudesnslsa CVM
31U 10 67 210 3 FmTn Ae Beijing Tianjin way Hebei nsianulngnla 282 filldusesnalsa
cvM Aau 46.84 % (282/602) Faviolasiug 10 faduguseiAfiAnuanwelaug Pennstate
lvanhoe Star wag Carlin-M lvanhoe Bell uanainillausiugleaalniludnituiinisdrsialsn cvm
nansdrsanulaunddudosnelsa CM 17 dalu 50 fefitAninvielaundiddudosnelsa CvM

(Hemati et al., 2015)
d3UNanITNAaY

nsns198uRenalsa CVM Tulanselmealaadlnuniewmala real-time PCR @1u1satunly
Wuislunisasiaaeuiusssnalsa CVM ms1zilausmIzsady SLC35A3 Taagrailusyansan
a ~ v I o A oA A & adadl < 'y} 'y}
fiayuly fanugndecuaiugn danuieiowasduisnieuassIns) a1unsanTIIRnNTodLasen

nadudeenelsn CVM sananislauule 47 fa anlauungudiegneiaun 413 da Andudovay

11.38
JDLAUDLUL

nsnTvgeudunsenelsa CVM lune-wliuglauamnislulusunsunisusudsaneiuglau

unsolUnoalaadaln daudAyegranniiednnsesuasAniiadudounalsn CVM 8on31Nny3

1% 1
v

Uszrnslauunselaealaadloy lnsanized1adslunenugnaziemaninaugudaniour luly

uimswauielituinuasnsllifinisunsnszaneiindudn delunsiduaudndnindedmiunas
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Abstract

Thai Holstein crossbred dairy cattle are progressively developed for high milk production in
tropical conditions of Thailand. The aim of this study was to evaluate DNA fingerprint diversity in Thai
Holstein crossbred dairy cattle using microsatellite markers. A total of 588 animals including 30, 110,
41, 242, 35 and 131 animals of 100, 93.75, 90.63, 87.5 and 75 % Holstein, respectively, were used in
this study. DNA samples of each animals were amplified microsatellite DNA by polymerase chain
reaction using fluorescently-labelled primer sets of 11 loci including TGLA227, BM2113, TGLA53,
ETH10, SPS115, TGLA126, TGLA122, INRA23, ETH3, ETH225 and BM1824. DNA fragments of 11 loci in
each sample were analyzed genetic diversity of DNA fingerprint. The results revealed that high
genetic diversity of DNA fingerprint was observed with 0.8932 of mean expected heterozygosity (He)
and 0.8833 of mean polymorphic information content (PIC). The mean fixation index (Fg) and Fir
were found to be -0.0131, 0.0063 and 0.0191, respectively, as well as Fs; was 0.0837-0.1466. The
results indicates that there is a little shortfall, 1.31% of heterozygotes excess among group and 0.63%
of heterozygotes deficit in the population. There was a moderate genetic differentiation (8.37-14.66%)
among Thai Holstein dairy cattle groups. The mean correlation of multilocus analysis for single
populations were 0.4218, 0.1300, 0.2797, 0.1106, 0.3353 and 0.1529 of 100, 93.75, 90.63, 87.5, 81.25
and 75 % Holstein populations, respectively. Phylogenetic tree was constructed using genetic
distance by UPGMA method showing 3 clusters of 75% Holstein, 100% Holstein and the other
Holstein crossbred dairy cattle. The results of this study suggested that 11 microsatellite markers

can be used for discriminating and detecting unknown percentage of Holstein cattle population.

Keywords : DNA fingerprint, diversity, Thai Holstein crossbred dairy cattle, microsatellite markers
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Weswudaeidonlaadlnilulauugnuauiiasde amnsaldnseamunen1eiugnIsuingIensIanULANeIg

vosaeLdentd (Blott et al, 1998) uenaNAIMINETITRLgNTIHAsouTueesiotiauenue:

wuduinaziugnanlunsoysnviugnssuadainudoanions i dudaneiudud wiounlulduselow

9e19998U (Bradley et al., 1994) MsnsIvdeulendnualsediugdniseliauindmivduduadnd wie
udeyaludarinsduainunaindninugesls iwu Aberdeen Angus' beef #3o Jersey ' milk nsunies
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UnenaIemingnaiugnssuidemiunldlunisduunareiugla (Edwards et al., 2000; Canon et al.,

I3 o

2001; Rehman and Khan, 2009) eg1alsiny dslaifisneanunmsdienaseminglilasueniialaniunlely
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o

90.63%, 87.5%, 81.25%, war 75 % 31nkA59N15 Master bull vasdtinmalulagyinmnisuanuednd dau

Tauuesidusaedantaadla 100% Wuidousuds wazlanitinNuiduiansesuseine
nsaiun1sidesnudeya uazaauiinaass

1. nsiusausaudoys
1) ufegraden lnsmsianzldudenmilng Uugular vein) Ushaldaine 1 5 Jadans

ulunasanaassnilaistesiudonuds EDTA wWistlUadinfdue
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msafafiue  tdediadendiuay 200 Tulesdns  wnafadiSuedioyntiendusagy
(AxyPrep Blood Genomic DNA Miniprep kit: Axygen Bio Science, USA) ﬁauﬁ%‘%’mmﬂvﬁﬂ
afamisueseisiiuea: Taslswesy (Sambrook et al, 1989) fegrsdutefilaiumany
iy uazanuuigvdieiniesaalnsiilafines Ainmeniaduuas 260 uaz 280 uiluims

AUFBE19ABWeNLAT -20 %y auninaztilunaasu

2. ANSIATIZHA29ES

1)

insomnefiduesialulasuenidalavifldvinisfnvdnu 11 wlemng dadenunain
AUZUIUBY FAO-ISAG (http://www.fao.org/docrep/014/i2413e/i2413e00.pdf) Aauanslu
5197 1

mMafiuveefiduesefitognisndmesauuuiadndn  lunaoavadeudszneusie 10x
PCR buffer 91131 2 pul dNTPs @23 u9u 2mM 921U 2 pl MeCl, ANMNTY 50 mM
S 12 pl usazlnswesfinndideaannuduty 5 uM waufusiuou 0.4 pl Byl
Platinum Taq polumerase Aadady 5 U/ ul §1uau 0.4 pl uag Abutefegennudiudy
20 ng/ pl 1wau 1 pl Ysudsumsaaelila 20 pl sne DDW thdeg1slunaannagauld
Lﬂ%'ml,ﬁmaﬂqmmﬁ (MJ Mini Personal Thermal Cycler) TnesilUsunsudell 94% Hunan 5
W ueieeseugagl 94 % 1Wuia 30 3ud 58 % WWukian 30 3wnd 72 % Wuaan 1
il 1A 30 soU mMudie 72 % WHunan 1 wid ddheghsidueiiiinvensudiiundiuay
1 planesraeuldosiudenisuendenseualuihuuiueznilsa 2%
mMavuuatudfidue  hiedsiiBuefildnnfiuvensuinliuiand uashlumaue
FudiiBuemerseamswuiua (3130 Genetic Analyzer, Applied Biosystern, USA) Tagld

PIARDULAIEIUUTEUTIBY (GeneScan™-500 ROX Size Standard (Applied Biosystem)

AATEvHavUInTUEINABUE e TUTWNTU GeneScan® and GeneMapper

Table 1 ISAG-FAO recommended microsatellite markers were used in this study

Locus name Chromosome Primer sequence (5’>3’) Annealing GenBank Allele
Forward Temp. (°C) accession no. range

(bp)
Reverse

Ig%AZZ? 18 CGAATTCCAAATCTGTTAATTTGCT 57 X89252 120-
ACAGACAGAAACTCAATGAAAGCA

?ggll3 2 GCTGCCTTCTACCAAATACCC 55-60 M97162 122-

CTTCCTGAGAGAGAAGCAACACC



TGLA53
191

ETH10
231

SPS115
258

TGLA126
131

TGLA122
184

INRA23
225

ETH3
133

ETH225
159

BM1824
197

N -
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16 GCTTTCAGAAATAGTTTGCATTCA 55

ATCTTCACATGATATTACAGCAGA

5 GTTCAGGACTGGCCCCTGCTAACA 55-65 722739
CCTCCAGCCCACTTTCTCTTCTC
15 AAAGTGACACAACAGCTTCTCCAG 55-60 FJ828564

AACGAGTGTCCTAGTTTGGCTGTG
20 CTAATTTAGAATGAGAGAGAGGCTTCT 55-58

TTGGTCTCTATTCTCTCTGAATATTCC
21 CCCTCCTCCAGGTAAATCAGC 55-58

AATCACATGGCAAATAAGTACATAC
3 GAGTAGAGCTACAAGATAAACTTC 55 X67830

TAACTACAGGGTGTTAGATGAACTC
19 GAACCTGCCTCTCCTGCATTGG 55-65 722744

ACTCTGCCTGTGGCCAAGTAGG
9 GATCACCTTGCCACTATTTCCT 55-65 714043

ACATGACAGCCAGCTGCTACT
1 GAGCAAGGTG CCAATC 55-60 G18394

CATTCTCCAACTGCTTCCTTG

143-

207-

234-

115-

136-

195-

103-

131-

176-

3. NTIATICHNANIEDH

1)

2)

3)

Foyavunudiiduerinlulasweniialaviusaziasemunevesiegilauugnuaulaadlausas

3 a &

nay thindnwamaiua () Juduiidue (Allele) donfluaiosmng (locus) vuadudufidue
(bp)  Anevimelsdeln@iannisdunn (Ho) Anevinelsdeln@ianmsdiuin (Hy) uwagArguuuy
Wugnssu (PIC) sglusunsu CERVUS 3.0.7 (Marshall et al. 1998)
AANLLANANRLENTTITENINGY ( Fer ) mudtwes Wright (1978) Aunalaglusunsy
STRUCTURE 2.3.4 (Pritchard et al., 2000)

o N a

A1dUUsEANSADATA (Inbreeding) Fs Wag A AIAIINWIIVNINUGNTIN (Nel’s 1978) Aranduiudnig
WugnIsusEIengy  Msaseuduiusneiugnssuwuuduld weznsevianwesidudanaidon

Teadlntianniednlafiasds felusunsy POPGENE version 1.31 (Yeh and Yang, 1999)

4. FUNINNITNNABY

1) aouiivniusindeya - AudidunisraniieunasmaluladBinmassys duneuney

v v
& a IS

Jadnaseys Audndminela dunedaus Jminanys
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v

2) anuifiesendiegiaden  WensiaanuvaInvatevesaeiuiiugnssululauLgnuay
Ineloadlaumeesomneibuerialulasugniiiala  :  nquideuaziauinalulad
Fanmnsuadnd sunewies Jamiaunusiil

5. TELAMIINMAGRY ALA AatAl 2550 - Mug1ey 2552

NaNISVINABILAZIANTA]
AUNANNAYYDIAENNANUSNTTH

Tumsneil 2 waannsEneanefuiiugnssulauadivan 588 f I wududufidwe (§ada)

a = = a W v a 5 a o aa o
LRAYFDNULAIDINUNYLRAASLNINU 25.82 9aaa ‘V!ﬂlﬂ'ﬁaﬂ‘ﬂlﬂﬁllﬂqLgWLV]E]Ii%EJIﬂ%WT\nﬂ']iaQLﬂG\ (HO) LLaza1n

[
(Y]

MIFILI (H) WA 0.70 defidnade H, wiatu 0.893 wevmelsdelndfduedediafifvesanuvainvay
ynawugnssy & H, firgeuansdaduiuuanlulszenaiu (Aranz et al, 2000) AsUkUURUGNTIY
(PIC) m‘fluLﬂ%ﬂ%‘ﬁmaqmmwmﬂwmwwﬂ’uqmsmﬂwwﬁq mmiﬁﬂmﬁnmﬂ%awmaﬁm PIC &9 Faade
wihiu 0.883 &1 PIC HAgend 0.5  uanedn annsatuesemneiiuesdalilasusnidialaviiluld

Asrevisalule (Arora et al,, 2004)

Table 2. Allele frequency analysis of observed heterozygosity (H,), expected heterozygosity (H,) and

polymorphic information content (PIC) using program CERVUS 3.0.3

Locus n k Allele range Ho He PIC

TGLA227 588 36 67-107 0.913 0.939 0.935
BM2113 588 29 116-150 0.815 0919 0912
TGLA53 588 32 141-185 0.770  0.885 0.875
ETH10 588 20 206-223 0.747  0.860 0.847
SPS115 588 20 150-280 0.702 0.845 0.828
TGLA126 588 16 108-138 0.787 0.872 0.858
TGLA122 588 38 122-213 0.801 0.925 0.920
INRA23 588 24 122-213 0.854 0.902 0.893
ETH3 588 25 99-134 0.798 0.884 0.874
ETH225 588 27 124-163 0.774 0911 0.904
BM1824 588 17 178-194 0.760 0.884 0.872

Mean 25.82 0.792 0.893 0.883
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s A‘ a
AnduUsTaNSIAanTn

3 =

A Fs waz Fr Jurduusedvaidondn (Inbreeding) nelunguees waznelulszyinsvisualuel d1dl
Ay + uanshussanslunguees viemelulssansimunlugainnisuaenmelsdelng viiedindends il

! I ! ! ! A :j a g a A a A a
ALY - wanshussnsiunguees vsanmelulssvnviaualugsdienmelsdelnaiu veldifndontn

PNMIANYIL ARRY Fg wag Fp Wiy -0.0131 kag 0.0063 MINAIAU Bauansdn Uszvnslauugnuas
Inelgaalaufivhnsdnuilfidutesiiios 1.31 % Aduennelsdalnaiulusswinngu uasddntoaiios 0.63 %

& o = Ny a A a S % a
'1/1L“LJ“LJL‘EW]W]EJI?UEJIﬂWJ’IGMiEJLﬂ@Laaﬂﬁuﬂuﬂizm’lﬂiwwum mLLamﬂumiN‘w 3

'
= '

e Fg Plidwnnd 0 wezlu + andunistuduiinisaenesvnesiugnssudulunungues Hardy
Weiberg agnsifidudfiey fatiu aann1sfnwil Aade Fg i -0.0131 wansiinisaneneavnaiugnssudulunig

o o

nNgwes Hardy Weiberg agngliifitidndy

Table 3 F-Statistics analysis, Fis, Fir and Fer values for 11 microsatellite loci in Thai Holstein dairy cattle using

program POPGENE version 1.31

Locus F- Statistics
FIS F\T

TGLA227 -0.0357 -0.0122
BM2113 -0.0068 0.0024
TGLA53 0.0888 0.1066
ETH10 -0.0227 0.0005
SPS115 0.0962 0.1397
TGLA126 -0.1734 -0.1586
TGLA122 0.1222 0.1395
INRA23 -0.0665 -0.0590
ETH3 -0.1853 -0.1487
ETH225 -0.0231 -0.0041
1824 0.0518 0.0658
Mean -0.0131 0.0063

AYUUANANNINARUTNTIU

dauen Fo WusvdintenanldanuuansdramsiiugnssulungueesvesUszying (Hartl and Clark, 1997)
Feawdlan 0-1 §1e For 98521319 0-0.05, 0.05-0.15, 0.15-0.25 Uar >0.25 Uaaeiidanuuand1anesiugnssutios

UIUNA1 1IN WagiNTian MmuE1au

INMSANWE Anade fixation index (Fy) Tuudazngueos dA1egsening 0.0837-0.1466 uanaIdiay

WANANIN UGN TTHUIUNGNS (8.37-14.66%) Aauandlums1ad 4
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Table 4 Mean value of F¢ in each subpopulation of Thai Holstein dairy cattle obtained from program

STRUCTURE 2.3.4

% Holstein Fer

100 0.1361
93.75 0.1070
90.63 0.1101
87.5 0.0837
81.25 0.1243
75 0.1466

AUVNINIeHUgNITUKANISTANguvaslauugnuauinglaaslni

v

AAnuiasiugnssuveslauugnranlveleaaladusasngu Sendaus 0.0030 fv 0.0526 azulddnla

ungnuaslneloadlainfianeion 93.75% Aulauugnualinelaadladifianedion  90.63%  TA1AIAINNS

o '

WugnIsuwiiu 0.0030  Tuvasilauugnuaulnelsadlatinianeiden 75% fulauiden 100% dA1ANWINI

WUINTIUMIAY 0.0526 Aauanslunised 5

Table 5 Nei’s unbiased measures of genetic distance among 6 Holstein crossbred dairy cattle populations

Populations 93.75% 90.63% 87.5% 81.25% 75%
100% Holstein 0.0123 0.0152 0.0246 0.0244  0.0526
93.75% Holstein - 0.0030  0.0039 0.0058 0.0248
90.63% Holstein - 0.0033  0.0064  0.0306
87.5% Holstein - 0.0042  0.0270
81.25% Holstein - 0.0237
75% Holstein -

Wiphanuiameiugnssunnasaauduiusnisiugnssuwuuiulyl

nquees Ao laulnaleaalataedon 5% laudlvelaadlavansidondus) wavlauulaadlatiiugui

gih‘?i 1

U [ Id
WUNEUITUNDDALUUY 3

pranandly
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0.8956
100% Holstein
0.1449
— 93.75% Holstein
0.629 0.031
0.092 [ |
90.63% Holstein
0.682 0.181
— 87.5% Holstein
0.273
L 81.25% Holstein
1.585
75% Holstein

.1

Figure 1. Phylogenetic tree construction based on genetic distance from microsatellite marker genotypes

by UPGMA method

ANUFNRUSNIsTUSNIsHvaINgulaugnuauinglaagln

mawé’uﬁuﬁla?{aﬂuaqmaﬁuﬁﬁuqﬂiimaﬂmjulmuqﬂmamlwaiaaaimﬁﬁﬁmaLﬁamIaaa"Lmﬂ 100, 93.75,
90.63, 87.5,81.25 uag 75 wWasidud wiiu 0.4218, 0.1300, 0.2797, 0.1106, 0.3353 kax 0.1529 ANUAISU AILAAS

Tussnan 6

Table 6. Smouse’s multilocus analysis of correlation for single populations of 6 Holstein crossbred dairy

cattle

populations

Populations n Average correlation df Chi-square Probability
100%  Holstein 30 0.4218 55 117.27 0.0000
93.75% Holstein 110 0.1300 55 61.90 0.2435
90.63% Holstein 41 0.2797 55 85.07 0.0057
87.5%  Holstein 242 0.1106 55 103.39 0.0001
81.25% Holstein 35 0.3353 55 93.17 0.0010
75% Holstein 131 0.1529 55 95.80 0.0005

dlethAadevesanduiusvesanefiuriiugnssuvesngulauignuaslveleadlnindanadenlaadlng

19 anduiusiulesiwudanedonlaadlat  nuwwliudenuduiusaulewssisuimedenlsadlad g

Aauandlugun 2

¥
=
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Average correlation (r)

0.45 100% Holstein
% 0.4218
0.4
24 2Cof Halctpin
0.35 ¢ 0.3353
0.3 :
90.63% Holstein ¢ #5797
0.25
0.2 1 = -
B 93.75% Holstein
0.15 - 75% Hﬁsi%‘l%ls.zg ’ 0.13
0.1 4 01106
- 87.5% Holstein
0.05 -
0 T T T T T
0 20 40 60 80 100 120

% Holstein dairy cattle population

Figure 2. Average correlation values (r) plotted against % Holstein dairy cattle population

AsasIanesidudanaidonlaadlnianndlagnalaiiade

s & ¢ 4 I o ' - @ o w a o v 9 va
misnaesidudaeionlaaalatnndiegdlaiiasds  leethdeyaanefinviviugnssy  daliiy
UseanInguil 7 (pop?) wnUSsuliiguiuteyaaneiiuiiugnssuvedlauniimsfinuing s nqu laelusunsy
POPGENE Version 1.31 3AT1¥M  G1ANAIUMINIINUGNIIuvewedlafiasdy Treeiign asaiungulauwd

insfnunidunguesls wanvidiegndlafiasdelanedonlsaalanssiunguiiu dauansdiogdlugui 3

T R R R R R R R TR R R R R R TR R R R R R R R R R R R R R R R

b R
ok Nei's Unbiased Measures of Gemnetic Identity and Genetic distance ek
ok [5ee Mei (1978) Genetics BD:583-5890] ok
s o

T o i v o v e e R i R o o o o R R e o e o o ol o R o i o o ol o e o R o o ol o R o R o o o o R o i o o R o o e o o o R o o o o o R o R R R R

pop ID 1 2 3 4 5 [ 7

1 ok 0.9878 0.9848 0.9757 0.9759 0.9488 0.9640
2 0.0123 ok 0.9970 0.9961 0.9942 0.9755 0.9740
3 0.0152 0.0030 ok 0.9967 0.9936 0.9698 0.9945
4 0.0246 0.0038 0.0033 ek 0.9858 0.9734 0.9761
5 0.0244 0.0058 0.0064 0.0042 ok 0.9766 0.9556
& 0.0526 0.0248 0.0306 0.0270 0.0237 ek 0.9321
7 0.0366 0.0264  [EBEE] o0.0242 0.0454 0.0703 B

MNei's genetic identity (above diagonal) and genetic distance (below diagomnal).

Figure 3. Percent Holstein detection of unknown sample (pop7) based on genetic distance among 100%
Holstein (1), 93.75 Holstein (2), 90.63% Holstein (3), 87.5% Holstein (4), 81.25% Holstein (5) and 75% Holstein
(6)
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MnMsnadaunuIelinanssiuaNuuase Weslegdauuitanedenlaadlaid 100, 93.75, 90.63,

81.25 uay 75% sniiudegreiiflanadenlsadlag 87.5% Milvnalinsaiuaiuais e laungnuanlaadln

v
v o
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Fulv (13197 6)
dyuNan1INAaay

mMsUszifiunnumannvanevesaefiuiiugnssudeedonefiduerialilasuemiialay lule
uugnmaﬂmlaaalmﬁﬁﬁmsJLﬁamIaaalmﬁ 100, 93.75%, 90.63%, 87.5%, 81.25%, way 75 wWasibus 571
588 ¢ MegeRiBueresdniudazildiuniuenetuduisuorinlulasusifialavideu §izengnld
naeLsa %QT%’lWiLmaifamﬁWQaaLiamjwﬁﬁ‘hmu 11 13peviane laun TGLA227, BM2113, TGLAS3, ETH10,
SPS115, TGLA126, TGLA122, INRA23, ETH3, ETH225 way BM1824 wuilauugnuaslveleaalaiinig
vannvangvesanefissiiugnssugdasidedeennelsdwlndd (H,) winfu 0.8932 edemunediduienin
lulasugmifialavivis 11 wdoamnsannsahuldifinnsimeatugnssuldlnediaiadosiuuuiusnssy (PIC)
Wiy 0.8833  Usemnslaungnuanilveleaalaifivhnsinunifliindesdalussyingy wasdssrnsly
NANgaELAMULANAINIRUENTTHUIUNAI (8.37-14.66%) Taenuwwilidudanuduiusnaiugnssuluusias
naugeiu idewesiwuiaedenlsadlagsdu Womaruamaiugnssumavanuduiusmeiusnssu
wuusuliinunansaduuneendu 3 nauges fe lauulnelgadladaadon 75% lauulvelsadlag
meidendu warlaunleadladiuguyl  wamsAnwieuvainaievesaefissiiugnsululausgnua
Ineleadlond Moidomneiduerialileuendalailundsd  aunsatieiesmunslalasuendialas
fuu 11 iefeamnenUszgndltlunsmsemiuusniswagmivesidudiaeidenteaalailugszvns
Tauulaadlndle

JDLAUDLUY

HaINNSANYIUsTIIUAIMAIN AN BRI ERUNTUgNSTUMEIAToIeRwavdalulasuan

Jialan lulawugnuaulnelsaalailupssil annsatmnyssendldlusudsialudl

I3

1. deSemunenduevialulasweniialad

o

T3y 11 wieawmuny  unlgnulanuiieswas

Iy 1wy lavdmu 1adaiu laau Tagunald ieduunAnuuaneavesaeiugnig

Wugnssu agledeyaimdulszleviluniseysnvaeiudlinsegsoly

o

° 5 a a a I 5 Yo & \
2. u’]Lﬂi@\'ﬁ/‘llr]EJ@LBULB%UWVLNIﬂiLLGUVlLV]aIaV]u U 11 LATDINUNY NqisUﬂUIﬂLanﬂNall LYU

al

Tasnn landuws lalnewudia Weduunanuuansswesaenugmeiugnssy sldtoya

Y

&, o v s o s v A & ! a4 &
LUUUiﬁiﬂsﬁ‘ﬁIUﬂqia@ﬂSLU'ﬁ‘U'ﬁaqa']EJWU'ﬁq LLag'ﬁUi@QGU?‘ﬂqmﬁJqﬂqﬂIﬂLu@fjjﬂmallm']ﬂG] iwardu

s

wnanwal wasdunsauaisusasius

9

3. dnemdnnsussfiupnuainviatevesaefiuniiugnssumenosinefduevinly

lasugniialat unldivdndaliadu wu 1n ung eduunauuana1IvesaeiugnIa



Journal of Biotechnology in Livestock Production 2023

. @
&

wugnssuudles viseudnay dgldveyailulssloniluniseysnvaneiug wazn1sly

Uselevtingadady
LONE15919D9

Arora, R., Lakhchaura, B.D., Prasad, R.B., Tantia, M.S. and R.K. 2004. Genetic diversity analysis of two buffalo
populations of northern India using microsatellite markers. J. Anim. Breed. Genet. 121: 111-118.

Arranz, J.J., Bayon, Y. and F. San Primativo. 2000. Genetic variation at microsatellite loci in Spanish sheep.
Small Ruminant Res. 39: 3-10.

Blott, S. C., Williams, J. L. and C.S Haley.1998. Genetic relationships among European cattle breeds. Anim.
Genet. 29: 273-282.

Bowcock, A.M., Ruiz-Linares, A., Tomfohrde, J., Minch, E., Kidd, J. R. and L.L. Cavalli-Sforza. 1994. High
resolution of human evolutionary trees with polymorphic microsatellites. Nat. 368: 455-457.

Bradley, D. G., Machugh, D. E., Loftus, R. T., Sow, R. S., Hoste, C. H. and E. P. Cunningham. 1994. Zebu-
taurine variation in Y chromosomal DNA: a sensitive assay for genetic introgression in West African
trypanotolerant cattle populations. Anim Genet. 25: 7-12.

Canon, J., Alexandrino, P., Bessa, I., Carleos, C., Carretero, Y., Dunner, S., Ferran, N., Garcia, D., Jordan, J.,
Laloe, D., Peteira, A, Sanchez, A. and K. Moazami-Goudarzi. 2001. Genetic diversity measures of
local European beef cattle breeds for conservation purposes. Genet. Sel. Envol. 33: 311-332.

Edwards, C.J., Loftus, R.T., Bradley, D.G., Doft, G. and C. Looft. 2000. Relationships between the endangered
Pustertaler-Sprinzen and three related European cattle breeds as analyzed with 20 microsatellite
loci. Anim. Genet. 31: 329-332.

Hartl, D.L. and A.G. Clark. 1997. Principles of population Genetics. Sinauer Associates, Inc. Sunderland, MA.
542 pp.

Marshall, T.C., Slate, Kruuk, L.E.B. and J.M. Pemberton. 1998. Statistical confidence for likelihood-based
paternity inference in natural populations. Molec. Ecol. 7: 639-655.

Nei, S. 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals.
Genetics 89: 583-590.

Pritchard, J.K, Stephen, M and P. Donnelly. 2000. Inference of Population structure using multilocus
genotype data. Genet. 155: 945-959.

Rehman, M.S. and M.S. Khan. 2009. Genetic diversity of Hariana and Hissar cattle from Pakistan using
microsatellite analysis. Pakistan Vet. J. 29: 67-71.

Sambrook, J., Fritsch, E.F. and T. Maniatis. 1989. Molecular cloning: A Laboratory Manual. 2" ed. Cold
Springer Harbor Laboratory Press, New York.

Yeh, F.C,, Yang, R.C and T. Boyle. 1999.. POPGENE Version 1.32: Microsoft Window-Based Freeware for
population Genetics analysis: University of Alberta, Edmonton.

Wright, S. 1978. Evolution and the genetics of populations. A treatise in four volumes. Volume 4.

Variability within and among natural populations. pp. 580.



Journal of Biotechnology in Livestock Production 2023

navaspaslagiien WeadiAauasszauseslaulusnamalsuluiudredndldau

fOMNIINSAWBIVRIlALLBAISU

NOURY Nosanwae” suna wouUsvang?
unAnga

AM5ANATINTTngUs AR i oA nwINavaatad gl uiud18H1INF18aURBENIINISAINB IV

q

a LY

lavadasulaun meslagiioy veadfa sedusesluulusiawmelsunazanududueansitnosaly

[

Honnaenauanuzvadladiiu Tulalemadegnuan 01y 3-6 U 31uiu 125 fa Nlesuniswmilednh
i dudauasiivteyaanuzuasszuuduiugvedadisulutudedindieeu laun Weadida
AsgMduuAudnanaeilagisuwazsililagldinesdansienid waziadennsianuduty

gasluulusiaawalsunazaasluueaniilaosa Inasniunisdandindligounsudanie3s direct

A '
U = =

transfer nan1sANwINUIINGUIAGISUNRID ARdsvesgasluulUsRawalsuludonluiudedn

Agauiiu 6.01 + 2.06 ng/ml Feganinnguladisunlineiesniidnaie vedusiaawelsuluiiion

o v a

WU 4.91 + 2.13 ng/ml a8 19l JudAgyn19aiif (p<0.05) WagnuIAUe 1L UNUAUINANS

o

[y

rosUagiisulauduiusideuinlussduiduanududugesluulusaanelsuluden (r=0.204)
wazANNENLEURuANdnaaeslagisudanuduiusidaulussaudiunaraiuaugiduniu

o
v Y a L3

Wn19adf (p<0.05) vl 1WeAT Iz lnanodnIINIg

L £ a o

AUONAN9SILY (r=-0.453) agafideda

Y
[ [

Aeviparadlaiiafisu Ae anuzvedladisu nsareidag ey eadifia avuidutugesluueansn
laooauarszivsesluulunaamelnludenluiuideiniseu wuiladsuiiinestlagifiewnsn A
Tufudherniseunsilonmarsioannniidefeudsuiuleisuiifnestagiennsa B lutudonn
Frgeuds 2.56 Wi egaleddyn19ada (p<0.05) warwuin ladasuiifiseiuseslunlusiaamelsy
Tudenldasnin 5 ng/ml azillonmansissannnitasiuiidsesusesluulusaanelsuiitesnin 5
ng/ml i1 2.51 W1 egdidedAgymneada (p<0.05) eglsinu Jadeusuanuzvedadiiiu weadida
wazeududugesluweandilasealudontu linatesnmmssmiowedaiomsuluiuiitredn
Aagou (p>0.05) ajuinnsaneslagisunavseaugesluulusiamelsuludenluiudienin

shesulutladeniinanasnsin1siavinsuaalailafisy

AEfy: Msderndgeu aeslagiien Tusnawelsu WeadiAa dnsn1sawies

WINEUEWIYVINTG : 66(2)-0208-023
YV audidunisuaniieuuazmalulagiinmaseys .o 2.a5e3

7 gudidunisnauiisniasinalulagiin nveuwiu o480 2. 00UwNY



@
Journal of Biotechnology in Livestock Production 2023

Effect of corpus luteum, follicle and progesterone level at the day of embryo transfer

on pregnancy rate of recipient beef cattle

Korbsook Thongsodsaeng Tanapol Ampratchar?

Abstract

The present study aimed to examine factors that affect pregnancy rate of recipient beef cattle at the
day of embryo transfer, including corpus luteum (CL), follicle, plasma progesterone level, plasma estradiol
concentration, and recipient status. One hundred and twenty-five crossbred female beef cattle, aged 3 - 6 years,
were estrus synchronized. The status and reproductive data from recipients at the day of embryo transfer, were
recorded including follicle, corpus luteum diameter and ovary diameter using ultrasound machine, and the
recipients were collected blood samples for plasma progesterone and estradiol concentration analysis. All
recipients were embryo transferred using direct transfer technique. The results showed average plasma
progesterone at the day of embryo transfer in the pregnant group was 6.01 + 2.06 ng/ml that was significantly
higher than those in the non-pregnant group that had the plasma progesterone level at 491 + 2.13 ng/ml
(p<0.05). There was weakly positive correlation (r=0.204) between CL diameter and plasma progesterone
concentration, and there was moderately negative conelation (r=-0.453) between CL diameter and ovary
diameter with statistical significance (p<0.05). For the factors that affect pregnancy rate of recipient beef cattle,
including recipient status, CL grade, follicle, plasma estradiol concentration and plasma progesterone level at the
day of embryo transfer, the results showed that the recipients with CL grade A at the day of embryo transfer had
significantly high probability of pregnancy rate than the recipients with CL grade B at 2.56 times (p<0.05). Moreover,
the recipients with plasma progesterone level > 5 ng/ml, had significantly higher probability of pregnancy rate
than those with plasma progesterone level < 5 ng/ml at 2.51 times (p<0.05). However, there was no effect of
recipient status, follicle and plasma estradiol concentration on pregnancy rate of recipient beef cattle at the day
of embryo transfer (p>0.05). In conclusion, the CL grade and plasma progesterone level at the day of embryo
transfer, were factors that affect the pregnancy rate of recipient beef cattle.

Keywords: embryo transfer, corpus luteum, progesterone, follicle, pregnancy rate
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U #ae CIDR-B® Fuduselunlusiaamelsurinaontesnasnivwin 1.9 n3u 1unan 11 3y
Tnei3uson CIDR-B® 91nSuisudu (Day 0) dnsosluy PGF2q vw1m 500 llasndu Windnanide Tuiy
Aounen CIDR- B® 1 Yu (Day 10) waznen CIDR-B® u Day 11 a1ntudngosluy GnRH vun 10
Tulasn3u Wndnauile wdsnen CIDR-B® 3 Yu (Day 14) udwhnstherndseuldiulafiuaniennis
Hudnduisly 7 Su (Day 21) ﬁﬁﬂai{]aqLﬁsmﬁﬁmmmaLé'wim@usﬂﬂawﬁwwaﬂumis’hamﬂéﬁ
DOUMULLININTANWIVBY Nishigai et al. (1998) Ima@faqﬁLﬁumu@uéﬂmwamaﬁ]aqLﬁamﬁ’jm,wi 1.6
wufuastuly wagdndunisdredindseunugiieufoinu nzuausunmsiedindseula
(@rinmalulad@inmnisuanuadnd, 2556) fafieauududs (Frozen embryo) ﬁﬁ@mmmmﬁa

pouluszaAuReIiu 1aegds Direct Transfer (Figure 1)
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Figure 1. Synchronization protocol for embryo transfer

n1snsRsausTuVaUNUgUadladsuluTudrernaadau (Day 21)
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Y ] ¢ s = Yo ¢ v 9 o A Y
Taanugruduruguinasreslagiieuwazaueriduitugudnansseldluiui 7 amevdale
wanso M siludnduils (Day 21) M181A3098aR511A (Honda electronics, Japan) N1A4A 7.5 MHz
nsanduiinteyauazuiunsaneiUagiiion tnglduuimieamugioufifiau nssuinnunsdne
tndiseula (@rinmelulagTinmnisudnuednd nsudadnd, 2556) fall
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ps1aNeadiAauuslyvisaesdnlauln3Ingans1g1an (Honda electronics, Japan) Aae linear

transducer 138 7.5 MHz wazantuiindayalaeuvadunguladisunnuuazlinuneadifiand

YPWIAFUNILAUINANLINNTT 1 Ui anun1sAny1wes Nishigai et al. (2000)
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AL tusesluulusaanelsudu 2 seau e seaugesluulusiaamelsuludeniasnin 5 ng/ml
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(1980)
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grndurugudnanneilagiisuuasseluluiudelindigsuveanguladiisuiinwiswas linwias
(Table 1) wuiinguladsunniosnmMsdrerindssu daadsvesesiuulusaanalsuluion
WU 6.01 + 2.06 ng/ml FaganinegeildydAyn1eada (p<0.05) WatUTeuiiguiungulafisui
lunwiesdlpeiinadsvesgesiuulusaamelsuludenluiudodindisouwiniu 4.91 + 2.13 ng/ml
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1 N v o W = = o & = & <) o v o
paildpdAy FearnnanisAnwlunssil eratlesunaingesiuulisiaanelsullugesluud Ay
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wardeyavann1sdudivesnauiiiaungn (myometrial contraction) 638 (Spencer et al., 2004)
= o8 v | | v v Ao v v Y a a 44 1Y)
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~ v 1 v YR I a Aa A &
Wasnanladisuludiswesnisdredndiseuareyluseey luteal phase Nvzildvinavessesluuly
samelsuniinsudseesluu sonadotropin-releasing hormone (GnRH) anas LazdIalinITua s
gosluu luteinizing hormone (LH) anassie (Badinga et al., 1992) Fsoalunaliioasluu LoEn
$laeealdunnsrsiulunguladisunnwiesaslidwiasinmsérelindigen dmsumauseuiieu
rnugTduugudnanseesUagiisnluiudedindissuvangulafisuinwawinnsdeding
doudlAnadeniniu 1.74 + 0.14 wufwes waznqulamsuilinwiosainnisdrerin P
goudAnaduwindy 1.70 + 0.13 lwuAluas J9nuinlilana1eiun1sads (p>0.05) Feaonnaodny
NsANWIYeN Erkan et al. (2021) Inuanuenidusiugudnanneslagiienlungulandwasiay
linwissannsiedindseuliuanatesiuniadis 1l annsAnwiluaseiiinisldlassund
3 = 1% 1 6 1 a v Y J = [ 4 =
AosUagisnAueNIduAudna1uInndY 1.6 wuiwastuniséhenindisey Falureslagiiey
Pflanuenduinugudnansiiuanzauluniséerndieau (Nishigai et al, 1998) Fs0191dunalinis
d = [ ¢ s a YY) Yl ! v v Ao v V&
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WawSsusuiunguladisuinlada wiesainnisdrenindigeuniianadewindu 3.24 + 0.48
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Au

Table 1. Plasma progesterone concentration, plasma estradiol concentration and corpus

luteum diameter from non-pregnant and pregnant groups (Mean + S.D.)

Parameters Non-pregnant group  Pregnant group p-value
(N= 84) (N= 41)
Progesterone concentration (ng/ml) 491 + 213 6.01 + 2.06 0.01
Estradiol concentration (pg/ml) 15.29 + 5.83 13.57 + 4.20 0.07
Corpus luteum diameter (cm) 1.70 + 0.13 1.74 + 0.14 0.12
Ovary diameter (cm) 3.24 +0.48 2.98 + 0.49 0.06
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Y

WudAyneada (p>0.05) seninamnuenduruaudnanneslagiisuwavanududugasiu
wanslaeealuidien Aueridurtugugnatsiliuaganududugesluulsiaamelsuluden
AgIdurugugnailkaranutudusesiuueaniilaeealuion wazaudutugesiuu

TUsLaawalsunaraasluueansilaeaaluion

Table 2. Correlation coefficient (r) between CL diameter, ovary diameter, plasma

progesterone concentration, and plasma estradiol concentration (n=125)

3. NaURIUAYABONIINTSANRIYBI AL aR5UTuIUd1eNINAIBaU

d1usudavenii g1999nudnsIN1sRavi vl ofasuTuTun1sd1einA19 9w wuIn

nsanesdagiisuuazszausesiuulusaamelsuluden 1utdeninasednsinisaaissvedlaile

Parameters r p-value
CL diameter and plasma progesterone concentration 0.204 0.02
CL diameter and plasma estradiol concentration -0.156 0.08
CL diameter and ovary diameter -0.453 0.02
Ovary diameter and plasma progesterone concentration -0.175 0.06
Ovary diameter and plasma estradiol concentration 0.014 0.88
Plasma progesterone and estradiol concentration -0.048 0.59

AasuluiuderindiosusgwilvedAyneaia (p<0.05) Turuzidaduauaniuzvodlaiisu
NoadlAa warAULTUaasluueanslnesaludenluiudelinmsau nuInlulinanaonsinis A

o w a

iosveslallossuluiugreninieousseiitiudAynieads (p>0.05)

Table 3. Odds ratio of the factors on pregnancy rate

Factors N Np  Pregnancy OR 95% (I p-value
rate (%)

Recipient status

Heifer 62 22 35.48 1.35 0.59 - 3.06 0.47

Cow 63 19 30.16 Reference - -
CL grade

Grade A 82 33 40.24 2.56 1.04 - 6.83 0.04

Grade B 43 8 18.60 Reference - -
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Follicle
Absence 34 13 38.24 Reference - -
Presence 91 28 30.77 0.59 0.22 - 1.50 0.26
Estradiol concentration 0.94 0.85-1.02 0.15

Progesterone level
> 5 ng/ml 63 27 42.86 2.51 1.09 - 5.98 0.04
< 5 ng/ml 62 14 22.58 Reference - -

N = Number of recipients

Np = Number of pregnant recipients
Pregnancy rate = (n/N) x 100

OR = Odds ratio

95% Cl = 95% Confidence interval

A5 UUaT8N LN 829097 UBNIINTAIN 09va9lAL T a5 uTuiud1ee1nFA180U (Table 3)

IS 1
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Mobile Application for Dairy Farm management; iFarmer Plus
Muksuda Ruangkree! Chakrit Butrak ¥
Abstract

The objective of this study was to develop a mobile application “iFarmer Plus” for dairy farm management
on Android and IOS operating system, and to develop a notifying system for important events in dairy farm. The
application contained four menus: cow data, production data, reproductive data, and reporting and notification system.
Al data shown in the application was linked to the Bureau of Biotechnology in Livestock Production (BBLP) dairy
database. iFamner Plus allowed user to view and import cow data such as artifidial insemination data, pregnancy check
result, dry-off cow, calving, culling, milk production, health and treatment information. The application also provided
users the push notification for important events, e.g,, estrus detection, pregnancy check due date, the day of starting
dry period and calving due date. iFammer Plus was tested in 80 dairy farns under Tropical Holstein project, BBLP, and
user’s feedback was collected to improve the service. The reproductive effidency was compared before and after
using the application, user satisfaction was surveyed from October 2020 to March 2022.

The study showed that iFamer Plus is compatible with both Android and I0S operating system. There are
four features 1) cow data divided into 3 groups such as calves heifers and cows 2) production data such as milk
production 3) breeding system data divided into 3 groups which are pregnant cows, postpartum cows and non-
pregnant cows 4) reporting and notifying system which would notify the users for important events after their setting
up. The application provided the push notification at 6 am every day for important events, eg, estrus detection,
pregnancy check due date, the day of starting dry period and calving due date. The comparison of reproductive indices
pre- and post-use of the application showed no statistically significant difference in calving interval, calving to first service,
calving to conception, age at first service, number of senvices per conception in heifers and conception rate in heifers
(p>0.05). However, the conception rate in cow pre-use was higher than post-use significantly (p<0.05) whereas number
of services per conception in cows and day open post-use were higher than pre-use significantly (p<0.05). The
satisfaction survey illustrated that the sample user gave good to excellent satisfaction score. The three most used
event notifications by the sample users were the calving due date, pregnancy check due date and the starting of the
dry period.

Keyword: Dairy Farm management, Reproductive index, Database, Smartphone, Mobile application.

Registered No: 63(1)-0208-023

Y Ratchaburi Artificial Insemination and Biotechnology Research Center, Photharam, Ratchaburi

Saraburi Artificial Insemination and Biotechnology Research Center, Kangkoi, Saraburi
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- lgaudne ladudau 0 25 10 31.3 56.3 170
- gnsainisdayarhuldnasniian 0 0 7.5 25 67.5 WN71gn
- gnansanfengaiBunvedausaziala 0 0 63 263 575 WNgn
AADALIAN
- mﬁmwﬁ’%mﬂaLmﬁau“aﬁﬂﬂ 0 13 113 30 57.5 110
- M3danvingulaagainsanisiseng 0 0 88 287 62.5 WINign
- mslduavdudangule 0 0 88 287 62.5 WNTign
- szuuwddaumsnsdAgluviiy 0 13 113 188 688 WN7ga

e 1.3 2.5 113 27.5 575 110
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ANRAYYDITTAY
sziuauanelavanensns (Seuas)
adan1suseiiiy AMUNInala
1 2 3 4 5  sghuanuiawala
- iulszasdagldnukenniindusie 0 0 38 17 60 WINNER
- MnuagRn LY naNeINuLeNNaLATuse 0 0 88 287 62.5 WINAign
- iuazugthlinwasnsviuduqadasidildeu 0 0 10 25 65 WINNER

2.2 ASNAEBUUSLANSATWANS LFIU

nogeun1sidaulurhsulauungudtognesdiuau 80 vhsu dduiulalusuiade 56 + 22

Ly

Arernsu Tnenaasuuseansamnisldanuainnsiuseuiisudeilissuuduiugaiuiu 9 avillaun
srevinsTunnengn svogvinsiuraonifunaunsiusn szevingunsendsTunaufin englaanifldsy
nswamfeunsinsn Shensuaninlulaan sanmanaufaluuile S1uuedsieniswanfnlule
a1 Pwaunfsdenisnaudaluuile uazdiuautuvesing laswfsuduauinsgiusiadanin

Radostitis O.M. (2001)

(%
Y

WaSpuiieuAauilseuuAURuUgNINoukas naIN SN UL NNEATUNUIMUIIBATING

o w

naufnlunilaneunisldanugainimainisidaunenniindusg1eiidedAynieads (p<0.0001)

o

UIUATIADNTNALAA UL ANDUNT ITINUAINITMRINT LTI ULDNNALATUD L 19U YA A UN1ED A

N v

(p=0.04) wazdrwiuunevirmainisldaugeniineunisidauegedived

[

UN9EdA (p<0.0001)
WANUINTEEENINITARRARN SruevneTunaandsiuNaNATILSN Ssernsiuanenisiunayfn o1egla
A Yo = & Y] a ° v 9 v = = Y v
@1 laTunskaliisuas wsn 9nsinsuananlulaamiasasldamudaiisuiunauldaiu
wannaladuuslinuanuwanseglidedfymeaifuarInuiuaswonsHauRa lula g U

a v

Tonudlaisuiunauldauuonndinduusd linuanuupnasegeilidedAgn9aia auanse 3
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(%
|

a i al' v a & o o o 19 a o
A13I9N 3 LLEAIAILRAY meaniSD ﬂsﬁuig‘U‘UﬂUWUﬁV]\‘1ﬂQULLaSWaQﬂ'ﬁIs{Nq‘HLL@WWﬁLﬂsﬁ'u iFarmer

9

Plus Tunsulauunausiograianan 80 whsu Wiuiumu1nsgIuaIN Radostitis O.M. (2001)

Avilszuuduiug nauldau nasldauy A p-value
UINTFIUY

szegviensAaengn (Ju) 471.71+66.98 473.93+60.34  365-385 0.84
sepvineTunaontTUNALATILIN 111.00+57.81 106.43+33.85 65-80 0.58
()
SYYLINTIUPADADIUNALRAR (T1) 195.23+59.38  189.90+54.59 <85 0.59
orglaanifldsunmananilonndausn 20250405  20.24+3.56 <15 0.99
(GRD)
ansINsHaNAatulAa (%) 56.06+22.19  52.46+25.62 50-60 0.46
BNFINSHANAALUILA (%) 43.32+20.12  32.67+15.74 50-60 <0.0001
SuundarenisuayEslulaam 1.75+0.78 1.83+0.80 1.5 0.58

(ﬂ%”’a)
Sruuedensuandaluudle (@) 2.46+1.02 2.80+1.13 1.5 0.04
FUIUTUNBIINY (1) 140.29+37.26  185.64+54.99 <100 <0.0001

1 A

szoghamsaaongnidlunamanduiliidfey 2 A1 fo srpvheTunaendsTunauaiousn uay
svpzsinsiunaeniaTunain wasiladoiiinadasrovinsiunaenisiunaundausn de madudnads
wsnveslandansrasnLasn1snTIasun1siudn (Ball and Peters, 2004) Fensuananisidudnves
Tadudunamnannnisvinauwessle gunInvatLilAvaIAaen sustsruAnUNRBY 9 1TU TNAN
uAgNaNLay atalsfmuuiiwenndiatuasiiszuunisudaieulalinaumdsnaaniu 60 Ju waz 90
Suusnsseaulavesiisufisvsunmswaulandsraendudnadeiidesfiansaninszordmans
seuzUannni1ina (Involuntary waiting period) Favzinasorduiisvoynsaenienisuauasusn
Wufy uonani dadediiinasossozvneniseasnisnisnaudndssnluiwssansamnnsiudauay
ey maufneandngae (Brand et al,, 1996) wazudiiuonndindy iFarmer Plus 9zfin1sudwiouly

Witelaaieny 18 wweudililanauusinisnaniisnlulaaidesiaisanaindmtdnvesaa iy

ddgyuluiaguaimeedlaanidnme dmsuAdvldnsn1snaufnuasiIuIuATwaNISHANAAULY
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dauavaunmvasila (Brand et al., 1996)

v aa

aglsimutaduddgidnanssnunedailszuuduiug lun n1zlaguinisuaznisdnnis
mswila ganta UszdnSainnisdudn Jaymssuuduiug Wy n13aaene1n uagndnay snang
wazlymaunindug wu quamav lsaszuia W lsanwinides lsadudadu ddsadulafudu
TsngUAlmiludsemalnelugag 1-2 Idanuasdulsedimansenulnensaionandnvoslaus
TinanAminsanas Sninaaiapivlaenanas Snsnssaufnanag wulgymszuuduiuguazns
uvslula (Abdulga et al., 2016) Iﬂﬂmimﬂﬁﬁ’mvﬂﬁuﬂzjw?hasm@l%mmawwﬁLﬂ%buwudwdauimyj
I§sunansznuanlsaszua 1u lsaunwiiles lsadudaiu ilkdossaiunsfuuinananiion
N30 T19%09 Msmsarszuviuiugle uludenisdadminglalury Ssadomdrienadma

NsENUBaURoARYHUSEAVE N MTBUURUNUE U TEEIaT 2 TNNIUN

dyunan1Innay

LONNALATUFNSTUNI5TANISNASUTAUY iFarmer Plus @unsaldarulauuaunsninuis

szuvdUAnisueunsesduazlolaiea nwnsnsanusadnduaviansteyatoyadiAyvaslauy

[y

loun Jeyaiuguseinla doyassuvduniug doyan1suan nieualszuuudsioumnnisald1fyuy

o

aursnlnuvaununnsidldauls wudineukasnainisidaudatdvissuudunugluiaaiy

a o v

wanaeiueg el dedidyneada laun seegvinanisaaengn svozvineTunaeniaTunauas s
srowvhaiunaeniviunaufin eglranitldumanaunsiusn sammanaufslulaan uazsmaunds
sonsuanAnlulaal winudmdeilensinsandaluuidlaneunisidauganimaenmsldom du
adsromanauinluulauazsauiuferhmdimslinugsnideunsldinuegieiteddymaada
nnmsdrnannufisnelandsnsldnunenndindulunwnsnsnguinediazuuueadfianelaeg

Tuinaueifienalaunn-uiniige

JDLAUDLUL

[

2 v v & v o = a o & a o
nsivdayala annsadmfulanslusvuuuienas WWsunsuniauenniindududsddey
dy a v s 1 a a a s o w A ! ~ k4 L3
fugulunsuimsinnisnitegaliuseansan widisddgfennuneiiauazaunsalduselev
laa3andeyawmaniu n1sinyszaninavesnisldnuienndindulaslddydszvuduiugona

Fududasldinainuanuiuuinnii
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