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Abstract

In general, dairy farmers needed female calves. Multiple ovulation and embryo
transfer technology have obviously shown to speed up the production of superior genetics
calves at least 10 times when compared with artificial insemination. Sexing dairy cattle
embryos before transfer to recipients will give the great opportunity to get more female
calves. Thus, we should do research to find out the efficient technique of embryo sexing in
order to utilize in dairy production in Thailand. The research divided into five experiments.

Experiment 1: This research aimed to compare the in vitro culture of embryo in
medium with and without bovine oviductal epithelial cells (BOEC). The slaughterhouse
derived oocytes were in vitro matured (IVM) and in vitro fertilized (IVF) with frozen-thawed
dairy cattle semen. The development of embryos to blastocyst stage in the medium with
and without BOEC was examined at day 7. The results showed that co-cultured of embryos
with BOEC gave slightly higher number of blastocysts than those without BOEC co-cultured
(37/120, 30.8% and 35/120, 29.16% respectively) but was not significant different.

Experiment 2: This research aimed to compare the effects of biopsy embryos at
blastocyst stage with microblade and subsequent freezing after biopsied on in vitro
development of embryos. The slaughterhouse derived oocytes were IVM and IVF with
frozen-thawed dairy cattle semen. The embryos were cultured in medium without BOEC for
7 days and grade 1-2 blastocysts were subjected to biopsy with microblade. The biopsied
blastocysts were frozen by vitrification technique. The vitrified embryos were thawed and
cultured in vitro for 24 h and examined the development to hatching blastocyst stage. The
results showed that non-biopsied and biopsied embryos without freezing had similar
development to hatching blastocysts (29/30, 96.66% and 28/30, 93.33%, respectively). The
biopsied embryos without freezing showed development to hatching blastocysts (28/30,
93.33%) which were significantly higher than those biopsied and vitrified embryos (23/30,
76.66%). The non-biopsied and vitrified embryos showed significant higher development to
hatching blastocysts than those in biopsied and vitrified embryos (26/30, 86.66% and 23/30,

76.66%, respectively).



Experiment 3: This research aimed to sexing in vitro produced embryos which
derived from slaughterhouse oocytes by PCR Y-specific DNA technique. Grade 1-2 blastocysts
were subjected to biopsy with microblade and the collected cells were determined sex by
PCR. The fresh female embryos were transferred to recipients at day 7-8 after estrous. In
case of not enough recipients for fresh embryos, the female embryos were vitrified. The
results showed that efficiency of PCR was 91.86% (79/86), from these were female embryos
50.63% (40/79) and male embryos 49.37% (39/79). The pregnancy rate after transferred fresh
female embryos to 28 recipients was 42.85% (12/28), from these; recipients gave birth to 11
female calves which achieved 91.66% accuracy of sexing. The 12 female embryos were
vitrified and warmed, 75% (9/12) good quality embryos were detected. The pregnancy rate
after transferred vitrified-warmed female embryos to 9 recipients was 33.33% (3/9), from
these; recipients gave birth to 3 female calves which achieved 100% accuracy of sexing.

Experiment 4: This research aimed to sexing in vitro produced embryos which
derived from ultrasound ovum-picked up oocytes by PCR Y-specific DNA technique. Grade 1-
2 blastocysts were subjected to biopsy with microblade and the collected cells were
determined sex by PCR. The fresh female embryos were transferred to recipients at day 7-8
after estrous. In case of not enough recipients for fresh embryos, the female embryos were
vitrified. The results showed that efficiency of PCR was 90.00% (90/100), from these were
fermale embryos 51.11% (46/90) and male embryos 48.89% (44/90). The pregnancy rate after
transferred fresh female embryos to 23 recipients was 43.47% (10/23), from these; 1
recipient aborted, remaining 9 recipients gave birth to 8 female calves which achieved
88.88% accuracy of sexing. The 23 female embryos were vitrified and warmed, 82.60%
(19/23) good quality embryos were detected. The pregnancy rate after transferred vitrified-
warmed female embryos to 19 recipients was 31.57% (6/19), from these; recipients gave
birth to 6 female calves which achieved 100% accuracy of sexing.

Experiment 5: This research aimed to sexing in vivo produced embryos which derived
from multiovulation by PCR Y-specific DNA technique. Grade 1-2 blastocysts were subjected
to biopsy with microblade and the collected cells were determined sex by PCR. The fresh

female embryos were transferred to recipients at day 7-8 after estrous. In case of not



enough recipients for fresh embryos, the female embryos were vitrified. The results showed
that efficiency of PCR was 90.90% (40/41), from these were female embryos 52.50%, (21/40)
and male embryos 47.50% (19/40). The pregnancy rate after transferred fresh female
embryos to 10 recipients was 60.00% (6/10), and recipients gave birth to 6 female calves
which achieved 100% accuracy of sexing. The 11 female embryos were vitrified and warmed,
90.90% (10/11) good quality embryos were detected. The pregnancy rate after transferred
vitrified-warmed female embryos to 10 recipients was 40.00% (4/10), from these; recipients
gave birth to 4 female calves which achieved 100% accuracy of sexing.

The experiments can be concluded that vitrified biopsied embryos gave lower
survival rate than fresh embryos. PCR sexing of in vitro and in vivo derived embryos could
achieved high efficiency and accuracy of predicted female calves. Need to do further

research to improve survival rate of biopsied embryos after vitrification.
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(Prosound 2, Tokyo, Japan) fifi#a81u 7.5 MHz convex vaginal transducer Gi@ﬁULﬂ%@ﬂ@@fjiyiyﬂﬂﬂﬁ
120 mmHg isdiﬂﬁl,ﬁulé’%aeﬂwaammaaﬂ 9uR 50 mL fifa1sazane Lactate Ringer’s Widag 1%

calf serum (CS, Gibco-BRL) wag 10 IU/mL Novo-Heparin injection 1000 (Aventis Pharma Ltd,



Tokyo, Japan) %mzﬁtﬁ]’]z@jﬂﬂjﬂwﬁ’]miﬂjzE’ﬁJ’N‘ViEJL%uﬁ’wﬁ’]iazmﬂaﬂLﬁ]’IﬂﬂWﬂ‘] 2 Wl ¥H9R1NN13AN
nyleiaSadn ﬁﬂfﬁawﬁlﬁmfmﬁaaé‘mﬁmmaa (Emcon Filter, Spring Valley, WI, USA) ymsdadenlad
ftumadfnySangnaios 2 futuluifioiludsdindeufaus
2.3.1.2. mavaedlaldgnluvasaufa (n vitro maturation, IVM)
hligeuiiianzgaainisldainlsssindad uazannisianzgaanlafidindesansies
uidesluthendmsudsddlianlunasaut Sslnnquninends mineral oil dedludadau 20 1u/100
uL tenaesliusenaudie TCM199 Mfudie 10% Fetal bovine serum (FBS, Gibco, USA), 50

IU/mL hCG (Chlorulon®, Intervet International GmBH, Unterschleissheim, Germany), 0.02 AU/mL
FSH (Antrin®, Kyoritsu Seiyaku, Japan ) iag 1 pg/mL 173-estradiol ﬁ’ﬂﬂmgslﬂuﬁauﬁqmwgﬁ 38.5
°oC aeldussenafia 5% CO, in air Wuran 23 4lus (Parnpai lazAady, 1999)
2.3.1.3. n'ﬁm%awziaél,?iaqviaﬁﬂﬁdiﬂ (Bovine oviductal epithelial cells)

Auviohlalaanlsssnda il luiundefiguvad 4 °C surindifesufiing viins
dausnifoidoiieaiusen winiundrswharuazendae 70 % Ethanol 2 ASe iuTuTILEadIdey
viothle TngldunAvyagasainaigluvieinldeenin &19881e1 modified Dulbecco Phosphate
Buffer Saline (MDPBS) 3 a%a iterdniawnznauitliltiwadidoyviothliesn andudisluthen Tou
199 i 10% FBS 2 Ass vmamzidedaeeldluaudsasadouin 60 mm Tuthen TCM 199 7
10% FBS u&aUnnquény mineral oil wnzidsslugouiigumnd 38.5 °C agldussennaiid 5% o,
in air Mawnzdssadideyviotldfowienly co-culture fufseu (Pampai wavany, 1999)

2.3.1.4. mawssuagaiansufausluvasaufa

imidelausudufsnvhazae Tnsosninndslulanaumaniisliluenmeaduna
10 3unfl wésnduguadly water bath figaungfl 37 °C w1 30 Junit udwhauazeindiuuen
waoARY 70 % ethanol antudavassiieliintefiavaroudslnaamann eppendorf W& dhun
didelUl3fumann conical tube fifiten BO medium ifiudae 2.5 mM caffeine waz 100 pg/mL
heparin (Suteevun uagAniz, 2006) Usung 2.0 mL waiiiliinades 45 ssmludauaamgil 38.5°C
elgussenniafisl 5% CO, in air WU 30 W Lﬁ@iﬁ@@%ﬁﬁ%ﬁmdwaﬁuﬁwuuumaqaaﬁwaw (sperm
swim-up) uidsntiugeirendauuu 1.6 mL 1Ul3luvaen conical tube #iihinen BO 5 mL udailuihy
7l 500x ¢ tunian 5 wift nifugathendnlaiandeliansegdfitunaon iFoseaditlddeten
dwduufaus (B0 medium 7uinse 4 mg/mL BSA) Tilananduduvesesd 1-2 d1udn/a@ wénily
NEARIULITUABULAATLIA 60 mm (100 pL/men) wérTndne mineral oil wiilulilugeuiigumad

38.5°C neldussennand 5% CO, in air litosaUfausiula



2.3.1.5. m3ufausluvaaauia (in vitro fertilization, IVF)

a [ 1

lenidesasu 23 Filus mdawadfiydaesnuiediu e 0.1 % hyaluronidase 11

wRewasAndaaansouluiies 1-2 U warldundsmeuien BO MAuA18 4 mg/mL BSA 2 A5

Y
(% '

¥rntuilafisdenls 20-25 T wldluneaiheniifleadfiedenlilude 2.3.1.4 udhludalilugou
Apawadiigumgfl 38.5 °C aeldusseniadidl 5% CO, in air wu 10 Falug
2.3.1.6. nﬁitgaaé’qdaﬂwaamuﬁa (In vitro embryo culture, IVC)
nEsanilddufaussuiieadasy 10 dalus dnlaludediedendssiisou

(mSOFaa : modified synthetic oviduct fluid, Parnpai wazanz, 1999) ‘ﬁlﬁu@ha 10% FBS waaly

a

Pasteur pipette figaliuansiivwialvaininlaidntdes gaiuaiaiegasuiieliogdvazivadayda
n1zsau 9 leeanlinun ualuideduiiendesdisey (20 Tu/dien 100 pb) sauduwadyviouily

a

lneUamauaieg mineral oil lugeuammgil 38.5 °C neldusseiniaiiil 5% CO, in air lugeuamngll

[e) [J o o = H = = LY a Y ! & Ao
38.5 °C Wunan 5 mmmﬂaaummaaﬂmwummu AFIFBUNIILITYVDIAIBBU NNAIINUNIT

WaguLuneN

2.4. nM5ududefa8auR2833 vitrification

1#38791091ulne Laowtammathron uagaas (2005) §38madsdl vinn1svnaesiigmgfi 22-23
°C Bugherhseussezuanaladannlilutine holding (TCM199-Hepes + 20% FBS) waasildl3lu
vhen equilibration (10% (v/v) ethylene glycol (EG) + 10% (v/v) dimethyl sulfoxide (DMSO) fiazans
Tuthen holding wiu 2 wd udirluWBlusien vitrification (20% (vv) EG + 20% (v/v) DMSO + 0.5 M
sucrose unY 30 At udidageu 1 luluthen vitrification 1 ul Tl37ivaneves Cryotop (Kitazato
Co., Tokyo, Japan) udathlugulululasiaumar wdniulilululpsiauman

nsvinazanesieeu vinlawinlate Cryotop ﬁﬁﬁaéauwﬁjﬂumuﬁmLszjaésum@ 35 mm il 2
mL 0.5 M sucrose flazatglutien holding figaumndl 22-23 °C um 5 und udadhesseulusi serial
dilution T 0.4, 0.3, 0.2 uaz 0.1 M sucrose w1y 2 w7l ludazarududures sucrose ndaantuLh

Y

1eouasluLIen holding 3 ASY Laanlaluuien holding leseulluvinsnaassse

2.5 mswidigatinisdudalagau

Fnswderililaunadudauasanldsenisaen CIDR (DEC International NZ Limited,
Hamilton, New Zealand) Wluvosnasnla wazdnsosiuy E, W& N 8 JuaLAe CIDR 900 WEISA
g05luU Prostaglandin F,g (PGFyq, Estrumate®, Vet Phama Friesoythe GmbH, Friesoyth, Germany)
NA9INAN PGF,y 60 Flusvrdnsesluy Gonadotropin Releasing Hormone (GnRH, Fertagyl®,

Intervet International GmbH, Unterschleissheim, Germany) #&931n1u 7-8 Ju aginsgaudnasin

Tilafsu (598556 uay assinaey, 2530b)



2.6. MIUBNLNARIBDY 1ae3s PCR Y-specific DNA
2.6.1. MSAANULYARINAIBY

thssoulassevuanaladainse 1 uaz 2 undrsluiinen mDPBS il 10% FBS anntudedne
frseululimenthersiaietull udwimssafivwadaindideudae microblade (Bio-cut blade,
Feather Safety Razor, Osaka, Japan) Foduluiiavuadnvareluiiafiouin 1 mm Sunudmsuseiu
3 micromanipulator n8l@ndss Inverted microscope (IX71, Olympus, Tokyo, Japan) A&see
200 i Tneldin3es micromanipulator (MO188NE, Narishige, Tokyo, Japan) lngagfinlgaaianizaiu
193 Trophectoderm Useanas 5-10% vasiuiifisouiionun uiinaiiegawad Trophectoderm 7l
$uausEing 5-10 wad Tudslunentiindu (RNAse and DNAse-free) 3 ASa udaimaduazinngu 5
uL Wlluviaen PCR wun 0.2 mL ilevudngdunsumsusninalngds PCR Y-specific DNA smaiiBnasil

o

1899UlAWa7 (Iwata wazAny, 2002, lwata wazAny, 2008) FzUdlI8auMAukenwadwalbuideslu

yaoakfilutinen msOFaa+10% FBS Tudadau 1 Tu/dnen 20 pl winiluideslugougamgl 38.5°C

Meld 5% CO, in air

[

2.6.2. Primer #l4lun13¥1 PCR (wata uazmne, 2002) Hdeil
1. Y-Chromosome specific primer (BY; 0.5 pM)
Forward -5’-CTCAGCAAAGCACACCAGAC-3’
Reverse -5’-GAACTTTCAAGCAGCTGAGGC-3’ (male 300 bp)
2. Bovine specific primer (BSP; 0.3 uM)
Forward -5’-TTTACCTTAGAACAAACCGAGGCAC-3’
Reverse -5’-TACGGAAAGGAAAGATGACCTGACC-3’ (bovine 538 bp)

2.6.3. nswissaaavlusuanadimslamagivaldidy positive control

wnzidsneadlnlusuarasfondsdemegluiien aMEM+10% FBS lugeugmmgdi 385 °C
nelEussEINAfd 5% CO, in air Wawnng trypsinize WaviuwadduiuUsyaa 2 Auwad Tuvaen
conical wun 15 mL wériludl 3,000 rpm w5 W udgadanlaiis iRudaeiindu RNAse and
DNAse-free) 5 mL wadufl 3,000 rpom U 5 W %é’qmﬂ@mmﬂaﬁq Audaenady (RNAse and
DNAse-free) 400 pL LLéjﬂ%@LUG}@WﬁuaﬂﬁmSﬂﬂ%ﬂLLéj’J@J@ 5 uL Tdaslumasn PCR wu1n 0.2 mL wan

W lUutugan 20 °C



2.6.4. N15%1 PCR

Umaeanuadiiseusazigadilusuanadlamery Wasslululasiaumas udnheenunassly

(%
o a

13’@'1,4 37 °C wdviensn 2 s mndutmeealuliluiedes Thermo cycle (Eppendorf 5331
Mastercycler Gradient) w&wagamgilld 95-100 °C wiu 5 unit udniwaeaueden master mix Tu
59 PCR fauanslumsnadt 2 ndsandusi PCR TneBuduil 95 °C uiu 2 unit udavi 45 seulaous
avsaURe 95 °C w1 20 3w, 52 °C uu 20 3uadt 72 °C Wi 40 Fuft nS19INATU 45 SoULED vhil
72 °C 5 u#i 11 PCR product U run feia3es electrophoresis 7 60 Taavi ww 1 F9lus T 0.29%

Agarose gel 7%l Ethidium Bromide waatludesnmianaaesunielinwasdansillown

A151497 2 Master mix lun15vi PCR

Reagents Volume/reaction
5x Green buffer (Promega, USA) 5ul
25 mM MgCl, (Promega, USA) 2l
10 mM dNTPs 0.5 ul
Tag® DNA Polymerase (Promega, USA) 0.125 ul
BYr primer 0.8 pul
BYr primer 0.8 ul
BSPr primer 0.48 ul
BSPR primer 0.48 pl
DNA 941ad 5 ul
H,O (RNAse and DNAse-free) 9.815 ul
394 25 pul

TuszninanisnsrvaaugadinulAiaLe NNATIIE AUa1UTELIY 4-5 Talud aziideauly

Wedlunasauidluthendesdiigeu Tudadiu 1 Tu/dien 20 pb udinhldideslugeugamgil 38.5°C
Aeld 5% CO, in air Wansiunanskenineazifsaumaily Adudseuanludraninliladsud
< [ v 1Y o v 1 v v A v v Y v v - < v a 3
Judanu 7-8 Ju dreehn 1 dageu/fisu Wisdheshndigeundidmiulindududadn agnsianises

noalaeltdansianien 35, 45 waz 60 Jundsannidudn \idSunaengNeBNUIILATIARUNAGNLA



WemdnsIANLgNABIveINIsuENMAfseY winiidigeumieilosandladisuliifisame avidaeu

Tuuaiudalaes vitrification whulAlululasiauvan et lddennlidsusdely

2.7. msuanagaulaenisnszdulianlunanglu (Multiovulation)
densmaaeaneninafiseundnlunasauiilinaindy azdndonlauuiugddiuiu 5 dalu

Wsuvesgudidemalulagiigeulaziwadauniiln uninerdemalulagasuns wanngaesluursH

(Fotltropin®, Bioniche Animal Health Canada Inc., Ontario, Canada) Juay 2 adsdaraty 4 fu 571

280 mg/fia (Aagu 1) enseiulimnliaisaznateqlu wdwaniieusieingeududalaunaaiuga

9

@

Wen waeaniu 7 Turinisveansiiseulnedsluungn (Non-surgical embryo collection) @sazlasn
poUITYYUaNalada n1svza1siloeuarltion1sTeeulilag $9a855A (2530a,b); SeaTIALATARLE

(2530a,b,c)

Al 5971 1
PGF2q
- GnRH 0.50 mg
anoadiAa 7.00 v u
& 19.00 BLANIFIDDU
>6 UH M9 \l/
7 U
<----- S >
FSH50 mg FSH 40 mg  FSH 30 mg FSH 20 mg Al A3 2

WWude 7.00/19.00  7.00/19.00  7.00/19.00 7.00/19.00 700

<_ ~_5 _’]E - > _3_3_“_}1 \L \L \L

| | | | | | | |

0 5 8 9 10 11 12 11

3UN 1 Wsunsunisiingesluu FSH uag Msnaumes ievganefigeu

2.8.1159EUNISNARDY

ANSNAABIN 1 Yn1sueasaUSeuisunisiassisauluranawii Tutedessosuniway Ly
=1 [ di 1 ) [; Qn‘/ 1 % e’l’ lci [ lt:l' < ] v 6 [ é} 19 v
fwadgeuviethluladessiuime nmsnaaesdldleniaizgaaindalennuanlseidmd ndaannidedyly
wienUfausuds ihundeleunwdudavhujauslunasauis naantuimesuludedunasauiily
201 dy U U dld T L3 ‘ﬂl 1 o L) 2 dgj > > = 2 a a U 1
wgdesdiseu Nluaslifiwadioyrietnlla ndsndes 7 u Juiindasinisiasqivlavesdigeu
asreruaaleYd

d' o a =1 o [ & o 1 = %
N15NNAIN 2 Y1NN1SNAARWUTIUMIEUNATDINSAMN UL AaRI80UST ez UaNdLndalaa

microblade wagmsuaudsinssundensiniuas Aodnsnisiasaesssulutasnnia N1svAans



tldlananzgaansslamiuanisegrdnd vdsnnbeddalindouufausuds dningelauuududaunsii
Ufauslunaenund nasantuisageuluidedunasaumlutienfesiigeunliiiwadoyrietildla
% dy [ LY | LY s o Y < [ 5% . (%
MReANLGEs 7 Tu Andendgeusreruaaladansa 1-2 1inisannuwadealg microblade 189310
3 o w1 [ ad P . g o Y] 1 dy v < )
UudwgeulUuiulenngis vitrification uaiazanedasusanuudedlurasauwiituiian 24 43l
WandnIIN1TIRTyaTTeTLavTIUMAlTa
=] [ v 1 A a Y Ay v 1 Al [ &
N1INARRLN 3 vnnsnaasenimamesulafndnlunasauiinlianlinaizgaaindelanny

91nlseendn? 1ned8 PCR Y-specific DNA Anidensisoussgzuanaladainsa 1-2 1vinisianuiwas

'
v

#8 microblade udiwadisoudiviulalus PCR dndeonsaseudidumedislugrennliflassui
Judeuuda 7-8 Yu lunsdifidladrsuliifissnedornsasouan azidiseunadlsluugud slne3s
vitrification tasamsghesnliladsusely

nsneaasil 4 shnsvaaeueniwaiseulaiindnluvasaumdildanlyfianzgaanlaiidia
Medans 1w 1ne3s PCR Y-specific DNA finldanisousyasuanaladainse 1-2 1vinsdaiuiead
%8 microblade udwassseuitiulalusii PCR fmdensseudidumnmdslugronnlilagisud
Dudauuds 7-8 Su lunsaiillassulifiosmededhnisouan aziisoumedislUududlagis
vitrification esanmsternlilagsusiely

nsvaaeafl 5 nsmaassuenAsiseulaindnainnisnszdulinnlivaelu 1ne3s PCR Y-
specific DNA Anldonfisoussezuanaladainsa 1-2 1vinisdaiueadnie microblade udtigaa
Frgeufiiulalurh PCR dndeniseuiifumadalugrerhnlfadsuiidudauugs 7-8 Yu Tunsdifid
T suldiissneduiniseuan azismseumeadslUududalngds vitrification Wiesansérennli

Tadsumald

2.9. MTIAFZHMIADA
3Lﬂ315ﬁ%’@;ﬂa¢’ha one way ANOVA lagldlusunsu SPSS 17.0 for windows (SPSS Inc.,

Chicago, IL, USA) vhnnsilaeudoyailasdudiiu arcsine nawinisinssimnuuansnimisainiie

°o v aa

AN P 1488071 0.05 D93N0ANUWANA1E19NNFANIIEDR

<



uni 3

NANIINM &N

wan1snAaasdl 1 Wisuifisunaissiasoulunaaauda luden mSOFaa+10% FBS ifiuaslid
\wadiBoyviothluidsssauae
MnmanasesnuhnMadssseuluiheifuarlifiwadidoyviothlasinde lifianuuansis
fustsdarnsuta fsouatfeszey s1ead uoga uaruanaln@a (13197 3) Insszevuandlada
Huseginedonhlihnmaaeste femuinsdssihseudiiiwadiBeyviothlalasiudaelfsnins
LSqyRsTzuzUaalada (37/120, 30.8%) qaﬂdwmjuﬁlﬂlﬁméwﬁuLezjaél,?iaqviaﬁw”hﬂﬂL?ﬁﬂﬂaa (35/120,

29.16%) waglifmnuwpnananisans ssuulunisneassseliiisanuazainaziaessoauludiennsng

a 1 dy 1 U ¢ A | o !
Wi Tngliidesnuiuwaditoyrieiilala

M19197 3 Nsisgrassisaulafilaainnisujauslunasauiindssluiien mSOFaa Niluwaslaid

BOEC
BT UIUAITIU I (%) I (%) AIDDULATYRITZYE
fgau dududes  Fasouuv 8-Lwaa uagan uanalade
3 BOEC 120 68 (56.66) 52 (43.33) 41 (34.16) 37 (30.83)
14181 BOEC 120 64 (53.33) 50 (41.66) 39 (32.50) 35 (29.16)

YINANSNANADT 4 AS

BOEC: Bovine oviductal epithetelial cells

NaNINARRNT 2 WisuilsunavasnsRnnUIwadfIsauszazuad lndalaeld microblade waznns
WAL UIFIB D UNAINIIANIULYAR ARBRIINITIYVDIRITaUlUNAD ALY
[ 1 o s & I o 6 X Y Y a a 1 Y o a a
nnsiultanssluniuanisendsd snaedvindeudfauslunasaui uavitujauslu

aeanMlagldunvelauuwtnds wdidesuluideslunasaniiluiendesdioay Wuar 7 Ju la

LY a

fheoulTsnyieszzuamalada 30.95% (152/491) ludwauilifudideumnsa 1-2 (U 2A) fanunsatily

U

finfuiad (53U 28-D) 16 78.94% (120/152) 1nm379di 4 dhdeunguitlsidinuazsiniiuiwad waglaild

tluududs T8nsnisiasaiesyezuerieuanalada liunnenafu (29/30, 96.66% waz 28/30, 93.33%

Y

o w 1 | A < 3 v v [ a v a =2 a =
AIUAINU) ’J’e]’e]‘L!ﬂEjll‘VlG]ﬂLﬂUL%aﬁLLﬁSINVLﬂLLSULLSUQ N@Gﬁ?ﬂ’ﬁlﬁﬂiﬁgﬂﬂi%ﬁ%LL@%%Q‘U@W&IW‘Uﬁ (28/30,
=

v o v aa v

93.33%) ganinegeiitedrfynisadfdunduidaiiuwaduazdud (23/30, 76.66%) fseaunguibl

o
=

FaLNuwadhazhind 9ns1n15asdesees wavduaialada (26/30, 86.66%) geninegrafivudnfiny

<

wﬂqaaaﬁuﬂﬁjuﬁﬁmmmmﬂﬁd (23/30, 76.66%)



200 ym

200 pm

g‘dﬁ 2 mMsdaiuwadsieaunig microblade
A Frsoulaiindnlunasnuialagldldnniseidng ssozuaaladansa 1-2
B 14 microblade n3austaity dish Ihfudunss 3-4 1y WieTaszevvesingou
wazity dish Iifheeuannsadainiuity dish 18Rty
C Anaagau Trophectoderm sanUsyanad 10 WUasidus
D fhgaudisenainnsfnniagadnuinanansaissysed sy ssusvuatalnda naanis

LAY UL A8 24 FILU4

A15197 4 MslasguessoulaluaaLiIAIINAANUEALAL LTINUINIETT Vitrification

nsAANULYAs U WU (%) LO35ydesses
uazn1suLuds fingau wsvTeumalada
Taidn-laiuguds 30 29 (96.66)°
laidin-uuda 30 26 (86.66)"
fn-lauaus 30 28 (93.33)"°
fin-uguda 30 23 (76.66)"

YNN1SNNADY 8 A9

a, b, c

,d d' U ¢ a v A 1 U dl
NADAUULALINULAIULANAIAUN P < 0.05 (ANOVA)

11
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HansNARBST 3 NsMaaaLenwAisaulaiindnlurasauiailldanlufianzgaanFdlafitivann
159aindn 1ag3T PCR Y-specific DNA

Mnmssivltanlefifuantsehdad sdodindoudfauslunaeauds udwhufauslu
yaosuilagldhidolauuuruds udmivhseuluideddumsenuiluthendssfiou iWunan 7 Yu 1§
fgouasyiszezuanalnda 31.25% (115/368) lushuiuiilusdeunsa 1-2 fiawsadildaiu
wadiieluh PCR usnuwelsl 74.78% (86/115) nam1svin PCR wuin ansnsanenimals 79/86
(91.86%) 1Hushseuineiils 40/79 (50.63%) wazsseuiwes 39/79 (49.37%) (3U 3-6, Ans147 8)
sdsniseuammadios iy 28 Tu Tugheinlilagidy Snisiaties 12 # (42.85%) Aremgnine
o 11 # Idamusdugilunisuening 91.66% (15197 9) dausdeuiivdedn 12 luihluségeu
wiualaeds vitrification ndsnmseuyhazaie lafisaununIng 9/12 (75%) waeainiifiseu
uuds 9 ulughernlifladifu finisdsiies 3 @ (33.33%) Aaangnineiles 3 dldanuusiudilunig

LenLNE 100% (wmm‘?i 9)

M N MC CND F E . F F M F LM F F

538 bp e e R R R W e

—
300 bp — — -

LURAL

31]17; 3 wan1suenAieaulalneds PCR Y-specific DNA M: Marker  N: Negative control
MC: Male control F: Female M: Male CND: Can not detect

il —_
-
M MC F M N M M M F

538 bp
300 bp

g‘d‘ﬁ 4 wan1susnnaiieaulalneds PCR Y-specific DNA M: Marker  N: Negative control

MC: Male control F: Female M: Male CND: Can not detect
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MC M M M F MCNDM F F CNDF CNDM M M

- .

538 bp

- . e - e
300 bp '

1

fay
4

E‘Uﬁ 5 wan1susnnasieaulalaeis PCR Y-specific DNA M: Marker  N: Negative control

MC: Male control F: Female M: Male CND: Can not detect

- -
M N F MC F E F M M F F F M
\ o
i S S e e * S GRS RN e S —ttmare
538bp | o _—' e
300bp | e e - " . e

31]17; 6 wanseninAioulalaedd PCR Y-specific DNA M: Marker  N: Negative control

MC: Male control F: Female M: Male CND: Can not detect

aa

d' Y 1 d' a }% d' 1'% ld' IS v %

HaN1MAARIN 4 MInaaasLenwARIgaulannan luraaauiantiaInlunizananlalidindaeda
A519179 1ne5 PCR Y-specific DNA

1NA15997 5 n15nzsduliannlaul 5 §1 amedansiwna. a1nweadiaa 667 Tu laluvianua

490 v lédasnivlald 73.46% Wuldfiamnnd 622 lu (86.12%) fiundeslsmiouujausly

1
(% [

vaeauia wdvhuiauslumseautilasliindelauuududs udnivheeuludedumaenudiluthedes
fhsou e 7 Ju Ieshdeusiyfsserumalnda 29.83% (125/419) lusuiilusdounse 1-
2 80.00% (100/125) (M51571 6) Mhludmuiwadseuiiietlui PCR wan1svi PCR wud ansnsn
wenineld 90/100 (90.00%) 1Judgeuneily 46/90 (51.11%) uazsagounes 44/90 (48.89%)
(m31971 8) ndsniseuanmadiodiuau 23 Tu Tughernlilagidy Snisderios 10 & (43.47%)
uviagn 1 ¢ (10.00%) wideladhiu 9 shiwiosnsuimuanaen tdgnnade 8 # Tdmnuusiugiluns
LN 88.88% (1131371 9) drusseuiindedn 23 Tu thluvidhseuutudslneds vitification ndsann

Y

udhgeurinasaie lasisaunmnIg 19/23 (82.60%) wasainuisiseuntuds 19 luludrarnlile

v v =

AU dN3Aarias 6 /1 (31.57%) Aaaegninelly 6 AlarnuwiuglunIsuening 100% (113199 9)
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o [ L v v o v [y 3
$13719N 5 Nﬁﬂ’]iL‘ﬂ’]%Lﬂ‘Ulﬁﬂiﬂuu 507 8 4 AN AYRARTIYIIN

ASadi IuIuneadLAa U (%) 31U (%)
el YUIA 3-8 mm 9iezld ldaunni
1 159 115 (72.32) 97 (84.34)

2 168 124 (73.80) 108 (87.09)

3 174 132 (75.86) 114 (86.36)

4 166 119 (71.68) 103 (86.55)
39U 667 490 (73.46) 422 (86.12)

a13197 6 NMsiasvessiseulafildannsufauslunassuimainluianziiumedansiyn

Ase uigou 31U (%) U (%) AIBIULTEY ALY uanalada
dudnides WU 8-Lwaa wagan vandladd 1A 1-2 (%)

1 97 52 (53.60) 48 (49.48) 37 (38.14) 30 (30.92) 25 (83.33)

2 106 57 (53.77) 52 (49.05) 39 (36.79) 32 (30.18) 24 (75.00)

3 113 58 (51.32) 50 (44.24) 38 (33.62) 31 (27.43) 25 (80.64)

4 103 54 (52.42) 47 (45.63) 36 (34.95) 32 (31.06) 26 (81.25)
ERLY 419 221 (52.74) 197 (47.01) 150 (35.79) 125 (29.83) 100 (80.00)

NaNTMAAasil 5 ManaassuennaAdiasaulafinaaannsnszdulinnlavanelu Tne3s PCR Y-
specific DNA

st 7 wwdeihgeunniadilian 5 o Idfseussezuaalada 48 Tu Tudwauiidy
fheeuinsn 1-2 $1uau 41 Tu Mhludaiuwadssouriiothluvin PCR san1svih PCR wudn anansauen
il 40/41 (90.90%) Wushsaumenily 21/40 (52.50%) uazsiIseulneg] 19/40 (47.50%) (A151i1 8)
thshgeuanmeiiediuau 10 Tu léesnlilagiu dnsdaies 6 # (60.000%) F3u 6 fadetiasnsu
Avunaaen legnnaile 6 ¢ ldmnuusiugilunisuening 100% (131971 9) dausiseudindedn 11
Tu dluvidageuntudlneds vitification wdsainifiseurinazaie tadigounmamd 10/11
(90.90%) vsmnihigeuutuds 10 Tulughernlilagaiu fin1skeios 4 6 (40.00%) Aaangnineide

4 fleaNuwluglUNISRENINE 100% (H157199 9)
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NUYLAY fingou finoou finoou A18UsTUZUAE LadE
Tadali fiwzdnsld danefa szezUanalnda 1NsA 1-2
1 13 1 12 11
2 12 3 9 8
3 8 2 6 5
4 11 3 8 6
5 15 2 13 11
PR 59 11 48 41
AN5197 8 NANTHENMARIBaUETS PCR Y-specific DNA
NINANAIDOU UMDY WeNLNA FoDu foou

AFALAUL AR NLNA

d159 (%)

Ay (%) e (%)

Tunaoaum-lgansle 86 79 40 39
15991dm73 (91.86) (50.63) (49.37%)
Tunasauna-lvannnis 100 90 46 a4
Moans1we (90.00) (51.11) (48.89%)
YLAINNINTEAULN a1 40 21 19
Tannlavangly (90.90) (52.50) (47.50%)
39U 227 209 107 102
(92.07) (51.19) (48.80)




d' vV U 1 = U
15197 9 wan1sEneEnFRaunALylAlARISU

IUIUFITDU 31U (%) U UMW (%) W (%) U (%)
nINanAIBaU viindadau LAt A29aUAMNNA A5y fifudsias  @adusman  gnlamadie
naINIazany
Tunaeaum-lvainssly an - - 28 12 (42.85)° 12 (100) 11 (91.66)
Tsasindons utuds 12 9 (75.00)° 9 3 (33.33)° 3 (100) 3 (100)
Tunaeaum-lvainnns an - - 23 10 (43.47)° 9 (90.00) 8 (88.88)
yhdansiead utuds 23 19 (82.60)" " 19 6 (31.57)° 6 (100) 6 (100)
Yran1nnsnseaulila an - - 10 6 (60.00)" 6 (100) 6 (100)
anlanaiyly wauds 11 10 (90.90)° 10 4 (40.00)" 4 (100) 4 (100)

a, b, c

d d' v 6 a (% 1 aa a v ! =) 1 o A
YADAUULAYINUVDILAALITNITNARAIBDUUAIULANANNUN P < 0.05 (ANOVA)
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A15aiNan1SNAaDY

Tunmsnaseadsssseudildnnnsufauslunaenui Tuenfssfseuiitiuasliifiwadidoy
viethlvlatiude nauiidsshufusadiboyretililalésnnaesguesiouisssesuanalnda g
nhnguitlidssiutueadidoyvomlaladntes anseaunsidefiuamuiilunszuiunade
foaulalurasaui’ %ﬁﬂmmﬁfgéawqmﬁzﬁiwz 8 1waa (8-cell block) Jsin1snaassldiwad
Srameveslanassuiuiiseuluthedeessou Wy Lezjaét,?jaqviaﬁ'ﬂﬂi (Eyestone ag First, 1989;
Gandolfi wagAniz, 1989; Xu kagAny, 1992) wadmydawazwaawnsylad (Carolan uazane, 1994;
Goto Warmuy, 1988; Kajihara wagAaig, 1990) wazlilfiwadseneiasesinfuiigey wildieniisi
MsiAsafuads1enne (conditioned medium) staesiisaula (Eyestone and First, 1989; Eyestone
hazAaly, 1991; Bavister hazany, 1992; Hernandez-Ledezma agatds, 1993; Mermillod Lazane,
1993) ilevilsshseumsiaivlafsszorumaladagaiu Ssamduliismenunsmasosdilvgdeuld
wadBeyviewldladssuiuiseu vield conditioned medium fulwadidoyviethlaladesseu
MNTIBNUTBY Sparks wazany (1992) wuimsthihseulassee 1 iwadiiufauslusenelaludesly
ihenfifleadidoyrothldlasude Tnsnsmsewasayivlnferssumaladaganiinguillifieadie
yrlethlvlaeenaiitfoddnyyeadin uonani Shamsuddin uazeme (1993) lémeaumsissieoudils
nnsufauslunaeauda Tagldinen ToM-199 fiinde estrous cow serum (ECS) fifluaglifiwad
doyrtetilala Fsldfoouasydsrasuadladaliuand1eiu uinduilBeshusueadidoyrievnldla
Taunmiseufninguilifwadidoyetilila ogralsfAnuainsiesues Shamsuddin uayAmus

a ¥

(1994) MUSuUgaendesisaulaildainnisufauslurasauia laglduier TCM-199 Mdnaae

bovine serum albumin (BSA) wag insulin-transferrin- selenium (ITS) LLazLgmimiaiﬁmaa‘ﬁjawaﬁw
9la Iisouaigfesrezuanaladaliwnnistunauiiaedduien TCM-199 fifude ECS wagides
sufuwadieyrotnlala vonainazdinaslddien Tom-199  Aduiheniifesdussnoududen
(complex medium) tReiagoulaug é’m‘jﬂﬁﬁwmqmﬂfﬁm synthetic oviduct fluid (SOF) fins1u
29AUTENBUNNAI (defined medium) ASudulddsandounns (Tenvit wasamy, 1972) feaninis
Ufuusegnsliitula (Takagi wasang, 1991) Seeanifutheiideslfidestseulaauuuinaslaifiwad
R OTIIRE e (Fukui wazasdy, 1991; Takahashi wag First, 1992; Van Langendonckt wagale, 1994)
Calolan wazame (1995) s1891unsldunen SOF deasfsoulafinanlumasnuislussuuiildiioad
S1amedeen nuhneldussenaiiiedndiauni (5% 0, losgeuasgiiulatiassezuaalndagy

nindganelaussenianildendiaugs (20% O,)
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ANNITNAFDIFALAULTARANAIoDUNNERTUMAaDALAIT gz UaNaLlaZdse microblade L&1N

froauluyinn1suaid 191833 vitrification  MasaIninazaessaunaltirluideslunasauiiuiu 24

[

Flus nudseunquilidauazdnnuaddiisaunslilauguds Z8nsinisasyivlafessesuavd

ISICY aa v

vanale@alaiwansneiu uasddnsigeninednivedrrynadfdunquiidawazutuls diudeaungy

aa v

niddiniuadmesuuaztuds 1dn31n1sasgy iz uariuanaladaginiiegediduddynisadaiu

'
oA

nauAnwazLILls Nan1snaaesiidenndesiusenuneuniimuitdmesulangndnnuwaduslalliug

q

& A v a a v 1 ' U 1 A vy & I3 L& .
LLSUQELI’e]G]i']ﬂ']iLﬁ]iQJ,LG]‘UIG]IU‘VI@@WLLﬂ'JIlILLG]ﬂG]WQ‘UWHG]'J@@UIWVII@JIWG]@LH‘UL""UaaLLaﬁLL‘ULL?J\‘] (Leibo way

Loskutoff, 1993; Thibier wag Nibart, 1995) 5164 uangalag Najafzadeh wagany (2021) fldnaass

a A

Psesulassuzuanaladanudsnlunasaniuidaiuwad walrtluwindalaeds vitrification wag slow

freezing FawudnisauiidaiugadnliiunsutuLlidninedsenliwanaisannguiududelagis

vitrification ageninegiiivddynaifdoIeuiieuiuissunidaiuigaiuaiutudilngds slow

freezing wagann1sifseuidaAumadLaLTLde Wethuihazareudinsiadeunuinunfives

'
1 =

DNA Tuwwadsieaulneds TUNEL assay @anuinfeaundaiuigadialutudalngis slow freezing &

' 1 [y

DNA Rnunfiganinegniideddgvnsadadunquillidanuiwaduasdiniiuwadunliuguds wasaindn

3
naudauadfiutudslngs vitrfication urliiuandamneada T51auiisnsdafveadisewdu
dednyideaszingzds wagiinvzvosrininadesnsauegsonvesiseu nslanzegadineey
svpzuanalagandafuwaduaithluntnds adenanesnssenndsinazasauiednInsieTemds
grernmeeulilafisy (Cenariu wazAny, 2012)

Tunsvaassiimsinfiueadiseuluuaninadaeds PCR finnudisalunisuonine 92.07% a9
TnaLAeetusI8eIuYes Thibier wag Nibart (1995) fildmnudsa 94.7% nsfseu 1,660 Tufiviily
Aeawtn Anudnsalunisvin PCR LﬁaLLsmLWﬂ%uﬁ’U‘Uﬁaé’wﬁ@lﬁudﬁwmumaa‘ﬁﬁﬂﬂﬁw PCR A7
avornlunsifiuadidosldiinnsuuideu DNA vessseuludy wazsiavedlnsweoslunisi PCR
(Lopes wagAgdy, 2001)

Nan1INAaIulINFIseusEe s UaElnTaTuns A AuwadlUseninalaeds PCR Fafu
noeuinanlunaenuii sanliifvanlsehdnitarinonisldsansienad wavsaseuiilédainnig
nszdulilannlavansludadusseuiiufauslusramela Tastanzfseuiingaanuindumadeld

Frepnliladisu nudsaunnanlurasautIanlamAvanlssindainazlaenisidsansieniantile

1 a1 1

WL T9nTIN13R9V09geN A8 UTNIUNITUILTY diumssuiiliainnisnsedulmlannlynaneluy

'
=

Lildududedisnsnisdariosgeniiadeudinanlunsonufiilalldutuds uenaniddseutildainnis
nsgdulilannlavanelufuudedidnmmaiaiosganindheouiindsluvaeauifiuiuds sann1svaaosil
fonARBARUTIBILYDS Thibier wag Nibart (1995) finuitmstheshndseulafilsanmsnsedulilann
linanglufumsiniueadiduduladsnmniiafeshnivhoouilddmfiusaduaziduds drseu

A a 1% = < % .. 1w 1 A a al % o/ v
ndalunaoauii aziinsavanvesdialugdu (lipid droplet) unnindrgeunuausludlanaiveais
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genu (Gardner warmmy, 1994) Fansil lipid droplet innluwadvesisouasiinaliddnsnsonnds
wiudarnaudlewFeuieudusseuiiujauslumlaudivedrsoonin (Leibo wag Loskutoff, 1993; Agca
wazAMY, 1998)

nnsmeaesisseumadsludelinlmlasisu lagnlaiiaun 40 67 Duwmede 38 #a e
ANLYNHBIVBINITUBNINAFETS PCR 95% FslndiABariusnearuyes Thibier uaz Nibart (1995) #1lé

Augndesvewmagnivlunay 97.36% wazineide 98.65%
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5.1 @3UHanI5IdY
[~ Y] 1 [ o I3 % . aa e . [ VY] 1 =
5.1.1 @UN50MBLTIAIDUNFINNNTAMNULAAR8 microblade 1ag3T vitrification wad80udl
DRTITOANAIINAZAIYANNINGIDDUAR
5.1.2 mMssennemesulaindnainnisufauslunasnnii wazainnisnseiulinnlavatslu feds
& adaa a a ~ ) a a Py Y
PCR . UuWIETHUsEaEN M wasilauwiuggalunisudngnlauumeadeainnisiedindiseu
5.1.3 ladinsaegenuidedluiniduse delaanunmeuns Tui1sa1s Journal of Reproduction
and Development 31l

Rattanasuk, S., Parnpai, R. and Ketudat-Cairns, M. 2011. Multiplex polymerase chain reaction

used for bovine embryo sex determination. J. Reprod. Dev. 57: 539-542.

5.2 YoLEUBMUL
5.2.1 ASHN1SYNINISNAA0L NN NS IN1TIOAVDIFIDDUNSIDINAITHAAULEARAIE microblade

waLdelneds vitrification
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