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Abstract

It has been claimed that artificial insemination (Al) of cows with frozen-thawed semen
treated with commercially produced kits, Wholemom (in favour of female gender) increases
the birth chance of calves with desired sex ratio by approximately 85% without decrease of
pregnancy rates. Hence, this study was conducted to investigate the efficacy of wholemom
kits as combined with frozen-thawed bovine semen during in vitro fertilization on the in vitro
fertilization and developmental efficiency and sex ratios such as some reproductive
parameters in bovine. For this, 1,737 oocytes were in vitro fertilized and developed.
Agglutination effects on bovine after treatment of Wholemom kit were observed by time
passage and dose respectively. To determine sex of embryos, Bovine embryo Y-specific gene
primers(ConEY) and Bovine specific universal primer(ConBV) were used as multiple PCR
method. Fertilization rate of wholemom-treated group was significantly lower than its of
control group[66.9% (1,156/1,737) in Wholemom-treated group; 75.0% (610/813) in control
group]. However, developmental rate after fertilization of both wholemom-treated and control
groups were not significantly different [26.1% (404/1,156) in Wholemom-treated group;
27.4% (224/610) in control group]. Sex ratio of in vitro fertilized embryo with frozen-thawed
semen treated with wholemom kit was determined by multi PCR. Female ratio in
wholemom-treated group [85.4% (173/201)] was significantly higher than its of control group
[47.2% (66/141)]. In conclusion, wholemom treatments of semen used in the in vitro
fertilization and development of bovine oocytes provided increase in female ratio with
decrease of fertilization rate.
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N E
sogetel Qlglael 4 AL Z4MEY W A A E5 HopolA] SAl715et ATEIRIE Hofolth (Turk 5, 2015). Z4tolA]
o] Aeja AL AR o] o o] e AA, Yol A SAIE R o Akt AAEE o], 7] kbl AR L] EE
S50 AT} B8], $478 747} £ A A 4R ARe] 74A7E AR o ) B4R A4 AR o] 4gEs
o

A X Bz Y GAA] ool whel A7go] EH, (Seidelt Johnson, 1999). Efole] e AAsk= #29 WS 45k A
HAS XY QAR Helala oS ol 8310l 45 He oItk (Seidel, 1999). 2 K] AR S Sisto] Tl
AlE=Eol g, RO A W 54, 5P, £ §3h AA Zpol, AdEeol oJgt R W HAsHAQl WHE9] Ty
2 AREske] X 9 Y AR Be2l7F Al=E T} (Barlow?} Vosa, 1970; Ericsson 5, 1973, Prasad 5, 2010; Jain 5, 2011). 1281},
AA7EA] ARAA olgo] 7hsdh 220 X 9 Y AARe] Kl F9] AlHAl Aok

o]F Al W oz XY FMA| HAke] AFAE AAIste] 225k flow cytometric sorting©] U=tl, 85-90%2] JFE=
XY Ap2 2e] 3 4 qlow), o]@A Relw Hale olgsio] Aol Aoulef wjofe] o] skt (Parati 5, 2006; Prasad
5> 2010). 22, o] Whe] W oz XY AAke] Eeliby & alkolsol o3t HAF &4 FZ o, DNAZE M E AA=
ol85}o] A SIS W opE woke] WIE D AMEE Z7h BAA Hrk w7, Hte] Au), ARAQ A9 1rke] A
go= qlste] @gollx] ALGSH7lo] B Alofo] whErh (Seidel 2007). 2T X W Y S Welaha] e olgste] Relstel
AEEgo] AHEAL flom, ofel WHH AlFEo] HAlE AL Qlrt (Turk -5, 2015). 12y, oFA7H] &R i A= =7t w2 A+t

Avte] Bt v)e AFHHolY] wiel] oloh welE AT o WAt Adolth by, B AT Axeld Y §4 e Sol
sl chuldlo] WRSHs IS Zukow Shuold AlkE ko] AR AEA @ frelijol 2o Wholemom AEE o] AR

2lsto] AlefrdE shale W el vAle dF A4 AA viEo] diste] 2ARaAl =

ME

]
o
3

2 OPg=Extel gl 2 HAYs /E

ARRIT(Ko 5, 2012)9) AT POR EEAOY ehie] AS S45 7 36T A2 A50] WAIslo] ATAR olgsigle
W, ol5E WAt 36T ARARSE 28] AF F 1ol 25 mm 3719 FAIMES 18 gauge POl BHE 10 1 FA7IS
o]-gsto] Felsto] mjAds WAE SRS nl st rh 2ok dE S 15 nl ARl &5kl 1027 FAAR e,
AR slche] HAETS 3]4381e] 600 HEZ T4 0.1% BSA (Bovine serum albumin)(Sigma-Aldrich)7} 3% TL-HEPES
(Tyrode's Lactate 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)(Sigma-Aldrich) HjFH-S #7} & A0 slofA WA=
RS WA A 7152 WAl A s FakE A Wake] Ajszdo] Rt ANke ZEbA] & Aol SIS Wast
9] A< ¢3H 10% FBS (Fetal Bovine Serum)(HyClone), 5 wg/ml 2] Folltropin(Sigma-Aldrich), 1 wg/ml estradiol 17-B
(Sigma-Aldrich)7} Z7Hel TCM-199 S ARG-sFGl o, Thazehe d-well dishollA] viFE| =T, 2t wellof] 300 ul &] AH|e|/d<
HjoFol-S Eoqstal wellgd njAd<ss YAE 10704 vl X3}l mineral oil2 wellS =33} Incubator= 5% CO,, 36.5C2] 27402

Z2sto] 24A17ks}t Al dse =S

BRel gRE NEAME R A GSURte] Mol a Y &

20] Y& flsto] & A|eAd<wto] WholemomA|Eo] A2jd 40 54 S olgsto] Aelege LA A= ¢

M4z (KPN) BARNG ARgatgliat], gaE ANS BO-IVF media (IVF bioscience)?t &3Fste] Yilie] & alo] ¢|x|at
FEEAE ook weR At diatoma AR Aloardete] B S Aol AYEA o2 FA-89 s
1x10%nl %%

Fert-TALP(Fertilization Tyrode's albumin lactate pyruvate)(Sigma-Aldrich) BjoFole] x| E]o]gl= A ejAd<E Wxlo
o] A&7t 223 Fert-TALP mediag 50u Tl 18A17HE<t FujekS To 2 A|Ql=gdE FEatqleh AdE &8 AlEol
A GRS olget Aggere] wjke oheal e IPgos SEQich 1x10%n swo] AHE AAE d-E 50 Q)
Fert-TALP mediao]] 402 fuj=l= A& 7]EQI wholemom 1, 10, 20, 1004 4] Fujefsto] o] S-S a9,
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A 215=AL 1x10%m HEo] AHE A7t $-3H 504 9] Fert-TALP media] 20 ul ©] wholemomo] %] &=} suspension 50 ul &
A2 dad dApet FujeFstaint Aeaego] SaE T2 0.3% fatty acid free BSA7} 3718 CR [aa®] ujeflofl x| 72417 531
HiFAIF O, dato] o]Ro)%] =AJgikE AHste] 10% FBS7F 371 CR Laa o)A viREEZ|71R] A|LdrgE AlFiTh AlLuieaet
ok o] 2AL 5% CO,, 36.5Colck.

Lyl Y 43

Wholemom 7|E7} A2|¥l HAE ol-§sto] WAk HolpAdehe] 4 whHS PCR=E FRISHITE oS flsto] X HAA] 5ol
primer, Y M| Eo] primer7} FA]o] &%= multiplex PCR-S A5}t Primero] tjsto] 7ieks| Ag31x4, Rattanasuk S
(2011)9] AsgedLoflA 23t YEMA| <8 Bovine embryo Y-specific gene primers(ConEY)2} Bovine specific universal primer
2l ConBV &5 FYUsIA AMESI3IT). ol primer sequence= Table 13t 7). Z}7-0] A7toll Al viRkZ e ARl 2 A E gl ow,
An)gstell A Sejdor EYPUE AAsto] wivtzd 1744 24 9] 334572} $74 PCR tubeo]] W 3ich viRtaito] S0{gl= PCR
tube= HA| 20} 36 TO| water batho]] 334 Wzoprhe MAAIA At 9 Alz2o] Ze)4 HE F=5i3eh o]%, Z17+9
wjukEgho] £0{l= PCR tubeo] 23 4l 2] PCR mixtureE £5}0] PCRES 43513 tt. Multiple PCROJA] ARl polymerase 2=
high phusion taq (New england biolab.)& ARE-5F O, 98 C° 40%, 52C° 40%, 72C° 40%2 % 40 cycleZ HF-A|F T 4345
PCR AH=-2 1.5% agarose geloll A7]8%5= sto] X GAA|(216bp), Y FAA|(181bp) Fo] primerof] &Js}o] A4 bandE <15}t
5Tt Multiple PCR] control 2= 4y, =40 oA F-F|% genomic DNAE A3} T

Table 1. Primers used for sex determination of bovine embryos

Name of primer Primer sequence Specificity Size of amplicon References
5’-TGGAAGCAAAGAACCCCGCT -3 . ) Plucienniczak et al., 1982.

ConBV Bovine specific product 216 bp
5’-TCGTCAGAAACCGCACACTG-3’ Machaty et al., 1993.
5’-GATCACTATACATACACCACT-3’ . o

ConEY Male specific product 181 bp Plucienniczak et al., 1982.

5’-GCTATGACACAAATTCTG-3’

A=

BTt 927e Adduldsue 3 A Aue Held e foy A AR
Chi-square® AAJ5HEO™, 014 & P<0.05 olstake olgatsick

oft

AXZE 34 SAS program®]

Wholemom X2|&2| HXt SXITiAt

Wholemom #2]7} ZJate]] off ]34 Faks n|A|=A] WGt Aeed A #2484 gl & Al 5+3lem, Wholemomi}
AN FujeFalAct. Wholemomy} AAE Faljoket &, 14, 58, 105, 20240 T3t on, o] S @A2 Figure 13} 2
o}, Wholemom3} ZejeFel A2k AelF 1Holi SaAto] Qojbx] gkort (Figure 1-Aa), Hel5 SERE SHo] Alzt=gih
(Figure 1-Ab). Figure 1-AdoflA] Hnjsl o] 208 o4 Mejakele o) H1ze] Ssiaol ek, Aels 1A} o Fie=
ST A7 APEIT, E2 A9k BojekE Wholemome] ol whe: §2IHAMS ZAISISAT. Figure 1-Bag} bolA] iizulo}
Zro] 1x10%ml ¥=9] A2/} £&E Fert-TALP media 3004 o] Wholemom< 14, 104 B35l AHAjoA dHujAH oz Tzt
7Feet 994 &4 Wst HolA] ¢iglrh T2, WholemomS 204l Ei= 1004 FofsllSml ¥k 7hast 0] A S
B} (Figure 1-Be,d).
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A B
Figure 1. Feature of sperm agglutination. Agglutinations of frozen-thawed bovine sperm treated with Wholemom kit were observed.
Sperm suspensions of bovine were mixed with Wholemom after 1 minute(a); magnification: x 100, 5 minutes (b); magnlfcatlon.
x 100, 20 minutes (c); magnification: x 100 and 1 hour (d); magnification: x 200. (B) Sperm suspensions of bovine were

mixed with 1.£ (a),1048 (b), 204¢ (c) and 100.£(d) of Wholemom after 20 minutes; magnification: x 100. Arrow indicates
agglutinated sperm.

A

— ConBV (216bp)
— ConEY (181bp)
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Control

— ConBV (216bp)
— ConEY (181bp)

L g ] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Control

Figure 2. Multipul PCR analysis of sex on IVF blastocysts. DNA isolated from blastocysts and 2 sets of primers (Bovine embryo Y-specific
gene primers; ConEY and Bovine specific universal primer, ConBV) were used. (A) Bastocysts derived from normal conditioned
IVF. Samples are Judged as males (1, 3, 6, 7, 10, 11, 13, 15, 17 and 18) and females (2, 4, 5, 8, 9, 12, 14, 16 and
19). (B) Bastocysts derived from IVF with Wholemom-treated sperm. Samples are Judged as males (2, 5) and females (1,
3, 4, 6-16). L: 100bp ladder, &: DNA from male blood, %: DNA from female blood.

Wholemom 2| FXlof| 2|5t x|+ U HiLUEHS

Wholemomo] A2/l 715 olgsfo] 4 Aol<ers Aeest & wjfetaon], Aoky T RaEs} s 2ARKI,
T AT} Table 204 HiH}e} Zo] WholemomS XZsHR] &S ARIE o]8sle] H|4Ast ze HalEo] 75.0%2
Wholemom¥+ %28 HALE o] g3lo] A 24Aet 9= B8 (66.9%)HTt G203} QA Ebch 2, winbzz o] wrehg(ujjut
RS 20| 9 27.4%0]0, Wholemom 2]l S 0|83 WEhe A= 26.1%EH 5AZ 393 glo] FUst 5=
o& Aedsh= A& FRASHAHTable 2).

Table 2. Developmental rate of in vitro fertilized bovine oocytes using wholemom-treated sperm

Treatment No. of IVF oocytes No. of cleaved embryos (%) No. of blastocysts Ratio of blastocysts in IVF oocytes
Control 813 610 (75.0.%)" 224 27.4%"
‘Wholemom-treated 1,737 1,156 (66.9%)b 404 26.1%*

Values with different superscripts (a,b) within column differ significantly (P<0.05).
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WholemomZ{2| Xt {2l M QUS| /dH| ZAt

QoA dizold Uk iR 1417, Wholemom Ae)4%h 42 kRt 201he) 2eHa 4 PCRE Blsteirt
(Table 3). Table 30J|A] HEHlQ} ZHo] /=4 72 genomic DNAOJA] 12 bovine specific geneQt &% 216bp2e] PCR AHET1O|
A&F o, £719] < bovine specific gene} bovine male specific product?] 181bp2] AME0] FAlo AEE L) o|yst 21=
Higro e Z}7ko] ufubstol A HEE PCRANES] = Rhdsto] A4S stk ol2igt AL Ak Table 30| st o,
control®] 79~ - 1417]9] ufiwkargholl ] 43 6670(47.2%), 551 7571(52.8%)2] “JulE 2<1st3ict. Wholemom A2} {2 viRt
2T 201780l A = S 173(85.4%), =7 28(14.6%) 9] /gu]E T2Esto], Wholemom A 2|7} =4Jgke] AJulE F-2J2; A 19142
2 240] 7153 AL BRI

Table 3. Sex ratio in in vitro fertilized bovine blastocysts using wholemom-treated sperm. Wholemom-treated males show significantly
lower number of blastocysts than Wholemom-treated Female (Independent t-test, P < 0.05)

Treatment No. of IVF blastocysts Sex of IVF blastocysts (%)
Male 75 (52.8)
Control 141
Female 66 (47.2)
Male 28 (14.6)
Wholemom-treated 201
Female 173 (85.4)
k]

Mo
He

U914 7H50] 4 AR BB A D AT 714 el gt ojojo] Adstel HAte] 4 Bele] e A Sz
Aol ok X 9 Y AAE Helsr] $iste] Sue guse] Amslo] g, tlE) AX) Hel PSS skl gHolA]
Eoha A $E0) FAZE AsH 0z AN Bae] Rele] tig olel 714 F BAIA FACSE Aol wet 9% 44
= ol 7P A=l Sl Wik eiuk, FACSO] ofgk A% Heli ulgah g4} 4ko] Sulolx] 247} glof i3]
diEst B%) ok gick webd, AXE Aol whet BRsHe WE A0l Belsin ulASH derow welsta wilo] A
T Qlek. Wofsb o HAE ERshe 7l el theat ek Xok Y A Aleloli genomic DNA} Ther, o]efsk DNA Zjol7h
chal o] uio] they| whel, Xob Y Axio] sule] EAJSH thapt thil o] o] wofata om AMsHe Ao] Hssitks 7Hd
2 ARATNA A (Seidel, 7 Johnson 1999). olelgt el uighom 44Uzt ofahd wilow AxE Aelstels
A o geroLt, Autel glof AEelo] §oIx7L gAY, AT Eo] QYA oR ARARA) lrh (Hendriksen, 1999; Hendriksen
, 1996). 22, F2o] So] X WY %ol Sol A2l Al i gele] whgo] s olola glom, 8], HY oA

J So] Qe X A Y A T & 4 gl eE WO TR ATAE] ofs) 38 W ot (Sang 5. 2011),
H-Y ahelel] tisto] hes] Amaivhe, HY 998 7o} 23 A7 LS Aot Eas 4510) tjsie) Aael 2xolq Wl

ek, whebal, oA HY ahlo] Wrnls AL Y GARI] Wide]] tiel, ol51g olgsiel X AAet Y A Helshr

AR S 9le B ATAES Yospermo] TR & HY @Ale] Sold 2L wwskglon, Ali 5 (1990) & HAZE FAS
o1g3lol X A4S BA5 2ol shgick u]%, olo] isto] oje] A5 ATl EABAE, HRelS S Wefshy @7Eol

th R8YE|3 QItk(Espinosa-Cervantes ¥} Cordova-Izquierdo. 2013).

2|+ Chen (2014) 5-& Xot Y 7t o] #ofdh= DNAFoIA 31719 A7 tham, o] 5 27707 X AAbollA, 47h= Y
g2l Al up-regulation Sh= Z1& HIlskGIty T, o]2fRt e FAARSS XeF YA 1He] H o] thE T e] BES s
Hzoll X E= Y 5o W o] Higshk=s FAE JNUste] o8 o Utk o]23t A= magnetic bead, affinity
chromatography, FACSGoll §-&3to] Aie] vleS #4Y 4 Ut} (De Canio 5 2014).

2, Z2H QAT 085 X /Y BAe] oIS K ATk sl QaE SlekBaker, 2012). 7 FEAATG AT
of W=, X /Y AAeA ApdA o s WHE= 17 719 T As AR on, HEO N2 54 2, T AatEy fElo]
Q= 15 70] TIES X HAOIA, 2 Zl Y Al up-regulations] F=AE WA E ThE QoM 42 Ae] R
chilo] 40] XeoF Y AAtelA Aoz WA 1 F 16 7HA= odA tiil A2 &4 2, AEHS AP BRo]

J. Emb. Trans. (2018) Vol. 33, No. 3 173



o Y22 FIE7 M2|E AYXE olFT MelYRel Yt JRa| B2

o, o2fgt T o] WH e Y} 7], Fol A%, HACE dRAE Afo]o] AT 2hg, ujote] Whdol] ks & 4 7]l (Li
= 2016; Byme S 2012). X 2 YRS BEals 2420l B4} ulAz A E ek

AZL ek A2 A™(http:/www.nurisci.com/)o]] T2, Wholemom2 $]ojl 4] AAJ5E TE2H QA AupE 7|uto 231 WY
ka7 o2 A FAAFeIH YA So] chilfdlofqh vhgshs FAHEM, YYRER] SATRSS - Esto] X FRfolut S74]
¢l 54o] FojEal, o]2 Qlste] X AR £ASES A, 2= A9 v YAk Al w55 Shk= Aot olE flsto

() WholemomA1E-2 Helgh 4 52 - §3) S Y Hx5o0] thizlo] whgaks A9 4402 YA SHBYE FEs7]o]
B A, A 2B, Sehge] Mebh Qlon, (i) W RAGA ARGl kS AL, (i) ulgo] FACSSS] 7% Wt Arhao
2 o9 AFska(18] el 50.0009)), (iv) 54 - 35 H & 4 Wholemom©.2 Helstel ok A4k SHEo| 85% ol4foleta
yhgick ¥ 15014 Wholemom -2 ALS3t 23k8 okIThe, (i) WholemomA|Eo] HA1E AMEAZ AL o] whizel % Ak
o S mAX) TR, AR A3 L AE Folgel urel Sl st A 3 RESRe e BBt (Figure
1. s, B3I PSR olol B B4 254 btk Eih £ ZaolA NGBS FEIAL o, Wholemom A
Helt GO} QA SHEE W ENE T (Table 2). A2l Qo] 349 254, 2A7RsT 34 & BE Aolr3e
o ZR3 RN, HYATLANE 247158 FA49 47} FAEAMORE AASHES Wt BYo] op|Ht 2L Hus
%irkPang 5, 2003). WHebA, Wholemome] $A-EHIS-0 2 QIsle] F4AF oF W Jwo| BEHS AAH| i) 55 7R

A9 S 3] 51301 AL WL ALR AR, , Wholemoms] el 4 S A Bote) e T WA
2 gRfe] ANNSS S| W] Ahg o] Golstul, (i) ATHE O AR ulgolth. Tk (iv) WholemomAlE-S AH§51%1S
9 PR o8 4| SheIzAst Q-yulis 8542146 %2l HIBR o1 A Aolrl 515105, AN Wl 85% ol o

A ZgH| Q’E—‘—]’ FAFSFRAT: B, & At7F AIREARL in vitro SHEolARE S=380] ERIaL, AR F=A 9] A7t A
ool AlFe 4% J37]= ook webA, 5 7102 WholemomAlF A 2]7h 4HY] @olA 8= AT dAlE, /4
FokA] AdHl, ‘rr/‘ EH 4 A 712 =AY Basirkal oA E3L Adulof thet oA AR Bolde 2astel] flsto]
T MY AHES FESF] WholemomA|E-S A2|sh= AdE Q@ Fch

FA-83l 2ol 242} R AES] Wholemom kitE A 2|StA], A2 SESRE SHTFo] AJZtE|o] 20258 s
o] Az} SAFAFo] dojtom, 1x10%m H%o] A2}7} 23R8 Fert-TALP media 300 4l ¢ Wholemom kitE 204 )4 X&) 3192
o ¥ 7hse o) AR LS Btk

2 RO AL AA] 2Tt EEEC] 75.0%= Wholemomo] A 2|E A5 o]-&sto] ALjAet 66.9%H T} =8kch e,
Hh3z 2 0] B (uu W/ BEERH) S T 2a(27.4%) T Wholemom ] 2]54(26.1%) Atolo] 9-2]z} glo] He3dl 409t}

Multi PCR ®HHo 2 Aufjof vjutzgto] v|E delstith txatolAl vliefs 1417119 viRkzatolA 4 AH]= 47.2:52.8%
R, Wholemom 272} 2 vIRFEZHO] ¢h:d> AJH|= 85.4:14.6% FAth webA], 4 AJRte] Wholemom®] X 2= =4]5He] AJH]
o s

i

=
;

2 fo QA Qslmom 2dsH 2 Bk
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