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28.5%, 18.1%°] H13] &%I(p<.01), HIREE g2 26A17F Fof Bt 241279 &7} 36.1%2 7 &5
(p<.01). FI= vjulxE 3.7% paraformaldehyded] 1% & DAPI(4', 6-diamino-2-phenylindole)X|2FC.2 A
FASte] T MZPE ZARE 23, Stol A FEfgh vigkE mE BeA7]o] BAglo] R 99710 Hls) H& A|xzS
E HAHK.0]). £ A8 53 TR A 26417 79 2 279 £4%Z 82, vivhx dd-go]
36.1%= 71 fEe Ao SRl wetA, 24 A ST Fubdoly f37F HAR, 2 AlZ7] £3%e B
sto] ZbZ: wfHtE AL PCR & o= o]&sh=Zlo] Z&Ze A EQlrh &3t T £ 7&S &89 vivtzE
Aakstal olalsto] () A ARFE Ak oA, T K viRkRe] & AES SUHE Y3 A&Fd St
A7t Hog 2o g Algdoh

Abstract This study was conducted as basic research into producing blastocysts using embryo splitting
technology and subsequently subjecting BTMs (blastomeres) to genetic testing, including sex
determinations. /n vitro fertilized (IVF) embryos were produced from the ovaries of slaughtered cows. 26
and 50 hours after IVF, 2-8 cell stage embryos were selected, treated with 0.1% pronase to remove the
zona pellucida, and split by pipetting. BTMs were cultured for 7 to 8 days (IVF=day 0). Blastomere
cleavage and development rates and total cell numbers were investigated with respect to the time of
embryo splitting and embryonic developmental stage. BTM cleavage rate was significantly higher in BTMs
(SB) from 2-cell (83.3%) and 4C-SB (69.1%) splits at 26 hours after IVF than in 2C-SB (28.5%) and 4C-SB
(18.1%) splits at 50 hours (p{.01). The blastocyst developmental rate was significantly higher from 2C-SB
(36.1%) splits after 26 hours (p<{.01). After fixation in 3.7% paraformaldehyde, total cell numbers were
counted by DAPI staining. Significantly fewer blastocysts were derived from BTMs than untreated
blastocysts (control). This study confirms that the 2-cell stage 26 hours after IVF is the most efficient
stage for the production of sex-specific embryos. Additional research is needed to increase the total cell
number of blastocysts derived from BTMs.
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82lo] HTHIL. o]gA Egt T4 E FaA A vt
S{(polymerase chain reaction, PCR)S 53 34 &
o] DNA A g& FEst AE3l ol Jd 24
Hud Aoty A lou F¥hs 90%E,
biopsy@AlolA cell demageS 43} 517] 3t 22
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ATH10,111.
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2.1 UKol M2

HARleE f8l =501A Skt EE 100 U/ml
penicillin®} 100 ug/ml streptomycin®] 7} A
A AL(35~37C)7 B71 B0l ol 547t ojuff A
FAZ H59Ict 27 2.0~6.0 mm HEZ FH 18

G Aol #2410 ml FAPIE o]&st] dAE &
3, Zlgsiolt. Bld HRUEE F FdotA FEE o
= IR EFA(COCs : cumulus-oocyte
complexes)¥HS Z&t viYSIAT. TCM-199(Gibco)
2 7|EujgFHozste] 10% FBS(Gibco), 7 wpg/ml
FSH(Vetoquinol USA Inc), 500 IU/ml hCG (Intervet
International BV), 0.2 mM sodium pyruvate
(Sigma), 0.785 ml L-cysteine(Sigma)E A7I5t & 3

(0]

8T, 5% CO, 202 2243t &3t A2 wigstal
oH12].

2.2 EXzH & HeleF

ALl S8 FAl =7 & 24E dedRE A
Holgioh A2 KPN 528HS AREsIGIT 37ColA
187 529 NE §ollskal TALP(tyrode’s albumin—

lactate pyruvate, Sigma) 29°f 10 ug/ml heparin



(Sigma), 5 mM caffeine(Sigma), 1.387 mM
D-glucose(Sigma), 6 mg/mL BSA(Sigma)°] H71H
o7 Aeko R AAE F, 307GolA 6ETF AHEY &
2o o g 13] 71 washingdtgh. AR =
go] 1 x 1070/ml HER sk Z20]el, 3
8T, 5% CO, 274 2k GAITFESRE A4S AA
stttk 4 eh CR1 HiFdo] opv|icits Zd71stod
HPA]Z] mCR1aa HIFH(MK biotech, Korea) 100
ul dropletoll &A, 38T, 5% CO,, 5% O, 7104 &
TEY 27 A9 WS FE5HITH12,13]

2.3 7|8 g5 22 H B

A5 26417E, 50A1%F o A A719] 2, 4, 8Al
2719] 27| $ATE AEsto] ZASIT SR =
oh33 Zo] AAJstAtt. WA, Gwatkin[14]7F AAIgE
ol W} pronase(Roche)E E-8519] 0.1% pronase
|HE A2ty FAE FHTE 0.1% pronase 50 ul
dropletol A 18E~1E 30%7F FAA|stdt. 181 &9
9] Feirt HFEHAE o WEA 50 ul droplet]
Ca’* Mg*'~free PBSE &7 ZAAHA pipettingdto]
EE £k, 22 washingstSith. F8th7t Al
A" FFAEE 37C hot platedlA] CR2 HiFH 50
ul dropleto]] 583t X|5to] A& Eojs TFAEE
2 ol¢gkst &, 2174 135um?] denuding micropipette
(denupet, Germany)Z oJ-835l0] ZAAHA pipetting
sto] A5 EEoHtHFig. 1a). o, 4~8-cello] Al
ZEE ofy 719 L7t Eol%l= Fig. 2b% Zol muli
blastomere@ElZ E&5191L, 1709 blastomereZ
countstitt. £2H T7= CR2 BlFA(MK biotech,
Korea) 100 ulollAl 38T, 5% COz, 5% O,27NA]
7~8Y7t Wit AL, Tagawall5]7F AASH BiHo] ot
2t stue] AEolA feiE Al @FE2 A Wi
SFAtHFig. 1).
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Fig. 1. In vitro development BTMs derived from of
2 cell bovine embryo (a) Split BTMs from 2
cell (2C-SB) after 26h of IVF (day 1), (b)
2C-SBs cultured for 2 days, (c) 2C-SBs
cultured for 6 days, (d) 2C-SBs cultured for 8
days (IVF = day 0)
*(a),(b) magnification is 4%, (c),(d) is 10x

(a)

®)

Fig. 2. Split BTMs from 8 cell (a) Individually split
BTMs, (b) Multiple split BTMs

*Magnification is 4 X

HAL SAS GLME o83t

Aottt g9 £3-g, wivtE UEg
T N259] B2t F94 S5 Duncand] tHEH3
H(Duncan’'s multiple range test) .2 £4& 4
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Table 1. In vitro cleavage rate and developmental rate of split BTM in relation to embryo cell stage and split time

Gow | saseotome” | Voo [ Mool ] R T Mt
2C-SB 38 72 60(83.3%)" 26(36.1%)*
1 4C-SB 44 136 94(69.1%)° 22(16.1%)
8C-SB 20 78 46(58.9%)® 5(6.4%)°
2C-SB 7 14 4(28.5%) 0
2 4C-SB 8 22 4(18.1%)" 0
8C-SB 43 168 70(41.6%)™ 14(8.3%)"

‘Group 1 : split after 26 hours of IVF, Group 2 : split after 50 hours of IVF
" BTM, blastomere; 2C-SB, split BTM from 2-cell; 4C-SB, split BTM from 3~4-cell: 8C-SB, split BTM from 5~8-cell;
““Means in the same columns with different superscrips differ(p{.01)

e RAE o ARE FSEE2 10271, A4
50/ & EEE dH(F 29 EEE AR {6
58709 4T AMESto], & 160709 4TS AME
Ei=g

% 1904 2-cell 3oA £
viorgia, B4AQ BEgs Hel

H3O O
TL_OE]—E‘\:‘

1(2C-SB)
720 L 6070
2ZA 39 83.3%% UEFHAL, 3~4-cell 5=
oA Belgt T4C-SB) 13671 5 FAZEQ Bt
S 29l = 94R 69.1%, 12|13 5~8-cell +HH
oA Ee]st TH8C-SB) 787 & 46707t AA RS sto]
58.9%2] Batg-S Hrh 18 20]A4% 2C-SB 147
% 4717} Balslo] 28.5%, 4C-SB % 47071 E&s}o]
18.1%, 1831 8C-SB 168715 707171 84 £t
41.6 %°) 2L BJTh Fo] B IF 19
2C-SB, 4C-SB7} ooz A Uedth(pd.01).

3.2 £t g Z2A7Iet

HICIS B
228 =4

LT TS HHEE

A LA 26417F, 50417 Fofl E3k
7R 9] WS AR At ot

1% 19014 2C-SB 727 &, vigtE s gy s
26702 36.1%9] Hi¥lE WSS HIYry 4C-SBE
13671 & 2270 16.1%, 8C-SBx 7871 & 5717} wjjut
3 Wdsto] 6.4%% YERdTh 1F 2004+ 2S-CB,
4S-CB 27} 4707} Bag& AR o, ivtazta] &
g31A] 3519} 8S-CBE 16871 % 14707} wivt= s
grdslo] 8.3%2] WEES HYrt

HiREE g8 1% 19 2C-SB7F tE ©Al9] T
TETH foHoR A Uehtom(p(.01), 1F 2°4=
8C-SBYt HigtA7A] Wstgiy, 2C-SB, 4C-SB
Z R et e gl
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3.3 $H2 S 2aAY|, wLTA) [E 3
Qu HjulE & HES 24
o]

S e HibEe] 5 Al BAE Qlel, Ay &
7~8U7k A|Jueret HiREEE 3.7% paraformaldehyde®
TAHAIZ] T DAPI Aoz HAMEle] F AEFE Z
A countstoty. tHRTY] HiEEE= 0.1% pronase®
Aefoto] EPHE AAT F, £ WHoE RARIY
t}. Table 204 Bi= vje} o], F AE4E= ti= uf
vkaoA 99+137], & 19] 2C-SB 471157, 4C-SB
3811078, 8C-SB 43+257i91, 1§ 29 8C-SB
224402, 2 wfigkao] Bls] St fef wfviEs
A7) E ddTAe] A gle] F AESTF BE §
ojHoF IYTHp(.01). 15 1 W 3% dawtAE
A ZS=9] 929l 2tol= ¢l 8C-SB R HiRtES]
AlZSE= 5 10 15 280 o E%H(p<.01).

Table 2. Mean(£SD) total cell number of blastocyst
derived split bovine embryo

Group’ S]?Fgl\isgf l\é?ésﬁicl;zfj Total cell number

Control 3 99 + 13°
2C-SB 13 47 + 15°
1 4C-SB 9 38 + 10"
8C-SB 2 43 + 25°

2C-SB - -

2 4C-SB - -
8C-SB 9 22 + 4

‘Group 1 : split after 26 hours of IVF, Group 2 : split after 50
hours of IVF; ~ BTM, blastomere; 2C-SB, split BTM from 2-cell;
4C-SB, split BTM from 3~4-cell; 8C-SB, split BTM from 5~8-cell;
““Means+SD in the same columns with different superscrips
differ(p<.01)
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A4 Hlotell A LAEE AlE 49 9 Agtolgty B
31, B AFoAE 2C-SBRE HjElE o] AESe
B 47115712 |ARE 23S Bqck S R et
ZE DAPI GA3t 23, Fig. 3at E&FH9 Hjulx
ZH, A8 { FHHE AAstE FMc= o
A FEI7E 422 BEolAL, ofiE ICM FHE &
As] Zt53 YQith 2, 4C-SB R HiREE(Fig. 3b, o
= ICM, TEY #37} FEZAA Ho|Rgt, A|lxs=7}
3] #9laL, 8C-SB 3 HRIE(Fig. 3d)= ICM &
7} FEZA HolA , SRte 2T A2 Az

@k Kelly[2017F 4~84127]9] 4= HE T+
23t 492 Bl gRkEQl Al2sE 158 A

qo 2 ICMY TEE 4% Slttal B gl Hlof
2 Aol 4~8A1719] AT T EEA
E0] MR SHT 5= UEE, Al =0l &
HARE AFEY] multi blastomereFE|Z £2], 8iFsIA
HFig. 2b). Tt &2 AtollA et vigA] FEH7 ¢l
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Fig. 3. Analysis of blastocyst total cell number using
DAPI staining. (a) Intacted blastocyst (b)
Blastocyst derived from 2C-SB after 26h of
IVF (c) Blastocyst derived from 4C-SB after
26h of IVF (d) Blastocyst derived from 8C-SB

after 26h of IVF

* BTM, blastomere; 2C-SB, split BTM from 2-cell;
4C-SB, split BTM from 3~4-cell; 8C-SB, split BTM
from 5~8-cell; *Magnification is 10x

stk st g 2EjA7] f OE aAEE 2
o] £3hg, wiRtE kg, wiRtro] § NEE RAKH
Aot T e Al 26417t Fof 27t
4AE7] 3 S ZH2F 83.3, 69.1%=, 50417F9]
2, 44137] 28.5, 18.1%°l HIs| RFoHow &I
(p<.01), IR WDEL 26417 Fofl £t 24| 27]
17t 36.1%2 FolHoR 7 &oktH(pC.01). Hiuh
EE 3.7% paraformaldehydec] 1% & DAPI 394
< 58 F AESE 2ARE A3, T ) HiRE B2
o wfkEe] uls fojao® Bek(pC.01).
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H AT AR ol ot 47
+ denuding micropipette2 2-83}0]
e EEotal wijgsto] St
AFstTt. 1 A3t A4 264
9 4TS 8PS, HivkE g
gt Ao R vehgth wEbA, Z
Ho|up RARF HAR, 2 A7) &
HiRFEAYAE PCR 5 OF 0|85
Holoh E3F 3RS dEe Ve
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