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SUMMARY
(FTL )
The Object of This Research

The roles and expectations for embryo transfer can be accomplished by using the
best method to greatly proliferate females with excellent genetic abilities.
Therefore, embryo transfer (ET) derived from in vivo and in vitro has great effect on
animal improvement and superagencies reproduction. For this reason, in vitro
fertilization (IVF) has been extensively studied and applied, but the in vitro produced
bovine embryos are not up to that of in vivo produced embryos in many respects. In
many specles, production of in vitro fertilized embryo is dependent on the intrinsic
quality of oocyte and the culture environment of the fertilized oocyte, and thus the
research of culture media is one of the most important parts. And, in the field, the
pregnancy rate of ET with in vitro fertilized (IVF) embryos is low compared to
artificial insemination. Also, an increase In pregnancy rates by using external corpus
luteum (CL)-affecting substances may considerably contribute to the roles and
expected results of ET. Morever, trials of ET in the field would be the worst
through whole applications of ET. Morever, security and proliferation of the cows
that have superior gene and certified of Hanwoo characteristics would be maximized
results of ET, and on the basis of this results, if there is the applications of
transformated animal production for new drugs and organ, the value of hope will be
such things as we cannot even imagine.

In this research, we substituted BSA for serum which has been conventionally used
for the bovine IVF culture solution and produced IVF Hanwoo (Korean native beef
cattle) embryos within a simple culture solution excluding the nutrients such as
hormones, growth factors and essential and nonessential amino acids. In this process,
we compared the development ratio (to 4cells), blastocyst formation  rate, and
pregnancy rate after ET depending on the culture conditions as well as the
abnormality ratio of the newborn calf and post—thaw survival ratio of the frozen
blastocysts. This study was performed to find and confirm convenient and appropriate
culture methods to avoid the complications such as the overweight calf syndrome
which is known to be caused from serum addition, to enhance the quality and
production efficiency of the blastocyst, and to increase the pregnancy rate.

And, this research were to find methods that are able to increase pregnancy rates



following ET. Thus, this study compared pregnancy rates and sought to establish a
method for increasing final pregnancy rate by increasing plasma P4 concentration
with hCG treatment and inhibiting the production and secretion of PGFo, by FM
treatment. Also, on the expectation of increased pregnancy rates, we compared
pregnancy rates following FM and Lidocane treatment in order to establish the
clinical viability of our method.

Finally, this research was conducted with the purpose of exploring ways to increase
the results of ET in the actual use of Hanwoo (Korean native cattle) IVF embryos
with Holstein cows (multiparae), heifers (nulliparae) and Hanwoo cows. That is, to
discover a suitable number of embryos that positively influences the pregnancy rate of
ET, a method of artificial induction of twins. Accordingly, the transfer of fresh
embryos 1s an important tool to increase the probability of pregnancy of lactating
Holstein cows because it can bypass the negative effects of milk production and low
P4 on the early embryo. In addition, there is the added purpose of comparing the PR
according to the state of the uterus and ovaries(i.e. corpus luteum; CL), in order to

reveal how the state of these affects the pregnancy rate.

The Results of This Research

1. Investigation of Gene Revelation, production of Embryos maximized Productivity,
and in vitro Culture of Cloned Embryos.

1). Investigation of the percentage of cell differentiation and blastocyst formation.
There is no difference in differentiation rates when the TSA-treated group is
compared with non-treated groups that consist of the IVF group, NT group and the
pathenogenesis group. There were also no differences in development when the
TSA-treated group was compared to IVF embryos, with a range from 31 to 36%.
However, the forming rate of blastocysts was significantly higher in the
pathenogenesis group (47%) than in the other groups.

2). Analysis of apoptosis and the revelation of the gene related to differentiation

The expression of four apoptosis-related genes was measured: Bcl-xL, Bax, Casps3,
and surviving. Finally, expression of the four apoptotic-related miRNA-15, -16, -21,
and -34 genes was determined. We found that expression of apoptotic-related genes
changed according to TSA treatment (Fig. 4B). High expression of the anti—apoptotic
gene Bcl-xL and low expression of the pro—-apoptotic gene Bax may contribute to
reduced apoptosis of total and ICM cells in NT-TSA blastocysts compared to those in
NT embryos.



2. Production of Superior Hanwoo Embryos related Meat Quality (by Fatty acid
synthase FASN)

Fatty acid composition of meat is becoming more important due to consumer demand
for high quality and healthy foods. The present study evaluated the associations of
five candidate genes (FABP4, FASN, NR1H3, GH and SCD) with fatty acid composition
in Korean cattle (Hanwoo). The g.3691G > A single nucleotide polymorphism (SNP) in
the FABP4 gene had significant effects on high myristic acid (C14:0; P < 0.01) and
palmitic (C16:0; P < 0.05) in animals having the GG genotype, and high arachidonic
acid (C20:4; P < 0.05) in the AA genotype of Hanwoo. The FASN SNP at position
g.17924G > A was also significantly associated with myristic acid (P < 0.01). In case
of the SCD gene, a significant effect was only observed in myristoleic acid (C14:1; P
< 0.01). However, SNPs in GH and NRI1H3 genes showed no effects on fatty acid
composition. The results indicate that SNPs in three candidate genes, FABP4, FASN
and SCD, may be influential in breeding design for fatty acid composition in Hanwoo.
The FASN gene in cows is located on the 19th chromosome and consists of 42 exons
and 41 introns. We carried out a sequence analysis with ovaries from Hanwoo or
dairy cows from a slaughter house. As with the results preceding this research, we
found 15 SNP from ovary samples from Hanwoo or dairy cows. When we compared
the results of the sequence analysis of FASN with that had been reported previously
in http://www.ensembl.org/ and http://www.ncbi.nlm.nih.gov/ projects/SNP/, 9 SNP was
confirmed as newly founded. Therefore, we will use the 9 SNP for the production of
guaranteed Hanwoo embryos, and have a reduced analysis time (less than 12h), and
there will be an inquiry into the lineage of registered or unregistered cows at the

time of the next phase of research.

3. Production of HANWOO IVEF Embryos with Serum-free Media

When using serum or BSA-containing culture media as the initial culture media for
immature oocytes, it is regarded as inappropriate to add only BSA to the culture
solutions from maturation of the immature oocytes to development 4-cell stage
culture, but serum still needs be added though there is no significant difference in the
concentration with a change from 5% to 10%. The results of culturing IVF embryos
after development (4-cell stage) in the Medium199 solutions containing BSA instead of
serum (FBS) showed that 0.3% BSA concentration is not optimal and 0.5% or higher
BSA concentration has no significant difference among 0.5%, 0.7%, 1% and 2%
(p>0.05). The post-freezing survival ratio after development in 5% FBS-Medium199
showed that 1% BSA concentration of the culture solution is the most suitable in the
BSA concentrations of 0.3% (51%), 0.5% (67%), 0.7% (69%), 1% (77%) and 2% (75%).



The pregnancy rates of the transplanted fresh(not frozen) blastocyst had no significant
concentration dependency (p>0.5), and the average pregnancy rate was 63.8%. 14% of
overweight calves were found among the calves given birth to by the transfer of IVF
blastocysts cultured in the serum-added culture solution, but none was found in the

experimental groups in which BSA was added instead of serum.

4. Security of Simple Gene Analysis Technique and Production of Assured Hanwoo
Embryo with Gene Diagnosis

The verification process of genes that are revealed to be differential=separation with
E-prep and utilized by RT-PCR application are as follows: Because the quantum of
mRNA separated from the ovaries is limited, then it is impossible that we can confirm
the genes by the Northern Blot method. We verified the DEGs from the embryos
cultured with serum free media (IVD101) and serum media (CRlaa) by RT-PCR. In the
results that we verified, 9 up-regulating genes (HMT, CTGF, HOXAY9, CLGN,
ARHGAP24, NUDTI11, COL27A1, NDAJC12 and NRGI) and 22 down-regulating genes
(DHDH, PGKI1, BNIP3, PLEKHOZ2, ACATZ2 DLX4, HNF4A, CLNS8, ASS1, HMGCSI,
IMMPZL, ENPP3, DHCR24, PDZKI1, NID1, CYP551A1, BOLA, CDKNIC, LDHA, SCD
,and CAVI) in IVD101 samples by RT-PCR were recorded, there are some differences
in the grade compared with microarray, but there is reappearance in the revelation of
DEGs. Consequently, in this research, we were able to confirm that the DEGs obtained

with microarray have a valuable meaning.

5. Global Gene Expression in Bovine Fertilized Embryos and Parthenotes

We found 42 genes with more highly expression in IVD samples than CRlaa samples,
while 65 genes were more highly expressed in CRlaa samples. BHMT
(betaine-homocysteine methyltransferase) and CTGF (connective tissue growth factor)
are two particularly interesting genes highly expressed in IVD embryos but not CRlaa
embryos. this research results showed that electron binding-related genes and
cytoskeleton-related genes could be used to indicators to assess quality of bovine
pre—implantation embryo before embryo transfer. Among up-reglated genes in IVD
blastocyst embryos, BHMT and CTGF are important candidates and indicators to

assess quality for in vitro development of bovine pre—implantation embryos.

6. Development of Technology for Artificial Twins Induction following Embryos Sexing
Establish of embryo sexing with amelogenin PCR
An examination of the two groups that are classified with sexual dimorphism would

result in different expectations and be correct when they are sorted by PCR. Genomic



DNA was classified from the two groups where a morphological difference was seen:
the XX-blastocyst candidate and XY-blastocyst candidate. The sexing method was
used for verification with Amelogenin PCR for a more accurate PCR sexing.

Moreover, blastocyst stage embryos of 7d after IVF were transferred and they were
grouped into two classes of the XX-embryo candidate and the XY-embryo candidate
with sexual dimorphism. In the results, high pregnancy rates were expected with 12
(23.1%) out of 52 for the XX-embryo and 25 out of 64 embryos expected for the
XY-embryo.

7. Methods enhancing Pregnancy Rates with hCG, FM and lidocaine

30-day pregnancy rate was 76.7% in the hCG-treated group and 75.7% in the
FM-treated group. Both rates were higher than the 70% rate for the control group.
42-day pregnancy rate was 76.7% in the FM-treated group. This was higher than
66.7% recorded for both the hCG-treated and control groups. The pregnancy rate of
the hCG-treated group was high at Day 30 (76.7%) but low at Day 40 (66.7%), and
there were no differences from the FM-treated and control groups. The recurrent
estrus rate of infertile individuals at 2 weeks after ET was 36.4% in the hCG-treated
group, under 71.4% in the FM-treated group and 80.0% in the control group. The
non—-pregnancy rate of individuals without recurrent estrus was 18.2% in the
hCG-treated group, which was higher than the 0% rate in both the FM-treated and
control groups. The pregnancy rates were higher in the FM-treated group than the
Lidocane-treated group with 72.3% versus 67.5% in the heifers and 48.9% versus
43.6% in the cows.

8. ET trials of HANWOO IVF Embryos for Farmers

The conception rate according to the number of embryos transferred from cows was
36.8%, 53.0%, 50.5% for 1, 2, and 3 embryos respectively, and although there was a
higher frequency of twin calves with 3 embryos than with 2, the calving rate was the
highest with 2 embryos. In case of heifers, the transfer of 1 embryo showed the best
success and calving rate, and although the conception rate was similar with 2 embryos
(67.7 versus 66.4), in case of Z2embryos transferred there was high frequency of
embryonic loss( 6.1%) occurred when a cow was diagnosed at 28 and 53d after ET,
total loss ( 21.3%; sum of fetal death, abortion and stillbirth after pregnant diagnosis
at 60day). According to the type transfer medium, in case of time over lh required
the conception rate was 7.8%, 58.1%, 46.8%, 52.2% for 10% FBS, 20% FBS, 0.5%
BSA, and 0.7% BSA respectively, showing the best conception rate with 20% FBS.
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M 3g dEsd e X 21

XﬂlZq AT ‘ﬂ‘*sﬁ ‘ﬂ%

o H5 A4E oG] $98

& 7)1#9 9% Rosenkrans 5(1993)e] d4 2w
T O}H]L:{% HA71e CRiaatl G H-& o] &3l AT adag %53}‘5/‘1 Leukemia

Inhibiting Factor®} FBSS] #7235 ZAsA T

L FAR W fAA 2 4l

Messenger RNA &% % cDNA 34
Messenger RNA F%=-8 Wrenzycki et al(1999)2] "Wl o =2 Dynabeads mRNA Direct KitE
AR AT RS A AgElE WAl iE djolE PBSOlA] Al HE & A E s EE -80T
Hasta ot A3t A& Lysis/Binding Buffer(100mM  Tris-Hel, pH 7.5, 500mM

LiCl, 10mM EDTA, 1% LiDS, 5mM DTT) 150 & 2o AlZE &A1 FH

=

=
=
=

th &9 FAlcan) ZFEH AXE Elslo] AA X
Aol A Adtel wol ¥ B9 FWHo A
dag 732 12em Hole 7

=]
na ’
A 24 Yol 4C2 ¥ Baste] dddz ukeqlvh A3
il

O

%O—HQE M 5 a”(blade) MA3sE v} trypsin-EDTAE -5 718l 39T, 5% CO29

ol E o7 el A vt AR 5 94 FEE Algde &4 @bE (vortexing)d
N 2FA (pipetting) 5, PBSE94-2 H71slo] 100xgol A 583 944 AAsc HE M- 5,
A MEE 10% FBS(GIBCO BRLAF, Cat. No.:16141-079)7} A7} DMEM(Dulbecco’s

Modified Eagles Medium, GIBCO BRLA}, Cat. No.:12100-046)9 F-A171 5, AlX 8j kg 5
EYUAZ &7 39C, 5% CO:9 5= wlgr] oA wieFstdch. A7 vl Al nbd
wol| RFsto] BA F2sto] wEo] FAEW ol F 13 AlEFY AYor FIh dEo
FAE 12 MEFE A Ss vhs3 2o] AAgth AET e widd-S W aL, 0.25%
Efal, 1 mM EDTA &9 #H7bsle] 38 &9 AA &, 10% FBS(GIBCO BRLAF, Cat.



No.:16141-079)7F # 7} DMEM(Dulbecco’s Modified Eagles Medium, GIBCO BRLA}, Cat.
No.:12100-046)°] o3l YA EYE AldBoz &7 00xgol A 583 A& A7y, A
ShE Wz AZL DMEM(Dulbecco’'s Modified Eagles Medium, GIBCO BRL/\}, Cat.
No.:112100-046) &8 ¥o] AFFA1Zl & dFzdes A2 dELdHAN 5% F A& A
7bske] 39C, 5% CO29 Esh55 wjt7] el A v Fstiet.

2 GFAE AAG g8 @Alﬁh A

AsAZl GTAEE SeRe] e 73 dabE vAlxEE 918 StoldF R Y Hol=E o] &
3t GFHNEE A ATk %}@43 8 TCM199(GIBCO BRLA}, Cat. No.: 12340)°l 10%
FBS(GIBCO BRLA}, Cat. No.:16141-079)2 A 713k wjx]=2 2§ t]4 9 n]iag wET) 2}

vhovle) EulE E FAEE G Aol o 25 v

]2 & 918l TCMI9(GIBCO BRLAY, Cat. No.: 12340) #lA 2 #ig t4le] n4zxg ws
of Wg7le] Wol Hith Be] Eibd A4S WAL ol Gl BHAY UAEL o 4§ W]
AR U BAG NN o4 G FAMOE MR F, T FAALE TP G942
Wel e wyom @al A A7 AVRAE 34 dge] wEvh o48 N Aurg=
dol ehe Ao] 1719 FolMEE FYALE oldo] B UAEEL A4 A4 39
AN A o] ol A A AT

_EL
4>
flr

—
jo_(
&
rlo
N
)
=

7

lo
BN
)
o
f
ao
%
>
)

= A9 Hx] A BAREEL WEAA 2 A A,
A FAR 0 RAA TE g
A

| 5.9 lpgfﬂ rabbit globin mRNAE EZ Q] o zH Zh7zt WoldEu), A Lofx 5359
410]F ¥ Dynabeadds Oligo (dT)25% 20 E &a3ll€ AE7F Eoldv FHO 717t HolF1
Ao A 58 Fok AH A A3 o]FoxEE Aot} Beadsy® Dynal MPC-S magnetic
particle concentratorel] 2|3 2 %™, Washing bufferA(10mM Tris-Hel, pH 7.5, 0.15M Licl,
1mM EDTA, 0.1% LiDS)300¢ % ¥ washing® 35 3. washing buffer B(10mM Tris—Hecl,
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pH 7.5, 0.16M LiCl, ImM EDTA) 150p= 3§ washing-& &l=Th Poly(A) RNAsw 65Tl
A 28 Fob 1009 Tris—HCI10mM Tris-HCL, pH 75)% &4 ¥F3-A7] § beadsZH-E &
=gt 2ol o] &5 2 AHALE 98] SA AREHIAT JAAE 05ue/ul oligo(dT) 12
18, 10XRT buffer(200mM Tris-HCl; pH 8.4, 500mM KCl), 2omM MgCl2, 0.1M DTT, 10mM
dNTPS Mix 283 Superscript I RTZ #HE E5 20ulo A 42T, 505 =<t =331},

of, Al ¥Apd 9 FE3ad FAA dde] B4
PCR Amplication ©%3 &4 A4 928 RT product 5l ®E 35} w8 10XPCR

buffer, Tag DNA polymerase 2.5units, 10mM dNTP, 10pM sequence-specific primers=
HEF5% 50plol A GeneAmp PCR System 2700914 483t} PCR cycle= 35 cycle©] 3t
95CX5", 95TX30", 55TX1'30", 72TX1'30"e]t}. RT-PCR productsi= 1pul/ml ethidium
bromide”’} E£¢]%)+= 1XTAE buffer® 1.5% agarose gelse %E©] ultraviolet lightdkfool] 4]
#2344 band® intensity image analysis program-a AFE3}9] densitometry® =
A3t mRNAS Al %e globing standrd® & A] ArthzA el kg F3lvh $g=
MFEAE AFHEE 44 Bel-xL, Survivin, Bax %2 Caspase3 ¢} 3l # F4dA Oct3/4,
Sox2, Cdx2 ¥ c-fms®] FdA &g A9 T

A AXEGe AXAPE thak A 2 microRNA +4
Oct3/4 ¥ TUNEL assayE FAlol 483l ICM, TES] M X9 A¥AES 7h7) AL
A ZzAPE] #EH microRNA mir-15, mir-16, mir-213 mir-34aE ¥4 3}5

2. SA#E e FAG AHEEAA FAA vbA  (Fatty acid synthase FASN,
g 95 3¢ 4 nE FAS ALh

Calpain) & o]-&%3t

7F AE A3 9 DN =

Adul 3 ALS Folol A WEA B3A T U Ao A AMZS 2FH3FY] Gnomic DNA Prep
= ¥ &=

o>
3

KitE ©o]&3le] DNAE F=33lvh x=Akd 942 sHAAANe] mAFE] =4
T, SANTA, A, S, 4, A, 244, AsE, 8, 5% 59 5 45

tfsko] Akt

Lk FASN 4k ®Wol gag 93 PCR ¥ 974424

DNAZSZS Q&4 AFEE PCR 7|4+ PTC-200 themocycler ©]™ DNAF$ & A+F h-Taq
polymeraseS AF£39tl. PCR WFS-ZAL HE 95°ColA] 1568-7F A4 7td 3 3 95°Col A
20% <t WAAZI 7} primerd] &3} annealing 2EollA 20% 1e]al 72°ColA 30x
7 A7I= T A0/l RERFEEkaL 72°Col A SR wiAl T FAGAE FB38kal DNA 5%
T FEHI e AV]dES T &9 ¥ % Geneclean turbo KitE o] -3}

A gk$- Applid Biomedicals 3730 DNA sequencerE ©]83}9] A7|A 49 248 P33t

o

o ﬂl]O
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t}. High Resolution Melt (HRM) A ~®-g o] &3t g
PCR Whex2d2 A7IME #4445 T8 9449 ¢ar 9= Control DNA 3579 #3844 &
2+ F£3 DNA S0ng, primer 0.1 uM, 2XSensiMix HRMTM 10 ul, =2#8] 32 EvaGreen 0.5 ul
E 4o HF e 20uls ol &t ¥ HEx 95TolA 1683 durtd 3 &
95ColA 30% soF AAAA 7| 2t Prmleroﬂ -83}+= annealing <% oA 30% z¥l3r 72T
oA 40% TA (extension) A 71 F 40 Alo]F WHEZZ 33 72°Co|A 58 vhA o A GA

(final extension)& G333l HRM Al 2=d"lg o] &3l FdAd ZAAE 3T

12 o

—_

3. H9 HHO‘: =3 e T3 AT

B>
Ja
Y

N
)
o
oz
2
)
e

TGO ulz AgAR evtsle] 25T AYAAFE 53 o AFsn
T Aglalgdgol Hol COCs(Cumulus Ooperus Complexs;, WARSTFA X H3F
AMHAE 9T COCse AMFH= 438 FA](18G Needle)d WEa WA AA &
2 AolA gt FEAE AASL AA27Tmme] FERE FYS
102 &< AA st HAAd Aol AEAE AAS JAdES HAAAE &0
Petri dishell &7 AX4do] 53] A3ld COCstE A3t YshdAE ¥3telo] &
34 skttt

—|~
2
i
E{o{n
o A
i e
-
F
2
rlo

15 R s e o R
FrE COCsw AAdoz 33 MAsHA EBa% GTFHXEE AAS & Ao &7
A wFE o wekEde 85T, 5%C0, AU Fu8 9 Ty FolA wFH At AL
A TERY GEFPES AQs 1rddt vjokas Ag5= AWell dish(Nunc)oll 900u1¢]
i Fels war 250pl9] Mineral Oil& @0 AFE3tRow F4d vds COCse Welld
807100714 weol o] Ad&ujA|ol A 2243 v g ATt o) uff AREFF B Yo} E Mediuml199(Gip-
co)ell 5%FBS®} Libostamycin 0.1mg/mlE H7}ste] 3 ¢of Ao AL&3tar 5 gl
o] EGF 30ng/ml(Sigma E4127)& F7t3te] Ad<sa) Ao AL&3}Sit.

£
il

v AL A

T4 A= Brackett(1975) # 22 BO&H-S W3t A&t 2 242 112.0mM
NaCL, 4.02mM KCl, 2.25mM CaCl; 0.83mM NaHPO4, 052mM MgCl:6H:0, 25.0mM
NaHCO3, 1.25mM Na-Pyruvate, 13.9mM glucose, 10mg BSA(A3294)/mll e, <1A4 &
Libostamycin 100ug/mlE #7}sle] AFE33 . o] BO <o heparin 10ug/ml¥}t Caffeine
SmM/ml H7tste] 48 BO & AMEEFSaL, COCse 48 BO| 33 Ao FAujA]
of Btk & A2 o] BOK 108) 3438t 1,600rpm o= 5&4 33] A|Hste] |
Ao Wlow FAMAY ¥l ASFE 1x10%/mle] = A 39 ‘jr 8AIZE = vl X o A H]
FH WA= 5% FBS7F #7HE Mediuml199 & 9ol A 33 A& & & wjg] 454 mjgfo
50% L ghE AsufA|el thA] o] v Fskeivt.
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HoZ DNA AA

g
Tag polymerase”}

[e)

L

%

13F32 0.25ml strawell 571070 ¢] )

-0.3C/min £%2 -30C7HA ¥zt
, 94CAA 10%, 55CAA 30%, 72CAlA 3022 PCR cycle

PCR 715 €&
E-Prep 99 1/10 vol'®= do 20uE 9 =)

.
9]

(5) 85C water bath® % 7]3l 45min WF-& A 71
%

]_

|

=
R

=1

e}
T

N

3}o] Real-time RT-PCR 7]

RNA A &% Superscript RT-PCR kit (Invitrogen, Carlsbad, CA, USA)

!
&
=1

5

R4
LN

)=]

)

F k. PCRol AFE9 primer 97|14 <€e Table 13 7t PCR

1 H
a1

°©

3

s

+ DNA

R4

BN
T

H A FEe| E-Prep® 20002} ProteinaseK 10mg/mé 15440

D-PBSe°|| Ethylene Glycol& 15M HE&
2.3
!

)

=
°©

25H §44 44 A% 95 G547 )
o]

FA% A4} 7]

2
7}. E-Prep

AL

3140t} Real-time RT-PCR

ol
ol
o

=

5

2
7]ell mpz o

3

-
o)

—_
=

A}

5

water batholl A 147k ¥F-&-A]7
=)

(6) Agarose gel A7) 9%

PCRell
v}, E-Prepl.2 DNA¥E-¢]

Medium199 & ¢
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£3] SNP maker
E-Prep
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408 R A7k fAAe) TALFL Aol wEFAORRE o)A, ofE FU4
o] 4ol AHA (fold change)® 715 FAA4Q H2awl 2 AbEsldvh f44 @) 28 9
3 nE AAe AUALe 2AE DNAZ ALgste] 7tz 388 =HUH real-time PCRE
TE de Aute] gyow skt

87 MAERE e EARE

Y GA AYgsAa vz gy A, Ak, g g 22 oy FofoA] W
Zpe] &8-S A k. A wE dA thale] BRd B 2 serum-free mediumo] ¥

. T
AEol HetHal it ol HARES HivtE Wdo] Ag X

 AAmMAZEYH B &
Ab AGAERES] AL Fol A yERYar QY o] WA (serum—free medium, IVD; serum

AlE YAl mRNA 5 &34

A2 vl A widd dAEe] EAHE e ARES Lotrr] #13 @AHHA (CRlaa)%}
Al IVDIOD) oA A&t W& zbel Fdx wd e Aol &3 AL #HAE A4S
op7|gthal JhA S AT
= 737l 93] microarrary
7IWMs 283kt Ao Ad el 1007] vivkE YAE EY]) skl AL, o] Z 5B mRNAR
S F-¥37] 98l Dynabead mRNA direct kitE AFE3FtF £ mRNAS ko] nf-¢- &
5272 RiboAmp HS RNA amplification kitE 2834 microarray ol AF&2 probeE S Z 3}

s AA A AT

o E
o

v} IVDIO1# CRlaaolA ZpoluA TRAHE FHAEY 4

AR A A wpE Fx IVD-1, IVD-2, 283 IVD-3)ES 7H2F 100718 Uire] 370
o2 Fustal we, F Aol A A wiRkEZ P2k (CRlaa-1, CRlaa-2, ZL2]il
CRlaa-3)&% 37| o= o] Z+7F (IVD-1, IVD-2, IVD-3, CRlaa-1, CRlaa-2, ZL¥|3iL
CRlaa-3)°l 4] microarray® probe® A23%  Affymetrix GeneChip Bovine Genome

oligonucleotide arrary & €-&3to] ol FAAES vl #4315

g, 2poluA LdHEHE §AEY BF

2 A 2 o] ApoluA WA= 1077H TFAAES TN, olET 657 FAAEC]
CRlaa AZSo|A 27, m1g)x 427] 5 mco] VD10l AZSeA %7 23R8 T8
v} 2% 28 o)A W) xolrt dE 1077 FAAES DAVID web-based toolE €83}

molecular function¥} hiological processel| whz} Tﬂ—o} 30 3 olE FAEAELS T YA
KEGG pathway database® &&3to] 73300}
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6. FASE Aihde o ¥ A" /7] 7ls

A2 amelogenin sequence®=F-H  specific primeri= AMELX (Genbank accession no:
NM_001014984)¢} AMELY (GenBank accession no: NM_174240)& ClustalW ZZ 1o =
alignment3}©] Y-chromosome?] amelogenin®] 4 63 bp7} deletion® #9E &-83}o] forward
primer (5'-CAG CAA CCA ATG ATG CCA GTT C-3)3 reverse primer (5'-GTC TTG
TCT GTT GCT GGC CA-3)E designdltt}. ©]E primer® PCR3A ™ 367 bp
X-amplicons®t 304 bp Y-ampliconsE -2 4 At} BlastocystZ5-E genomic DNAS] &g
= DNeasy Blood & Tisse kit (Qiagen, USA)E &-8-3}o] &gt} Kitol]l Al 100ul lysis
buffer= blastocyst’t € d& 279 15ml tubeo] H7Fe F 65TColA 108 Fot
incubationd}¢] blastocystE lysis A1t} Lysis bufferE neutralizationdt % PCR %%
Saiki 5(1988)el ofsf Hig W Ao FATNA HAG Peura & (1991)9] #WHE& Het
3lo] 95T AA 1083 1 cycledtal 1 v 95TolA 30%, 62TollA 30%, 1&]3L72TC A
30x= & 35 cycles® AAEH, vpA Y cycled A= 72Tl A 1087F extensions 2 A &k},
x= AMSE TR GA e AAE DNAY F3FS F48d DNAE T3A7|& UYL &
dst =7 °ﬂ/‘1 AN BT}, FEH AES 259% agarose gel A7) d%5S A A Fle] EtBrZ A4
Fol UVHEL 3}ol A ] ¥l Aol DNA band %2 A¥ES drf 3 o5 PCR 4HE
d7Ad fArjuds z ﬁltxlg 7] 9sle] pGEM T-easy vectoro] cloningdt % T7

-

o ru
ol

)

52 SP6 sequencing primerE #-83}9] sequencings F83te] 4A o F-E &<l th

7. FAT o] A FAAGTEZH HEoluE FHE FAYH AT

3} 4 ¥ 8) & 2 (ProstaglandinF2a, PGF2a)¢] A8 3 2F&-8 o] Ao W g 24k oA
3t

fFrAel A& £ FHES Fol7] g Wy B4
%= Progesterone?] AT EE STU7IAIA FHES ol WHS
FAG oA F47] AT ATy FHA = Aol o AFHH O R R Ao
Az S H = A H @ = (Prostaglandinl2a, PGF2a)9] A ¥ 285 Fo]i= Flunixin
Meglumin(FM)3} Progesterone?] HF=E F7MAA FHES =Avz 47 A A
=% human chorionic gonadotrophin (hCG)-& &4 AUy A sle] Fef&at AL
= dATsslth

N

.

8 WA FALE AA Frhole ol g AP
4o FHEL A2 5 Ut N ANeR AULE YPOR oA HYY Fo
3} BUge 9 5 b olArAne) 2 ARAMNT A7 494 4B 4718
of FH/IFE Zoln FAES FAT £ U WEe TS
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Azd. Ay A
LA 2a 24 9 A48 Sastd $3d 4 2

A BA AL A

7}. Table 1. List of Primers Used for Real-Time RT-PCR

Gene Accession No. Primer sequence Product size
F: GGGTCATCATCTCTGCACCT
Gapdh NM_001034034 176
Hi R: GGTCATAAGTCCCTCCACGA
F: CTCAGAGTAACCGGGAGCTG
Bel-xt AF245487 196
e R: CCATTCACAGCAGGGCTATC
. F: CCTGGCAGCTCTACCTCAAG
5 AYE0B04S 195
Ll R: TAGGGTCGTCATCTGGTTCC
FTCTGACGGCAACTTCAACTG
L T80 RTGGGTGTCCCAAAGTAGGAG 205
F: TACTTTTCCTGGCGAAATGC
saead SO0 830 R: TTGCATGAAAAGCAGAATCG 169
F: GTTTTGAGGCTTTGCAGCTC
Octs NM_174580 182
& R: CTCCAGGTTGCCTCTCACTE
F: CACAACTC GGAGATCAGCAA
R NM-ODTTORE63 o CATGAGCGTCTTGGTTTITCC e
F: GTGGCTGTGAAGATGCTGAA
i NM-00TO78403 b CCTTCCTTCGCAGAAAGTTG 19
Fi AAGACAAATACCGGGTCGTG
Coe XM_871005 167
% R CTGCGGTTCTGAAACCAAAT
v v e} ajgggol sk AL
AL FAT, G o]t dMola F TSAA TS H WS wf wjETES xpo|vf
P AEg-S Gy DFA g8 2FHT Fo A 2 A5 YERHTHI™ 1),
20 - = P
. . ::jr‘thenﬂte
:—;j =0 | [=F X i
= o
=0 =
[w]
Cleawage Blastocwst fraom cleawed
Fig 1. The development of fertilization (IVF)-, parthenogenetic activation (parthenote)-,
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nuclear transfer (NT)-, and trichostatin Atreated NT (NT-TSA)-derived zygotes to the

two—cell and blastocyst stage. Bars with different letters differ from each other statistically
( p<0.05).

th A EF9 M EZEAD 3 A}
Oct3/4 ¥ TUNEL assayE %Ad F3 3} 7}
=l o)A -TSA XA & AXF9 =2 ICMFE YelW i, NT Z2Ed 4= ICM<

O
=
;%
ey
o,
)
£
_1
o
>,
55
>
>
(i)
o
N
N
N
BN
>
>
_0|L
&

b ICM:TE H]&o] 5% vas ueblivh 23 a9l Al ZAbdoe] 27 dojykow
ICMel A & AlEAPE R A A dojytt), vhdHe] NT 2 ICMolA o] MEAERE A vebs
AL, Al ZEAPE A S ICMITE Hl&% A YEds & 5 AATHELE 2)

:
4
:

10s a ab alh b
= o _ - T
o = =
= an 1 1 e
= =
= =
2 =
= == =
=
s = 1
—
30 o
W Farhenote T T-TSe W Fannemnoe NT MNT-TSaA
{B) =
= CE» =1 ?
= =3
- L
L= -
. B
= =0 = e = 18 T
= ]’ =
= =
= = P
s T =
= 15 = o7
=
=
=
o oo
VE FParthanote T HNT-TSa I FParthemnale MNT MNT-TSa
L =
<) as (F) , s B
- - = T
[ =
=
uns = 1o 2 - T
—_ = I
= o3 [ =
= T =
= as
=
=
=
-
oo oo
1 Farthenote T NT=TSA W Farthenote T MT =TS

Fig 2. Total cell (A), TUNEL/total cells (D); ICM cell (B), TUNEL in ICM/total ICM (E),
and the ratio of ICM:TE cell (C), TUNEL in TE/total TE (F) in fertilization (IVF, black
bar)-, parthenogenetic activation (parthenote, white bar)-, nuclear transfer (NT, light gray
bar)-, and trichostatin A-treated NT (NT-TSA, gray bar)-derived blastocysts. The
blastocysts were 60, 68, 61, and 62 in IVF, parthenote, NT, and NT-TSA groups,
respectively. Bars with different letters differ from each other statistically ( p<0.05).

g AlzApd 2 Estadd A dE e 74

MEAPE #AHEH FA4A Bel-xL, Survivin, Bax % Caspase3¢t #3F4# F44 Oct3/4,
Sox2, Cdx2 ¥ c-fms9 FAA THA-S A 23} Survivin, Oct3/4 % c-fmse] A &
AL o 7 gl A Zolzh yEbA @kth 28 Bel-xLYE Cdx2+= 3 o] 2] -TSAX &9
A oA A SEE g on @9 Ao A= Caspased7l AA WA E = wkde] Sox29)
Cdx27} =7 &= Avk (27 3).
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(A), 4 b TG (B) o uNF
O Parthenots 0 Parthenots
oNT @ NT
5 = @ NT-T24
2 a a BNT-TS4 2
g : |8
' o fa s - . - e az
> x=
L 1] @
< <
= & =
o b &«
e =
g 0.5 .9:) 1
k) ®
o @
s e
i} i}
Bol-x L Survivin Bax Casp3 Oct3/a Sox2 Cdxr2 c-fms

Fig 3. Real-time RT-PCR determination of the relative expression levels of pluripotency or
differentiation (A)- and apoptotic (B)-related genes. Bovine Gapdh mRNA expression was
used as the internal control, and the IVF embryo expression level was arbitrarily set to

onefold. Bars with different letters differ from each other statistically ( p<0.05).
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Fig 4. Analysis of relative expression of apoptotic—related microRNAs using TagMan
realtime RT-PCR. Bovine Gapdh mRNA expression was used as the internal control, and
the IVF embryo expression level was arbitrarily set to onefold. Bars with different letters

differ from each other statistically ( p<0.05).
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Fig 5. Laser scanning confocal microscopy images of methylation (left) and acetylation

(right) of histone H3K9 in two-cell stage embryos.
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Fig 6. Described intensity of histone H3-m2K9- and H3-aceK9 - specific green fluorescence
and UV intensity for chromatin were scored in two-cell [treatment of NT embryos with
50nM TSA for 10h].
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2. 54849 $F FAS AHEA #AA FAA vbA (Fatty acid synthase FASN)
S ol g3 $F 3 T2 BT AT A ug A

7}. % Primer used in these experiments

) ) ) Product

Primer Name Primer Sequence (5'-3") Annealing TM ]
Size(bp)

FASN-9-1804-F CCCAACCTGCACTTCCACAAC 60 844
FASN-9-1804-R CGTCCTTCCGATGCCTGTC
FASN-12-15-F ATCGGAAGGACGCAGGAGACC 62 1171
FASN-12-15-R GCCCACGTTGCTGAGGAAGA
FASN-16-19-F TCTCAGGCGTCTCCAAGGTCT 62 1105
FASN-16-19-R CGGAGCTGGCCTCAAGGATA
FASN-20-22-F CATCACCGCCATCTACATCCA 60 1448
FASN-20-22-R AAGGCCCACCCACCGATT
FASN-23-26-F GACGTGAGGTCGCCCAACTC 60 1000
FASN-23-26-R AGGAATCGGCCAGGATGTTCT
FASN-27-30-F TGGACTGAGAGGGCAAGA 58 9792
FASN-27-30-R CGGCTGACCCTGGCAGAG
FASN-31-34-F CACCATCCGCCTGTATCCTCA 58 944
FASN-31-34-R CCGRCGGGCAARRCACCT
FASN-36-38-F TGCGGTCCCACCCTCATAAC 58 904
FASN-36-38-R CAGATGGACAAGCCCTGT = ACCT

2 Ao A A7 AHE S A9 FASN k= 199 A A0l 912 8haL
N E Aoz B o FASNS 42719 exond 41719) intron &.& o] o] %
FEAY #%3kE A 2009, 51:1850).

S
q

i} . HRM ®A¢] ]t Primer T]A}<I

Primer Name Primer Sequence (5'-3") Annealing TM  Product Size(bp)
FASN-18-F TGAGAATGGCAACCTGATCGC 55 180
FASN-18-R AGAGCTTGGGGTTGGGATCT
FASN-21-F CCACAGTGGCCGACGTG 55 135
FASN-21-R AACTTCTCCAGGATGGGCACC
FASN-24-F GCCCTGACCCCCTCAAC 55 149
FASN-24-R GCAGGAACATTGGGCTGTCAA
FASN-39-F ACCTTGACACGGCTCAACTC 58 132
FASN-39-R CACTGTGGCCATAGGTGGG

* The four SNPs were HRM genotyped in the Hanwoo for association analysis (n=100)

B T A= FASN AR d7AdofA EEFoA] AL 3¢ 2 "Aro Yirz
FAA 248 AAsEATE A AFelA WE R vkey sdE A &
ol A 1571¢] SNP & wdstch & AgeA 33 & FASN
71€e]  Had 97| 4E9S  http//www.ensemblorg/3  http//www. nchi. nlm. nih.
gov/projects/SNP/o Al v 3}-S w 6779 SNP¥E oju] H . @ SNP ¢ AS 23

g, i< 9749 SNP E& AR B3R A0E FARUh wekA oed Aolibi SNP
Fog Fol, wFFAVL BUSHAD o4 S AAFATh
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AL G =1 NS T FAD AL E& A ag 2%

7F. Mediuml999 FBSE 5%, 10% 713k 2712 wwlst TCM1999] FAF, BSA(Sigma
ABB06)E  0.5%, 1% #7Fsk 2714 W, 5 47FA] el A o] HAE-S B3 o]
gk 7] SA&e] A= 19 A

Table 1. Comparison of differentiation rates to 4-cell stage in different medium

(Sizrtnf;;l;?;g No. of oocytes No. of fertilized Ova. 4 I::I;)I.I (z;))
3%FBS 480 378 128 (33.8)°
5%FBS 480 390 192 (49.2)"
10%FBS 480 389 194 (49.8)"

0.5%%BSA 480 386 29 ( 7.5)°
1%BSA 480 388 30 ( 7.7)°

"¢ Values with different superscripts are different (p<0.05).

| AEAsE 2 oo wgagAe #4e EllAe wol wizvlsh po] FBSE Asbshs
Aol BSAE #H7Hg 4-¢Htt ?9}3t4, FBS &&= A& 3%0lA wekal 5%9 10% 6 =
14 39k o™ (P<0.05) 5%k 10%° A= 2 ZFol7F SAATHP>05). 10% FBSl A= FrA %2
o] o] 5% FBSCM BT FAdstsl ot vty Arba2 27} gl

o

2,

L A el = S wiehE AR S-S v Ety] 93] Mediuml199+5% FBSel A g 44
¥7] A TS Mediuml99+0.3%BSA, +05%BSA, 0.7%BSA, +1%BSA, +2%BSA & U] A
Y ZF HI %3N o1, Mediuml99+10%FBSo| A= 22 v o2 wjekdte] Hjdlxe] w8
iAW o] ghd S mlarstaith. oo gk wivtE BAdES Ay 12, E39 ZArh

Table 2. Developemental rates of Hanwoo IVF embryos cultured in different media
(Cultured in 5% FBS-Medium199 to 4-cell stages)

Concentrations of BSA No. of No. of expanded blastocysts at Total (%)
(in medium199) 4 cell D6 D7 D8 D9
0.3%BSA 392 9 62 52 28 149 (38.0)"
0.5%BSA 408 11 64 68 33 176 (43.1)°
0.7%BSA 397 10 65 67 37 179 (45.0)°
1%BSA 388 8 65 70 35 178 (45.8)°
2%BSA 399 8 59 66 40 173 (43.3)°

*> Values with different superscripts are different (p<0.03).
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Table 3. Developemental rates of Hanwoo IVE embryos cultured in different media
(Cultured in 10%FBS-Mediuml199 to 4-cell stages)

Concentrations of BSA No. of No. of Expanded Blastocysts at Total (%)
(in medium199) 4 Cell D6 D7 D8 D9
0.3%BSA 395 12 59 57 26 155 (39.2)"
0.5%BSA 389 13 64 66 33 169 (43.4)°
0.7%BSA 393 13 64 63 36 176 (44.8)°
1%BSA 396 12 64 66 41 183 (46.2)°
2%BSA 389 12 58 60 43 170 (43.7)°

*> Values with different superscripts are different (p<0.03).

FE2 E3NA H=npeh o] T Fo] AR BSAF el upbE wiwkz o] BAdEL
v kool 59%FBS, 10%FBS 7 @] 2ozt gl Aoz velgth BSAREE
Hznkel o] 03%BSAFEOIAE Yooy 05%01d Tvlt BoldSE FL AHE A
i 1%0]7d 2l BSAs ol A= el 7h glolt.

o919 7 gyom wsE NS $AS g9 F AEES wasdr 74 2874
Qe WU B ga T ALLL B4 2T

Table 4. Re—expansion and hatching rates of frozen-thawed Hanwoo IVFEF blastocysts
cultured in different medium (Cultured in 5% FBS-TCM199 to 4-cell stages) from 4-cell
stage to blastocyst

Culture medium No. of No. of re-expanded No. of hatched "No. of restricted
(in medium thawed embryos embryos embryos
199) embryos (%) (%) (%)
0.3%BSA 95 51 (53.7)" 23 (24.2)° 8 (8.4)
0.5% 102 67 (65.7)° 34 (33.3)° 5(4.9)
0.7% 97 69 (71.1)° 35 (36.1)° 3(3.1)
1% 98 77 (78.6)° 40 (40.8)° 1(1.1)
2% 95 75 (78.9)° 38 (40.0)° 1(1.1)
5%FBS 89 56 (62.9)° 17 (19.1)° 6 (6.7)
10%FBS 99 66 (66.7)° 25 (25.3)° 3.0

¢ Values with different superscripts in same column are different (p<0.05).
“Number of restricted embryos of hatched embryos.

f1o] FollA Hinpep o] Aol f-d HiX oA widd FAHTHT} BSAE A3 u) Ao
A vy AT B4 5 AEEo] 07, 1, 2%BSAN o)A =93, BSAY ¥RUF =44
2 g3 uulx R o] W o] Eghr)
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v 7 AT markerE 27] fE] oy LAl AdE AAHMA A Ao FHA6)A
frel GA el Al Aoy Al LY E FHAAES sAHY & E-prepl® DNAE #2381
Real-time RT-PCR 7|®-& €&3F Xo|uA LA FdAES AT 42 o534 2
o WA E R 22 9= mRNA o] g E o] 9le B E northern blotell 9§ el
B71e 322, real-time RT-PCR 7]WH-& @839 serum—free medium (IVD101)3} serum
medium (CRlaa)Z5-B] o5 xlo|ub/] MHAHE FdAE (DEGs)s #3533tk ©]& DEGs
% IVDI01 A ZolA up-regulation®+= 97| FAA (HMT, CTGF, HOXA9, CLGN,
ARHGAP24, NUDTI1, COL27A1, NDAJCI2 Z1¥]l3 NRGI) Z1¥]3 down-regulation® =
227 A4 A (DHDH, PGKI, BNIP3, PLEKHQO2, ACAT2, DLX4, HNF4A, CLNS, ASSI,
HMGCS1, IMMP2L, ENPP3, DHCRE24, PDZKI, NIDI, CYP551A1, BOLA, CDKNIC,
LDHA, SCD, 1¥]aL CAVI1)E real-time RT-PCRE A#a]l 2 A3} microarray?} B i3}
e zbol= ofzt Ao, FYEA AFAEE ¢ T AT WA microarray 7HOE A
< Aol uA HHE = FAAESC] dEE YuUt dEs F9T F AT (Figure 1, Figure

2, Table 1).

.

roob

a5 IVD > CRlaa

20 -
15
10 -
5
o]
&
)

*When DEGs exprssion in CR1aa samplesis 1, relative DEGs expression in IVD samples show.

Relative mRNA expression

Figure 1. Relative expression of up regulated genes in IVD sample (IVD-1, IVD-2, and
IVD-3) compared to CRlaa sample (CRlaa-1, CRlaa-2, and CRlaa-3) using real-time
RT-PCR technique. All RT-PCR reactions were conducted in triplicate, and normalized for
GAPDH mRNA expression. Each of these relative values was further divided by that of

the calibrator (control), and relative expression is presented as an n-fold expression
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difference, compared to the calibrator.
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* When DEGs exprssion in IVD samples is 1, relative DEGs expression in CR1aa samples show.

Figure 2. Relative expression of up regulated genes in CRlaa sample (CRlaa-1, CRlaa-2,
and CRlaa-3) compared to IVD sample (IVD-1, IVD-2, and IVD-3) using real-time
RT-PCR technique. All RT-PCR reactions were conducted in triplicate, and normalized for
GAPDH mRNA expression. Each of these relative values was further divided by that of
the calibrator (control), and relative expression is presented as an n-fold expression
difference, compared to the calibrator.

Table 1. Primer sequence and conditions used for real-time RT-PCR (IVD vs. CRlaa)

Gene GenBank ac.no. Forward (5'--3") Reverse (5'--3") bp
BHMT CK847269 CTTGGCCACAGTGATTTCCT GGGCCACAGTTCCAAAACTA 231
CTGF NM_174030.2 AGCTGACCTGGAGGAGAACA TTCTTCATGACCTCCCCATC 216
HOXA9 CK845980 TGGTCAGTAGGCCTTGAGGT TTTTGCACCAAACAGTGAGG 258
CLGN CB531852 CAGCGTGCTGCATGTTATTT AGCACAGGATCTGGAGATGG 378
ARHGAPZ24 CB452370 TATGCCTTCCCCAGCTAGAA GGGCAAAAGAAGATGCAGAG 255
NUDTI1 CB437887 GGGGCAGAATATGCAAAGA TTCCATGCTTCCAAGGAGAC 241
COL27A1 AV617451 AGTCGGAGAGAGGGAGAGGT AGCCTGTGGCAGAATGGTAG 174
DNAJC12 NM_174096.2 CGGTGAAAATGTCAATGCAC CAAGTTGGCAGCACAAGAAA 378
NRG1 NM_174128.2 CCCGCTTGAAAGAGATGAAG ACAATGGTGATGTTGGCAGA 280
NUDTI6 CK972227 GCTCCAGGGTCAAGAGCTTA ATGCGTAGGCTTGAGCTGTC 346
DHDH CB167230 ATGCCCTGAGGCTTACAAGA AGTGAGCTCCTGGCTGACAT 209
PGK1 CKR49264 CTTCATCTCCCTCCGTACCA GTTCCTGTGCATAGCCCCTA 381
BNIP3 CK955421 GGAGGAGACAGTGGTTGTCC GAATGCCGACACTAGGAGGA 275
PLEKHOZ CK770947 CTGCCACTACCCTCAAGAGC TGTGGGAGTAGGAGCAGCTT 213
ACATZ CK773538 TTTCCACCCTCACTTTGGTC CGGATTCTTGTCACCCTGTT 223
DLX4 CKR47466 TTTGCACTGAGACGGCTATG CCTCTTTCCCCCGTATCTTC 257
HNF4A AY318752.1 ATTGCCACACAGGAAACACA GCCCACTTTCAGAACTGCTC 380
CLN8 CB448765 CACATTCGTGGCAAGAAAAA TTGTGAGGCTCTGCTGACAC 234
ASS1 NM_173892.2 CGGCCAGAAAGAAGACTTTG TGCTTCGCATACTCCATCAG 384
HMGCS1 CK976192 CATCAGTAACGGGGAGCATT GCTTTCCTCACCAGAAGTGC 355
IMMP2ZL CK942464 GCATTTTGGGGACATGAAAC AAGCGCTGGCAGAAATTAGA 297
ENPP3 NM_001075923 ACACATTCAACCAGCACCAA CAGGGCTCCTTGTTCTTCTG 294
DHCRZ24 NM_001103276 AAAGCTGTGGTGGGTAATGC GACAAGTGATGGCAGAGCAA 232
PDZK1 CK849330 TGTGGGCTCGTTCTCTTTCT AGGTGGTGGACAGAATCCAG 207
NID1 CK849037 CTCATGTGTTCCCCAAACCT GGAAAACCCAAGAGGAAGGA 327
CYP51A1 CK961820 GAGCTCATCGGGAGATCAAG CCATCCAGGCACTGGTAGTT 207
BOLA CK849540 TCTGCTGGAACAGGACAGTG CCTTGTGGGGACTGAGTGAT 203
CDKNIC NM_001077903 AGAGCCTCGTGCTCAAAGAG CTTTACACCTTGGGGCCAGT 224
LDHA NM_174099.2 TGGCAGCCTTTTCCTTAGAA TGGATTGGAAACAACAAGCA 217
SCD AY241933.1 CAGGTGGTCAGTCATTGGTG AGGGAGCATACTGGGTGATG 373
CAV1 CKR48618 TGTCCATGCCAGTGTCTGTT GGACTTAAGCCAAGCGTCAC 366
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5. 49wl A AN o3 AH e £/ YA N 7

lo €4 WiAZRY fFdd SARE
XA A AL AY wigze] FHe AT, A, el Awa 22 ofw] Fofo A
o &85 7leA du A, 8 dide H23 JEY ¥ serum-free mediumol| H
g dAwiA=RY we FARE] YEyal dvkFigure 1). ol FARES HH‘%‘EE 4= )
Ak, ZA4E AabAbe] AL Fo] =

serum medium, CRlaa)3te] WA} &S v w3 1‘5: Ay 2M 327

&2 VD v A el A 73% 22 52% = CRlaa 25% 32 15%X.t} %Skt} (Table 1).

N
Y

>

=

52 vk ‘ﬂrXH %‘%

Figurel. Large offspring syndrome of side effects derived from serum medium. A, female
calf with 53 kg body weight at birth. B, comparison between normal calf (left Hanwoo)

and abnormal calf (right Hanwoo) in size.

Table 1. Number of Blastocyst in different medium Treatment

Treatment No. of Oocytes No. of 2C embryos No. of Blastocyst
1,639 407
VD 2,212 (73) (25)
2,081 334
CRlaa 4970 (52) (15)
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o AE Yl mRNA 535344

A iAol A g FAEY AR e ddEs dotry] fﬂﬂHHX] (CRlaa)<}
T A IVDIOD) oA Argh dxpE3tel] Fdxk wa e zpo], 53] ALy #HEd FAAE
o83 AsAge #Ia
ulebA], o] &3k ApojupAl Wy
7IWMs 283kt Ao Ad el 1007] vivkE YAE EY]) skl AL, o] Z 5B mRNAR
S ®9317] 98 Dynabead mRNA direct kitE AF&3F59th £2%5E mRNAS o] vj¢ 4
o 2% RiboAmp HS RNA amplification kitE £H-&38}¢] microarray°l| A2 probeE 5% 3}

A& AA AzZsE T (Figure 2 & 3).

oF7] kvt aL 7H=i% Al S,

T3] $8] microarrary

IVD

(serum-free)

ONONTGNCH )
ONONTNER i°

CR1aa

(serum)

Analysis of DEGs

- Normal embryonic development related genes

Using DNA chip

Figure 2. Experimental design to screen differentially expressed genes (DEGs).
Differentially expressed genes (DEGs) between blastocyst embryos cultured in serum-free
medium condition (IVD) and in serum medium condition (CRlaa) were found using

microarray technique.
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The RiboAmp Amplification Process Blasto c\_'st mRNA amount

Total Cellular RNA

oA,

mANA-
specific 15t Strand
15t Primer Synthesis

¢DNA

T IVD CRlaa
TTTTYTTY

‘*°g;:°“\1 masnd Amplification

Primer Synthesis
Double-stranded cDNA 4
st
mm ] ng
1,000 fold
DNA
Purification
In Vitro
Transcription _< ‘
; IVD CRlaa
Amplified aRNA
S TV NV %
VW VT ATy
N AWM T |
L Y S © A S
1 ::r?ﬁulion k 211(1 ug
solsted sANA 1,000,000 fold
readyfor labeling

or 2nd round amplification

Figure 3. Extraction and amplification of mRNA. The mRNA from pools of 100 blastocysts
was extracted using RNeasy Micro Kit columns as described by the manufacturer (Qiagen,
Hilden, Germany) according to the manufacturer's instructions. Due to the low
concentrations of the extracted mRNAs, the integrity and purity of the preparations could
not be verified. Briefly, total RNA from each sample was converted to double-strand cDNA
Using oligo(dT) primer incorporating a T7 promoter. Subsequently, a double stranded
cDNA was synthesized oligo(dT) primer incorporating a T7 promoter. IVD; blastocyst
embryos cultured in serum-free medium condition, CRlaa; blastocyst embryos cultured in

serum (5% FBS) medium condition
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v}, IVD1013} CRlaadl A #olu7 @as= SAxfEe] =4
(FAA A A wjwkE W2} (IVD-1, IVD-2, 283t IVD-3)E% 27} 100718 Yol 3
N o2 FHstda g, FEAg A A A& wjvkE WA} (CRlaa-1, CRlaa-2, 1¥ il
CRlaa-3)5% 37} wo& o] Z+7 (IVD-1, IVD-2, IVD-3, CRlaa-1, CRlaa-2, L& il

CRlaa-3)°l A microarray% probe® A 23 Affymetrix GeneChip Bovine Genome

oligonucleotide arraryg &-&3te] 2oy FHAES vl FA48H . 2 A3} 28] o] A
oA EHEHE 1077 FAANES FAHALL, olEF 667 FAAEC] CRlaa AZEMA =
A, 2ol 427) FAAEe] IVDIOL AEElA A dddEs g3ttt (Figure 4).

IVD101 A ZA =4 Sy = FdAES a3 2u. electron binding-reated gene
(ZNF642, ADAMTS4, RNFI128, MARCH3, PRNP, CHI3L2, CD69, PCDHIO, CABYR,
CLGN, Z1¥la. EFHDI), cytoskeleton-related gene (SFRP2, NEFL, COLI2AI, KRTEA,
DST, MOSPDI, Z1#]a.  ABLIM]I), transcription activator-related gene (HOXA9 1|3l
TSHZI), receptor Yi= protein binding-related gene (OLRI, TNC, MAGI2 133l
FBXO032), Z1¥]3l transporter Y-+ transferase-related gene (SLC30A2, BHMT 1]l
MAP3KS). =1g]al IVDIOl AlZelA @A HdHE A5 vs3% Zvh electron
binding-reated  gene  (CA4, CPPEDI, CPPEDI, ENPP3, 2¥]al  DPYS),
cytoskeleton-related gene (SCIN, NID1, 28] 3 KRTI19), transcription activator-related gene
(TFAP2A, HNF4A, DLX4 Z1¥]3 VGLLI), receptor %% protein binding-related gene
(SUSD2, PLA2RI, LDLR, MIDIIPI, MTTP, INSIGI, CCND2, CAVI, ENOl =1#il
TPII), transporter %+ transferase-related gene (FABP5, SLC25A33, LOC783399, PDZKI,
SLC7A7, COMT, LOC5H10369, BAGALNTZ, ACATZ, CCBLI, PSATI, HMGCSI, BCATZ,
CHPTI, TGMI1 Z1¥]3 CDKNIC), oxidoreductase-related gene (CYP2(S87, AASS, P41HAI,
DHDH, DHCR7, MTHFD2, ALDHIA3, AKRIAI, DHCR24, SQLE, CYP51IAI, LDHA L
2lal SCD) (Table2a, 2b, 2¢, 3, 4, 5, 6, 7, & 8).
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Ten
798RS
SESENE R R~ o ‘
222000 Gene Description Gene Accno.  Fold (mean)
Betaine--homocysteine S-methyltransferase BHMT CK847269  8.84
Up Secreted frizzled-related protein 2 SFRP2 CK848780 412
(42 genes) Transketolase-like 1 TKTLI CK770249 381
Connectivetissue growth factor CTGF NM _174030.2 3.41
Solute carrier family 30 (zinc transporter), member 2 SLC3042  CK846839 333
CD69molecule CD69 NM 1740142 3.04
Oxidizedlow density lipoprotein (lectin-like) receptor 1 OLRI NM 1741322 3.03
Homeobox A9 HOXAY CK843980  2.95
Rho GTPase activating protein 24 ARHGAP4 CB452370  2.86
Protocadherin 10 PDHI0 CB451321 2.74
Hemoglobin, gamma HBG BP100556 272
Fibrousheathin2 TWHAE ~ CB430935  2.63
Triosephosphateisomerase 1 TPII CB165376 -12
Keratin 19 KRT19 CK955677 8.1
Enolasel, (alpha) ENOI1 NM 1740491 -6.3
Diwii Low density lipoprotein recepter LDLR M 1'1 M1l 57
(65 genes) Stearoyl-CoA desaturase SCD AY2419331 49
) Lactate dehydrogenase A LDHA NM 1740992 4.5
Cyclin-dependentkinase inhibitor 1C CDENIC ~ AW463731 43
Caveolin 1 C4V1 AV613676 41
Nidogenl NID1 CK849037 -39
Transglutaminase 1 TGM1 CB226618 -39
Solute carrier family 7 SLC747  BE684021 -39
CytochromeP450, family 51, subfamily A CTPSI4I  CK961820 37
Phaospholipase A2 receptor 1, 180kDa PLAIRI  CK775430  -36
F ! Scinderin SCIN NM_1741772 -33
Squalene epoxidase SOLE CE949309 33
CydinD2 CCND2 AVe12120 29
Insulininduced gene 1 INSIGI BM251520 29
Dihydropyrimidinase DPYS CB442663 2.9
PDZ domain containing 1 PDZK1 CKS849330 29

Figure 4. Microarray analysis of IVD and CRlaa. Individual IVD-1, IVD-2, and IVD-3-derived
Cy-5-labeled (Red) ¢DNAs were independently mixed with CRlaa-1, CRlaa-2, and CRlaa-3-derived
Cy3-labeled (Green) cDNA to minimize the variation between IVD and CRlaa group. The analysis of
genes expressed more than two fold above, or below the median fold—value in IVD (IVD-1, IVD-2, and
IVD-3), compared to CRIaa group. A: The colors indicate the relative expression levels of each gene,
with red indicating the highest expression above the median value and blue indicating the lowest
expression below the median value. The 107 differentially down-regulated genes were organized
according to cellular component (B), molecular function (C), and molecular pathway (D).
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Table 2a. DEGs between IVD and CRlaa (>2 Fold, n=42ea, p-value<0.05)

GenBank Gene Gene Description Fold P-value Molecular Function
acc.no. ' ' (mean)
CK847269  BHMT betaine - homocysicine 884 000031 transferase activity
methyltransferase
CK848780 SFRP? secreted frizzled-related protein 2 412 0.01665 structural molecule activity
CK770249 TKTLI transketolase-like 1 3.81 0.01985 catalytic activity
W[—lé4030' CTGF connective tissue growth factor 341 0.00009 growth factor activity
CK846839 SLC30A2 SOhfe cartier family 30 (zinc 333 0.00454 transporter activity
ransporter), member 2
AMLITEOI S epeg CDB9 molecule 304 000528 binding (calcium ion)
NM_174132. OLRI oxidized '10\_7&7_ density lipoprotein 303 0.03849 receptor binding
2 (lectin-like) receptor 1
CK845980 HOXA9 homeobox A9 295 0.00188 transcription activator activity
2
caszsro AHEAPZ pro GTPase activating protein 24 286 001962 GTPase activator activity
CB451321 PCDHI0 protocadherin 10 2.74 0.02106 binding (calcium ion)
BP100556 HBG hemoglobin, gamma 272 0.02882 heme binding oxygen binding
NM_181667. ADAM metallopeptidase with .. ..

1 ADAMTS4 thrombospondin type 1 motif, 4 2.66 0.00089 binding (zinc ion)
CB430935  CABYR fibrousheathin 2 2.63 0.00083 binding (calcium ion)
CB456263  ZNF642 zinc finger protein 642 254 0.01517 binding (zinc ion)
BP109120 SLPI  secretory leukocyte peptidase inhibitor 252 0.00246 catalytic activity

NNI_1114121. NEFL neurofilament, light polypeptide 2.49 0.00996 structural molecule activity
CB165401 TNC tenascin C 2.47 0.00158 receptor binding
AB099883.1 COLIZAI collagen, type XII, alpha 1 241 0.01607 structural molecule activity
CK849322 ENFI128 ring finger protein 128 2.37 0.01347 binding (zinc ion)
CBA2I663  MAGre ~ Mmembrane associaled guanylate 235 000426 protein binding
CKT772138 NUDTI0 nudix—type motif 10 2.30 0.00924 catalytic activity
CB531852 CLGN calmegin 2.28 0.00115 binding (calcium ion)
AV018625  KRTOA keratin 6A 2.26 0.01431 structural molecule activity
CK950561 DST dystonin 2.24 0.01305 structural molecule activity
CK96202  MAP3Ks ~ Ttopen-activaed proteinldnase o007 transferase activity
inase kinase 8
AW345360 HAL histidine ammonia-lyase 2.23 0.01472 catalytic activity
CK775396 MOSPDI  motile sperm domain containing 1 2.19 0.02540 structural molecule activity
CB437887 NUDTI1 nudix-type motif 11 2.19 0.00199 hydrolase activity
CK772688 FBX032 F-box protein 32 2.17 0.01499 protein binding
CB448342 TSHZ1 teashirt zinc finger homeobox 1 2.15 0.01999 transcription activator activity
NM_l?lOlS PRNP prion protein 213 0.00512 binding (metal ion)
W[—lé4128' NRGI neuregulin 1 212 0.00012 growth factor activity
BI849604 MARCHS3 membram_?é;‘gﬁf% ring finger 211 000165 binding (zinc ion)
CK849256  CHI3L2 chitinase 3-like 2 2.09 0.04862 binding (cation)
CK975731 NCEHI neutral cholesterol ester hydrolase 1 2.08 0.03215 binding (phosphate)
BM?254635 IQCBI 1Q motif containing Bl 2.08 0.00579 binding (calmodulin)
Rac/Cdc42 guanine nucleotide . . .
CK774362 ARHGEF6 exchange factor (GEF) 6 2.07 0.00494 GTPase activator activity
CB433710 DSE dermatan sulfate epimerase 2.05 0.03042 isomerase activity
BM435611  ABLIMI actin binding LIM protein 1 2.02 0.00196 structural molecule activity
croriro [HSTZHED histone cluster 2, HZbe 202 0.00647 binding (DNA)
BE755226  RBM24 RNA binding motif protein 24 2.02 0.01168 RNA binding
CRK&848753  EFHDI EF-hand domain family, member D1 2.01 0.00985 binding (calcium ion)
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Table 2b. DEGs between IVD and CRlaa (< 2 Fold, n=65ea, p—value<0.05)

GenBank Gene Gene Description Fold P-value Molecular Function
acc.no. ' ' (mean)
CBA42129  cypocgy CYiochrome PASO, family 2, subfamily €, 540 00095 oxidoreductase activity
polypeptide 87
CK778002 PPIF peptidylprolyl isomerase F -2.00 0.00100 isomerase activity
CKO948802 LGALS4  lectin, galactoside-binding, soluble, 4 -2.01 0.03535 binding (sugar)
BE682224 AASS aminoadipate-semialdehyde synthase -2.02 0.01261 oxidoreductase activity

NM_174299.2 CXCL2 chemokine (C-X-C motif) ligand 2 -2.03 0.02569 cytokine activity

NM_1743152 FABP5 fatty acid binding protein 5 -2.03 0.01741 transporter activity
BMO090297 MIDI1IPI1 MID1 interacting protein 1 -2.03 0.00138 protein binding

\M_1745572  TGFBps  msulinTlike gprr%‘fe?rll factor binding 506 000233 growth factor binding

NM_1745782 PLAZGY phospholipase A2, group VII -2.07 0.00519 hydrolase activity
CA035668  P4HAI prolyl 4-hydroxylase,alpha polypeptide I -2.09 0.03311 oxidoreductase activity
AU278870 cppEpy Ccdlcineurin-like phosphoesterase domain o 5q g googy binding (metal ion)

containing 1
CB535604 SUSD2 sushi domain containing 2 -2.09 0.00389 receptor binding
CK769641 COMT catechol-O-methyltransferase -2.11 0.00698 transferase activity
M764781 [GFp3  nsulin-like gprr%‘fe?rll factor binding 515 004535 growth factor binding
CB420144 LOC510369 similar to hypoxanthine 213 001022 transferase activity
' phosphorlbosyltransferase 1 '

NMI7351  ppE Mmidkine tneurlte Srowth-promoting -y 13 009397 growth factor activity
CB167230 DHDH dihydrodiol dehydrogenase (dimeric) -2.15 0.00039 oxidoreductase activity
BP106791  RPL3? Ribosomal protein 132 217 oplorg  Structural constituent of
CKosggos  [ppy  sepemenvidiphosphate delia fsomerase -y 5 1779 hydrolase activity
CB433623 TFAP2A transcription factor AP-2 alpha ~222 001129 transmggt‘fgi;cmat"r

NM_173897.1 CA4 carbonic anhydrase IV -2.22 0.00297 binding (zinc ion)
BF602415 SLCZ5A33  solute carrier family 25, member 33 -2.24 0.04055 transporter activity
CB171376  LOC783399 major allergen Equ ¢ 1-like -2.26 0.03104 transporter activity
CK849264 PGKI phosphoglycerate kinase 1 -2.26 0.00148 kinase activity
BE684608 PRSSS protease, serine, 8 -2.27 0.01222 peptidase activity

. N _ .
CBapszg DICAINT - Betarld-h-acelylgalactosamingl 99 001976 transferase activity
ransferase 2
BE776610 DHCR7 7-dehydrocholesterol reductase -2.30 0.00220 oxidoreductase activity
CK959652 PMVK phosphomevalonate kinase -2.31 0.01445 kinase activity

AY318752.1 HNF4A  hepatocyte nuclear factor 4, alpha 2234 0.00009 transcngzﬁgiécuvat"r

CK847466  DLX4 distal-less homeohox 4 235  0Qoplp  ramscription activator
activity

CKT773538 ACATZ acetyl-CoA acetyltransferase 2 -2.36 0.00165 transferase activity

CK772178  CCBLI cysteine conjugate-beta lyase, 237 003975 transferase activity

cytoplasmic

_41_



Table 2c. DEGs between IVD and CRlaa (< 2 Fold, n=65ea, p-value<0.05)

GenBank Gene Gene Description Fold P-value Molecular Function
acc.no. (mean)
{ phosphoserine aminotransterase —2. . translerase activity
CE763176  PSATI hosph i i it 1 2.38 0.01475 { ivi
methylenetetrahydrofolate _ . . .
AW206953 MTHFD? dehydrogenase (NADP+ deper dem) 9 2.39 0.00011 oxidoreductase activity
BEASS574 ALDHIA3 —~ Adehvde dehydrogenase 1 family, 242 000764  oxidoreductase activity
member A.?
CKOB3132  AKR1Ap doheto reductase family 1 member_p4g 000054 oxidoreductase activity
CKO76192  HMGCsy O pydroxy-3-methylglutaryl-Coenzyme —_ 54 0.00101 transferase activit
‘ A synthase 1 (soluble) : : o ' v
CK848048  VGLLI vestigial like 1 (Drosophila) 253 0.00781 transcnggt‘i’?ﬁicuvat"r
branched chain amino-acid . .
CK951109  BCAT? transaminase 2, mitochondrial -2.68 0.00400 transferase activity
CK777018 CHPTI choline phosphotransferase 1 -2.69 0.00234 transferase activity
NM_173892.2 ASSI argininosuccinate synthase 1 -2.70 0.00161 binding (nucleotide)
DNASEIL . . .
CK950056 3 deoxyribonuclease I-like 3 -2.79 0.00813 binding (DNA)
CK942464  Ipagpor,  "MP2 inner mitochondrial membrane g 0.00025 peptidase activity
peptidase-like (S. cerevisiae)
ectonucleotide .. .
BM432596 ENPP3 pyrophosphatase/phosphodiesterase 3 -2.81 0.00270 binding (metal ion)
CK776537  MTTP microsomal triglyceride transfer protein -2.87 0.01450 protein binding
BI773879 DHCR2A4 24-dehydrocholesterol reductase -2.88 0.00029 oxidoreductase activity
CK849330 PDZKI PDZ domain containing 1 -2.88 0.00007 transporter activity
CB442663 DPYS dihydropyrimidinase -2.90 0.00967 binding (metal ion)
BM251520 INSIGI insulin induced gene 1 -2.91 0.04747 protein binding
AV612120 CCND2 cyclin D2 -2.95 0.00323 protein binding
CK949309 SQLE squalene epoxidase -3.31 0.01418 oxidoreductase activity
NM_I741772  SCIN scinderin 333 000348 structural molecule
activity
CK775430 PLAZRI  phospholipase A2 receptor 1, 180kDa -3.56 0.00325 receptor binding
CK961820 Cypsaj CYtochrome PASO, family Sl subfamily 57, 000330 oxidoreductase activity
, pbolypeptide 1
BE684021  SLC7A7 solute carrier family 7 ,member 7 -3.85 0.01347 transporter activity
CB226618 TGMI1 transglutaminase 1 -3.90 0.00515 transferase activity
CK849037  NIDI nidogen 1 395 000107 structural molecule
activity
AV613676 CAV1 caveolin 1, caveolae protein, 22kDa -4.05 0.00921 protein binding
AW463731  cpENic  CYelin~dependent kinase inhibitor 1€ _ o 0.00104 transferase activity
(p57, Kip2)
NM_174099.2 LDHA lactate dehydrogenase A -4.46 0.00006 oxidoreductase activity
AY241981  SCD stearoyl-CoA desaturase ~490 000000  oxidoreductase activity
(delta-9-desaturase)
M11341.1 LDLR low density lipoprotein receptor -5.69 0.00658 receptor binding
NM_174049.1 ENOI enolase 1, (alpha) -6.27 0.00381 protein binding
CK955677  KRTIO keratin 19 805 000501 structural molecule
activity
CB165376 TPI1 triosephosphate isomerase 1 -12.41 0.00278 protein binding
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Table 3. Electron Binding-related genes (IVD vs. CRlaa)

GenBank Gene Gene Description Fold P-value MOIeCl.llaI
acc.no. (mean) Function
CB456263 ZNF642 zinc finger protein 642 2.54 0.01517 binding
(zinc ion)
NM 1816671  ADAMTSA ADAM metallopeptidase with 266 000089 binding
thrombospondin type 1 motif, 4 (zinc ion)
CK849322 RNF128 ting finger protein 128 2.37 0.01347 binding
(zinc ion)
membrane-associated ring finger binding
BI849604 MARCHS3 (o3IO 3 211 0.00165 (rine i)
NM_173897.1 CA1 carbonic anhydrase TV 222 000297 binding
(zinc ion)
NM 1810151  PRNP prion protein 213 000512 binding
(metal ion)
AU278]70 CPPEDI calcmeurm—'hke phqsphoesterase 909 0.02960 bmdlr}g
domain containing 1 (metal ion)
ectonucleotide _ binding
BM4325% ENPP3 pyrophosphatase/phosphodiesterase 3 281 0.00270 (metal ion)
CB442663 DPYS dihydropyrimidinase -2.90 0.00967 binding
(metal ion)
CK849256 CHISL2 chitinase 3-like 2 2.09 0.04862 binding (cation)
NM_174014.2 CD69 CD69 molecule 3.04 0.00528 bmdmgioifalcmm
CB451321 PCDHI0 protocadherin 10 274 0.02106 bmdmgioifalcmm
CB430935 CABYR fibrousheathin 2 263 000083 bmdmgioifamm
CB531852 CLGN calmegin 298 000115 bmdmgior(samm
CK848753 EFHDI  FEF-hand domain family, member DI 201 0.00985 bmdmgioifalcmm
Table 4. Cytoskeleton-related genes (IVD vs. CRlaa)
G;:I::Br?élk Gene Gene Description (rlxjgallg) P-value Molecular Function
CK848780  SFRP2 secreted frizzled-related protein 2 4.12 0.01665 Smt‘;rc?ilvglvolecme
NM_174121.1  NEFL  neurofilament, light polypeptide 249 0.00996 Smt‘;rc?ilvglvolecme
AB099883.1 COLIZAI  collagen, type XIL alpha 1 241 0.01607 structural molecule
activity
AV618625  KRTGA keratin 6A 226 0.01431 structural molecule
activity
CK950561 DST dystonin 224 0.01305 structural molecule
activity
CK775396  MOSPDI motile sperm domain containing 1 2.19 0.02540 Smt‘;rc?ilvglvolemle
BM435611  ABLIMI  actin binding LIM protein 1 2.02 0.00196 Smt‘;rc?ilvglvolemle
NM_174177.2  SCIN scinderin 333 0.00348 structural molecule
activity
CK849037  NIDI nidogen 1 305 0.00107 structural molecule
activity
CK955677  KRTI9 keratin 19 -8.05 0.00501 structural molecule

activity
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Table 5. Transcription activator-related genes (IVD vs. CRlaa)

GenBank

4CC.10. Gene Gene Description Fold (mean) P-value Molecular Function
CK845080  HOXA9 homeobox A9 295 0.00188 transcriggt‘i’giti“ivator
CB448342  TSHZI  teashirt zinc finger homeobox 1 2.15 0.01999 transcriggt‘i’ggﬁvator
CB433623 TFAP2A  transcription factor AP-2 alpha 222 0.01129 transcriggt‘i’ggﬁvator
AY318752.1 HNF4A hepatocyte nuclear factor 4, alpha  -2.34 0.00009 transcriggt‘i’ggﬁvator
CK847466  DIX4 distal-less homeohox 4 235 0.00012 transcriggt‘i’giti“ivator
CKS48048  VGLLI vestigial like 1 (Drosophila) 253 000781  tramseription activator

activity

Table 6. Receptor or protein binding-related genes (IVD vs. CRlaa)

GenBank

Fold

4CC.10. Gene Gene Description (mean) P-value Molecular Function
NM_1741322  OLRI oxidized ﬁlg‘_”lﬂf;“igge;itgﬂowm 303 003849  receptor binding
CB165401 TNC tenascin C 2.47 0.00158 receptor binding
CBb535604 SUSD2 sushi domain containing 2 -2.09  0.00389 receptor binding
CK775430 PLAZRI phospholipase A2 receptor 1, 180kDa -3.56 0.00325 receptor binding
M11341.1 LDLR low density lipoprotein receptor -5.69 0.00658 receptor binding
CB427663 MAGIZ? membrane associated guanylate kinase 2.35 0.00426 protein binding
CK772698 FBXO32 F-box protein 32 2.17 0.01499 protein binding
BMO090297 MIDIIPI MID1 interacting protein 1 -2.03 0.00138 protein binding
CKT776537 MTTP  microsomal triglyceride transfer protein -2.87  0.01450 protein binding
BM251520 INSIG1 insulin induced gene 1 -2.91 0.04747 protein binding
AV612120 CCND2 cyclin D2 -2.95  0.00323 protein binding
AV613676 CAV1 caveolin 1, caveolae protein, 22kDa -4.05  0.00921 protein binding
NM_174049.1 ENOI enolase 1, (alpha) -6.27 0.00381 protein binding
CB165376 TPI1 triosephosphate isomerase 1 -12.41  0.00278 protein binding
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Table 7. Transporter or transferase-related genes (IVD vs. CRlaa)

GenBank Gene Gene Description Fold P-value Molecular Function
acc.no. (mean)
solute carrier family 30 (zinc .-
CKB846839 SLC30A2 transporter), member 2 333 0.00454 transporter activity
NM_174315.2 FABP5 fatty acid binding protein 5 -2.03 0.01741 transporter activity
BF602415 SLCI5A33  solute carrier family 25, member 33  -2.24 0.04055 transporter activity
CB171376 LOC783399 major allergen Equ ¢ 1-like -2.20 0.03104 transporter activity
CK849330 PDZK1 PDZ domain containing 1 -2.88 0.00007 transporter activity
BE684021 SLC7A7 solute carrier family 7 ,member 7 -3.85 0.01347 transporter activity
betaine-—homocy steine .-
CK847269 BHMT S-methyltransierase 8.84 0.00031 transferase activity
CKO62024 ~ MAP3Ks ~ Mitogentactivated protein kinase —— 9o3 000217 transferase activity
CK769641 COMT catechol-O-methyltransferase -2.11 0.00098 transferase activity
similar to hypoxanthine B .-
CB420144 LOC510369 phosphoribosyltransferase 1 2.13 0.01022 transferase activity
CBA61319  BAGALNTz ~ Betarld-N-acelylgalactosaminyl =599 001976 transferase activity
CK773538 ACAT? acetyl-CoA acetyltransferase 2 -2.36 0.00165 transferase activity
CK772178 CCBLI cysteine %‘;f;%%glggfn‘geta lyase, 237 003975  transferase activity
CF763176 PSATI phosphoserine aminotransferase 1 -2.38 0.01475 transferase activity
3-hydroxy-3-methylglutaryl-Coenzyme  _ .-
CK976192 HMGCS1 A synthase 1 (soluble) 2.50 0.00101 transferase activity
branched chain amino-acid B .-
CK951109 BCAT? transaminase 2, mitochondrial 2.68 0.00400 transferase activity
CK777018 CHPTI choline phosphotransferase 1 -2.69 0.00234 transferase activity
CB226618 TGMI1 transglutaminase 1 -3.90 0.00515 transferase activity
AW463731  ¢DENic  cvelin~dependent Kinase inhibitor 1€ _109 (00104 transferase activity
(p57, Kip2)
Table 8. Oxidoreductase-related genes (IVD vs. CRlaa)
GenBank Gene Gene Description Fold P-value Molecular Function
acc.no. ' ' (mean)
CBM2129  Cypzcgy Cytochrome PO, family 2 subfamily 500 000095  oxidoreductase activity
BE682224 AASS aminocadipate-semialdehyde synthase -2.02 0.01261 oxidoreductase activity
CA035668  PAHAI prolyl 4 hydroxylase, alpha 200 003311  oxidoreductase activity
CB167230 DHDH dihydrodiol dehydrogenase (dimeric) -2.15 0.00039 oxidoreductase activity
BF776610 DHCR7 7-dehydrocholesterol reductase -2.30 0.00220 oxidoreductase activity
methylenetetrahydrofolate _ - -
AW266953  MTHFD? dehydrogenase (NADP+ dependent) 2 2.39 0.00011 oxidoreductase activity
BE485574  ALDHiA3 ~ Aldehyde dehvdiogenase 1 family, 540 000764 oxidoreductase activity
CK953132  AKR1A1 @ldoketo reductase family 1, member 48 000951 oxidoreductase activity
BI773879 DHCR24 24-dehydrocholesterol reductase -2.88 0.00029 oxidoreductase activity
CK949309 SQLE squalene epoxidase -3.31 0.01418 oxidoreductase activity
cytochrome P450, family 51, _ . . .
CK961820 CYP5IAI subfamily A, polypeptide 1 3.74 0.00330 oxidoreductase activity
NM_174099.2 LDHA lactate dehydrogenase A -4.46 0.00006 oxidoreductase activity
AY2419331  SCD stearoyl-CoA desaturase 490 000000  oxidoreductase activity

(delta—9-desaturase)
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2vf ol e Holrk e 107 FAAELS DAVID web-based toolE €83}
molecular function¥} biological processell W&} /73t H3k o]l FHAAELS T YA
KEGG pathway databaseES Z83te] 739 2 23} cellular component w30+
membraned| #HH FAREO| 299% =2 7 @Wkal, molecular functiond] A& "ion hinding”
(15.8%), "transferase activity” (12.1%), "oxidoreductase activity” (12.196), "structural
molecule activity” (10.295), and "transcription activator” (5.6%)% el 18] 32 molecular
process®l| 4] "developmental process” (27.196), "metabolic process” (11.2%) and "oxidation
reduction” (10.22¢)e] #HAH [FHAAEFo] He] THAAES &FE T3 ¢ & A (Figure

5-7).
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Figure 5. Microarray analysis of IVD and CRlaa (Cellular Component). Individual IVD-1,
IVD-2, and IVD-3-derived Cy-5-labeled (Red) cDNAs were independently mixed with
CRlaa-1, CRlaa-2, and CRlaa-3-derived Cy3-labeled (Green) cDNA to minimize the
variation between IVD and CRlaa group. The analysis of genes expressed more than two
fold above, or below the median fold-value in IVD (IVD-1, IVD-2, and IVD-3), compared
to CRIaa group. A: The colors indicate the relative expression levels of each gene, with
red indicating the highest expression above the median value and blue indicating the
lowest expression below the median value. The 107 differentially down-regulated genes

were organized according to cellular component, molecular function, and molecular pathway
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Figure 6. Microarray analysis of IVD and CRlaa (Molecular Function). Individual IVD-1,
IVD-2, and IVD-3-derived Cy-5-labeled (Red) cDNAs were independently mixed with
CRlaa-1, CRlaa-2, and CRlaa-3-derived Cy3-labeled (Green) cDNA to minimize the
variation between IVD and CRlaa group. The analysis of genes expressed more than two
fold above, or below the median fold-value in IVD (IVD-1, IVD-2, and IVD-3), compared
to CRIaa group. A: The colors indicate the relative expression levels of each gene, with
red indicating the highest expression above the median value and blue indicating the
lowest expression below the median value. The 107 differentially down-regulated genes

were organized according to cellular component, molecular function, and molecular pathway
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Figure 7. Microarray analysis of IVD and CRlaa (Biological Process). Individual IVD-1, IVD-2,
and IVD-3-derived Cy-5-labeled (Red) c¢cDNAs were independently mixed with CRlaa-1,
CRlaa-2, and CRlaa-3-derived Cy3-labeled (Green) ¢cDNA to minimize the variation between

IVD and CRlaa group. The analysis of genes expressed more than two fold above, or below
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the median fold-value in IVD (IVD-1, IVD-2, and IVD-3), compared to CRIaa group. A: The
colors indicate the relative expression levels of each gene, with red indicating the highest
expression above the median value and blue indicating the lowest expression below the median
value. The 107 differentially down-regulated genes were organized according to cellular

component, molecular function, and molecular pathway.

ol Ayz mFol B o o] «dti= serum—free medium$! IVDIO1L AZ o] A= serum
medium A =<2l CRlaa®t W3}l Ion binding¥ cytoskeleton related geneEo] o] ¥Hd 5
$13L, transcription, receptor, transport, ¥ il redox-related geneE< WA wEHHS & F
AU o] AL serumdl 0] U&= B @e dAAJAA (T2, cytokine 55)E] 93
membrane-proteinE°] A3} H3 B AT HGE o HAEH o 23)H WA TS

Aastae Aoz AEET (Figure 8).
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Figure 8. Expected mechanism to improved servival of serum-free medium (IVD) than

serum-supplemented medium (CR1aa).
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Amelogenin PCR ¥R & o] &3 A8 %
- 49 amelogenin sequence@H-H specific primer= AMELX (Genbank accession no:
NM_001014984)¢} AMELY (GenBank accession no: NM_174240)& ClustalW ZZ 1o =
alignment3}©] Y-chromosome?] amelogenin®] 4 63 bp7} deletion® #9E &-83}o] forward
primer (5'-CAG CAA CCA ATG ATG CCA GTT C-3)3 reverse primer (5'-GTC TTG
TCT GTT GCT GGC CA-3)E designdtt}. o] primer® PCR3A ™ 367 bp X-amp
licons®} 304 bp Y-ampliconsE <& 4 It}
SexingE 918 7b4 #H<o] WS LAMP A€o 2 PCR #¥iuth we 7717 22§
Aol Agu= Akl 1A[ZFolel] v Fthes Aol Aoty FA|NE, o] F Al AEL
WS et W AEFEs dA gy, template® AFEE genomic DNAVF & Q31 o
< HRtE GAREEH FAP R Aa HivRE dxte] HAE FA Ak AAE RS )
Wb 28R 8 vivkE Wxpe] njs) wdgo] Ast 2 Aol AUt g Agk
A-golli= AFek sexing Wl otYel AtmETh ES flow cytometerE %38} sorted
X-sperm 3 sorted Y-sperm® 7-$ unsorted spermS AFE391S wiof nwd o Qs
< capacitation®} sex-sorted sperm®] degradation®. = Y& AT WA wde] A3
Aetrz dsks HwRtE G4E A7) e s B2 - GAE asiy gepA, H
Hol whe} wiRkE dape] dadga Jdef 2 ocytoplasm® FEEVF vhEvE ARde] Har
Bermejo-Alvarez; 2010). A¥k& o2 IVEF 743 ®viwtE W5 A F 71X 2§ °
F-adth 7], inner cell mass®] 1A LE]al AEZdE FHES Aol FET 4 e,
AE o) A= XX- blastocyst (277 R o) 2 inner cell mass?F WA A o
X EoA Y Egow FHRUl ¥g)3} XY-blastocyst 1 (LEgo] £o} A=YV}
HyrH Y %3 inner cell mass’F TESF Fglo] 85w My¥ze FHEY Hojd)oz v
o] FEIFeH, oz sk FefH Aoli= sexual dimorphismo| 7]21EE Aoz AlmHTU
Sexual dimorphism® 2 78 F Z25H0o] 24 PCR sexingS S wf 7|thx ¢ drj} x}o]
& Holial AEFAE dolrr] Y FeHoE AolE Kol F 1FS XX-blastocyst
candidate 18] 31 XY-blastocyst candidate®5-¥ genomic DNAE #3959t (Fig. 1). & ¢
A 23k PCR sexingS 93] Amelogenin PCR WS o] &3t A7 A-S 28310 7153A
Fig. 2)
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Blastocyst Separation by sexual dimorphism Sexing

Fig. 1. Verification of sexing by PCR technique with bovine blastocysts separated using

sexual dimorphism.
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AGCCTICACCAGCCCCTGCAGCCCATGCAGCCCATGCACCCCTTCCAGCCCCTECAGCCCCTCCACCC el
137

seels losss 1:e sana
Pl PG 2 CiCCATCCAGCCECAGCCTCACCRECCCCT
AELY AGICCEICCAGCC!CAGCCICACCA!CCCCIuCAGCC

classals sssfosacfeassfasasclossnfosasfssasfsannfsssalsasafosas]onssfuans
AGCRCTTGCCECCACRGCCACCICTGCCTCCEATATTCCCCATGCARCCTCIGCCCCCETGCTTCCTGACCTECCT Jefuly
237

CCAGCCACCTGTGCACC i H
4 CCAGCCACCTGTGCACCCCAICCAGC!CIIECC!CCACAECCACCICIGCCICC!AEAIICCCCAIGCA CCICTGCCCCCeTGCTTCCIGACCTACCT

Fig 2. Representative amelogenin PCR product from genomic DNA of male-blastocyst
candidates (MB1™MB6) or female-blastocyst candidates (FB17FB6). A, Male genomic DNA
produces a 329 bp X-amplicon and a 266 bp Y-amplicon. Female genomic DNA produced
only the 329 bp X-amplicon. - indicates negative control, water instead of genomic DNA
and + indicates positive control (genomic DNA of bull or cow). B, The bovine amelogenin
sequences (AMELX, GenBank accession no: NM_001014984; AMELY, GenBank accession
no: NM_174240) were aligned using ClustalW program to identify the 63 bp deletion to
which flanking PCR primers were designed. F indicates forward primer of amelogenins
(AMELX or AMELY; 5-CAG CAA CCA ATG ATG CCA GTT C-3) and R indicates
reverse primer of amelogenins (AMELX or AMELY; 5-GTC TTG TCT GTT GCT GGC
CA-3)).

e IVF 79% Hivt¥ I AE5S sexual dimorphisme #8839l XX-embryo candidate<}
XY-embryo candidate® o] FAT ofAs FAEUTE ofAe WA A AA
expected XX-embryool A= 5255 125%7F 3H¢l5] o] 23.1%¢] Aalgo] F25 il expected
XY-embryooll A= 645F% 255F7F &<lE o] 39%2] H=2 U288 F213F3 tHTablel).

Grouping by No. of transferred

0,
sexual dimorphsim recipient Pregnancy Pregnant rate (%)
Expected XX-embryos 52 12 231
Expected XY-embryos 64 25 39

Table 1. Pregnancy rate after transfering in vitro produced bovine blastocysts using sexual

dimorphism
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Table 1. Comparison of Pregnancy Rates following Luteotrophic Substances Treatments

No. of No. of pregnant No. of pregnant . .
No. of heifers showing

Substance heifers hifers at day23 hifers at day35
early fetaldeath
transfered post-ET(%) post-ET(%)
hCG 30 24(80.0%)* 19(63.3%)° 5(16.7%)"
FM 30 23(76.7%)" 23(76.7%)" 0(0.0%)"
Control 30 18(60.0%)" 17(56.7%)’ 1(3.3%)"

b Values with different superscripts in same culumn are different(p<0.05). Hifers were
assigned to one of three treatments and experiments were repeated three times;
FM-treated hifers were given mg of flunixin meglumin(FM) at the time of ET;
HCG-treated hifers were given 1500IU of hCG at the time of ET; Control hifers
received no treatments; Pregnant diagnosis were carried out at day23 and at day3b

post-ET by ultrasuound divice

o] A3t= hCGSt FMe FAF & FATS ofAstdlam 424 (o]4 5 35 et 3
A, FMFAL F o4 a9 gu 76.7%% 7 2e FH&S MR, hCGFAE Y dxes
63399 56.7% 2 hCGAZTelA B A3E BATHp<0.05). 302 F (014 F 239 4293
(o124 % 3590l 23t AW YNART A3k INH Bole] PAFA LS 309 Aol
A= hCGH B3 FMA ol A 245(80.0%) 9 235F(76.79%)2 %7, 18]t dlzwe] A=
=z

17(56.7%)F 2 A vebgk o, 4299 Hdel A= hCGTFA oA 557(16.7%) 7] glole] Z7
At o ® FdE o] JAfA Y Fe dTF ﬂlfﬂt}ﬂ B RN oH(p<0.05), EMFARL
oA Z7] APEEE glolrt 057(0.0% (33%)= Yt 594 8lol(p>0.5) dale]l
A=At AHRZ FAT o] 2 9lo]A ol "ol ANFHE FAA = W
o= o2z FMF A hCGFAPE ol vf diZauvt vk A3E A
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Table 2. Effects of Luteotrophic Substances on return to the estrus

N " No. of hifers No. of hifers return No. of
0. 0
. return to the to the estrus from non—pregnant hifers
Substance Heipers
estrus at 2weeks 17days to Sweeks at 35days(%)
transfered
post-ET(%) post-ET(%) post-ET
hCG 30 2(6.6%)* 5(16.7%)" 4(13.3%)’
FM 30 4(13.3%)" 2(6.6%)° 1(3.3%)*
Control 30 10(33.3%)°¢ 2(6.6%)° 1(3.3%)*

% Values with different superscripts in same culumn are different(p<0.05). Hifers were
assigned to one of three treatments and experiments were repeated three times;
FM-treated hifers were given mg of flunixin meglumin(FM) at the time of ET;
HCG-treated hifers were given 1500IU of hCG at the time of ET; Control hifers
received no treatments; Pregnant diagnosis were carried out at day35 post-ET by

ultrasuound divice

Table 2.914 Hiz=npe} o] 4 A& olr hC Gﬂﬁl‘?fﬂ AAEC] FMA g3t ol
Hlaus] thE e BAdv 359 WHAFV|E Zbs Ao o4 F 2F %= = A
7F AR EA A Fol glofok shzH], Al Frlel 40] A7 WA 7F hCGA 22l
Al 25(6.6%), FMA gl Al 457(13.3%) 22]al thxol A 1057(33.3%) 8 ¥.o] hCGAH gl
A w2 AA ZIAE Bl sy Sl stA @ Al AT Es A AG 7 hCGA
ol A 55F(16.7%) 2 FMA 28] 257(6.6%)9 thzr 2] 257(6.6%) vt A yrebskar, Az

G A7 A A AFA e AR 4F(133%)= FMA 29 15(3.3%) thxzae 1%
(33%)xtt A YEeETh olE hCG FARAC F&3A9] P o] FEIJA=FH
Progesterone(p-4)%18] & ©3le] dFU P4 EE Zolal, ol PAs=7F 2aa alf-% o
T2 A vHTE oy dFATE] i, Wkl dAlsHA] ek AT AAagGA T
Aol A7 sks Aeldl e Aslstes g&o] dgol ¥ AdoA verwr. Aadow &+
Aek o] A hCGFANE FHES Folv a7 JANE v gl iAo SAAA szo] 2 H
71Zko] AojA = AiE A nE v sk gvke AdE AT FMA ol A& o
A FHE oEo] vdAl HAIEY AR AA=HA o] FolA FHE FHH w7 F
ole] T2 dF¢E Ve AHE AU
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Table 3. Comparison of pregnancy rate between FM and lidocaine treatments

No.of pregnants at 35days

No. of heifers transfered

Sort

post-ET(%)

81(72.3)"

112

FM

73(67.5)"

108

Lidocaine

“> Values with different superscripts in same culumn are different(p<0.05). FM-treated

hifers were given mg of flunixin meglumin(FM) at the time of ET; Lidocane-treated

heifers were given bml lidocain for epidural anesthesia; Pregnant diagnosis were carried

out at days35 post-ET by ultrasuound divice.
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Table 1. Comparison of Pregnancy Rates referred to  Transfer Mediums and The Time

Required

Pregnancy rate following time required

(No. of conceptions/No. of recipients)

Transfer Mediums”

L . between 30min
within 30min more than 1h
and 1lh
10%FBS 21.1(11/52) 14.9(13/87) 7.8(3/38)
20%FBS 58.7(138/235) 60.4(171/283) 58.1(103/177)
0.5%BSA 51.5(68/132) 47.6(61/128) 46.8(44/94)
0.7%BSA 53.6(103/192) 54.3(126/232) 52.2(82/157)

*; Mediums containing embryos from  Laboratory to recipients uterus

3] 2w 7hH ATl gAY

ey 225 E Azt WE FEHES udtdsd 2 2

Table 1)} Zth 7|28 TCMI99L2 3l 20%FBS, 10%FBS, 0.7%BSA, 0.5%BSAE
FH & vusel=t 20%FBSE A7 Aol M= FHES B A8

el FEHES BAT 10%FBSE H7bske] Algdts Ao <A
AR 2R 5 E AZbo] @WoldaE ] ¥ AiE BT FA ol

s Awl vl x| 9 2o Tmel 0.7%BSAE H7Ie A% 20%FBSE H7be AETh vl

Al .

1‘>

= = =7t A4
ol & HRFFS vA= Aom *} Hoh APAR5E by Al ojA x| 4
Aebe Fagle SAe Algko] Al wEkA Phel WEtE 7hA 2=t 20%FBSE H7he 4
ol o] WL B He Ao vEET. AaAem A7 ofAA A o 4%
GHoRE FHEAA o F& AHAE AFo 2N 20%FBS7E AFstrtal Alm L, g v
FA o] E Gl A AP v Aol Y A JHAIE kAl 2

Table 2. Pregnancy rate and rate of birth to twins following number of embryos

transferred
No. of transferred No. of No. of birth  No. of birth to
o No. of Pregnant ) ]
embryos recipients* to twins triplets
1 38 14(36.8%)
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2 162 86(53.0%) 13(15.1%)

3 87 44(50.5%) 28(63.6%) 3

*x;normal estrus, clean reproduct organ,

o o A
o™ T ‘od
Aol Ak AT JFTE FEHEH Aol ERrEed HAle s A} ST A
o]

ME S W HASHE Freemartin® ¥4 7] 5 9]
i

Table 3. Effects of one or two embryos transferred to heifers”

No. of
No. of No. of No. of )
No. of heifers rate of rate of
embryos ] Pregnant at  Pregnant at ] ] o
heifers showing calving twining
transfered 35days(%) 60days(%6) o
loss™ (%)
131 126 3 97.6%
1 186
(70.4%) (67.7%) (2.38%%) (123/126)
5 197 143 131 28 78.6% 6.1%
(72.5%) (66.4%) (21.3%%) (103/131) (8/131)

*; nulliparous dairy cows

loss™; fetal death, abortion, stillbirth after pregnancy diagnosis at 60day

& Ulshe A%sh olshs 98 wastdrh A& Table 3)

Wt 2hE oS W 2

Apibyel 213%2 e} 1AE ol 45tde el 23%nth wevh B3
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ME o2 3tE Aol 7P £ Wilolal 2715 o2& AL £ o
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Table 4. Twins effects following transfer method

No. of Twins for

Method No. of Cows No. of Pregnant
Pregnants
“2embryos with A.L 52 43(82.6) 27(62.7)*
“2embryos without
46 29(63.0) 11(37.9)
Al
“3embryos without .
AT 43 27(62.7) 17(62.9)

“;embryos were transferred at contralateral uterus of CL after A.lL
“;embryos were only transferred at ipsilateral uterus of CL
* values in same column is not different(P>0.5)
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