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SUMMARY
Subject;

Industrialization and mass production of Jeju Black Cattle

The purpose and need for research and development;

The purpose of this research and development is for mass production of
the endangered Jeju Black Cattle. Jeju Black Cattle, one of 4 native Korean
cattle species, lived in the World Natural Heritage in the Jeju Special
Self-Governing Province only. Their beef had been delivered to the Korean royal
family regularly since the Goryeo Kingdom era. It had the excellent elasticity and
chewy meat fillet in a thin marbling, and tightly lodged unsaturated fatty acids such
as oleic acid, linoleic acid content, is getting increased attention as a wellness food.
Jeju Black Cattle are regarded as an endangered breed, which fostered the Jeju
Black Cattle Conservation Program in the early 1990s. In the viewpoint, mass
production of the Jeju Black Cattle wusing biotechnology can produce
high-quality brand meat. Also, recession mood of the field of livestock caused
by Korea-U.S.A FTA can be overcame and will be able to have a beneficial
effect to produce International competitive products.

Content and scope of research and development

Content and scope of research and development of this study were to
investigate 1) Establishment of embryo production and embryo transfer of Jeju
Black Cattle i) Sex control of sperm and egg iii) Optimization of embryo
freezing technique iv) Genotype analysis related in Jeju Black Cattle and v)
Conservation of elite Jeju Black Cattle and development of assisted reproductive
technology.

Results of research and development

Results obtained in this research and development were as follows: 1)
Selection of 24 markers required for paternity analysis of Jeju Black Cattle ii)
As of year 2013, 460 Jeju black cattles are registered and 150 Jeju black cattle
are ready to be register. This research was started with only 96 Jeju Black
Cattle in 2008, but now they increased to 610 Jeju Black Cattle. iii) For
excellent database screening of Jeju Black Cattle semen, Computer Assisted
Sperm Analyser (CASA), sperm freezer and automated sperm distributor installed



in Institution for Livestock Promotion and the National Institute of Subtropical
Agriculture in Jeju as a request of this project will produce elite Jeju Black
Cattle embryo. iv) Three patent are registered for in vitro embryo production
efficiency and new IVF techniques. v) Newly developed vitrification and
one-step dilution technique applied effectively on field trial for cloned Jeju
Black Cattle production. vi) We producted two elite Jeju Black Cattle cloned
bulls (Heuk Young Dolee and Heuk OIl Dolee) and one elite Jeju Black Cattle
cloned cow (Heuk Woo Sunee). Two out of three of these animals (Heuk OIl
Dolee and Heuk Woo Sunee) were post-death cloned and produced by somatic
cell nuclear transfer (SCNT) approximately 2 years after their nuclear donors
were slaughtered. vii) Successfully produced 3 cloned Jeju Black Cattles, total of
19 submitted research papers, and total of 257 events are publicized throughout
the media. vii) Our team has been selected for excellent project from the IPET
in 2010and received the honorable paper award from Japan Society of Animal
Reproduction (JRD) ix) Contributed the designation of Jeju Black Cattle as No.
546 natural monument of national cultural property. x) Promoted total of 20
educational and related techniques and were able to train and educate 5
masters degree students.

Utilization plan of research product

Utilization plan of research product was as follows: i) Selection of elite Jeju
Black Cattle by newly developed paternity test and carcass traits analysis. ii)
Satisfaction of customers needs through the information about total number of
Jeju Black Cattle in website. iii) Activation of business plan of embryo transfer
using established equipment and system: -Excellent database screening of Jeju
Black Cattle semen by Computer Assisted Sperm Analyser (CASA), sperm freezer
and automated sperm distributor, -From organization sector to private sector,
and -Use of simple ultra-rapid freezing-thawing technique. iv) Activation of
infra-structure in sales distribution through the mass production of Jeju Black
Cattle. v) Contract for the embryo transfer plan of elite Jeju Black Cattle
between Jeju National University Stem Cell Research Center and Jeju Special
Self-Governing Province by designation of Jeju Black Cattle as No. 546 natural
monument of national cultural property.
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3,4-Hydroxyflavone Acts as an Antioxidant and Antiapoptotic Agent to Support Bovine
Embryo Development In Vitro

LGN AMES e Hulel WY A FepriwolS Hyl AWE wHgor Zeuiwols Azt
A9 wole] ko] MAE FFS EARE

Abstract

The effects of two antioxidants, superoxide dismutase (SOD) and the flavonoid
3,4-dihydroxyflavone (DHF), on bovine embryo development invitro were examined. Blastocyst
development, total cell and inner cell mass (ICM) numbers, intracellular levels of reactive
oxygen species (ROS), apoptotic indices and gene expression levels were examined before and
after treatment of day 2 bovine embryos (= 2-4 cells) with various concentrations of
3,4-DHF or SOD for 6 d. Statistical analysis was performed using analysis of variance, with
significance defined at the /X0.05level. SOD had no significant effect on bovine embryo
development at any tested concentration (control, 32.8%; 300U/ml, 33.9%; 600U/ml, 24.2%).
Incontrast, 10mM 3,4-DHF promoted higher blastocyst development (39.3%) than any other
concentration (control, 26.7%; 1 mM, 30.3%; 50 mM, 29.5%; 100 mM, 20.5%). Compared with
300 U/ml SOD, 10 mM 3,4-DHF resulted in significantly higher blastocyst development (44.2%)
(control, 31.5%; SOD 300 U/ml, 33.6%). Treatment with 3,4-DHF increased the ICM cell
number and reduced intracellular ROS production and apoptotic cell numbers. When O;
tension was decreased from 20% (high tension) to 5% (low tension), embryo development
rates were doubled regardless of 3,4-DHF treatment. Under high O, tension, 10 uM 3,4-DHF
treatment may render bovine embryo development similar to a low Oy tension environment.
The best blastocyst development was obtained under low O; tension plus 10 mM 3,4-DHF
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treatment. The relative expression levels of antioxidant (MnSOD), antiapoptotic (Survivin, Bax
inhibitor) and growth-related genes (IFN-z, Glut-5) were significantly increased after
3,4-DHF treatment, while the expression levels of oxidant (Sox) and apoptotic genes
(Caspase-3 and Bax) were reduced. These results suggest that 3,4-DHF may promote the
nvitro development of bovine embryos through its antioxidant and antiapoptotic effects.

Key words: bovine embryos, antiapoptotic, antioxidant, 3,4-dihydroxyflavone, SOD

Jfu

]

:
& A wotel As) WF BAL AMAA AT woprgos JuLL Axet)
A MFAAAZA FEF FUEA Sepuieo| £ o] §7b5 S Topr A .

£
E

i1

W

o

% 23}

O A4 & vl 2L AFTH 2~4 A7) wjote] Aefuljgffol T4t}
A2l B3RS 2ASIGE. 2Eal EEtE o= v AWEstal O g

Table 3. Effect of 3,4-DHF on bovine embryo development in vitro (r=4)

No. (%) of embryos developed to

Day 2

Treatment = 9.4 cell Day 4 Day 6 Day 8

= 8 cell = morula = blastocyst
Control 120 95 (79.2) 52 (43.3" 32 (26.7)°
1 uM 3,4-DHF 122 95 (77.9) 57 (46.7)" 37 (30.3)®
10 uM 3,4-DHF 122 99 (81.1) 64 (52.5)° 48 (39.3)°
50 uM 3,4-DHF 122 89 (73.0) 53 (43.4)° 36 (29.5)"
100 uM 3,4-DHF 122 90 (73.8) 50 (41.0)° 25 (20.5)°

*Means in the column without common superscripts are significantly different (&0.05).

3 3olA yehd ukel o], vk 8 A wiwtE7|E) TESolx 10 uM 3,4-DHF A 2j< 2

277 1 uM o]y 50 uM 34-DHF At A#ele fog AtolE& et A FRA T =
ool vlE] fFofstA E=A JElgten 53] 100 uM 34-DHF A+ #x fo]gt zto]lE vEh
of &3 Hoprt 23y Wde] FA Fte oE A7 AR} FAEHA eSS (Wang
5, 2007). o]1¥E A= w6 A ] TEEIME YER =, 10 uM 3,4-DHF A
9 Ayt b =o wadgS Uehd whd 100 uM 3,4-DHF A gl E F98HA wEe
LSS e

O Mz AFFY A9 wiek 894 Tgd vtz riuje AF zo]Z A7 98|
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JFRGALS} WEALA £8 FA AES 5 Y& oF G4 AA5HAS.

HiREEZu) o] AMEZF Al e 22 718 oFdAMHS Fil AASAS. 1%
triton X-100 (Sigma) ¥} 100 ug/ml propidium iodide (PI, Sigma)”} % 7}¥ TL-HEPES & <o
A 30%3%F Ak 3 vl= 25 mg/ml Hoechst 33258 (Sigma)7} #H7F8 100% ethanol £ <4<
Fol 4T oA T527tA HAAZ. GAE wRtE7]ul = glycerol2 Al ste] o] FFE
As AAS v Egoleagtzol &2 % dn4 (Olympus, Tokyo, Japan)®| blue ZH
(excitation, 330~385 nm; emission, = 420 nm) &}ollA] TSI WEAMEZI S} JFLul g Al
A . ool wivtEze] YWRA L= 9FA Y PMEE BZA A E

dr

qﬂ Ll

X
=

Table 4. Effect of SOD or 3,4-DHF on bovine embryo development in vitro (r=4)

No. (%) of embryos developed to Cell number of blastocyst

Day 2 (Mean=+SD)
ay
Treatment >9-4 cell . - -
ay ay ay
= 8 cell = morula = blastocysts Total ICM

Control 130 96 (73.8) 54 (41.5) 41 (31.5)* 90.0+17.7 17.5+4.7*
300U SOD 128 95 (74.2) 51 (39.8)° 43 (33.6) 94.6+10.3 21.1+5.0°

10 uM 129 103 (79.8) 83 (64.3)" 57 (44.2)° 104.2+13.9 33.5+4.3"
3.4-DHF ) . ) 2+13. 5+4.

*Means in the column without common superscripts are significantly different (/40.05).

300 U sOD

a3 3. A wjole] o] A A )R, 300U SODA 2], 10 uM 3,4-DHF A2+
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Zhzke) Aelpel X WHE WY 8L A AL o] FANL FF AES 24} (2
10 uM 3,4-DHF A9 A7} iz 300U SOD Ao Ao}
7} (F 3 #2) 2 Ueh. 53 WRAE oA foF 2E

LHER

O iz ddxe Ao wieF 8 oad wjwtzruje] A ZolE xAME7] ¢l6)
-2 ¥% ZFBE o]&3ske AEY ROS (reactive oxygen species; 4 Ata%) @
A ek O, B4 A=s AL

(pixels/embryo)

(R S Y

o R oL

@ @ @
T

%

60

Level of H,0,
®

300 U SOD 10 uM 3,4-DHF
9 4. A wjole] ROS ¥4 A3k tiZ, 300 U SODA 2, 10 uM 34-DHF # 2
T, HO2 B85 (p<0.05)

Z}zve] Aol A weE v 89 Al mjwrE o] ROS HHE AN (Y 4 FX)
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oA 10 uM 3,4-DHF A& ollA wjgE wiwtz7]uje] ROS A/d-&e°] tixw3 300U SOD
A 2yl vws] & w FosiA Hadste Aoz SQld. wEbM St EolE A
o

d

O Eepuicols A7} wjole] ATAPES] Ve GFS A/ Astel TUNEL #4S 4

Zo3 A o] wjukE 7lul= 1mg/ml polyvinylpyrolidonez} & o]
W A 23}ar 3.7% paraformaldehyde o 1A]17F S¢F AL 1174
A3 n A wjols &Aoo g thA] AlFHEa 0.3% Triton X-100 &R o2 A Lo
A, Hiols OA] Hggdo R 23] AH v, BS AEAZ A=
Edo] 22w dUTP ¢} terminal deoxynucleo tidyl 2%+ &4 (Roche,
Mannheim, Germany) o 1Azt &<+ ¥Hg-& f%3tal, 40 mg/ml propidium iodide (P,

Sigma) ¢} 50 mg/ml RNase A & o 1A7HESk 3 Ja1g)

=& 300 U sOD 10 uM 3,4-DHF

12
10

ApoptoticIndex (%)

0
== 300 U SOD 10 uM 3,4-DHF
a3 5. ALt wjole] TUNELEY ZAx}; thz+, 300 U SODA ]+, 10 uM 3,4-DHF

AT, SHES tie A2 AFEE (p<0.05)
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£ AL Q5 ANS (Y 5 FR). oY AAE A D) Eepuicol= At
AE AES §o5] 2N ek, olE SOD Ak B3t 982 HT,

O Real-time PCR (polymerase chain reaction) & o]&3le] Aot wjole] FHx o

& 241
4 r B Control
3.5 | i W SOD
3 L -~ ] Flavonoid
s
2.5 * «
L *

Relative abandance
(4= ]

Sox  MnSod Casp.-3 Bax Survivin Bax-I Glut-5 In-Tau
19 6. Real-time RT-PCRE o] &3 &4kstA] A2 3 Alojdd wjoo] #x T A}

Gt AZE A7rE A9 v Aol FHA B vA = FEFS AR "N dix
o) Hlste] gatst &3 (SOX |, Mn-SOD 1), M=AFE 7HA (Caspase-3 |, Bax |,
Survivin T, Bax inhibitor T), thAlS Z7} (Glut-57), F4ES F7Hn-tauT) <9 #HAH F
AAE Tde] 10 uM Fgr ol A TolA 71 FosiA =4 deivde RS &<

g AAE (3™ 6 F=D).

O M7 =449 daregest SHtheol= A7t & A9 48 T2d vA= IF

drtzow wFrIHe aEEs e 20% BeH, 2LsEE =9 LT EE NE
92 Wt o7 10 uM Febnicol= Helo] mE ROS GAaEA/L WEge] Ve 4P
2 HEo] 2ASIEL
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Table 5. Effect of 3,4-DHF treatment under conditions of high or low
on bovine embryo development in vitro (r=4)

oxygen tension

Treatment No. (%) of embryos developed to No. of total
lls ACM)"

) Day 2 Day 4 Day 6 Day 8 ce
©: 34-DHF =2-4 cell =8 cell =morula =blastocyst Mean+35D
\ . 92.7+17.3°
High - 126 94 (74.6) 56 (44.4) 36 (28.6) (90.947 7"
(~20%) " b 107.6+13.4°
+ 126 98 (77.7) 66 (52.4) 54 (42.9) (35.5+£10.3)®
) . be 129.3+13.1°
Low 123 98 (79.7) 73 (59.3) 60 (48.8) (39.5+13.5)°
(-5%) + 123 102 (82.9) 78 (63.4)° 66 (53.7)° 159.2215.5
: : ' (42.8+12.0)°

Means in the column without common superscripts are significantly different (&X0.05).

AREETE =& 20% wigr) B Ko AAEEvE e 6%) wldr] A e
Hlol7l foJ3h Al E2 wiNkETE] FAES UEHon, o7 FHReol=E X3S o
s o 2 ol S FET 5 ASS Istds. =3 oldst 3= MEF ZALA]
T ARG v, FAEF F7F B ot WRAEASF FUIR olojx] A7E wjol 43
o $& AEEd B AaF ¥4 JAVE Ut deS FAsEs GE 5 R

b, 5% AATE wdEE st A mdAdel 10 uM F2tRkol=E HIlstE
FEAL & AYFASD Fel wivtEsn 22s 3L F AES 2L WRAEy 5 0 g
A aF: AR e, AEANES A 9 48R4 288 S7M5e 59325 dehiol &
S AT A L AA x| BAFHG S FE5A o] &E F AL A= V]
=R

*o] o] W82 Journal of Reproduction and Development 2011 Vol. 57 127~134¢) A A E.
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—Original Article—

3,4-Dihydroxyflavone Acts as an Antioxidant and Antiapoptotic Agent
to Support Bovine Embryo Development In Vitro

Keum Sil LEE'*", Eun Young KIM"", Kilsoo JEON'*, Ssang Gu CHO* Young Joon HAN",
Byoung Chul YANG®, Sung Soo LEE*, Mon Suck KO, Key Jung RIU*, Hoon Taek LEE and
Se Pill PARK'~

""Mirae Bistech/leju National Liniversity Stem Cell Research Cenler, Seoul 143-854, ¥ Departrnent of Ammal
Biotechnology, KonKuk University, Seoul 143-702, UM ational Institute of Animal Science, BDA, Suwon 44 1-706,
WiNztional Institute of Subtropical Agriculture, Jaju 690-150 and S'Faculty of Biotechnology, College of Applied Life
Scrences, leju Natonal University, feju 6890-756, Korea

Abstract. The effects of two anticidants, superoxide dismutase (S00) and the flavonoid 3 A-dihydrowyflavene (DHF],
on bovine embryo development in mitro were examined. Blastocyst development, total cell and inner cell mass (ICh)
numbers, intracellular levels of reactive oxygen species (ROS5), apoptotic indices and gene expression levels were
examined before and after treatment of day 2 bovine embryos (224 cells) with various concentrations of 3 4-DHF or
50D for & days, Statistical analysis was performed using analysis of variance, with significance defined at the P=(.05
level. 500 had no significant effect on bovine embryo development at any tested concentration (contrel, 32.8%.; 300U/
ml, 33.9%; 600 U/ml, 24 2%} In contrast, 10 g 3,4-DHF promoted higher blastocyst development (39.3%) than any
other concentration (control, 26 7%:; 1 ub, 30.3%; 50 gM, 20.5%; 100 aM, 20.5%). Compared with 300 U/ml SOD, 10 g
3 4-DHF resulted in significantly higher blastocyst development (44.2%) (control, 31.5%; 50D 300 U/ mi, 33.6%]).
Treatment with 3 4-DHF increased the BCM cell number and reduced intraceflular ROS production and apoptotic cell
numbers. When Ch tension was decreased from 20% (high tension) to 5% (low tension), embryo development rates
were doubled regardless of 3 4DHF treatment. Under high Oy tension, 10 M 3 4-DHF treatment may render bowine
embryo development similar to a low Ok tension environment. The best blastocyst development was obtained under
low Oy tension plus 10 oM 3 4-DHF treatment. The relative expression levels of antioxidant {Mn50D), antiapoptotic
{Survivin, Bax inhibitor} and growth-related genes ([FN-1, Glut-5) were significantly increased after 3 4-DHF treatment,
while the expression levels of oxidant {Sox) and apoptotic genes (Caspase-3 and Bax) were reduced. These results
suggest that 3, 4-DHF may promote the i vitro development of bovine embryos through its antioxidant and

antiapoptotic effects.

Key words: Antiapoptotic, Anticeddant, Bovine embryos, 3 4-Dihydrosxyflavone, Superoxide dismutase (SO0

(J. Reprod. Dev. 57: 127-134, 3011)

n vifro bovine embryo production generally invelves oocyte

maturation, fertilizaton and zygote culture. For in witrg cul-
mre of manmsalisn embryos, an environment consistme of 3% CO,
sl 95% air {~ 20% O total) is widely used [1]. However, a high
0 concenmration dunng m virre culmre mpedes embryondc deval-
opment, perhaps due to the incressed sccummlstion of reactve
oxyzen species (FOG) in the cytoplasin of developing embryos [21.
These RDS are highly reactive with imfracellulsr macromolecunles,
inclading proteins, lipids and DNA | and may canse siznificant dys-
funcoon such 85 enzyme mactvadon, mutechondnal abnommalides
or DMA fragmentation [2, 3] Living organisms possess natral
protective equivalents BOS5 scavengers, which are intrzcellular
antioxidants that counteract the negative effects of OS5 [4]. How-
ever, sntoxidant levels m wifro are lower than those m vhve, thus,

Becesved: Fabnaary 18, 2410

Acrepted: Otober 5, 2010

Published online in I-5TAGE; November § 2010

C2011 Ty the Society for Feproduction and Developmen
Comrespondence: EY Kim (e-mail: jlokeyiipaan com), 5P Pack {e-maail:
spparkicjefuna ac kr)

*ES Lee and EY Kim conmbuted equalty to this work

antioidant supplementaton of the medium may support improved
developmental capacity [3, §]. Antceddants mclnde enrymes such
a5 superoxide dismutase (50D}, catalese and slutathione peroxi-
dase, as well as cysteine and sscorbic acids and alpha-tocopherol.
In the antioxidant system, S0Ds are the initia] enrymes that pro-
muofe the comversion of an anion superoxide o HoO,, which in mm
1s removed by catalase or ghitathione perostidase. $0Ds are char-
acterized by their metal cofactor requirements and sabcellular
localizatons.

The souctares and fimctions of favonoeids have evoked consid-
erzble interest becanse of thewr antioxidant properties. The
flavonoid smachere is shared by the monomenc Ssvonels, Aavones
znd flavanones. Some fsvonoids exhibit potent sntimmor proper-
ties and can modulate apoptosis, differentistion and the cell cycle,
probably by virtue of their antioxidant functons [7]. Flavonoids
may inhibit the gensration of primary oxyeen radicals and subse-
queat oxidation chains, since they are effective chelators of
ransition metal ions [B]. The number of hydroxyl sabsttons in
a fiavonoid is thought to be 3 cnfical factor in its ROS-scavenging
abiliny [9].

The present smdy examined the use of a flavoaoid as an antoxi-
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U SR o= AP AAE Fol4 Hiote A AF H AFZE EAL AL
In Vitro Development of Somatic Cell Nuclear Transfer Embryo Treated with
Flavonoid and Production of Cloned Jeju Black Cattle

Abstract

This study was to investigate the effect of flavonoid treatment on in vitro
development of bovine somatic cell nuclear transfer (SCNT) embryos, and their pregnancy
and delivery rate after embryo transfer into recipient. In Exp.1, to optimize the flavonoid
concentration, parthenogenetic day2 (= 2-cell) embryos were cultured in 0 (control), 1, 10
and 20 uM flavonoid for 6 days. In the result, in vitro development rate was the highest
in 10uM flavonoid group among treatment groups (control, 49.5%; 1 uM, 54.2%; 10 uM,
57.1%; 20 uM, 37.5%), and total cell and ICM cell numbers were significantly higher in 10
uM flavonoid group than other groups (p<0.05). We found that 10 uM flavonoid treatment
can significantly decrease the apoptotic index and derive high expression of anti-oxidant,
anti-apoptotic, cell growth and development marker genes such as Mn-SOD, Survivin, Bax
inhibitor, Glut-5, In-tau, compared to control group (p<0.05). In Exp. 2, to produce the
cloned Jeju Black Cattle, ranking number 1 bull somatic cells were transferred into
enucleated bovine MII oocytes and reconstructed embryos were cultured in 10 uM
flavonoid added medium. When the in vitro produced day 7 or 8 SCNT blastocysts were
transferred into a number of recipients, 10 uM flavonoid group was indicated higher
pregnancy rate (10.2%, 6/59) than control group (5.9%, 2/34). Also, in 10 uM flavonoid
group, two cloned calves of Jeju Black Cattle were born (Mar. 11. 2009 and Sep. 09. 2009)
and both of them were all healthy at present, while the one cloned calf born in control
group was dead one month after birth. In addition, the result of short tandem repeat
marker analysis of each cloned calf was indicated microsatellite loci of 11 numbers were
agreed genotype between donor cell and cloned calf tissue, while surrogate mother tissue
was different. These results demonstrated that the flavonoid addition in culture medium
may have beneficial effects on in vitro and in vivo developmental capacity of SCNT

embryos and their pregnancy rate.

Key words: bovine, SCNT, flavonoid, Jeju Black Cattle, pregnancy

o ok
a2 5
B A7e EEEclE HErt AAE Fol Hjole] A W] WA= FFS A}
$at obg el olF wojel B o4 F UAE U o
1 A+ St rol=9 FHAAFTEE dolE 7] Y3l

27DE 0 (x), 1, 103 20 uM 9] Eeti ol Aoz o] 6Lt v g+



2 Ay 10 uM EgH o= Ay oA 7 =& widgeS Jeha (ERL, 49.5%; 1
uM, 54.2%; 10 uM, 57.1%; 20 uM, 37.5%), FHEF2} A3 =

(p<0.05). T3 10 uM SR xol= AHYTL x| vHlal AZIAIEAFTE FYeA AN
Z ™, Mn-SOD, Survivin, Bax inhibitor, Glut-53} In-tau -2 &4ks}, JARE, H]E.i_*é EU 1y
gEA fA7e BHE FolaA Eole RS TS (p0.05). AP 2

256 0o AATE ol8sel AT Aol AulolE ALY THE 10 M Eehieol=
A7be vyl A9l wjeFste] g o] ofAstR™ ul, HEw(.9%, 2/34) o Bls| A&
o] (10.2%, 6/59 =2 AL s Aw. TS oAM= FAFIA7 A F g8 A F&
Ui ZgiHol= Ay ToAe Friglr AAFHoZ ejojyd (Mar. 11. 2009 and Sep. 09.
2009 AF7HA A7E AL s HE 01 STREAANAE, Hold EAis dgrzza
g2w 1170 w7 27 AAE} 593 Aoz HNS. & A7 2= dd W =2
ol H7PF AME 3o]4 ujole] Ao, AW a2 JAE Ao a3V} S-S UE

H‘

=

AAE o] 7ee ETFHEES oA FoA AFTHEE o]FolA 3. 1997d F=9]
Wimut 5o] Tkl A ﬁii A Follo g EAs s AL FdFg o]F F
(Wakayama &, 1998), €44 (Baguisi 5, 1999), = #] (Polejaeva 5, 2000) ¢} 31%Fo] (Shin &,
2002) & o3 £ 04?7447} BHuFEgon, B4 4 ke 739 1998 Kato 53 Cibelli
SOl oaf A7 27 Hud vt i, fEyEelAE Im 5 (200D o] -9 HAl & ALkl

o
et B3k vh 9lg. 2y AAHE oo o3 EA| 4 *EJ 8L AFFAHoIY A9
FA] HlE] uj$ vro} Ewkgo] 7% mwk HEQ AHAoE HIFHI S (Heyman %,

2002; Yangs, 2008).
<] s 71AE g oy G
A9) Wik B7, WA wole] o4 F A me
ol S g, webA, A 95 wjobn
153 k" BH WAy S %_1,:_@_1- 7]. 1:-] =owvg aﬂo]/\]oi

\__1__1_.

ox L omr XY
)
S
1>

*15

AT lo
ox
>
2
- 8
oxl
)
rﬂ{
o

A2l A9 Wi AN AtavE EIETE w§ ol 020%) Hiole] A|lEE o
g4 2HAF (Reactive oxygen species; ROS) o] A\ H KTt Wo] FHFo =R wf Ug A3
of fglo]l H. AT AEHEWe dwld, A3 DNA9E 22 A&t} whgste &
& 844 A, rEZE0L 7F ol 22 F83 7F oS do7]a DNA 9SS of

718 (Halliwell 5, 1989; Guerins, 2001). Alo}le 713l o]gldt ROSE HAst: 32ks)
40| AEd W EA5h A9 v A =EdH dAY wjole #ES A EFEE 9
A

==
obd Wrjo] glormw FASAE widel H7bste] AMESHA HW H) dEES AN
Jo= AT Hvl . I o superoxide dismutases Y catalase &=
cysteineo| 4 b-mercaptoethanol 2 4> ujo} Hj °k°ﬂ ] glutathione 4% %—7}/\]?4 4374
ZAse B HES NAAIE Aoz LelA 91, Vitamins EE &4
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Axe s AT F Jde Aoz I A AL (Takahashi 5, 1993; Lim 5, 1996;
Caamano %, 1998). 23 & o2 A9 wjdsAoA vjdkd Yol 34ketA19] H7le W& =8
skowEbA, Ay ST vlgS S A2 F2EsHA] sfitoe] AlEFH O FE o] Fo XA 3o

Aol AwE FAHAN Sehuieolst Sehui, Hehi, Sehibsn Sehubey Qe
Gt BFHTRE o] FolA 9o Yre] EehuwolsE YT FFYF JFE Yt A
o2 A Y, ATAE, AEFVIS REHEL 2ESHE GUF /15S Jeadn 2eA
g EF Fehuwolme] AHH JPRE A&ATZ 7] WAL gop AN NS

P
%

A FTAE & dAe, 5N AHST FAE 2+4 A7 ool 32~37C Ag] 24
Aol At AFAR &Rkt § Aol 2~-6mme] GEZFHE A FHst A8 AS. AA
il Asdate dFAE7E FEREOJA Aol ddd ARk AE
93l TL-HEPESZ Al &3l 10% FBS (Gibco-BRL, Grand Island, NY, USA) 7} #H7}=
TCM-199 (Gibco-BRL) v eFede] 0.2 mM Na-pyruvate (Sigma, St. Louis, MO, USA), 1 mg/ml
FSH (Sigma), 1 mg/ml estradiol-17b (Sigma) ¢} 50 mg/ml gentamycin (Sigma) & o] 38.8C,
5% x84 20 A|ZE FF A9 wj gt AsS TR

ol
2

SR FEo} A9 wy

o AlS ), A9 A<E dAE 1 mg/ml hyaluronidase (Sigma) & o]&-3te] A
X2 AAs FE83) AFH3 oS 5 uM Ca-ionophore (Sigma) ©f 5% =ZA]7]aL o]ojx 2.0
mM 6-dimethylaminopurine (DMAP) o 3A]7F wjfsle] &AFE FE=392™ 3 mg/ml
FAF-BSA (Sigma) 7} E9]3l+= CRlaa ®j ol o wjefstar vk 4 Aol 10% FBS7F &9
A= CRlaa vjFHo] A 497 F7F viSstAds. oldo] AP 2Ty SFghieol=
[3 ‘4’ -dihydroxyflavone (ICC, INDOFINE Chemical Company, Inc, NJ, USA)] & 1, 10 z} 20
uM A g FoE Yiro] Hf WIS AR EetExolEs 2Y Ao wjgde] HIt

&=

EEER
MRE e MES S Thed 2e W olFAAMWES Bl AAsds. 1%



triton X-100 (Sigma) 3} 100 ug/ml propidium iodide (PI, Sigma)”7} %7} TL-HEPES & <A
30%7F Agls & ut= 25 mg/ml Hoechst 33258 (Sigma)7} H7}E 100% ethanol 8¢ 2
4C oA T2 7kA] AXAZ. G E wigtE 7= glycerol2 A& st o9 FF=4S A
A g2 EFol=Zgo 2 dF dv|4d (Olympus, Tokyo, Japan)e] blue ¥
(excitation, 330~385 nm; emission, = 420 nm) 3}ol| A #z3to] WREA LI} FgFofuF AxE
TE BAAS. olwol iRtz Y WRAEHE BEA dPGHAES BEFA G E] F7
5

=

M EAE (Terminal deoxynucleotide transferase-mediated dUTP Nick End Labeling; TUNEL) &
23

v ukE 78] = 3.7% paraformaldehyde (Sigma) o 1Azt A& AA|sta PBS & A # 3}
o 0.3% Triton X-1002.2 1A+ IEFE F=3 wlol= dA] M AHS v, Fo] Add 37C
kol FFEHol R® JUTP ¢ terminal deoxynucleo tidyl A% &4 (Roche,
Mannheim, Germany) ° 1A%} wH§-A]7]a1, 40 mg/ml PI®} 50 mg/ml RNase A (Takara, Shiga
Japan) &4 ol 1A7F 3 QA5 AAF whgo] 2 Hjole Fw3] AMFHsL SEhol=
gt2o] 274 FFdAv)7d el green EE(excitation, 460~495 nm; emission, 510~550 nm) <} red
ZE (excitation, 510~550 nm; emission, = 590 nm) &}ol|l A BTZ3F Hjo} W) AoldE A E 3
°o 1:17] oﬂ/\ﬂg‘— =] a=c) /\}ttl zsuo l-:/\ﬂoi Oﬂ/\ﬂﬂﬂz]/\-] ,q__p]ﬁrg]‘— OE}\LQ L}E}LHUE s 7].
WS A ZAFOZN FHEYFAAM APEASFE NESZ YERY o] AEZAIEHEE A

A A
i

Real time -PCR& ©] &3 3z & #£49

mRNA+ v}1d]g ®]= (Dynabeads mRNA purification kit; Dynal, Oslo, Norway) & o]-&
sl =23 Y3 o wjolE (W 157)) 100 ul &3i/2 & ¥ 3 [100 mM Tris-HCl (pH
7.5), 500 mM LiCl, 10 mM EDTA (pH 8.0), 1% LiDS, 5 mM DTT] o] ¥o] Ao 587+ u
HhslH A wkE-S ‘IT—'—O]’J— ol 7]e] 50ul oligo (dT25 wtaug HI= &H& Yo ThA] 5&3E
HES-A1Z). vyl vl =o] Z3E mRNAE Al#E =3 A [10 mM Tris-HCl (pH 7.5), 0.15 M
LiCl, 1 mM EDTA, 1% LiD] & 23] Al&3sla, ¥y B [10 mM Tris-HCI (pH 7.5), 0.15 M LiCl
and 1 mM EDTA]Z 13] 4|23 t}S DEPC water 15ule] pelletS o] wl1uE H| =2 FE
mMRNAAREE 53t cDNA FAHL F=3 mRNAZ HE oligo (dD) 12-18 =zgo]nje}
superscript reverse transcriptase (Invitrogen) & ©]&3}o] o]Fo]x. Real-time PCR (Bio-Rad,
Chromo4) o] A}8% =ZglojH= ¥ 39| YeEl i} e BEE Ao 3]2E 2a mRNAS
7102 A3 A3+ DyNAmo SYBR green qPCR 71ES AF&3F PCR#HA L 95C oA 15
27t Hiﬂiﬂr@% AR O, S AFES 98] 94CeolA 30x7F 50~56C 1&7F 72C 1&
FHF=HS 3 olw 2] melting curve= 65~95C, heating rate= 0.2C
[sec <. SYBR green 834 ZA3E PCR #A4 9] extension ©A] ZFof] =43}
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Table 6. Primer sequences and cycling conditions used in real-time PCR

_ , Annealing Product
Genes Primer sequence (5'-3) .
Temp. Size

F-GTCTTGGAGTACCTGACCGC .
H2A 56 C 201 bp
R-ACAACGAGGGCTTCTTCTGA

F-GCTGCTCTGGACTGTGCTGA .
Sox 56T 247 bp
R-ATCCAGTAATCTCCTCCAGC

F-AGCACGAGCAGGAGACTGGT .
MnSOD 56T 287 bp
R-GTCCAGAAGATGCTGTGA

F-CGATCTGGTACAGACGTG \
Caspase-3 50C 359 bp
R-GCCATGTCATCCTCA

. F- CCTGGCAGCTCTACCTCAAG \
Survivin 56C 233 bp
R- TAAGTAGGCCAACACGAAAG

F- GCTCTGAGCAGATCAAG’ .
Bax 56C 400 bp
R- AGCCGCTCTCGAAGGAAGTC

F- GCTCTGGACTTGTGCATT .
Bax  inhibitor 56T 374 bp
R- GCCAAGATCATCATGAGC

F- TTGGAGAGCCAGTGAACAGT .
Glut-5 60C 292 bP
R- TGCTGATAACTGTCTGCGCT

F- ATGGCCTTCGTGCTCTCTCT \
Interferon-tau 55C 356 bp
R- AGGTCCTCCAGCTGCTGTTG

2 AME o] Aujore] AL F A L] ujk

AAded A 3 JdA= 0.1% hyaluronidase”t #H7Fe TL-HEPES wj ek ol A GEA X
g AAS F A 1547 HEd IS AEste] ARSS €39 dAl+= 0.5 ug/ml Hoechst
33258 #} 7.5 mg/ml cytochalasin B (Sigma)7} 3 7}¥ TCM-HEPES& oA 10&7F J23 F
FFA A st A Al 15A 9 AE AATT. T AAES 20089 AFEEAA
2 AFZL 29 (BK01-103} BK94-13)2] AMEES AAFste] A o)A uleks}
#AE o= FQ Al Falste] 515 Athe MEE AFEE. o] Al Fo] AA3
0.25% trypsin-EDTA &4 o 2 xgjsle] dUdA xR Eg3 & 10% FBS7 H7td A AE )
Aoz g MHG & oAl PBSE AlHsted FHIeEA 10~15 mm Z7|9H& =2 AAME F
dE& Ao m o] AAE FI A FHU} AEA Alold] From FPF AMEI} F
dE FA= 0.3M mannitol (Sigma) &A1l A LF101 Electro Cell Fusion Generator (NEPA
GENE, Shioyaki, Japan) & A}&3led AF (DC) &2 20 voltollA] IpulseZ A E §3S AASHA
o AEFE oAFE 308 Fo BE3 gFto] FlE Holx e 5 uM Ca-ionophored] 54
=FA17]1a 2.0 mM DMAPo A 3A1Z7F &<t vl st dEAS FES. doja & &3t A
" A= 3 mg/ml FAF-BSA7} 9] %l CRlaa &9 &7 wldsta vt 2427 Al 2
H E2&F7F Rol #ol2] Hjol= 10% FBS7F 0] 9+ CRlaa WA o= A A9 35 Hj
FS AAEtF e vt 2AAFE FgRolE MY FAHYTLE Yol g

bt

23

offt r
fibd o
e/ e

=
o

b

0%

H

]
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dolqulole] ol R AME BAlL AN

@9 CIDR-PLUSE A 743 A8t A A= FY PCGF2a 25mgs Fo3te W
Hoz IAGF7|E FEF ETHEEoE HIT v FHIHTLZ FE d2d A wjd
8d A EA wiwtxr] djole A T8t AEgE FHF ddTET BAHA EHE Holal F
A o] Y (4 #E 77 84A) A HAALE T A AEHVF S5 MAE AEs)
o FAZL EAEtE Abe Al 47 1-27) oA FE-Y A JAde FAT o4 F 2/hd

F5 AGg E8A1717F 7H7ke] & 109~20Y ARH Feh-¢
3

of Al f+5 HAst7] fsf o]l
¥ FHA 2GS AAR Ao A

in SHst, o= FHA 24

ofl A A Al 3 o} -

£ =A}gh ISAG (International Society of Animal Genetics, A S&/F183]) 11719 A 7+

W EAAASLS ARE3e] TGLA227, BM2113, TGLA53, ETHI0, SPS115, TGLA126, TGLA122,

INRA23, ETH3, ETH225, BM1824) 7} primer <] forwradel &% dyeE labelings}al per& A4

sk AAe] PCR 4HEe 3338 REA3= 3100 genetic analyzer 7]7]1E o] &3l M=

peak =75 ARt Z4zhe] RARJIAES WHEAS AL HAF Ade HARE BE

2 Aol 92 & AS A APGsta 34014 FAA FHYol Bdx & A A

A7k ohdetn B3 .

>

SAAEY
ok Skl o)A wjole] A& wdbag, M X4 XA}, apoptotic indexe} &HA W
& vl i3k A= SAS programS o] &ste] B3R ow, HEt f2AS Duncan’ s

multiple range testE o]-&3sto] HA g

S~
Y
bl

N

(o3

29 | wjore] Aejujfde] FepRimol=e &
R 49 2g. AYguigde FelRol=5 0, 1 uM, 10 uM%} 20 uME 3

7FeE S o wieF 8Y A wiwbyxr] whago] Z4zZb 49.5%, 54.2%, 57.1% 2 37.5%= E2T
o wlg) 10 uM ZepRol= A Fe] wiwE sl wEgo] foldAe o AMdEe A
S gAgh A, 10 uM AT Blasted 1 uM APl E AR d2ES Yebd v
20 UM AT FAl B WIS Uehd Ed o3 YFAAL 5T AEF 2AA
= olEw, 1 uM 20 uM At FAESs WRAEASFE fol3 Aot 9dd whd
10 uM A7 FAZFY WRAZHSE 27y g2 ol v8 fodoz =4 u
B GE 5. mEbA, Aedged AEs 24} 2Rs ngoz ZEnxol= A HAHF

T2 10 Mg Ad 3}



Table 7. Effect of flavonoid treatment on in vitro development of bovine parthenoge-
netic embryos

No.(%)* of embryos developed to

Flavonoid No. of total cells
treatment (xM) Day2 Dayd bayo b (CAD®
>9-4 cell >4-8 cell >morula =Dblastocysts
112.3+13.7°
1. 1 4 ) ab :

0 107 98 (91.5) 89 (83.D 53 (49.5) (29.3+2.5)*
117.0+14.2°

1 1 ) 2. 4.2
1 03 91 (88.3) 75 (72.8) 56 (54.2) (34.3+7.6)
139.2+9.0°

_ _ 17
10 112 105 (93.7) 98 (87.5) 64 (57.1D (47.8+7.8)"
133.2+10.5®

b
20 112 102 (91.0) 96 (85.7) 42 (37.5) (26.8+11.0)°

* (p<0.05)

EHExol=E At & TedAufote] Al EZAbE ] v 'l{— I
10 uM SR =olE A Fio e Aleufd

A7) 98] ZF ) wiRFE 7] ¥lE TUNEL 245 AAE 23

Aol FAEXZFE FY3 AolE UeA| oy A%

T (12£3.2)°] 2

At mA = S £
a9 33 2L
(apoptotlc index)< o=
As A3

131 10uM ZetHxol= A2 (4

200 um 200 um

12

[
=3
=

@
Apoptotic index (%)
e

No. of total cell

Control Flavonoid Control Flavonoid

Fig. 7. Fluorescence microscopy images of nuclei of bovine parthenogentic day 8 blastocysts
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by TUNEL staining. A) Control group; B) 10uM flavonoid treatment group; Green: fragmented
DNA, red: chromatin. The total cell number of cells (C) and apoptotic index (D) of bovine
day 8 blastocysts cells. Star indicate statistically significant differences between two groups
(2<0.05).

ZaRolE A b & S uAl wlole] §AA wEe] nxE Qak
ZZHEolE Azl & a9 A9 wd Al FAA LdHo mxe=

real-time PCR EA1< &3] ZA. tiz#3 vluste] 10 uM Z2hH ko]

frAxbel Sox wde] Aok FaFsFAAL Mn-SOD o]

& = AR, AAEFAA Caspase-39 Baxe] Hd& A

inhibitore] W&ol frolstA F7tE o] AEAIERAE A7) USS A5

ALel #HEE Glut-59F 2/ #FS1 In-taue] Wdo] SR zol= Aol 72 0}74 =1

e S AR (9 8 F=2).

()

4 7 ] Control @
] B Flavonoid *
g 37
= | .
32 . n
| |_i |_L |_L _
0 T T T
Sox \In-‘s(}l] C l'1-|H'\L‘-3 Survivin Bax-ithh.  Glut-8 In-tau

Fig. 8. Relative abundance of oxidant, apoptotic and growth mRNA expression in control or

10uM flavonoid treated bovine parthenogenetic day 8 blastocysts. Significant differences are

indicated by *(p<0.05). Values are mean+SEM of three separate experiments.

& AMEFA vjore] Ao FetRzolE HYrt X FF
AAE ol & datd EA wjo}E wjd 2R FE }Fo] 10 uM SR o= A g

AAF. 3 5ol thEkd wsh 2

= =<
T A9 v HEEy o]FHF JME o] &3 AESF B
o], A< wiF 8L A wiwrE7v] &L SR o= fﬂal 30.7% 2 2T 26.0% KTt

o]
o Eton EF M ES (164.3+13.5)9 WA )= tizTe] 23 (135.6+£6.3,
()

35.6+6.9)9} Hl W3] GoHog =& AL I
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Table 8. Effect of flavonoid treatment on in vitro development of Jeju Black Cattle
SCNT embryo

No.(%)* of embryos developed to No. of total
Flavonoid . cells
treatment (M) Day2 Day4 Day6 Day8 (CM)*
=2-4 cell =4-8 cell =morula =Dlastocysts
135.6+6.3°
0 119 82 (68.9) 69 (57.9) 31 (26.0) (35.6+6.9)°
164.3+13.5°
10 114 80 (70.1) 59  (BL.7) 35 (30.7) (50.0+5.8)°
*(p<0.05)

FetE o= A2 @FowRE AE AARE Ea) ajore] dA A

2 AAE SolAujolE Fetrmo|= Ay 47 meh Uro] Mk § F A 8
A AE ANEA NS g2 o3 E 7o) ek ulel o, ET o A5 3TN
2% 5.9%)7F dA=H WA :ELE}EL:O]E APt AF 59FANA 65 (10.2%)7F L4A1H. o]
F 104 A HETAAE 25 F 1571 wAGRod A 0UAN Fol dopsle A &
2 7987 ole Y W, Fehrwol= MEEe] A% QA & 6% F 4TE Y4 671l
FAE T U A 2% o)A 2% Bl & () 7F ejold [2009. 3. 11 (28kg BK01-10, Fig. 5)

=+ 2009. 9. 9 (27kg, BK94-13)1.

Table 9. Jeju Black Cattle SCNT embryo transfer and their pregnancy

Flavonoid No. of transfer. No. of No. of No. of
treatment (M) surrogate mother Pregnancy Birth calf Living calf
0 34 2 (5.9%) 1 -
10 59 6 (10.2%) 2 2
*(p<0.05)
o

2 AF= AF S5 AAE ol wjolE A LJuld ol AoiA wjgd el FitskA)
g4 Zelr-ol= (34-dihydroxyflavone) & A elslH<S o, 29 wjdago] Adz ww

9]

2719 F MEF B WFAZAFIE S8R o] Aufole] o] 2 Qs P Akap A
AEE FYA AAEUAY v, ZEPREol=s AAE FHo]a Hjole] HHOO}:;§7]-ZJ]§ o83
ol g F ASS Y. w3 E AFPoME SgHol=9 HA Fxe g EHE XA}

317] $1stel AAE o2 wlote] A g5y GA BLA wjole] 1 ALE ARE 2AF. F
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R xo]l=2 1 uM, 10 uMZ 20 uM =52 Uyo] T3 vlu ZAFEY vl 10 M 5%
o +

A oags 2 F XS 318 SAsgon 535 WRAEaS 318 S

Az dEY F7F agla Y fExke] wd 2 9le FAld FI)
= FAT] AXEGS 5 BdES T8 O 29 B AFelA AME Fojoz ugdE u)
ole] AEFES B F AEFMuk oYz} Al

2 AFoA dAELe HE2TH SR solE Aol Z2 5.9% (2/34) 9 10.2% (6/59)
2 UEga, fz2TdA 25 F 157 £YEo] A $ 309Rkd S5 SERE do] Tl
U, FetE o= HETdAe dil & 6F F 279 AL (33.3% & U4l 282 A7 Hjof
+ o1, BK01-10) ¥} 292 (7 wjo} + o]2] % 2859, BK94-13) o Z+z+ ejoir}
7
£

2}2]
A AS. BeRwolSE F4 & wjote] wad] WS F89 FUE BIAL 2

%)
1>
+
DN
\]
(@)]

2 AFolA EvtE & F 20099 349 119l Ejold AWHA AFHS HA & FFE0]
] z Q) (

(3, 2009 84 3194 =&7H, Fig. 4) & dEde 5% 5 FFFLo] AL 53 T2 BK
01-10) & HAZ Aeolm, 20099 9¢ 9ol Blojd FHA HA & FAl=e] (3, 20104 64
16 370 = 2P Aol ¢t T ALETE i 155 o8] 95% o 2d&S H
ol FEF (BK 94-13) & HAF AQ. 53] FuA ~e 20089 =50 H 7 £F o
43 Aoz B4 29 s Halgd A0 x Aoz A AFESY S4d =
%o B oz Bl FAW ALt o]y uole KA YA JRE STR
(short tandem repeat) #2402 ZAlsled 11709 A & mpAS} 71K BF X3t
o

Y

A wjole] ABEE GA AFIUZ, FAL B e AR AP g =
o o8} esiA gomz ol e Al B52 AFs
o]

to M rr

*olAlo] P8 ZFYEF £ (YIS 10-2009-0035112) 2 E3F 5= (A 10-1010156) 3t
11, Reproduction Development and Biology 20101d 34@ 127-134¢] AlA €.
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in Vitro Development of Somatic Cell Muclear Transfer Embryo Treated
with Flavonoid and Production of Cloned Jeju Black Cattle

Eun Young Kim", Yeon Ok Kim', Jae Youn Kim™’, Min Jee Park'™, Hyo Young Park',
Young Joon Han™ Smng Ho Mun', Chang Eon Oh’, Ymmz H:mn Eim®,
Sung Snu Lee’, Moon Suck Ko’ and Se Pill Park’™

Mirae Biotech, Seoul 143-83, Torea “Jeju Natiemal University Stem Cell Research Cemer, Seoul 143-854, Korea,
I.Igm' Kational Univerzity, Jegin §00-736, Eorea.
Tgin Sperial Self Governing Provises, Frstirue for Livestact Promotion, Jeiw GO0LI50. Eorea
National Instinute of Subtropical Agriculmre, Jgju G00-150, Korea

ABSTRACT

This study was to investigate the effect of flavonoid treatment on in vitro development of bovine somatic cell
nuclear transfer (SCNT) embryos, and their pregnancy and delivery rate after embryo transfer into recipient. In
experiment 1, to optimize the flavonoid concentration, parthenngenetic day 2 (= Z-cell) embryos were cultured in
0 (comiral), 1, 10 and 20 pM flavonoid for 6 days. In the results, in oifro development rate was the highest in 10
M flavonoid group (57.1%) among treatment groups (control, 495%; 1 pM, 5.2% 20 pM, 37.5%), and numbers
of total and ICM cells were significantly {p<0.05) higher in 10 pM flavonoid group than other groups We found
that 10 pM flavonoid treatment can significantly (p<.05) decrease the apoptotic index and derive high expression
of anti-oxidant, anti-apoptotic, cell growth and development marker genes such as Mn-500D, Survivin, Bax inhibi-
tor, Glut-5, In-tau, compared to comfrol group. In experiment 2, to produce the cloned Jeju Black Cattle, beef quality
index gnde 1 bull somatic cells were transferred into enucleated bovine MIl oocytes and recomstructed embryvos
were cultured in 10 M flavoneid added medivm. When the in oitro produced day 7 or 8 SCNT blastocysts were
transferred intn a number of recipients, 10 pM flavonoid treatment group presented higher pregnancy rate (10.2%,
&59) than control growp (5.9%, 2/34). Total three clonmed Jeju Black calves were bom. Also, two cloned calves in
10 M flavonoid group were borm and both were all healthy at present, while the one cloned calf bom in control

was dead ome month after birth. In additiom, when the result of short tandem repeal marker analysis of
each cloned calf was investigated, microsatellite loci of 11 rumbers matched genotype between domor cell and
cloned calf tissue. These results demmmstrated that the flavonoid addition in colture medinom may have beneficial
effects on in vitro and in vive developmental capacity of SCNT embryos and pregnancy rate.

(Key words : Bovine, SCNT, Flavomnid, Jeju Black Cattle, Pregnancy)

N OB (Polgjaeva 5, 200008} TskeliShin 5, 2002) 5 18 &
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The Use of Embryonic Stem Cell Derived Bioactive Material as a New Protein

Supplement for the In Vitro Culture of Bovine Embryos

Abstract

Embryonic stem (ES) cells are expanded version of the inner cell mass cells that compose
the early mammalian blastocyst. Components derived from ES cells may contain various
bioactive materials (BM) helpful for the early preimplantation embryo growth. In this study,
we examined the effect of human ES cell derived BM (hES-BM) on in witro culture of
bovine embryos. When bovine parthenogenetic day 2 embryos were cultured in 10%
hES-BM, a significantly higher embryo development rate (44.3%) and increased cell numbers
were observed relative to control medium containing 3mg/ml BSA(19.5%) (p<0.01). Among
the various concentration (5%, 10% and 15%) and days of treatment (2 or 4 days) tested,
10% hES-BM treatment for 4 days provided the best culture environment to support of the
growth of bovine embryos in vitro (p<0.05). Little difference was observed between 10%
hES-BM and 10% FBS treatment in examined parthenogenetic or in wvitro fertilized embryos,
although the hES-BM group developed at a slightly better rate. However, the ICM cell
numbers were significantly higher in the hES-BM group in irrespective of embryo origin
(p<0.05). In addition, the relative levels of pluripotency (Oct4, x1.8 fold; Nanog. x3.3 fold),
embryogenesis (Stat3, x2.8 fold; FGF4, x18.8 fold; E-cad, x2.0 fold), and growth(Glut5, x2.6
fold) genes were significantly higher in thel0% hES-BM group than thel0% FBS group
(p<0.05), while the levels of other genes (Bax, Bcl2, MnSOD and Connexin 43) were not
different. This is the first report examining the positive effects of hES-BM on bovine
embryo development in vitro Based on our results, we conclude that hES-BM can be used

as a new protein supplement for bovine preimplantation embryo development.

Key words: bovine embryo / hES-BM / differential staining / real time RT-PCR
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E Jdg&y vedl E (Kitagawa 5, 2004), &3 EIZHEF of~324H]4F (Hossein &, 2007),
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A Axpe] GdeEAS 9] A e wigE -G BEFAE 1 mg/ml 9 LT
EUGAE o] &3l WA dFMEE A A TL-HEPESHHE F#3] Axd o2 10 «M
Zgololemtolilo]l =00+ CR1 aa wigFdolA 5& &<k &A43E F=star 2 uM
6-dimethylaminopurinee] ¢+ CR1 aa BidAo]A 3AIZF FoF wjsh ojujo] A=
CRlaa #je¥ed o+ 3mg/ml A %Aako] A A (fatty acid free) A2 H ¢Rwlo] Tfeo] 9
I E ARY 7| wjgAe s ol &,

A48 A17] date CRlaa 7]% Hjkolo] Wol 27t wjokA]7) a1 4-84) 3
thA] CRlaa 7]E ok (2T 10% w53} wjol=7| A% G 2480 =
(AT ©F o] 388C =9 5% olibsterAd 2719 wjd7Iuel A 693t 7} vl st
Aol vk 8d A wiREEIIui7FA Y v} WEHEE HlAL ARG

|
e

Z73 Aol Al wit 8AA wEE wiErEZyuje]l FZQ ZolE ZALSHZ] 95|
G A 3 BAXY FE5 FA HAES & e olF G AAS 259 20
AANE, Z+ 79 szl E 1% triton X-1002 100pg/ml T2 3)t]e Qo sl&o] x3}
TL-HEPES &0 A 30x%7F A gstar (19A) 25ug/ml v 2=#lztupo] = (Hoechst 33258)7}

Real time -PCR& ©] &3 3z & #£49

mRNA+ v}1d]g ®]= (Dynabeads mRNA purification kit; Dynal, Oslo, Norway) & o]-&
sl =23 Y3 o wjolE (W 157)) 100 ul &3i/2 & ¥ 3 [100 mM Tris-HCl (pH
7.5), 500 mM LiCl, 10 mM EDTA (pH 8.0), 1% LiDS, 5 mM DTT] o] ¥o] Ao 587+ u
S A HEE-S -3k, of 7)ol 50ul oligo (dT)25 vi2dlg HI= £4-8 o] tpA] 587
WA 7. vt Bl=o] AdE mRNAE A28 wy A [10 mM Tris-HCl (pH 7.5), 0.15 M
LiCl, 1 mM EDTA, 1% LiD] & 23] Al&3sla, ¥y B [10 mM Tris-HCI (pH 7.5), 0.15 M LiCl
and 1 mM EDTA]Z 13] 4|23 t}S DEPC water 15ule] pelletS o] wl1uE H| =2 FE
mMRNAAREE 53t cDNA FAHL F=3 mRNAZ HE oligo (dD) 12-18 =zgo]nje}
superscript reverse transcriptase (Invitrogen) & ©]&3}o] o]Fo]x. Real-time PCR (Bio-Rad,
Chromo4) o A}8-% ZglolW= 3% 150 Yeld nio} 28 BE Ao 3|2E 2a mRNAE
710 2 AL8-3F ZA3= DyNAmo SYBR green qPCR 7]EE ARE3 PCR#IFAH L 95C oA 15
w3 RS A Y, SFH JEFS fs 94T oA 30%%E, 50~56C 1&%F, 72C 1#2
Z 40385 HHESIYy FFS=AHS ¢ o] 9 melting curve= 65~95C, heating rate= 0.2C
[sec o]t} SYBR green &3 ZA¥E PCR 349 extension ©A ZFo] =43k,
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Table 10. Effect of hES-BM on bovine parthenogenetic embryo development in vitro

=z /\].5']—

o

No. (%) of embryos developed to

No. "of cells

) Day 2 (Mean+SD)
Treatment -
=2-4 cell Day 4 Day 6 Day 8 Total M
=8cell =morula =blastocyst
Control 113 78 (69.6)° 50 (44.2)" 22 (19.5)" 58.3+11.5" 12.3+6.4"
10% hES-BM 115 95 (82.6)" 81 (70.4) 51 (44.3) 132.2+14.77  30.0+12.7°
Control: culture in CR1laa medium containing 3 mg/ml FAF-BSA from day 2 until day 8.
hES-BM 10%: culture in CR1 aa medium containing 10% hES-BM from day 2 until day 8.
" (p<0.0D) Y (p<0.05)*™.
& wsa e wdke] wolE AT AYBEALS 10% Aokt 1 9Fe 2AEHY

3
9 ouh, A9 v 4, 6L 8d=E XA w

2} 3mg/ml FAF-BSA A z2]gt thzxza3 249
o Zrel w) geEgo] ASA A7t AdeS & F AUS (F 107 19 9 FX). EEE
A g 49 ARE FE Aolrt vEb o ik S—MH A 7|l A &2 o= 19.5%
o vl Hel7e] AL 44.3% BA FoEA =S (p<0.0D).
TS AESF ZAMAME 27 E AZEE4EE Ao mintEr] wjol FAESF 2 oy
FAEAF7E 2o Hls] FostAl =4 e & 87 Zo)h) e A & HS o
A = de E O dd HIMAZA o] 7t Ao J|gE.
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Fig. 9. Morphology of the in vitro development of bovine parthenogenetic embryos cultured
in control CRlaa medium or medium containing 10% hES BM. Embryos were cultured in
CRlaa containing 3 mg/ml FAF-BSA (control group, C, E and G) or 10% hES-BM(10%
hES-BM group, B, D, F and H) from embryonic day 2 (A and B) to day 4 (C and D) or
day 8 (E and F). G and H show representative day 8 blastocysts in the control and 10%
hES-BM treatment groups, respectively, stained by a differential labeling method.
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Table 11. Effect of hES-BM treatment days on bovine parthenogenetic embryo

development in vitro

o/ No. of cells
) Day 2 No (%) of embryos developed to (Mean =SD)
Treatment =2-4 Dav 4 Dayv 6 Dav 8
cell ay ay ay
=8cell =morula =blastocyst Total ICM

Control 120 88 (73.3) 58 (48.3)" 25 (20.8)" 53.2+11.5" 13.1+5.3°
hES-BM-1 124 102 (82.3) 77 (62.1) 53 (42.7) 126.3+15.2" 30.0+11.4°
hES-BM-2 125 108 (86.4) 92 (73.6) 64 (51.2) 133.2+17.3 33.9+13.7°

Control: culture in CRlaa medium containing 3 mg/ml FAF-BSA from day 2 until day 8.

hES-BM-1: in CRlaa medium containing 10% hES-BM from day 2 until day 8.

hES-BM-2: culture in control medium at embryonic day 2 and then in CRlaa medium containing
10% hES-BM from day 4 until day 8.

" (p<0.01)* (p<0.05)"".

Table 12. Effect of hES-BM concentration on bovine parthenogenetic embryo

development in vitro

No (%) ofembryosdevelopedto No. ofcells

* Day 4 (Mean+SD)
Treatment =38 cell Day 6 Day 8
=morula =blastocysts Total ICM
Control 92 44 (47.8)° 21 (22.8)° 55.8+10.1° 13.1+£5.3°
5% hES-BM 90 42 (46.7) 42 (46.7)° 89.4+10.2° 16.24+10.1°
10% hES-BM 90 72 (80.0)° 57 (63.3)F 125.3+12.3¢ 32.0+13.6°
15% hES-BM 90 48 (53.3)° 45 (50.0)° 90.0+12.0° 19.0+14.5%

Control: culture in CRlaa medium containing 3 mg/ml FAF-BSA from day 2 until day 8.

hES-BM 5, 10 or 15%: culture in control medium at embryonic day 2 and then in CRlaa medium
containing 5, 10 or 15% hES-BM from embryonic day 4 until day 8.

7 (p<0.05)"*.
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Table 13. Comparison of FBS or hES-BM effect on bovine parthenogenetic embryo

development in vitro

. ofcell
No (%) of embryos developed to (II\I/(I)ear?ngDS)
T * Day 4
reatment -
=8 cell Day 6 Day 8 Total oM
=morula =blastocysts
10% FBS 93 83 (89.2) 52 (55.9) 103.7+13.6 18.2+7.6°
10% hES-BM 93 84 (90.3) 56 (60.2) 125.0+22.0 37.0+12.5

10% FBS: culture in CRlaa medium containing 3 mg/ml FAF-BSA at day 2 and then in CRlaa
medium supplemented with 10% FBS from day 4 until day 8.

10% hES-BM: culture in CRlaa medium containing 3 mg/ml FAF-BSA at day 2 and then in CRlaa
supplemented with 10% hES-BM from day 4 until day 8.

"p<0.05)*".
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Table 14. Effect of hES-BM on bovine in vitro fertilized embryo development

No. ofcells
Dav 4 No (%) of embryos developed to (Mean =+SD)
* ay
Treatment =38 cell Day 6 Day 8 o o
=morula =blastocysts
10% FBS 125 102 (81.6) 68 (54.4) 128.3£10.1 25.2+10.4°
10% hES-BM 126 110 (87.3) 73 (57.9) 143.0+15.5 45.0+8.6"

10% FBS: culture in CRlaa medium containing 3 mg/ml FAF-BSA at day 2 and then in CRlaa
medium supplemented with 10% FBS from embryonic day 4 until day 8.

10% hES-BM: culture in CRlaa medium containing 3 mg/ml FAF-BSA at day 2 and then in CRlaa
supplemented with 10% hES-BM from embryonic day 4 until day 8.

" (p<0.05)"".

200 um

Fig. 10. Morphology of in vitro produced bovine parthenogenetic day 8 embryos cultured
in 10% FBS (A) and 10% hES-BM (B). The cell number was examined by differential
labeling of 10% FBS and 10% hES-BM treated embryos (C and D), respectively.
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Table 15. Details of the primers and probes used for real-time RT PCR

Hjol=7| M A =4 A
FAAEE EAS real-time RT PCR 45 E3 XA
A=k (Oct4, x1.88 37} Nanog.
A2} (Stat3, x2.8¥] =7}, FGF4, x18.8¥) =7}, E-cad, x2.08] =7},
T8 AYTEG FYeA =&

Aoz &l

Product
Primer Sequence (5'-3") _ Function Accession No.
size
bOct4-F CTCTTTGGAAAGGTGTTCAG
155 bp ICM and TE AF022987
bOct4-R GTCTCTGCCTTGCATATCTC
bNanog-F TGGAACAATCAGTTCAACAA
157 bp ICM NM001025344
bNanog-R GCTGGGAATTGAAATACTTG
bStat3-F ATCTGAATGGAAACAACCAG
155 bp Cavitation AJ620655
bStat3-R TTCATCCGTGAGAGTTTTCT
bFGF4-F GAGTGCAGGTTCAGAGAGAT
150 bp Implantation NM001040605
bFGF4-R GAGGAAGTGGGTGACCTT
bConnexin 43-F TTCAAGTCTGTCTTCGAGGT
151 bp Compaction NM174068
bConnexin 43-R TGATGAAGATGGTTTTCTCC
bE-cad-F CCGGGACAATGTGTATTACT Biogenesis of
148 bp ABO037667
bE-cad-R GTACTGGGGCACACTCAT trophectoderm
bBcl-2-F ATGACCGAGTACCTGAACC
122 bp Anti-apoptotic 092434
bBcl-2-R AGAGACAGCCAGGAGAAATC
bBax-F GCTCTGAGCAGATCAAG
400 bp Apoptotic XM001253643.2
bBax-R AGCCGCTCTCGAAGGAAGTC
bMnSOD-F AGCACGAGCAGGAGACTGGT”
287 bp Oxidative stress ~ BT020988
bMnSOD-R GTCCAGAAGATGCTGTGA
bGlt-5-F  TTGGAGAGCCAGTGAACAGT
292 bP Metabolism NM001101042
bGlut-5-R TGCTGATAACTGTCTGCGCT
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Fig. 11. Relative mRNA expression of candidate genes in bovine day 8 blastocysts. The bars
with different superscripts within a panel differ significantly from each other (p<0.05). Error
bars indicate the standard deviation. In the control treatment group, day 2 embryos were
cultured in CRlaa medium supplemented with 3 mg/ml FAF-BSA and then in CRlaa
containing 10% FBS from embryonic day 4 until day 8. In the 10% hES-BM treatment
group, day 2 embryos were cultured in CRlaa medium supplemented with 3 mg/ml
FAF-BSA and then CRlaa containing 10% hES-BM from embryonic day 4 until day 8.
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The Use of Embryonic Stem Cell Derived Bioactive Material as a New
Protein Supplement for the In Vitro Culture of Bovine Embryos

Eun Young KIM", Jun Beom LEE*, Hyo Young PARK", Chang Jin JEONG®,
Key Zung RIU* and Se Pill PARK'"

"Mirae Biotech/Jeju National University Stem Cell Research Center, Secul 143-854, #$hin Woman's Hospital,
Uijeongbu 480-848 and *'Facully of Biotechnology, College of Applied Life Sciences, Jeju Nabional University,
fefu 690-756, Korea

Abstract. Embryonic stem (ES) cells are expanded versions of the inner cell mass cells that compose the early
mammalian blastocyst. Components derived from ES cells may contain various bicactive materials (BM) helpful for
early preimplantation embryo growth. In this study, we examined the effect of human ES cell derived BM (hES-BM) on
m vitre culture of bovine embryos.. When bovine parthenogenetic day 2 embryos were cultured in 10%: hES-BM, a
significantly higher embryo development rate (44.3%) and increased cell numbers were observed relative to control
medium containing 3 mg/ml BSA (19.5%; P<0.01). Among the varicus concentrations (5, 10 and 15%} and days of
treatment (2 or 4 days) tested, 1% hES-BM treatment for 4 days provided the best culture environment to EUFE'G.I'IZ the
growth of bovine embryes in vifro (P<0.05). Little difference was observed between 10%: hES-BM and 10% FBS
treatment in the examined parthenogenetic or i mitro fertilized embryos, although the hES-BM group developed at a
slightly better rate. However, the ICM cell numbers were significantly higher in the hES-BM group in irrespective of
embryo origin (P<0.05). In addition, the relative levels of pluripotency (Oct4, = 1.8 fold; Nanog. « 3.3 fold),
embryogenesis (Stat3, » 2.8 fold; FGF4, = 18.8 fold; E-cad, = 2.0 fold) and growth (Glut5, = 2.6 fold) genes were
significantly higher in the 10% hES-BM group than in the 10%; FBS group {["<(L05), while the levels of other genes (Bax,
Bel2, MnSOD and Connexindd) were not different. This is the first report examining the positive effects of hES-BM on
bovine embryo development i vitre. Based on our results, we conclude that hES-BM can be used as a new protein

supplement for bovine preimplantation embryo development.
Key words: Bovine embryo, Differential staining, Human ES cell derived BM (hES-BM), Eeal time ET-PCR

iJ. Reprod. Dev, 57: H6-354, 2011)

pccessful preimplantation embryo development i vitrg

requires @ culfure eoviromment comparable to @ vive condi-
tions; specifically. this eatails using an effective basic culnare
mednon, vanous protein supplements and 8 cocultore sysiem with
& somafic cell feeder layer [1. 2]. Almaost all media used for bovine
ambryo development in vigo confain bovine senmm albumin (B5A)
and fetal bovine serum (FBS) as a source of protein. and recently,
samum replacement {SE) or 3 synthetic serum sabstnate have also
been used [3. 4], Semm provides enerzy subsoates, amino acids,
vitaming, growth factors and heavy metal chelators [5]. Senmm slso
has a biphasic effect inhibiting early cleavage divisions and accel-
erafing the development of momila and blastocysts [8]. However,
the mdafined mixmre m senun may result in ighly vanable devel-
opments] Tates i1 vifre and affect the high incidence of apoptosis
observed in i virre produced embryvos. Moreover, the presence of
samum over 8 prolonged peniod of time has been shown to slter the
expreszion patterns of varous genes [7, §]. MNevertheless, while
SEMIM is a0 important protein supplement for bovine embrye devel-
opment in vitrg, 3 finding for the better protein supplement is
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needed to support m wire culmre and provide conditions more sim-
ilar to the in vive environment

Embryonic stem (ES) cells are expanded from the inner cell
mass {ICH) cells that compose the early mammalizn blastocyst
Thesze cells are plunpotent, retsin long-term proliferstive potential
in an umdifferentiated state and can differentiate nto dervatves of
all three embryonic germ layers under in wiro differentiaton col-
e condition: or in an M vive enviromment [9]. Thos, bioscove
materia] derived fSom robust, yoane ES cells (ES cell denved bio-
active marterial ES-BM) may supply more relisble snd supportive
factors for the growth of preimplantaton embryomc cells. How-
ever, stable bovine embryonic stem cells have yet to be estsblished.

Production of reconstructed embryoes by somatic cell nuclear
transfar depends on successful oocyte acivation and 3 culture envi-
roament enhancing their developmental petential  Cur team [10]
reported & surviving clone of an endangered Black Caftle species
natve to Feju Island last year, and thus we have an stable sctovadon
technique czpable of producing a reconstmucied embryo (=80%).

To find bener oalmre condition: for reconstucted embryos. m
this smdy, a5 & new mal. we tested the effect of ES-BM prepared
from an undifferentiated BES cell lins (IU-AES-01, established at
Jeju Nanonal University) on the development of bovine partheng-
genetic embryos m vire. Bovine parthenogenetic embryocs were
grown either in the presence of hES-BM, B5A or FBS, and the
embryo development rate, total cell mamber and ICH cell pumber
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o2 AMEY AAE BAE Percoll YAEE S &
3ot dtte BEial(lizuka 5, 19879 £8€ BAE AFAeAS 45 g0 =dve
Bu7b 9J&(Grant 5, 1994). A FAS Percoll2 #atd HAA o] EAsE FH AHE,
APEAAY, AAE, Az g g 5o o]Edo] AAHY, FAY FFA o] Frlsta A
IFAHA] FAH o] FUIetg= Byt 1e(Shim &, 2001). =3k Park 5(2008)-2 Percolle] =)
A AN Wl Al EElo EFFolgta gk vk da, mUHA RS FE w 65% ©]
9] Percollo] A= Aol 43 A AT BHusRe. 3A 9 PercollS AFAF o] AME
g A, mho Y3 2ol AA FE wEE fdstr] s A £A kg TS
n2 4 o= BiaEo] 9% (Andersen¥} Grinsted, 1997; De Vos 5, 1997, Scotte} Smith,
1997; Strehler 5, 1998).

BRA X AAE % o

ox S off

2
ol

Percolld el 1@ A4 Aele AE 34 71 Be W 9% A
)

Percollgol 25F ZAgA HE=Z Aolle Azt ol =27} T34 = o

9] FArt 34EA Rebe @o] i A HF Fele "ol oA A oy, A
T APEAA 7 FASA SUHE e S e EE Ao Ho] Yt AHeol= AASHA
v WY, T3 Percolldoly, F=, A -3t o] &3 4 Qo Percolle] #HE
Eo] 283 AAHA Lge D] Jo 54 848 HAT 71 §lS

2 dFelA AHEE A A8 8RS AR FA AMRHE Y FHAE SHRTE
A5t (1:14~1:3)0] &3t Hw. ol AF-2 di=gk 800 ~ 950%). A sl A= TRIS, citric
acid, sugar, buffers, glycerol 3} &A#] (Tylosin, Gentamycin, Spectinomycin, Lincomycin) 7}
5o 9. I FFZEZ+v Triladyl® (Minitiib, Tiefenbach, Germany), Bioxell® (IMV, Aigle,
France) Andromed® (Minitiib, Tiefenbach, Germany) S°] 2. o5 AZTL AR FA,
ARAEE, AED Tl A ZolE Yot e 53] Triladyl> 1974958 & B F

doll 7V BAsHA ol &Ha e AFY.
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—

S o] &3tE 2 294 (swim-up) W
N ~E

D & T2 Y 2EZE §3l| (20 10%, 38ClA 20%3F A 3}o)
@ 2000 rpmollA 187+ Y4]s}

— FAYH =
@ AYstE Hf o
© 1587 v st =99
® SP-TL BAF A2]& MYgdE 1mle F7FE ¥ 583 o wj

—- A Yo FAA G WFY e e HE HAY
@ 2000 rpmoll A 133 A4
g AA
© SP-TLHi NS Yol 20 ~ 30837t vl gsle] =9
0 43 BAFFAS BFdte] s= A
* F A AR A A BT 2aFW o] HAFA HA 20%A 258 AE

AA7E A =EH.

L

II. Percoll 2] ®W

D & 2 ZAA 2EZE §F3

@ glE A2 90%S 45% Percoll 2 1ml¥ 590 A= FHA ZA2=HA T
@ 2000 rpmollA 15&3F 4]

@ stel B HAE AL FFHAE EF AA

® AR} T ZAF

* & BA AE Az 20

i
X
ki
B>

(th A 24715 &3 A 2544 A

ZF Aol BE ZA= AY F FA19 5AAA 1AL HAo 7 Ao HE
HFE AAEA 719 CASA Program(SAIS ALPHA version 1.2, Medicalsupply, Co, Korea)<
ARl A5 S Bl 852 54 (Total motility), 4 &% % (Curvilinear Velocity,
VCL), &4 &% &% (Straight Line Velocity, VSL), 3 %13 %X (Average Path Velocity,
VAP) & 47HAE 33] ¥ S5+

EEFAAM 25 29 dAhoA 10 ml FAO 18G FAR S o] &3t 27 3~6 mm
GEZZHE dFME-FA A (cumulus-oocyte complexes) & ANFH T AHE A= A
An) 7 stellA GFAEZE XEsHA FED AEdo] dds IS AdEste] A A sl
FIAE Fd dFAE- A EdAlE 1 mg/ml &A8F ¢RERo] E93= TL-HEPES W
2 33| TE3] AHE 10% FEiet@ A (FBS, Gibco BRL, Grand Island, NY, USA) <}
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02mM I FE2F YEF, 10ug/ml XA 52 1ﬂg/ml A=EgtH g, 25ug/ml A Ev}o]
Alo] EoJ7F TCM-199 (Gibco-BRL) A *é & H | Yol 388T &% 5% oJitsteha
Z79] w7 Woll A 22~24A17F FoF A< wj kg

A 2]+ 06% BSA, 2 pg/ml Heparin, 4% PHE (0.372 mg/ml penicillamine, 0.11
mg/ml hypotaurine, 0.018 mg/ml epinephrine)”} $H-fr¥ A& vl (Fertilization TALP)
S A3 Mineral oile] =X H 50 pl $A8E 240 dFAXEE A ASHA FS AHAEsdH dA}
10M8s A4, 24 282 11070189 FAE HA7F F 5% CO2, 39T wigFdol 48x7F vl
3 FATE GFAEE 4] A AT —?‘ 03% fatty acid free-BSA (Sigma)7} &% CRlaa
Hj kel 50 ploll ¥o] 243t wiekedaL, 1 ¥ 10% FBS7F $Ht® 50 pl Aol &3 - T4

< ), 6 (’B}é‘ﬂﬂ), 8 (Mivtan)) A LEES A

=~
e
L\l
jus)
==
O
ol
-
2
jus)
==
o2
>
e
—~
(00e)
=
b

N
of 2ode dFAES} HAE A AL FES] AHg ol Fetol
depof &8 T3 AHEHSE Y2 t5 10pg/ml ¥l 2Hlzelo] = (Hoechst 33258)7F 3¢
3 FPAE &9 Yo goe7tA weA7I ¥33 dulZE 9 blue TE (excitation
field-350 nm, emission field-461 nm) 3sfol|A #F&Fste] W3 FF o} gz HAY ARE XA}
.

Percollﬂﬂlihﬂr s AP HAAZ ALFAH F 18 ~ 20 A Ao AP EAES
| =

(h) wiREE7]u) o] AEZ 4 A}

Percollx 2] &3 & H Xl e HAAZ A5 5 A wiek 8Ux wrd® wjubE 7)u)
o] AA<Q ApolE Hlwslr] Y3l FIuFAEL} HFANEY F5 FA HET & e 9]
T @A E AAR £ 1% triton X-1003 100

b, o]F Al 2dAlE AAHE. 2+ T uRkE 7)H)
pg/ml Z2IHE oletols seEo] EFHd TL-HEPES -84
95ug/ml H] 2wl zhm}o] = (Hoechst 33258)7} %39 TL-HEPES &
HEAI R QA A" iRt ET = A& o o
ol Igfxe] ¥ Fa 7%34’“3‘0?-_ Yol 33%’*
nm, emission field-461 nm) s}ol| A FZd} ME 5
Hia fRAEZAE FEA dNE0 GAE MEITE

30x7F At A9A)
Ho] 4T oA T2 7tA
E4S AAS s &

u| 739 blue Z¥E (excitation field-350
Al Ads G FAEZTE FA G4

7 Agstel 244,

y
S of

A
Lo

il rBL'

3
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Oh AR A" F 2FY 24

E 163 ¥ 179] Vhehd uksh 2ol SN ol§d 2w 299 By Aol g
AY F 547 AT ABEel AAYL AEES Eidt Aoz dAW W, dzzd
Percoll AelZe] BAE A F FAsH AL Sole P42 deon (1Y 12,
FALEEE, AHEESE. BHAYEE FAD Fol7} Ughde & 5 A%e
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3 16. Z|A NS o] &3 20A 29 WHORE HA AHE T FAY TF5H A}
A7 & AL 0 1 2 3 4 5
Total Motility 75.3 % 73.4% 72.7% 69.7% 60.9% 58.2%

VCL 32.9 29.6 31.7 31.1 24.4 27.1
VSL 12.5 13.1 15.5 13.2 11.3 11.0
VAP 18.0 17.3 20.8 19.7 16.1 15.0
3 17. Percoll & ©]-&3F A A & A 543 XA
A & Azt 0 1 2 3 4 5
Total Motility 72.1 % 20.3% 10.8% 5.5% 5.7% 6.3%
VCL 31.5 29.6 21.1 15.5 14.4 11.1
VSL 11.6 10.4 10.5 10.2 9.3 9.1
VAP 17.0 15.6 11.2 10.0 10.4 10.7

20

v :\.__-‘\\

60 \\ —

50

40 \ ==

30 \ == Ppercoll

20 \

10 \.._

0 T T T
0 1 2 3 4 5

a9 12, A RS o] &3 29 A 29 HAAE S} Percolld ] $ HA] A X




El

() AefsgeE 2 ALdEs vl

puid =

70.0%<%1 ®bH 34 S O]%?‘ﬂ 20 =99 AT 843%E YE O] g Ao

T AN (p<0.05), HIF 6LA AFAdu) o] e, 2l vk 8Y A miRtEIIH] o] 4

Fol olg ehol (p<0.05) HAAL ol g3 28 29U A AL 3
8

. TAE
A2 2 W %) 49 6%1 8
=8| Z 7] > A} 2wl = W3z 7] w)
Percoll 98/140 57 31 25
(70.0) (58.2) (31.6)° (25.5)
g 101 118/14bo 74 50 b 50 b
(84.3) 62.7) (42.4) (42.4)
*P<0.05

L

g A3 v

() AZS 2R

ANed 2 ALguFe s AE F AT wWiWEIHE o]FANE F H -5
AABtaL F AEF, LHH}‘“““L-"]T/ HAEY ¥&S =AM 1 29 F AEF7E gz
Percoll A g]Tol4 985:17.8 ¢l Wk, 3B|A AL o] &3 20+ 29 HeTS 168.7+13.7&
Ueh} 698 i]—O]——EE— golatggon, WA EI4 =3 11.5+10.7, 36.1+12.7= Zz+z} 3]
MRS o] &g 2vA =9 AT AEFTL Percoll AEd Hoh A -
(p<0.0%) (& 19 F=x). E3F o3k Afol= T7 13-14°14 AT F S+

o J}L

E 19, ZAA Y vt} A9 FGE WREI e AEF 2

Hlj JE 32 7] Hf . - WREAZH &
] Z} = H} = | EZ S B A 3 3] S~
JAFA 2 W uhg g (o s AMZF W5 A 235 %
Percoll 25 98.5+17.8° 11.5+10.7° 11.67%
(25.5)° B S o
kel RS e 50 168.7+13.7° 36.1+12.7° 21.40%
(42.4°
*p<0.05
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. GAG A" FA7E & dAY AdLe vA= T
Effect of Glycosaminoglycan Treated Sperm on the In Vitro Developmental
Capacity of Bovine Embryos

Glycosaminoglycan (GAG) + A XZ2]714 (extracellular matrix, ECM) & I F4 A&
© 2 cell recognition, cellular adhesion, growth regulation®] #ojatil, 243 A2 71 U9
—‘—ZH st Aae] FATHSS FXse 2. & 2FdAMe 88 ARl GAG A&7t

4T 85 % FEed Adeesel Ve dFS 2AEIE.

Abstract

The glycosaminoglycan (GAG) presents in female reproductive tract fluid as promoting
factor of sperm capacitation. When the same concentrations (10 mg/ml) of four different
GAGs (Chondroitin sulfate, CS; Dermatan sulfate, DS; Hyaluronic acid, HA; Heparin, HP)
were exposed to bovine sperm for 5 h, the values of total motility, VSL and VCL were
higher in HP or HA treatment group than in control and other GAG treatment groups (CS
or DS). Also, HP or HA treatment effects on the increase of the rates of capacitated- and
acrosome reacted sperm compared to other treatment groups. In addition, HP or HA
exposed sperm for 1 h before IVF improved significantly the fertilizing ability including of
2 PN formation rates and cleavage rates at day 2, and it subsequently effects on in vitro
embryo development rate and embryo quality plus ICM and total cell number at day 8
after IVF (/%<0.05). In real-time PCR analysis, the relative mRNA expression levels of
pluripotency (Oct4), cell growth(GlutS) and anti-apoptosis (Baxinhibitor) genes were
significantly higher in HA or HP treatment groups than in control or other treatment
groups, while the pro-apoptotic gene Caspase-3 expression was significantly low in all GAG
treatment groups (/%<0.05). These results demonstrated that HP or HA exposed bovine
sperm have positive effects on in witro fertilizing ability, in vitro embryo developmental

potential and their gene expression.
Key words; bovine, glycosaminoglycan, capacitation, embryo development, gene expression

2 A3dAMe 19 AE g2 GAGE (Chondroitin sulfate, CS; Dermatan sulfate, DS;
Hyaluronic acid, HA; Heparin, HP)< 10ug/ml 22 52 4 AX}ol| 5A17F 52t =& AlHA
< uw, HP Y4 HAE A& oA A=A total motility, VSL 12|31 VCL §=X|7} tjZ o]
U & GAG AE (DS && CS) o Hlgt =A Yetuts. T3 HP 52 HA Ao 4
A FASESEH HAANSEo]l »E Agad mlisted Frlsids. Avrr ALded A 1ARE
¢ HP 52 HAd =29 AA= FYsHA =& 4 595 Uetio], A EH +73
29 A F&EE, O olF wivtxE WaEES I AFE BEIoW I8 pEo] WyiA
3 EFE AAHJA AEF S7HE FESAS (/<0.05). 223l HP9F HAS 23 Tol
A g HjolE real-time PCRS Al33t ™ v}, pluripotency A Oct4, cell growth -t
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2+ Glut 5 1831 anti-apoptosis A} Bax inhibitor & o] tiZoly & GAG A+
of vlste] FstA E=A WAEM, pro-apoptotic AR caspase-3= GAGE A3 ZE
T BAS] HeS FAAsAS (7<0.05). & Aol FH A & FAel HP = HAR g
7F Ao 85I dAe] Ao BeEeS Ewolal A B anHor A8 F UF

< vhehd.

Table 21. Pronuclear status of bovine zygotes at 18 h after IVF using GAG treated

sperm
Fertilization (%)
Treatment” No. .Of polyspermy
examined o py (9" Total
) 2PN+
Multi PN SUM

sperm
Control 64 38 (59.4)* 6 ( 9.4 5 (7.8) 11 17.2) 49 (76.6)
DS 64 37 (57.8) 8 (12.5) 2 (3.1) 10 (15.6) 47 (73.4)
CS 64 40 (62.5)° 3 (4.7 2 (3.D 5(7.8) 45 (70.3)
HA 64 46 (71.9% 5(7.8) - 5 (7.8 51 (79.7)
HP 64 52 (81.3)° 4 (6.3 - 4 ( 6.3 56 (87.6)

DS: dermatan sulphate, CS: chondroitin sulphate, HA: hyaluronic acid, and HP: heparin
" (p<0.05) **

54 A A GAG 14z el & A5 A9 F4% 93APYL 2ASRAW ul,
HP Aglwel 2 PN @480 tzeoli} 0 GAG Al Aol ¥ folai & A

2 FASHEE (F 21 =),
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Table 22. Effect of GAG treated sperm on in witro developmental capacity of bovine

embryos
. of No.(%)" ofembryosdeveloped Cell Number ICM
Treatment’ exarﬁine d Day 2 Day 8 Total (ICN*I*) Proportion
o,
= 2-4 cell = blastocyst M+SEM %
116.6+13.3
1 10 2 (75.2) 28 (34.1)? 26.
Contro 9 82 (75.2) 8 (34.1 (3194 12.9)° 6.8
. . 126.2+16.2%
DS 110 81 (73.6) 29 (35.8) (3244 8.1 25.7
128.24+14.6%
CS 110 82 (74.5) 36 (43.9)% 29.3
(74.5) (43.9) (37.5+11.3)®
130.0+18.3%
HA 11 1.8)® 44 (53.0)° .
0 90 (81.8) (53.0) 4004108 30.8
137.6+14.6"
HP 110 95 (87.3)° 46 (54.1)° 33.1
®7.3 (64D (45.6+13.3)°

DS: dermatan sulphate, CS: chondroitin sulphate, HA: hyaluronic acid, and HP: heparin
7 (p<0.05) **

r[.t]o

4 A Aol GAG 143 HE ¥ £45e] A5gs % TLES
&2 HP AT dash A9 ¥49 Ashe shAAR ETolt BE GAG AT
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~ ¢CON. mDS ACS eHA *HP
N
=)
E Oh 413 413 413 413 413
= 1h 519 487 497 473 572
g 40 1 2h 466 481 503 481 51.7
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Fig. 16. The effect of various GAGs on the bovine sperm motility. Sperm was incubated in
the absence or presence of each GAGs (DS; dermatan sulphate, CS; chondroitin sulphate,
HA: hyaluronic acid or HP; heparin) for 5 hours, 388 °C, in 5%
COsrespectively.Everyhour,total motility (A), VSL (straight-line velocity, B), ALH (amplitude
of lateral head displacement, C) and VCL (curvilinear velocity, D) were assessed using a

computer-assisted sperm motility analysis system, respectively.
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Fig. 17. Chlortetracycline (CTC) fluorescence pattern of various GAGs treated bovine sperm.
The sperm was incubated in the absence or presence of each GAGs (DS; dermatan
sulphate, CS; chondroitin sulphate, HA: hyaluronic acid or HP; heparin) for 5 hours and
the binding sites were labelled using PSA-FITC. Every hour, the number of sperm
exhibiting CTC pattern F (A, uncapacitated sperm), pattern B (B, capacitating and
capacitated sperm) and pattern AR (C, acrosome-reacted sperm) was determined,

respectively. Data are shown as mean *S.E.M. (p<0.05).
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Fig. 18. Developmental morphology of bovine day 8 blastocysts produced in vitro in
various GAGs treatment groups. For in vitro fertilization, sperm was incubated in the
absence or presence of each GAGs (DS;dermatan sulphate, CS; chondroitin sulphate, HA:
hyaluronic acid or HP; heparin) for 1 h before insemination. The cell number was
examined by differential labelling of various GAGs treatment groups, respectively. No
treatment: A-A’. DS: B-B’. CS: C-C'. HA: D-D’. HP: E-E".
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Fig. 19. Relative mRNA expression of candidate genes of bovine day 8 blastocysts produced
in various GAGs treatment groups was examined in apoptosis (Bax, Bax inhibitor and
Caspase-3), Growth (Glut-5), pluripotency (Oct4) and implantation (bFGF). The bars with
different superscripts within a panel differ significantly from each other (/%<.05).
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L AFES FRASE JAHF 24

AFE SEAAS dete] FAGARAS AA st AAE HES 2AE 29, Fd
Aolek 54ml, A% 1499.9 x 10° cells/ml, AR} €54 87.7, AA WEE 91.6% 45 (%
35 Fx)

E 3B AFES FHAFE AR B A

. Fast Slow. Slow. Dead
No. I.D Vol Con Motil VCL VSL VAP LIN ALH STR BCF MAD WOB Sp Sp SP° Sp

1 B210005 5.5 1,230 96.2 2346 59.8 127.1 26.1 5.2 464 11.3 57 544 93 0 0 6.6

2 B211010 7 1,254 82 2289 59 1183 26.6 4.9 48.6 10.7 61.7 52.2 754 0 0 246

3 BZ210005 6.5 2,742 89.9 2179 54.1 111.3 25.2 4.8 47.5 109 60.3 51.1 84.5 0 0 155

4 B210007 11 2,126 80.7 111.6 26.8 584 295 2.7 46 69 37.7 53 525 232 6.5 181

5 B210007 2 1,122 87.3 127.3 319 67 283 3 474 7.2 395 526 984 0.8 0.2 06

6 BO00045 7 2,126 776 3134 80 1619 257 6.4 494 129 78.7 51.7 98.3 0 0 1.7

7 B211012 4.2 1,309 919 201 524 105 27 44 491 10.6 585 525 964 09 01 26

8 B46 3.5 1,670 90.8 220.3 589 1165 276 4.8 50.8 11.2 674 526 879 43 01 738

9 BZ211012 5 1,034 85.2 130 36.6 695 322 3 531 7.3 419 534 703 13.2 2.8 13.7

10 B51 7 2,374 68.1 250.3 67.2 130.6 27.3 54 51.1 11.3 71.3 525 489 1.1 03 64

11 B50 3 1,310 94.5 171.4 455 92 28 39 493 95 574 538 848 75 1.3

12 B42 2 1,307 95.2 192.3 479 716 26 4.3 482 104 58 514 90.7 6.1 1 2.2

13 B47 10.5 170 88 232.8 58.6 120 25.6 5.1 485 11.3 63.5 51.5 91.8 1.2 0 7.1

14 B43 4 1,607 92.8 206.5 53.5 107.8 27.7 45 50 10.7 63 526 985 1.6 03 0.2

15 B48 3 1,002 94.8 160.2 41.3 859 285 3.6 485 9.1 53.8 539 81 8.4 23 105

Bt 54 14922 87.7 199.9 51.6 102.8 274 44 489 10.1 58.0 526 835 4.6 1.0 8.4

AFE7E Addegole A5o2 ¥ S574& Adsted, & d73AE 1
A FEF 967 Hor 2008 SETFHCl AFEHIL 20093742 A" A I =S
AAEte] 20099 129 71E T 2179ElR F7hE A, 20119 V1Ee ' 335uke kA S}
Hlomn, 20123958 20139 64714 5 1257k2|7h 55 #I A glon, S5l At
ol SHAAES 15072 2 $5F 2 §5F 5 AFSE FAW 610 #hE e
AFEF7F om (G 367 19 23 F2), ot As#E HAFoA viEEsht ZHE Ad
Ao AAE AL EASAT 2 AFAA A FEl v AFSE T S B
71995 shvhal A=
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computer aided semen analyzen& o] &3} 399}

#B'KOZOZ

a9 25 AF H§ Y-S CASAS

#BK0351

o) g3 %4

¥ 37. SAIS advanced version 20092 ©]-&3F 399} S9-AHo HX Hlw
Parameter Unit * = Referenc
KPN511 KPN525 BKO0111 BK0202 BK0351 e
s Field (s) 5 5 5 5 5
T A7 AT Cell (s) 48.6 93.6 53.2 59.8 56.8 >> 100
T Ad9 & Million 32.4 63.6 35.6 39.8 38.0
Imlg Aol = | Million/ml 16.2 31.8 17.8 19.9 19.0 >> 20
54 (%) 83.4 95.8 89.8 83.7 75.0 >> 50
VCL um/s 149.3 194.4 174.7 142.0 131.0 >> 46
VSL um/s 64.3 73.9 68.2 54.0 50.6 >> 26
VAP um/s 97.6 123.5 108.8 924 75.0
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LIN 44.8 40.0 40.3 37.2 40.4 >> 58
ALH um 2.9 3.8 3.7 2.9 2.7 >> 24
HYP (%) 0.0 0.0 0.0 0.0 0.0

STR 65.8 99.9 62.6 62.1 67.3

BCF HZ 10.5 11.6 9.7 6.5 7.8

MAD Degree 60.6 74.5 494 37.4 49.2
WOB 65.6 63.6 62.4 53.6 57.2

KPN (Hanwoo, ¥%), BK (eju Black cattle, A|F3-¢-)

VCL (curvilinear velocity) VSL (straight-line velocity) VAP (average-path velocity)
Lin (linearity) ALH (amplitude of lateral head displacement) HYP (hyperactivated)
STR (straightness) BCF (beat-cross frequency) MAD (mean angular displacement)
WOB (wobble)

AFH A4 CASD) & A Imig 345 B9 $FAS £47k] Bef Fri,

A% 2548 dehle A4 (V0L FTADVAP, AQADWSY, 20 494

(LIN), &% AZALH), S24HYP) 5% 22 BA 139 A& HgstA ALt A¥
o

e A £xo A FE9) ugoln AA4o]l FUFE 1] AAAF. AW SEE 1
29 F4% 34 229 A4S oA A4A Aele] AH Al @y 0um/E B} %
& BAL EF40) GE Ao2 BAY. IY FEE 129 142 I 28 0 o
% ALE wakel, EHL AA A4S B BF A wgoln WEE) Z EA
S}

a9l AF Z¢ 52 AL HAFH HAYRANE o] &3ty BASAA nf, A
397} 324~63.6 x 10°ell/ml, Z<$7} 35.6~39.8 x 10° cel/ml olgem $34
83.4~95.8% <} 75.0~89.8%= =}ol7l 9l FAZFAL FAA, AKX, HAAY T,
A 2ol el o] iAoz KPN525BK01-11>KPN-511>BK0202>BK03519] A 8-S el
R AWrH oz 5 on 5E3] ol YNS(1d 259 & I7HR).

EoAT] AMgE 5F A A B AFdHoe Histu de 5 ¢ A
(KPN511, KPN525) ¢} $-4= AF3% AHA AFF (BK01-11, BK0202, BK0351) <. 3
A zole Az P9 4 FA 4 Az zo wet of Zol7t S

ocug, AAZAHQ Bl Frr obd.

T =
T
ol o]

=
T
o o] =&

=

=

O
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U AR Az AHgEe Y 49 ATl HAe I¥ AE

AAF ] mE A YAzt AAE FA Eo] Fad As sk A
T AR BAE veE A0 ol8side W 45l

A4

KPN511 (3+5) KPN525 (3-2)  BKOI-11 ()  BKO351 (B2<)

a9 26, F5-oF AFH HH A o] &3 AAA Y wE Ay A

o
o
2
Lo

AYFA 294 wjAPLS ZAEEER (28 26), KPN5119] 79 (20/40, 50%), KPN
5259 7% (36/40, 90%), A+ BKO01-119] 7% (34/41, 82.9%), A+ BK0351¢] 7% (5/39,
12.8%) 9 235 yelfio] 7fA] 7F 2ol F& & & Ad+e

EZ SR AL HEFdE F8sS FASAYE uh, Az AHSE o] Fafst
[e)

AL AR APe®: 4T A

>
H
o
o
N
4
%9
oo -
o
e
4
32
2
o
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. F= A7A (Flow cytometero] 3 A x&e])

O Au AT AFFS FEZZEZE o] &8 473E)

256

ia w4 Y| X
[11]
= £
S8 192
g o 7
s
< 2
Z% 128
(=] B w8 =
25
o 0,
o 'c'u 54 B 0 = -
= g ELOPE
= Relative DNA X Y
0 content
T L T T
0 64 128 192 256 &
Orientation (side angle fluorescence) -

719 27. Flow cytometero] 23+ A=A} 2]

2] mEel 2ol dAAESs FBAEE T AASte] Flow Cytometersh=

Hl:%v‘%ﬂﬂi ERAF)HEA FHolAS B3 DNAGHo] e = ¢ @ dAaAr 4%
d XA 7 DNAG o] i eg A& YA va] B 73 ds d3dsA 3

(" 27 =)

7 Ao s wBHE Lo FEE AXLRY/ FHE BALE AFRE A
NEE wEd E. §
$AE e LA, DUEIE
PR} A 1FOE Felso] ek olu thA AFE S Ashs
ugegavﬂ 3 OFE SARD A5A A B T e & AT
°]
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Tube: Tube_001
Population #Events %Parent %Total
W A1l Events 50,000 100.0
P1 2,138 43 43
I:% P3 28 13 0.1
P4 17 0.8 0.0
P2 4,632 9.3 9.3
t% P5 1133 245 23
P& 480 10.4 1.0

a9y 29. BrE 523N A1) vlE P5E X-bearing, P6+= Y-bearing sperm

thawing-Tube 001
n 3
E5 é 75
8 ]
&
TT LI T T T T T T T -
B2 W ot w
HoechstA

1% 30. X-bearing (P5) 3} y-bearing (P6) spermo] AX|A| & RAZ AAsI] A} 34

107) <] A= é T4 2E=R (BK03BD & ol&sted 5A1zF 5t Aads AAlstddnt
ek X, Y 247 3 wvbfe] BelE AAE Fad ¢ ASS 29 250300789 A £ H
o sgE AAE sl Ao LA § AdFEE AAEE (3 31 Fx). d5E 4
A 7 Ao AEEE ol e de Ax3AE (<10%).

X-frozen-thawed sperm Y-frozen-thawed sperm

O]l_ﬂ?}j' 'E‘Xﬂ% %@%’QH /\]——%—Oﬂ I,q-% }\g% 78]1]_ ,/_"\_94_ jg.a";] go]oﬂ UZ}'—E— ;ivc_)_i P Xécﬂi *éz}‘%
W HYss AR ALEOR T8 £ IS AOT dEY,
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b AF

ot

T 9F YL o] 8T 43
O 14 A7 47d H o8 74 AE
@ 4z

THFAR TG AFGASAAN GG Histal e AF S5 FEF (BK#035D =
FE ad 9gde Ad 228 AEsls. 85 cc A8 AE J531 zfm oz Il =
3]A3sta Hoechst 1S 1A17F &<t AAIst 2w Flow cytometerdl F2ste] d42S AAl
st sjEol A HAA= F TR TEHe FHY 7Ee Q%‘B}Oiu =4
32-34 #=x).

Ao
il
)
o
o
UEZ

fresh-Fresh-Jeju2

Hoechst-w (x 1,000)
1 240

-

&

S50
L — IARLLLRLY| I AMALALI UL AR T T T T T
wﬁ a

B 10 10* 10
4,506
Hoechst-A

219 32. Flow cytometero] & 7x¥ A4 H sperm . Y-bearing sperm (&%) 3
X-bearing sperm (&% Fg]) o] T+& ¥

Tube: Fresh-Jeju2
Population #Events %Parent %Total
B 2l Events 51,677 100.0
Il P1 26,260 508 508
»{Z] P3 360 1.4 0.7
f{Z] P4 232 0.9 0.4
= 6,220 120 120
*F{Z] P5 1,390 22.3 27
X re 1,478 23.8 29

a9y 33 B 9N Az} vlE P5= X-bearing, P6+ Y-bearing sperm
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fresh-Fresh-Jejul

0
-
=

PE ll -

Count
1?&
-
=
T
—

ud
=

¥
¢
5
2
-
IJ'

Hoechst-A

19 34. X-bearing (P5) ¥} y-bearing (P6) spermo] AXA| @& Rz HNAst AR 3¢

T g =56070e] AA7E EEEo] AlZbE 200909 A Ad FAE 5T
H (32 A9 vl 3u)) F289s AAe wek vasde o dFRezREY 4
L = A 89 BF 5 oA wekA 4Ed o - SHAE A 2
718 dad erds g4 1Y AAEE.

o oy ¥

BH A58 Qvel YREgAE ol gatel A9

AL AAEES. ARER 5" Axe Wdo] shad Aol stERF AXAI A
g2 $x393 54 3Y SP-TLA gl &R oz A Hs & swim-upAlAH 188 AANS =
[e) Al KeN
- = j=]

279 (BK0351) BK0351-X-sperm BK0351-Y-sperm

OY 35 4gEE AFES BAES o8 ANFAF W 29 A SR

h 84

TP AFIEAA G AN BEst e AT S T2 Bk0351S AESE 3 A9
SRS ANSEE ul, RN AL 91.4% (74/81), BK0351-X-sperme] 7A-$- 82.4% (61/74) <}
BK-0351-Y-sperm ¢ 7% 80.0% (60/75) ¢ AFAES JehdS(ad 35 Fx).
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BK0351-X-sperm

BAE o8 ALY F ohF 69 A

Y A FAE ol &3t A F ulYg 62 A A o] EES 2ARIS W, €94

Hol 739 42.0% (34/81), BK0O351-X-sperme] 739 37.7% (23/61) <} BK0351-Y-sperm ¢ 7§ 50.0%
o

(30/60) Hefho] AzEAAte] Aejdeo] vixwt 2] glo] A or o]Fold 4 3
s (29 36 2.

o &

tilo

A9 HjF F B ok AEo] AWE oIFOIREAY RE ok A weF 62 A 2} 2
FARe A 19F 97718 GEsm o2 mf g Y58 AT

4A A (BK0351)
a8 37 Ad

A7E Az AL = uld TY A iR Re] HaS ZARIAS o, 9899 B
37.0% (30/81), BK0351-X-sperm2] 73-%- 29.5% (18/61) £} BK0351-Y-sperm 2] 7% 40.0% (24/60)2
Efdjo] AzhEgate] Alodtgo] xRy xfo] glo] ARAHORE oFofd F USE ¢ F UdS
EolSAE Y-BAE 0|8 AQuljo} WE-go] X-BFAE o]&g A Quljo} WIEHT}
AAF 2 Etop & W&ol Al E (TE 37 FX).

]I
rlo

o}l o
3L —

f

S
=]
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@ 22+ A7 43d J o8 e AE

@b A7d

THFAA S AFEAAN GG AN Hfskal e AF S5 FEF (BK#02029F BK#0351)
27H " 4849 4 BYE AESAE. AFEF AdY AAES 23k AAIEHA
+ (GF 38 FX). 1A} Aol A, A 3o g3t #5082 ta9 Xéx} g 5o] ofH sl
I, 3 T AES T3 dA3] "ol 2 of 3Hgo=w
1;

]_
] ™ Flow cytometerel| #zsle] A :rL—r‘
gt k- FE FEREEE F9Y FE9S g554

BEK0Z0Z BEK0351
Motility of extended semen 55% 50%
Sort rate (sperm/sec) 2,500~4,000 1,500~2,500
Event rate (sperm/sec) 20,000~30,000 15,000~20,000
Freezing dose 2.5M/straw 2.5M/fstraw
Post—thaw motility 40% 20%
X-—purity 93% 87%

2% o= 1,500 ~ 4,000/19) A7t BEon, ~EZ
=AY, §3 T SEAHLS 20-40% o]PL. EF 7hd

o]
o, 244 2= 87~93% = UEL.

| = [[%] 5ampte_t (51: k1)

CyTrack Rz

Pczumulahedﬂhnrl Cuun{ +212458 _— el 1| ggo
% Tekal 7e
_ i e e Regan Courk | % Hik
Efficiency T3.01% s G wu.uul
CyiaccRz  l0ss 3648
=l Left 1 Stream:

13 38. Flow cytometerE o]-&3+ A

2] 23}

A
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22k A7rd (BK0202) oA A7 8L 73.11%= w9 A Ho|Re (1Y 38 Fx)
T3 AR ] Bale 58.26% (R1) o d|~Ea#dy o1 = 36.48%2] Cytrack R201A =5
As. o] Hiu FEEE 27 447511}31%1%— w2 A8 BA= 0.5cc 2EEF 5 X
10° 522 SAE%00H, 3 & 2L 40% 47ELS 2% =S

Q@ 478 AFZHA SA2EZE o83 AA5HT AL
A8 AAE o189 AA4AR AL BEEES G 2e. AAFH F 20 A 2A4E A
]_

- =
FFEL 70.4~782%% HET 81.7%KHTE °FF Wt A4 444 HEES 41.8~44.7%
g ov £RU ABEE MY 49 A ZASAL

o
o
=
32

F 39 A AFSSAAE o] &F AFATE A

No (%), of embryos

No. of
No (%). of examined
Treatment
oocyte >2—cell >8~16cell embryos for

at day 2 at day 4 sexing
o] &+ B0 49 (81.7) 24 (49.0) 11
BEKO0202-X 55 43 (78.2) 18 (41.8) 12
BEKO0O351-X 54 38 (70.4) 17 (44.7) 9

o A

¥ & Qﬁgg
® g
B8

T4 AH " BK0202-X- -sperm BK0351-X-sperm

4

a9 39 AEdE A AAE AFA LA F e 42A AkE Aol

4 REeE AA2 Ael5A A F e 49 A vols tEee M Feaql
wegel ol e (1Y 39 FH)

_95_



@ A7 FAZEH AdE AdFT H4zd AA

A rAG Q7B LAMPH S o §ato] AXSAL (18 40 F2).

X & biopsy
1
Amplification -

1

Detection

1

Judgment (LA-100) | =

Sample sloution 5 ul +
Reaction 20 ul

LAMP reaction (+) Negative control (-)

a3 40. LAMP(Loop-mediated Isothermal Amplification) S ©]-83F G7|E &4 W

24| orz HElZ
PROGI PROGI
o ess12/20  14: 14149318 09/12721 I
22 NO. 0003 00:09 NG.00D1
B = g i

270 AAEe AN wh BK0202-X AR FEE AFAE A9 duase
127 ol A 107H§_ 83.3%, BK0351-X A= FAE AFAHAY A5 A TH=E 77.8%=

Fe 47EE & 3 T 5 A

9, gz 17 dok 3 o) FAwe] X-sA%oR Ueht, A95H A A
B oa7gely Aze] e AAAY PHol Aol Ayt dE Aow ARy (17 41
I x40 Fx).
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2(18.2%)
2(16.7%)
2(22.2%)

9(81.8%)
10(83.3%)
7(77.8%)

4
o

<

~,
Mo

11
12

40. LAMPH e ¢

-
it

Azl

1z}

23}

12}
22}
1z}
22}

N

BE0Z0Z2-X
BEO0351-X

Ho

=K
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Q 3+ Az 4d B o]§ e AE

@ X H4zE

THFAREY AFEFLAA B e AT S5 FES BKH#0202 9478 <]

W B2 AEage. 9ANS fSse sgMdoz 111 2 343k3 Hoechst GA1< 14]
ot A 3slg.on Flow cytometero] FaHsle] ApE-S A5t HfEdA AHAE H9
ALJgt ¢ - 2 FREE 799 7 5305 (AH 42 Fx).

S Left1 Stream:

I

i g Sample_t (G1:R1)

j.

“Rega e |
13 42. Flow cytometerE o] &3 A&e Ay
AR S] BaEle 58.26% (RD) 9 3|2~E 1383 1 F 36.48%2] Cytrack R20l|A]
IEHAS. owe Hu FIEEE 2T 44757 IS
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Bull BK0202
Volume 8 ml
Raw Semen
Concentration 868 x 10°/ml
Sort Rate 3000 sperm/sec
Sort Live Sperm* 58%
Post Thaw Motility X, 35% 'Y, 35%

* Live and intact sperm before sorting

=% o 30009 A7 BeEHden, ~2EZ® 25 x 10° A4AAE Yo 52
A3, §3 T &FAHL U 3% o]Pe. Lk AHE A ThA] 2AEIYGS o), =
SEe= 87~93%2 YElS (F 41 FX).

|
2
2
o
X
2
o
(o]

tgstE e o] fojoy g ¥ AEE2 AA AAHA X9

p

o

fr
Sl
o
fu
fz
a4

RS AAe] TS A8 A @73 JiAdol a7E oA

No.(%) of embryos developed to

Trial No. of
oocyte Day?2 Day 6 Day 8
Remark
= 2-4 cell = morula =blastocyst
1st 53 28 (62.8%) - -
2nd 96 43 (54.7%) 5 1 freezing
3rd 43 25 (88.1%) 13 3
4th 82 41 (60.0%) 8 1
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T
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T
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ale] X-sorted spermE 7}A i

o

A= olH g A2+

o)

39S W 2zt 19.5%9F 26%2 vh- Ax

¢

3l flow cytometerE &

blastocyst®] @82 10.1%°]x Y-sorted sperme] A-$-= 13.5%%S. ol&

2 control (semen; 51.6%)2} B 1L

S

e}
T

bl 79

°

Bermejo-alvarez (2010)o] <]

=
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7F. PCR¥EH 3} LAMPRS ©| &3 3% A7

l)

]

PCRYYS o] 8-
FRAA2

e (:,
|
|
v

LAMP reaction (+) Negative contral (<)
LAMPHY S o] -8-&
A7149 &4

P A7

O & F38aY ALt

- A Edrte] A4 TCM-199 (Sigma) B k< o 10% FBS¢} FSH(lug/mDE 3 7}she 39
T, 5% CO, wiFzZAA 22A7F FF ASAH Aol FAHoNA HAY FTEE
2.5X10%permatozoa/mlZ  te] A Q45A  HlFd o Heparin (2ug/mh¥ PHE (18.2M
penicillamine, 9.1M hypotaurine, 1.8M epinephrine) & H7}ste] 48417 E<t A9 FH S
AAEAS. A vid-S CRlaac] 3mg/ml FAFS H7}ste] 48A)17F F<F i<k &, 10% FBS
7} 7FE CRlaa wjFH o 3-4L47t o F71 v sl A=

E] = ‘o =
- AAEE fs FATEES ALodA At EFFE EEd $, Y-chromosome specific
primer2 PCR ZZ& 4A&al PCR AHES EAGo 24 A7hES AANEFRLS. =3 Fi
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PrimerE< z}z} A 9] male-specific DNAY 7] ol A conserved region®] sequenceol] =3t
a0 AYS 793 oS repeated sequenceE ¥lalo] By ZAJsiar, o4 EE PCRAE
9] Zdol= 1,000bp o]stzE A AEE .

PCRE o] &3t A3ZQ AAES 98 dx=7=E A2 AL FAZRE AAE DNA
¢] HFg]= nonionic detergent®} proteinase KE ©]&3}e Y chromosomee] %% DNA
(positive controD= AAaZZF oA, Y chromosomee] &% % &2 DNA (negative control)=
dazHda FE383 5

AL wlgFE =TS microbladert H2¥  micromanipulatorZ EZ3IAY E=
d FHUE AAST & =5dH & vAxRAECE FEAe. w2 E

pronases ©| =)
Peura 5 (199D o] B g WS o] &3ty HAHYE HAAS o

o
d7= PCR 2%

PCR &% & Saiki 5(1988) o & Hiu® W3t 2o AT A *‘/\]61 Peura % (1991)
WS B sl 95T oA 18, 55T ol A 28, 72C oA 322 F 30 cyclesE A3}

FA1et cycledl = 72C oA 10%-37F extensionsS A A& ﬂ]z%’-i AF8-2 A M 3E DNA
FEZ2 74T DNAS SEA7|< W F T3 A4 AN 8RS

© 3k
=}

Hr
s
N
4z
o

o
-
rlr
juiss
1
2
M
1%
o
>

=+ | $ske] Azl AREE mjof
Al FA42 Xian & (1992)¢] X113t
Z8]% 1% sodium citrate + 20% FBSe] A

(acetic acid : methanol = 1 : 3)o] 33] LA A
&A=

71¥d] Hi1® Y-encoded ¥ testes specifc gene (S4) % A% FHAS primerE
(5-CAAGTGCTGCAGAGGATGTGGAG-3 5-GAGTGAGATTTCTGGATCATATGGCTACT-3) =A}A|
A Zyete] LR, A ALE ARE 7SS AFEe] Q2L y-link ®@ FA12Y FHYE
2 A48t o] FAA primerg A Ftsta, MEE §4 & XM‘J A HES
ST WA &18t7] 9)8) RT-PCR WS 21838192
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1. Sexual Dimorphism (& °|@d4) & €& 42 4 32

¥

AdFHoz HE wiwrE7)u|E Y-specific primerE 2-8&3}o] genomic DNAZ 3§
PCR %2 LAMP A|£HlS o] &3sle ST AES HAAE
o

of 77t #EH Aol oA F A& dFe & F

3o

Aolrd F AAEe7A] dxke] FeEol e 5%zt & W, F¢e ey HE
Alarste] wAbe] Fol @A B Hg- Hasith= S440R flow cytometers
sorted sperm®] A}8 18]al PCR E+& ©

dAeE Yues He 2

3}
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/ Zygote For Sexing

» no use sorted sperms
» no use PCR or LAMP

Sexual Dimorphism

Blastocyst
> Size

Fig. 49. A accurate method for sexing the bovine embryo using sexual dimorphism. The
sexing method by sexual dimorphism is easy and accurate as compared to PCR sexing
method or LAMP system

FAG A g 2olE FAIYEY vl A9SA 793 male-blastocystE
female-blastocyste} HIWEPS W =79} FEHEo  FEld xtolr HAHAEL.
Male-blastocyst= female-blastocystell Hls] =7]7} 23 ICM3} TES] F¥o] 553
female-blastocyst= male-blastocystel] HIs| =7]7} 2t ICMo] cytoplasmol] £o1# A= )
g H9. o]¥3 A& Bermejo-alvarex 5 (2010) AFXEd o3 RuHAd A dXshe
A4,
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1

Male-blastocyste} female-blastocyst?tell sexual dimorphism=- UEIH = ©|f% epigenetic
difference(F A8 Weo] =}o]) o 7]Qdsl= AL 2 53], male-blastocyst= female-blastocyst
o 4H]3l mitochondrial DNA number= 15% %3t©o ™, telomere lengthollAd = 38% AL,
methylation-related geneE¢] wdoH= 39,8% =A yYERES. E3,  blastocyst<]
developmental speed, metabolism, Z128]31 ¢o]& Ztol] XA} HdL] zpo|7F HA| AAMEFSY 30%
o]A o]g}= ZA o] PNAS A (Bermejo-alvarex %5, 2010)o] X =S

o] gt sexual dimorphism WH-2 F4 & o]2 X blastocystel] &4-& F3 ¥ dAl&
oitk= AF} 1719 flow cytometeryt sexingS 9]+ PCR 7]7] 2 LAMP A]2Hlo] HQ
Pz

dol A=

di
el >

20 o

o}

rr

&

2 A sexual dimorphismel] ]2t sexing Ww o] duld AFAo] &R Lolrr] & ¢
A IVFE $£3" dxE2 IVCAA 718 ¥ 793 blastocyst ©A9] IAES  sexual
dimorphism(size and sharpness)©. & F3&3le] z}zhe] tubeo] ¥ il genomic DNAE &3 &
amelogenin PCReol 2J3] &3t sex typing dl¥ i ©o]& sexing #k3 sexual dimorphismel <]3gk
expected sexing #t Alolol Auly X =AE vl B3P . T3 sexual dimorphismo
2 FEE FATES R o]Aste dAlES dolE %S (29 50 F=).

=

b A4

O A9 A= VM)

- 5= %9 dAE 0.075 g/L penicilline (sigma G3035, U.S.A)o] H7+¥ 0.9% NaCl solution
(24~27C)o] E°1Ue BE2Wd Hol &5 F 6A17F o] AdFd= Rtg HtdE das
0.9% NaCl solution®. 2 33] M & 3ste] AT o]|EHS AAF FeFOZ o]do] gle da

A1 18G FAF vbso] F2E 20 ml FAH|E o8& A4 2~8 mme] FHAIGEZAA dE

dsle] GEHS 353 FFd FEDS Hepes7t ¥ TCM-199 4o 7 2~33]

F dxAEL 3" Axde] NI dxdvts Hduksie] A FASAS.
A9 A%e IVMDIOIUEP, Japan) ®jokel 220 ul7b So] 9= 6-well plate(FP, Japan)o]

X 2025705 ¥ 39C, 5% CO; v 7]l 22~24 A7t &b A AE

¢

Mox 2
o o

Lo o oo 2

O A9 +4 dVD)

-39 4 A DIE A2 1027 WAg & 38C 24 2021 g3 15 ml 9
A Z8# (Corning, US.A)S A=< 2 ml 90% percoll (Sigma, US.A), 3= 2 ml 45%
percolle EF3Fa 90% percoll =X §3l® HAAS ZA=HA H7Este] 700 goll A 20
1 94 9 s Ry AARs Edste] 2 ml A9 #48 wigd el IVF-100 (FP,
o 7+ 20~25/1 dE TS Y3, A Tx7F 1-2X10° sperms/mlz ZA3te] 39T, 5% CO:
HjF7loll 6412 F<t vjFeted AY F8ES F=F

.
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O

Aol ik AVO)

Ao FAY FAL W 194)S IVMDI01E 2~33] AH3E F 6-well plateo] 20~25704
Wil 39C, 5% COp viF7Iol A wi ke, viFole i 5 48A17tuiek 50%] Al4dgh uj Y
o2 wAsH, v 24 EEEF wF TR v E FAS YFES 2AGE B AY
of AMgE A9 wjdg wjgFHS TCM-199 (5% FBS), IVMD101 (5% FBS) % IVMD101(10%
FBS)Y.

TATS] T4 HES QA ATEH AT 10%9 FBS7F 7M€ D-PBSZ 3~43] A% 3t
o2, 1.8 M9l ethylene glycolol Al 10% &< g FGo] e ~EZE= -71CY &
A7lo AAst 107 &< ANS AA% v 05T/ S5 -32C7HA #4ds 542
3 A" FATE FATS oAT w7tA] dAH diFo Radt 74 F4EE 3] F
of 5% &< & T 25dA FaAlE 83 &, 9T SOF v FAH A 241]7F F<t ]

2 4
TEHTE FHEE AGelA ASFA mAAS AeE 44 AEE e Bge
Ad By Ee 2 FEE AL, TAo] dddE s o) Mol A HALE Fho
FA7F FAH ANS AL AS. AF A wet AdE FA®e 10% FBS b
TCM-1997F =oil= 0.25 ml 2E=Z0| FFste] 37~39C e & 3AZF Wol nbste] o] 4
o AFsAE. F8T o2 A e Az ddFol nRHoz oj4edE. 7
& o] ° & 2F 1A R Qg o, o] F 6047l

O Amelogenin PCR W& o] &3t A7y 1=

9] amelogenin sequence®ZY-E specific primer= AMELX (Genbank accession no:
NM_001014984)2} AMELY (GenBank accession no: NM_174240)E ClustalW ZZ a0 &
alignments}le] Y-chromosome®] amelogenino]lA 63 bp7} deletion® RS 2835}
orward primer (5’-CAG CAA CCA ATG ATG CCA GTT C-3)3 reverse primer (5-GTC
TTG TCT GTIT GCT GGC CA-3)E YA}l o]& primer2Z PCRsMAl =™ 367 bp
X-amplicons®} 304 bp Y-ampliconsE €& 4 Sl+=. Blastocyst=2F¥ genomic DNAS] &
+ DNeasy Blood & Tisse kit (Qiagen, USA)E &-&3to] E&gh Kitel A= 100 ul lysis
buffer= blastocyst7} £ U= Z+z+¢] 1.5 ml tube oA 108 %<t incubationd}ed
blastocystZ lysis Al7l. Lysis bufferS neutralizationdt %, PCR =Z-& Saiki 5(1988) 2]
Haug W 2o TN HAIE Peura & (199D2] WS Bste] 95C oA 10&3T
=2 cycedt@da 1 e 95COIA 30%, 62ColA 30%, 1Ela 72COA 30ZE F 30
cyclesg AAeA L mA9 cycledl A= 72C oA 1021t exsensions AA|g tHEFE A}
€9 T3 4F Y AAME DNAS £33 F3T DNAE SFA|< HHY Tdg 1o
A AAIGE SFE AES 2.5% agarose gel M7]9E S AAISt] EsBrE @4 st UV
oSl Al o FE Zole] DNA band 72 A#dES 3 S o] PCR 4HEo] oA

ule
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ZIMES zZta A=AE &7 $3te] pGEM T-easy vectorel] cloningdt 3 T7 32 SP6
sequencing primers 83} sequencings F3ste] U ARE FRASAS.

b AT

@ Sexual Dimorphism< &3 3

dwrx oz [VF 74% wjuix %z}—z—% ﬂﬂl T 7MA agoz FEE. A7), inner cell
mass®] 9% a28]la AxAd T =d], £ 234 XX-blastocyst
OF (=717} WKt Za, inner cell mass7} 7&6} A dow HEA EoA Ye EHS
2 FYE7F ¥5) 3 XY-blastocyst L& (Fe&o| Fof A7Vt PHFET #31, inner cell
mass7} TESH F3lo] FE5H AEZY FRHE7F Holdhoz vro FEstden, ol
e ztolE sexual dimorphismol] 71918t Aoz Algd (29 50 #%)

<
oE
b
o
_>|4_,
e}
Hu
r-{u:
et
N,
30,

Ir
I,

Fig. 50. Sexual dimorphism between bovine embryos. The differences of size and sharpness
between male-embryo and female-embryo in blastocyst in vitro on day 7 are derived from

sexual dimorphism. XX indicates female-blastocyst candidate and XY indicates
male-blastocyst candidate.

Sexual dimorphismoi EFd F aF°] 24 PCR sexings S wf 7| drp} =}
olE Holu HIIXAE Lolr7] Y3l FEFHOoZ FolE Hol= F IFS XX-blastocyst
candidate :Lﬂ.J_ XY-blastocyst candidate 238 genomic DNAS #2385 (28 51 #F=x).
Z t] B33 PCR sexingS 93] Amelogenin PCR W< o] &3 A7y 1L3a9e (19
52 B #=x).
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Blastocyst Separation by sexual dimorphism  Sexing

Fig. 51. Verification of sexing by PCR technique with bovine blastocysts separated using
sexual dimorphism.

MBIl MB2 MB3 MB4 MBS MB6
e \‘ EE— Sy TS Gaaeey e P4
—— T T $ $ e—— G aEae—— - Y

= + Bl FB2  FB3 B4 FBS5 FB6

AELY o

Fig. 52. Representative amelogenin PCR product from genomic DNA of male-blastocyst
candidates (MB1~MB6) or female-blastocyst candidates (FB1~FB6). 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 GIT C-3") and R indicates reverse primer
of amelogenins (AMELX or AMELY; 5-GTC TTG TCT GTIT GCT GGC CA-3").
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B ATl A9 A% (M), A 4 (VP Telx A9 W (VO] WiRE WA ol
Aol AFPFES WLFAEA Lolr] g8 GTET WMTLDRS 2AHAL. A5
743 HiREE ] BIFEL 53.7%E YEW S G 4 ZFx).

Table 44. Cleavage rate and blastocyst formation afte IVF

Blastocysts on Day 7, n

COCs, n Cleaved, n (%) Totalx (%) Cleaved# (%)

132 109 (82.5) 71/132 (53.7) 67/109 (61.4)

*Number of blastocysts from the total number of cumulus oocytes complexes (COCs); #number of
blastocysts from the cleaved oocytes.

IVF & blastocyst ©Alol] A= FAE2 =79 FH= 2 Fejo] wigl male-blastocyst
e female—blastocysti TEAS. I VTS oY widtE G EF =277 23 ICMe] 3
7} ety A xde] Euwrl fold AL male-blastocyst 180 ® BFsGen, 277}
Zka ICMe] Fei7F FElstA] FoWA EojA e ok Alxde FHEV ¥& AS
female-blastocyst 1& 2.2 YT

Egh dEgo] U FEYFOoE FEF F e IAES AYsAS. A WA 21719 )
U Wd2}E3% sexual dimorphism© & female-blastocyst= 77§ 12|32 male-blastocyst= 97] =
FEEAOY, 5AE AL FHS. AA PCR sexinge® 3¢l #H AL Zddd 7749
female-blastocystz 570 (71.4%) 1971 2] male-blastocysts 87) (88.9%)7} &)= A=

T WA 23709 wijutE dxl= 7709 female-blastocystE 7tk o, AA] 570 (71.4%)
%3 male-blastocystel 2% 1070S 7|l o} 2A] 8 B0%F L. wpx=o g 27702 ujwk
X A= 9719] female-blastocystS 7t ov, AA 770 (77.8%) 3 male-blastocyst=
1205 7108t d ot AAl 107] (83.3%) A=A B H oz & u, female-blastocyst= 23
ME ZIstg oy AA 177 (73.9%) 91, male-blastocyst 3170 7|tistgou A 267)
(83.9%) A=A+

T

AA AF AFEE T dze] 47} =313 sexual dimorphism© 2 sexing HHH ol
AEAEE FE o9 B2 Q0 Aol Fgdtt A%, male-blastocyst E<R1E& 0]
female-blastocyst®. o} 13.5% =A &A= A, L o]+ male-blastocyst} female-blastocystzt
of mitochondrial DNA copy 45 A %39S w male-blastocyste] female-blastocyst2th 15%
=4 ety 1 92 3279 oA female-blastocystE o FE317] &olstHTiE Aol A
a1 ol/E S T AT A EE.
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Table 45. Measured XX vs XY ratio as determined by amelogenin PCR, as compared
to the expected values by sexual dimorphism

Expected sexing number Sexing determination
Blastocyst on Day by sexual dimorphism by PCR
hon XX XY 0 XX+ (%) XY# (%)
21 7 9 5/7 (71.4) 8/9 (88.9)
23 7 10 5/7 (71.4) 8/10 (80)
27 9 12 7/9 (77.8) 10/12 (83.3)

* Number of blastocysts from the total number of expected XX sexing; #number of
blastocysts from the total number of expected XY sexing.

w3l IVF 79% wij¥t¥ Jx}5-2 sexual dimorphism& #-83}e] XX-embryo candidate<}
XY-embryo candidate® w50 AT 0|23 35S, o]4S st Ay A expected
XX-embryodl A= 525F%F 1257} 3dEo]  231%9 JAlgo] FdEUal expected
XY-embryool| A= 64F% 2557 &QlEo] 39%9] =& AAE&S FAsIAS (F 46 F=2).

Table 46. Pregnancy rate after transfering in vitro produced bovine blastocysts
using sexual dimorphism

G . No. of . ..
rouping by Pregnancy  Pregnant  Parturition  Parturition
transferred
sexual dimorphsim recipient (n) rate(%) (n) rate(%)
Expected
XX-embryos 52 12 23.1 0 0
Expected
XY-embryos 64 25 39.0 0 0
(@)
B9 AT e B9 dh 55 Fu0] Aol EHor B3] ofele WA UL
5 gREAe E9 vkl ldw olFe] A8y 7% ARY

ubA], FHA 29 20109 ARFHE A A F
A Hoe A2 4Es 283 3T Ade d FAsit” ) o2 FE 9

Jol & AAaksle] AR} A7HEE AASE WEo g AFrE 7@:@6}04 A Flow cytometer
J7EE JAo T Fujgk F AFTAHS AATOZA FAHT o2& AP Fo U5

He ne M—A}%& AN WE (sAB
= Al
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A4 AFES FR% 54 71 AL 2 o)y

J
1

AT5Z (slow freezing)

Aol AAke ) S2 siwt27vis 22 DY 549 (1L.8M gd=2Z3 0.5M
2382) o] FHE 2E=R o] vy Zadsty A7) ZAFsta 0CAA -7C 7}
2 BF 1CA 257t ZatEA, -7CoA -35C 7HA= &Y -0.3CH 7t ZystE Al st
i -35C oA -196C AAZATFTA %A HA3

o
o

F4 %52 (rapid freezing)

ALlo A AirE wigrEZHIE oA HHo|AT BFor AT woes 10% (vIV)
glycerol (G) oA 5 min &<t 28] 10% G 2} 20% ethylene glycol (EG) (v/v) o4 5 min
B A AHEd g 25% G 9F 25% EG (v/v) 7} 9= FZ2de| =F A1 & 0.25 ml
French mini strawell “&=}&to] heat sealinggt ¥ 3%zt 713} A& 7h2d =&FA121 F A4
Ao o] Bagh

= o] W 2007d $F B TAE 0|8 AYE Fobd WA UGN ALE
o= AFA T FH 57 10me] ol 4ste] 4 40.0%) whel YAHE AVE A3 2008
9 4ole) BUEE ATE QS Q0089 AEP ATALAIAN Am B2

%2235 A (vitrification)

a1z A (30~40%) E AMEste] AWglo] HlolE: 2g&oz2 FZES
Aol AAHE & Sk wHtETEE & 5 =
FdoA &7 X3 F 30% EG7F EAUE SAA w=E35te] AA AZE strawell &
el 5 A AL4ol viE g

ic)
=
iv)
td
9
o,
1>
2
>
Do
=)
Ach
oo
>
i)
rlr
iin
i)

7 (Direct one-step thawing)

o4 @M Fashe] M2 ol Ast 2ASEA-One-stepg sl WHL ALHAL,

)
el
el
1>
g o
ol
pr
of
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%A (vitrification)

Dulbecco’s phosphate buffered saline (D-PBS, Gibco) o] 10% FBSE 713l 7]& g o
2 AMgdgon, 2A3tEs 4 892 glycerol (G, Sigma)¥®} ethylene glycol (EG, Sigma) <
rate] ARE3E A Mz ol A wiRtEV|HIE FZAst7] Aol 10% G7F H7Fe D-PBS (+10% FBS)
o A 58, 10% G (vIv) ¢+ 20% EG (v/v)7} 78 D-PBS (+10% FBS) oA 5EX A E
gsto] @3S F=F T IS AFESto] 25% G} 25% EG7E &9h€ D-PBS (+FBS)9)
20 " 307 == A)71 3 0.25 ml French vy 2E=Z9| AZ3ta 4 EYg AFE ~EEZ=
LNy vaporell 33t =Z&dte] WAzl & -196C LN, o vtz I3t 1-9A FHE A% =
EZ Y9 #AAFS AA A Kim 5, 1999) stgow os3 Zo] #4375 cm (0.5
A7=%) - 05 cm (F71%) - 1.0 cm (G25EG25 2A3t5AA%E, Y7t Sojrte %) - 0.5
cm (F71%5) - 15 cm (0.58 FIAZZF) o0& FaAZ =29} ZAstgddo] 91 v &= 4=
T UA FHIF

f

o

Y
off X,
iy, oo

ZFAY (one-step dilution)

ZEZE 25T ZollA FAREHE Fof 30x thA AFAAN F2ZHZ 30
2 o WE&Eo] 3] 4ol=F g 1-9A g3 & AY

% LNy vapor =&& A&g A2 d-Ag&d7 1-GA F3|d ==}
Wit oz HF AHG oy FHjGFo=ZA FA-F30 A

[
m

o
2]

>
e r‘* HJ

PN & ok

]_
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7h. A-83 FA S W FAEA E2EREolE AHEEFH

B AFo Agd A ZgEo|=E3 ‘4’ -dihydroxyfla
vone (ICC, INDOFINE Chemical Company, Inc, NJ, USA)
AHE3dar, DMSO (dimethyl sulfoxide) o] &3&f&le] o]

KX
=
Skt

22-206
a9 53. 3 ‘4’ -dihydroxyflavone

ojw] A|el=7g Hijoke] Ao TR Al HIMAZA wjREE F

=e 2
& P& S0 AW} 9L oyl HAW 1 YL

EEsol= Ayt FZujete AEE e T

A WS ngom ZgR-olEE wiutE e 52 AZd Hd T HYEL 11X
E Qge 2A5A. GAM@OE.%MH48miﬂuww41ﬂuﬁﬁﬂmﬂ<:aﬁ£
= 4 A/F wgAge] EZE ol 10uMS AHEste g3l & AEE vA= FTFS
245192,
3% 47 FgEwol= AHErt Z2 viRtEZue] AEE v A= I
Treatment of flavovnoid No. (%)* of survived
No. of embryos
Before After embryos 24h later after thawing
freezing thawing (= Re-expanded Bla.)
- - 79 45(57.0)*
Control N
- + 73 50(68.5)"
Flavonoid + - 73 47(64.4)*°
10uM + + 75 57(76.0)°
* p<0.05

3F A7) AAIR upe} o], EgtHolE BAHFI(--) o F3 F AEELS 57.0%
(45/79)¢1 wbA FZAAL g3 & AHZE (++) o A HET] 76.0% (57/75) = L‘rE‘rUr Ea‘r
Hixol= Ay &3/t FostA Ades <l o};’it} T3 T4 ) oy g3 & (-0 Z
gE o= AT B4 &3 F Aol ¥ w2 AEE&S UEo] &3 ¥ ZehEeo]

= A7t s2uote] A& B F2 9Fs ide A & F AU
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EgRxol= A dE T2 ot AXE AFEE AL

gl & ZrolA AEZE wjore] AE APEES EAFSZ] $1@f TUNEL (terminal
deoxynucleotide transferase-mediated dUTP nick end labeling) 44S AAIgH . 43 9
3 3d AP wwrEZ|ElE 1mg/ml polyvinylpyrolidoneZt o] & PBS (Ha-&9)
o] 3 M| #H3}aL 3.7% paraformaldehyde ©f 14|37 &9 Ao 1AHS AASAS. 1F
Hlol= AHElgdo =z thA] A& star 0.3% Triton X-100 S0z ALor] 1A F
Hjole oAl HgHo 2 23] AHg o, FS AEA A2 37C w

W

mlo
o2 il

A

—_

% 718t A=
Jol A &3EAo] B2zx dUTP ¢} terminal deoxynucleotidyl %‘j% &2 (Roche, Mannheim,
Germany) o 1A7F Z¢t wk3-S F%3kar, 40 mg/ml propidium iodide (PI, Sigma) ¢} 50
mg/ml RNase A & o] ¥of 1A 7tEt 3 A& A SRS, §h&o] £ wjol= * 28
o7 FE3 AFH StoleIgtldd 4 AHEHOE FE ¥ FF dvulAPstidA &
231902 (Olympus, Tokyo, Japan). Al EAE B L th&3} % % ol W) MA MEe &
A GAEG 2 F APE e F2A 407 dMET BHs) Hol e s B 7 A
. MEAIE &2 GAATRE o|wA st FAEIY G AFEIAFE WEERZ XA U
EF A
0}F & - (No. of apoptotic body)
0lF £ Al A A& (apoptotic index, %) = x 100

Z M| 3 U= (No. of total nucleus)
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a9 54 EERols X o wE FZ ujole] MEANEE AR A)

Agde 5. B w3l F AYT (/.

0O &2 A Adx /-). D)

AT (). B) FAESF AL F) A ZAEE 2AL

a9 540 AAE uks} 2o, g3
Ae)we] AT Adgo] (510%) A7

(020%) o Bl&f FolatA HAEE AEFS YEiAS.

*upekA], SAujele] Zewiol= HEE

a) sdnote] MIEAEES

52 A-$AF
54 A-§9

) &2 T2 Al F () EftEEo=
/) e 2 A AT (/)9 Alx A2

o
=

224717 b) 53 3l F Wt AEe] ARAYS O & AL,

stolpe] Yoo FUYES 2AAS (FUES 10-2009-0035114).
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27 Wg s 2 U gu (FAY 2y 5) 2 @
2887 95te] 1 ol § A5AL FAE. 4 FAAY HE D FEo f857 o8 5
98 Aoz AU

(D ¥+=AHF 52 A CCB/Taxol A& &=}

f

2 A FAEREH dAE H3E3s17] 98] Cytochalasin-b (CCB)$}F TAXOLY] A7 &=
A=

Lo

ZA}

"l_

O

F 48. 52 v g F A e

No. ofembrvos No. of total
Treatment Day2 Day4 Day6 Day8 cells
(= 2¢ell) (4cell) (= morular) (>blastocyst) ICM)
: 30 22 5 4 148.3+50
S 55 (75%) (73.3%) (16.7%) (13.3%)  (39.8+21.9)
22 17 6 6 153+77
B = (66.7%) (77.3%) (27.3%) (27.3%)  (27.8+£7.8)
. 26 20 7 6 9441324
FREEAS 43 (60.5%) (76.9%) (26.9%) (23.1%) (19+8.6)
3 T AESEL 70-85%NoH, FAHEL 60.566.7%= hET 75%°] HI| Wk, Hi
F 8Y A wiwrE FAEL 231-27.3%F HERHALH, MEF ZAb A CCBA TS T
7 FARE F AEFS WRAIZAFE Ueo] AZdR s a3t S & F AMS
(3% 483 19 55 #x)
Control .. CCB TAXOL -
e w7 i .
P < |l

SRR g3 F
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Ml sl ¥ gelsted ol wE vaA = i
v, CCBet TAXOLAZ7F FA=wol ws] AEzzds a4 T2 FA4 a3t e
& A

574 RPE nFALe 35 §a - N Fele] FAL §4 — AE vEHInL
=g} S| EFEYGAE o] &3t FFMEE AAH — Oosight imaging system= ©]-8-3lo &3
- ARG - AT wdete] FEES A - A §F - dEAERFE - 8L Wi
¥ 49 52 U5ASL 0|87 BASGS A
No.(%) of embryos developed to
Survival rate Fusion rate Cleavagerate
Day 4 Davé Day 8
= 8ceell >morula > blastocysts
82/123 40/62 24/40 18 10 2
(66.6) (64.5) (60.0) (75.0) (41.6) (8.3%)
(3
P R IS GAE FA I ANSY L AAL HAD 8T £ A2 £,
Mg dAe] FA0l FRE o|FTolAW FAG] BE $F FAAY £AL HEHE Ho
88 + Ae (ALY 715,
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2. 54 7le &8

O ATHIATH Lftel 159 o1yl 19 =5 ATHE TUSe) Bog A4
SANFAD AL . 5
AAE ATAE 9 v Y FGAT

Mol WE W %)

AdHW 5 o
i 3|5 dA) 230 7 43 5 6 A Bl
(2293%)
> gqE = A > wjulx
1 (94-14) 22 19 (82.2) 9 (47.4) 4 (21.1) T4 9 o]
2 (23) 11 11 (100.0) 5 (45.5) 0 (0.0) -
= ole]e] dAERE 337 @24, 11) o mASIAS 35agn, 94 59 g
(BKOl 11) oz F£4 0}04 3070 (90.9%) ¢ AL FEFPor, v 7 3 £ &=
X o 7

159 olZ®E AF 5 UL dr2iE IA5HE Aoz ALFHL @ o]FolH
1H90.9%) date] =L ofste] Aojwde A&eA HA ot oY sbed Fg%
Un = A+

489 FE T2 ﬂ]?—%”ﬂ%—% A 275 ol&ste dRtEAs AAEtARIL, 53l
o

AT o4 98 AE AYFEEL R SREAS AAste] RFAT)
_]

kouiel
=T
e ZE AdAste] of4s dAIgh
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. 2A8FA% 1-94 §98 ANEGol 4By APl 4reE AFETS BA: 423
; Production of Cloned Jeju Black Cattle (Korean Cattle) from SCNT Embryo Using
Vitrification, One-Step Dilution and Direct Transfer Technique

AFEE BAFATHE 25502 438 FA7F gEl2r ARENS o =AM 1-
WA o B F AgolAse WHoR AF F5 AL AUtE AAT olTUS
Abstract

One-step dilution and direct transfer would be a practical technique for the field
application of frozen embryo. This study was to examine whether Jeju Black Cattle (JBC,
Korean Cattle) can be successfully cloned from vitrified and one-step diluted somatic cell
nuclear transfer (SCNT) blastocyst after direct transfer. For vitrification, JBC-SCNT
blastocysts were serially exposed in glycerol (G) and ethylene glycol (EG) mixtures [10%
(v/v) G for 5 min,, 10% G plus 20% EG (v/v) for 5 min.,, and 25% G plus 25% EG (v/v)
for 30 sec.] which is diluted in 10% FBS added D-PBS. And then SCNT blastocysts were
loaded in 0.25 ml mini straw, placed in cold nitrogen vapor for 3 min. and then plunged
into LN, One-step dilution in straw was done in 25C water for 1 min, by placing
vertically in the state of plugged-end up and down for 0.5 min, respectively. When in vitro
developmental capacity of vitrified SCNT blastocyst was examined at 48 h after one-step
dilution, hatched rate (56.4%) was slightly lower than that of control group (62.5%). In field
trial, when the vitrified-thawed SCNT blastocysts were transferred into uterus of
synchronized 5 recipients, a cloned female JBC was delivered by natural birth on day 299
and healthy at present. In addition, when the short tandem repeat marker analysis of the
cloned JBC was evaluated, microsatellite loci of 11 numbers was perfectly matched
genotype with donor cell (BK94-14). This study suggested that our developed vitrification
and one-step dilution technique can be applied effectively on field trial for cloned animal

production, which is even no longer in existence.

(Key words : Jeju Black Cattle, SCNT blastocyst, Vitrification, One-step dilution, Direct Transfer)

N &
AAENC A Wi ue] Aejago] AMoFAe] wMEs| BAET FAG
30-50% 2 R 9= whA (Lonergan 5, 2007), A4 A2k G890 B+& olf= A2
Bobga A9 o)

Aol FAIE FF ZAA -5 AR AAHS A= Hel BE 2EHZ,
Al
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Ao E BALPAE thre) BHL] % AH Ast Sl FAHA g
e olqste Aol tREelY BAFIT YA A BALS EolU] AHME $5B
AZAUE HGE S A4 PRl AAH A7l AMEA o4T 4 Yt HE %
AFRE B EMgol BRF. AFAA, BAL Bl B we BRIzt olFold go
G oiRE A4 BAFAE oldd @ vz ATl fe FANBEAW ol4S 5
St BA A A FAago] E335PH (Tecirlioglu 5, 2003; Gong 5, 2004) ©5o] TE=ojA
NE A8Y 5 Qv 2BUPL o188 AvE gk 449

AAZ )Y WREA NG A ALY 24T SAYWOE -196C] YFREFIL AN
7ol ARG Thg 200 1WA PR gastel 2 whE £a% ATl o|4% F AW
182 FEFORA AMEH]Y FAWBEINE o] &8 AFTS BAz AL 54 2

dae] 34 2 AgEe Kim 5 (2010) o
GAE 2-4 AZE ool 32-37C Ay A EFo
AL=E g 5§ F7A 2-6mm & GEZFE AHFHstA AMRSIAS. AA AR P}
dFAZ7E BEREOID Alxde] Tdd dANES s
TL-HEPES=Z A|2]s}le] 10% fetal bovine serum (FBS, Gibco-BRL, Grand Island, NY, USA) 7}
H71E TCM-199 (Gibco-BRL) viF<del 0.2 mM Na-pyruvate (Sigma, St. Louis, MO, USA), 1
ng/ml FSH (Sigma), 1 xg/ml estradiol-17 (Sigma) ¢} 50 xg/ml gentamycin (Sigma) & %
38.8C, 5% CO, =zdsloll A 20 A1zt &<t A9 wjgFate] AEHES A==

> 2 oo
it
> 0
ol
ol

2
X
o
A
i
i
oX,
b)Y
=
>
rr

AFEF AMEI o] 2ufole] Ak gl A9 ulj¢f

A8 sE 2 48 A= 0.1% hyaluronidase (Sigma) 7} 3 7}# TL-HEPES Hlj &<l of] A
GTFANEZE AAS FH A 1AV BEE dANES dEEe AR e g9E dXe 7.5
w«g/ml cytochalasin B (Sigma) 7} #7}¥® TCM-HEPES vj%fe} A& o2 &7 Oocyte Imaging
System (CRi) 7}#l2}& blinking A4S 2 A3 & o] X E sty &3 A5 T4
AAEE 20073 AFEEAAE FLAHAETY 24 AFSS 585 TH9 (BKY-14, ¥) 9
AMEZE AFASA A LolA wjYgsted 24 HASIAE Aoz 4-8 A MEE AHE3SHS
S oja Al Fo AAHETE Tryple &4 (Gibco) 02 sty dAdAEE B3 T 3%
proteinase (Sigma) &< 50 %7+ 23t TCM-HEPES ®jfl o= 3 AH3s ¥ 10 xm
719 AAEE =2 o] AAD F3 Ao FPuiel AEA Apole] FZbol] o] A3k E.
AMEZ FYE FAE 0.3 M mannitol (Sigma) |9 oA LF101 Electro Cell Fusion
Generator (NEPA GENE, Shioyaki, Japan) & AFg3sle] A5 22 volto] A Ipulse®Z A¥ §32
Ao MEFFE AFe= 308 Fo BHEASAS. §Fol FAH FHojA# 5 M
Ca-ionophore (Sigma) ol 5% x=<A]7]3 2.0 mM DMAP (Sigma) oA 34|37t T2 v st
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. Yol F A3 2" Fx+= 3 mg/ml FAF-BSA (Sigma) 7} E9] U=
CRlaa ®jFol] &7 wiekstar wi<F 48A1zF A FdE o] Hjole U /MAY AAE=R
G=ajko] =% 10 ul 23 o)A 1 ug/lmL Epidermal growth factor (Bio-Research Product,
Inc, North Liberty, Iowa), 1 ug/ImL Insulin-like growth factor (Bio-Research Product), 10 uM
flavonoid (3,4’ -Dihydroxyflavone; INDOFINE Chemical Co., Inc, Hillsborough, NJ) ¢} 10% FBS
7} €010+ CRlaa widH oz 35 wjdFozA v HAS FE3tA+.

A A EY o] 2] wiwkE7|u) o] ZHA}35}E 2

Dulbecco’s phosphate buffered saline (D-PBS, Gibco) o] 10% FBSE 3718l 7]E g0
2 AMgstg e, 223t 892 glycerol (G, Sigma)¥} ethylene glycol (EG, Sigma) & &
gatod ARSI AAMEH o] HiRtE 7| E FZA357] Mol 10% G7F H7E D-PBS (+10%
FBS) oA 5%, 10% G (v/v) ¢ 20% EG (v/v)7} 78 D-PBS (+10% FBS) oA 584 <o)
2 AYste g ds s & IS AREste 25% GoF 25% EG7F £3%¥ D-PBS
(+FBS)oll 20 " 30%7F =% A]71 % 0.25 ml French vy 2~E=Zo] #Azsta & BJsH=. A
ZhE 2EZ+ LN vapordl] 33t =F3te] WAl $ -196C LNy o ut2 HA|stAS. 1
G Al E A 2ER LH«] H=o A AR Kim =, 1999) stgom them o] =y
HAs. 7.5 cm (0.5 FIAZ=EZF) - 05 cm (F7]%F) - 1.0 cm (G25EG25 ZAtsts 2 A5,
A7 Eo7b= F) - 05 cm (7}77]*5) - 15 cm (058 fa2=2F) o7 FARZ9} 2A3E
ddo] 91 BIEE FHE F UA FRIEAS. 4 2ERE T ¥ AAEIYo|Y Hjol = 2

1-2A g3l z+HH (one-step dilution)

A Z2ERE 25C EolA FALEHRE Fol 30x v FAZoAA FAFHRE 3027 A
st 2EZ o] W&Eo] &3] HoleF: A 1-8A &3 & A9 LS A
Agk x2S LNy vapor =55 ALt 23t d A-AE&Aq G 1-TA Fajde 27
o2 AEst T ujgAoz HF AHS v F-ulgFozN TA-g3 L&A =4 F
&5 ZAE S
T

44 4AE Tl 34 Fut F5@ ANE z nz
oJ4mglom, 7003 ol FATelH FES 742 ALIEA 29l g FAAYL. TS
o 94 ATe FA-§HY BAFHL o4 F 45QA0) B PAbgel oJste] Pl JRE
AWsIAe. BA77E 7ol & 10972090 ANE £ By AFE BAn AL
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FAAE
A sd § 1-97 FslE AAEI o] HiRiEZ7IEle] AE& it A= SAS
program< ©]g38le] EAsd o, A F #2142 Duncan’ s multiple range testE o]-&

stel AR aL.
2 3

O A gsd AAME o)A A5

F9 iR e] 1-wA g3l F Aeuas 24
2AED AANENY AFE :

|
- HiREEZ|Eje] 1-9A g 3 Aeg

&9 A=
¥ 517 1Y 580] ANE whsl & AA Aol =& o] 2ASED A-deeda 1-
A g [FrEE=s 2A48FAY O 23 24

3t FAN-GAgH Aol A ﬂ*% %
stds W, AFTANA F3 F AEES 84.6%

A Z B3 wmEou] (2" 59B) 29 %}%%—3- 56.4% (22/39) 2 Wiz 62.5% (25/40)
of mlaf okt BFtout FojAte AR HA Fshe. B AT 53 AAA ZAEAS.

ks i]ﬂﬁﬁ 7oA 48 AIZF Tt Wk
(33/39) ¥eow, A= wjHbE7H] (¥ 58

Table 51. /n vitro survival of vitrified and one-step diluted bovine SCNT blastocyst

No. (%) of survived

No. of

No. (%)
Treatment SCNT " after 48 h
blastocyst of recovery =Hatching blastocyst Hatched blastocyst
Control 40 40 (100.0) 40 (100.0) 25 (62.5)
Vitrification &
39 39 (100.0) 33 (84.6) 22 (56.4)

One-step dilution
‘Fresh SCNT blastocysts were treated sequentially in vitrification solution and then in
one-step dilution solution except LN2 exposure, respectively.

Fig. 58. In wvitro survival morphology of vitrified Jeju Black Cattle SCNT blastocysts after
one-step dilution. After co-culture with monolayered ear cell for 24 h (A) and 48 h (B),
survived embryos were normally developed into hatching and hatched stages, respectively.

O zAsts2a AT AFZS wiwtEsue] 1-v $3) F JHol4d Be Yz
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ofWol AWH EASFA/N-BA F3 F AgolAs)E Y] 84 L gL oy
B Argol AYFFAL o] ABATZN AFE AR HgoI ABH FS AYE F
oFA A AEAN 40% ERE (10 & HSH 1 F5HS FAR vk Je Park 5,
2008). ol2Ig HHE EA-F3 716G nPoz B AT 2007d0] WE BANE AF
EwMAE Ea4 2 259 =4, 20083 12

b, & Aol e 2AstEds 1-9A4 Fol 2 AH o4 Ve AAEIe]
A vk z]E) ek by A9l AT 8o aRHom ofgd F & AcH AFH
o F T4 7le AT B s VR leT S oilet FAdE s A g A
ABBAROZ QA3 AFRAl= ¢4 F HEH 2E9719 75 5 5o fE5H °]82
T A4S Hog UE.

*o]4bo] Y82 Reproduction Development and Biology 2011'd 353 77-839] AlAE.
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Production of Cloned Jeju Black Cattle (Korean Cattle) from SCNT Embryo
using Vitrification, One—5tep Dilution and Direct Transfer Technigue

Ein Youmng Kim™, Min Jee Pak'™, Jae Yom Kim'”, Hyo Young Park'’, Fam Ji Noh'*,
i14

Fun Hyung Nph'*", Dong Hwan Song™_ Chang Eon OF, Youmg Heon Kinv', Seong Ho Mim',
Dong 'Stm Let‘_ Moon Suck Ko', Kev Zung Riu' and Se Pill Pagk'™*"
‘Mirae Biogeck, Seowl J43854, Kores, “Jem Noncmal Unreersity Stem Cell Research Cemzr, Seoul [43-854, Koren
':_ﬁe_,m Special Self-Goverming Province, festite for Livestock Promogon, Jeu #90-180, Korea
‘Miriona! fuminge of Subtopical Agriculters, Jefu 690150, Korsa jie_.m Noronal Untversity, Jefw 800-756, Korea

ABSTRACT

(Mne-step dilution and direct transfer would be a practical techmigue for the field application of frozen embryn, This
study was to examine whether Jeju Black Cattle (JBC, Korean Cattlel can be successfully cloned from vitrified and
ome-lep diluted somatic cell nuclear transfer (SCWT) blastocyst after direct transfer. For vitrification, JBC-SCNT blas-
tocysts were serially exposed in glycerol (G) and ethylene glvenl (EC3 mivhores [ 107 (wivl G for 5 min, 10% G plus
20% EG (wiv) for 5 min, and 25% G plus 25% EG (v/v) for 30 sec.] which is diluted in 10% FBS added D-PBES And
then SCNT blastocysts were Inaded in 0L25 ml mini straw, placed in cold nitrogen vapor for 3 min. and then phunged
into LM Ome-step dilution in siraw was done in 257 water for 1 min, by placing vertically in the state of plugged-
end up and down for (L5 min, respectively. When & pitro developmental capacity of vilrified SCNT blastocyst was exa-
mined at 48 h after one-step dilution, hatched rate (56.4%) was slighily lower than that of control group (62.5%). In
field trial, when the vitrified-thawed SCWT blastocysts were transferred into uterus of synchronized 5 recipients, a
clomed female JBC was delivered by natoral birth on day 299 and healthy ab present. In addition, when the short tan-
dem repeat marker analysis of the cloned JBC was evaluated, microsatellite loci of 11 numbers was perfectly matched
genotype with donor cell (BE94-14). This study suggested that our developed vitrification and ome-step dilution
techmigue can be applied effectively on field trial for clonmed animal production, which is even no longer in existence.

{Key words : Jeju Black Cattle, SCNT blastocyst, Vitrification, One-step dilution, Direct transfer)

JYI | oo, 8ot gdef A4 1998'd Kato T3} Cibelli
gld 97 Aol dad & ga, ffuisdE m F
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AFZ9E SR Mol AB4AL Bal FF e Bl 49T IR TR 7S
Yaom FAwelA, Qs s AN AFIS FUEL FAGLA FAFAL

2 AT ol&H AlEE DeEXETH FHFAAEY AFIAAPZUeju Sub-station,
National Institute of Animal Science, RDA; NIASDT} AFEWHAXE =2-1ZEA(Livestock
Promotion Institute, Jeju-do)oll Al AT A2tz S1Z5Ao] o] &AW

.

o m=E Al o8 FWS, i) FAAS FIFLL Bk K4S WANA olF FY
$7hA 9 SRS JeEhlAL 9FFFoIL STl o) YaE Ao welw
IQE &0V AT A AN GYR, V) ABFE] FEH FUSEL oz B2y

AFES DNAE |3 7|Zox B <2 DNAS Eguigton 71 A& ZF F7loA
A dsle] DNA HE2lo] o] &3¥th. AdoA] DNA E2]&= Sambrook 5 (1989)¢] WS w33}
A
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Technology, USAZ FZE=E ST = Awo/As®t As/Axol EF 1.8 ©]4<l DNAES
50-60 ng/ul = 3]43e] PCR ¥Hg-9] 73

O Microsatellite -+4x213 <] 24

Aol o] &g MS marker= = A5 &7 38t3](International Society of Animal Genetics,
[SAG)Ol A &9 F374 g A7 IAHA ol &85 dFstar = ISAG MS marker
11 &(TGLA227, BM2113, TGLA53, ETH10, SPS115, TGLA126, TGLA122, INRA23, ETHS3,
ETH225, BM1824)#} A3 thYd 247 14848 98] AP A7l oJa) AddE NIAS]
MS marker 11&(BMS1907, BMS4028, BMS1580, BMS2060, DIK4591, DIK4460, DIK3027, BL1134,
DIK4224, IDVGA-37, MNS-2)& 7} 3342

MS primer % & 35 FAM, HEX, NED, TAMRA S22 5 ‘-8% %A A MS 5%
FEATGS o83t /EA MS 33 b3 ZAME 3¢ & multiplex PCR %
s
o=

PCR ¥Fg2 50 nge] genomic DNA £<o] 1x PCR buffer, 125 mM dNTP, 0.3 Unit
HotStart 7ag DNA polymerase(Bioneer, Korea)oll Z7] A&ol|A At z+zke] MS markerol
W primerES Hrbeli, BE FRFE A7kl A% 10 wok HA she} EuleL.

FH] " whS-do] ot PCR &% PTC-200 thermal cycler(Bio-Rad, USA) Aol A 95T ol
A 5&3F 271, 94C 45%-annealing XA 75%-72C 90%2=E FAE cycles 353 HHE
Fastal 72C oA 103 HE g5
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D AFZ$ M EAAA A

- 39 MS marker :
(TGLA227, BM2113, TGLA53, ETH10, SPS115, TGLA126, TGLA122, INRA23,

ETH3, ETH225, BM1824)

- AAHA - 1F

(BMS1907, BMS4028, BMS1580, DIK4591, MNS-2, BMS2060, DIK3027, DK4460,

IDVGA-37, DIK4224, BL1134)

* SNP marker : 2§ (MCIR, ASIP)

3 54, AFEF

7&

o MS EAIAE HEA e

L)

ol FA?

of

ot

3,

OEPR

11 (International Society of Animal Genetics 4, ISAG)

candidate fathers candidate mothers (n=84) overall (n=394)
Locus (n=10)
k Ho He PIC k Ho He PIC k Ho He PIC HW!'
BL1134 4 0.800 0.658 0.578 5 0707 0.727 0687 6 0.726 0.728 0.685 NS
BM1824 3 0.100 0.353 0.303 5 0512 0587 0525 7 0401 0.446 0.414 NS
BM2113 5 0600 0.568 0.508 8 0.774 0.694 0.655 9 0.688 0.646 0.612 NS
BMS1580 2 0200 0.209 0.178 4 0.333 0316 0286 9 0.487 0.511 0.433 NS
BMS1907 4 0.700 0.563 0.498 5 0506 0558 0474 8 0534 0.542 0487 NS
BMS2060 4 0900 0.658 0.578 5 0.59 0557 0518 7 0.599 0586 0.523 NS
BMS4028 5 0.800 0.752 0.668 7 0765 0736 0.697 11 0.734 0.703 0.671 NS
ETHI0 4 0.800 0.689 0.603 6 0714 064 0582 8 0.721 0.712 0.665 NS
ETH225 4 0500 0.489 0.420 5 0.619 0635 0579 8 0.622 0579 0.535 **
ETH3 5 0700 0.795 0.713 7 081 0.782 0.743 8 0.749 0.745 0.712 NS
IDVGA-37 3 1000 0.668 0.559 5 0.544 0.625 0550 7 0.657 0.649 0.578 NS
INRA23 6 0.900 0.858 0.789 6 0702 077 0.728 10 0.802 0.804 0.778 NS
DIK3027 4 0700 0.684 0.584 6 0.693 0.743 0.698 0.642 0.7 0.655 ***
DIK4460 4 0500 0.647 0.544 7 0.74 0.734 0.688 0.761 0.759 0.722 NS
DIK4224 5 0700 0.626 0.561 9 0.646 0.608 0.581 10 0.694 0.687 0.653 NS
DIK4591 3 0500 0.468 0.381 5 0.524 0.49 0443 6 0582 0.562 0.509 NS
MNS-2 3 0800 0.653 0.548 4 0.642 0.635 0557 4 0.59 0563 0.501 NS
SPS115 5 0700 0.616 0.544 6 0.762 0.708 0.656 8 0.756 0.736 0.699 NS
TGLA122 7 0800 0.726 0.658 7 0.845 0.827 0.800 17 0809 0.8 0.777 NS
TGLA126 5 0.700 0.805 0.729 5 0714 0731 068 7 0.774 0.779 0.741 *
TGLA227 4 0.600 0.574 0.476 6 0.655 0.631 0566 12 0.688 0.695 0.656 NS
TGLA53 7 0900 0.858 0.791 12 0.893 0.865 0.845 17 0.886 0.854 0.840 NS
overall mean 4.36 0.677 0.633 0.555 6.13 0.668 0.664 0.616 8.77 0.677 0.672 0.629

k, number of allele found; Ho, observed heterozygosity; He, expected heterozygosity; PIC,
polymorphic information content; HW, Hardy-Weinberg equilibrium.
1, *<€0.05; **<0.01; ***<0.001; NS, not significant.
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#E54= 2259 MS markere] thyk ZAolA THE tHAAS] Fob o]FHIAES H=
(Ho, He), @ AR ZFPIO) T TEFE 7A4HE FE F A, FHNFER o]Fofx FH =
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Ztzke] MS 524 oA BE YA FE 87701, BE lFHFAHOL H

e 0677, 710 olFAHTAH] FHe 0672, FPARL] HFLS 06298 AL

TGLAS3 marker+= 177) i€ AA7F @A A3, MNS-2= diEAA7F /12 7 A Qls. 4
H 22% 9] marker 5 ETH225, TGLA126, DIK3027 &-2 Hardy-Weinberg %3-S UEI A=

T A2 markerd 2 oA AR TS HAFE PICY AL AA| 222 MS &
H= 05552 TH ZFE 0.6160)4 AAFES 0.6299) H& ThA 2 5

A4 MS marker = BM1824,
T2 PICo 3ko] 0.5 o]3t2 ey
M1824, BMS1907, BMS1580 &

JAgol ol EHPY FEE 10 Fol F #
ETH225, TGLA227, BMS1907, BMS1580, DIK4591 & 6 <<
marker24¢ AR Ho| thh HolAE AIFSL HPow, o] = B
2 FES A AA ZAF FSFNAE PIC7E 0.5 o]3t2 1%

ETH3, INRA23, TGLA5S3 59| PIC= $H 7, %, HA ZHToA EF PIC7F 0.7 o]o=
A= N3, TGLAI22= X B} dA| =47, TGLA1262 $X Fo} A Sl A, DIK4460->
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E 55 AFZL Ao A9 9 MS marker ¥4 AR EEEA

FRAEA G
TE2 Excl(D)! Excl(2)?
Marker 4 Marker & 3

BM1824 0.11 0.11004624 0.252 0.2519824
BM2113 0.2135 0.30004373 0.3934 0.546249
ETHI0 0.2735 0.49145037 0.4424 0.74699147
ETH225 0.1714 0.57863912 0.3311 0.83076098

ETH3 0.3524 0.72710742 0.5352 0.92134388
INRA23 0.428 0.84391486 0.607 0.9690866
SPS115 0.3028 0.89117007 0.4808 0.98394932
TGLA122 0.4345 0.93846128 0.6142 0.99380746
TGLA126 0.3524 0.96014767 0.5314 0.99709831
TGLA227 0.2452 0.96992051 0.4102 0.99828863
TGLA53 0.5179 0.98549943 0.6861 0.99946285

'Excl(1): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given only the genotype of the
offspring

’Excl(2): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given the genotype of the
offspring and of a known parent of the opposite sex
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HRAE A 5
T Excl(1) Excl(2)
Marker T3 Marker T3

BM1824 0.11 0.11004624 0.252 0.2519824

BM2113 0.2135 0.30004373 0.3934 0.546249
ETH10 0.2735 0.49145037 0.4424 0.74699147
ETH225 0.1714 0.57863912 0.3311 0.83076098
ETH3 0.3524 0.72710742 0.5352 0.92134388
INRA23 0.428 0.84391486 0.607 0.9690866
SPS115 0.3028 0.89117007 0.4808 0.98394932
TGLA122 0.4345 0.93846128 0.6142 0.99380746
TGLA126 0.3524 0.96014767 0.5314 0.99709831
TGLA227 0.2452 0.96992051 0.4102 0.99828863
TGLA53 0.5179 0.98549943 0.6861 0.99946285
BMS1907 0.1804 0.98811579 0.326 0.99963795
BMS4028 0.2842 0.99149324 0.4672 0.99980711
BMS1580 0.1 0.99234369 0.2136 0.99984831
BMS2060 0.2006 0.99387932 0.365 0.99990368
DIK4591 0.1272 0.99465783 0.2683 0.99992952
MNS-2 0.1902 0.9956739 0.3378 0.99995333
DIK4460 0.3188 0.99705314 0.4923 0.9999763
DIK3027 0.3116 0.99797145 0.4909 0.99998794

BL1134 0.3231 0.99862695 0.5023 0.999994
DIK4224 0.2589 0.99898243 0.442 0.99999665
IDVGA-37 0.2016 0.99918756 0.3444 0.9999978
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# 57, MS AR ¥ AP e B FdNAEEE

Molecular marker NE-1P NE-2P NE-PP NE-1 NE-SI
ISAG markers 0.9902701 0.9996973 0.9999991 7.6x 107 0.9999234
NISA markers 0.9505602 0.9965295 0.9999338 4.4x1070 0.9997092

ISAG+NISA MSs 0.9995189 0.9999989 3.63x10"  8.58x107 0.9999999
ASIP 0.0150162 0.0791412 0.1396615 0.3015486 0.1620365

MCIR 0.1812402 0.3201026 0.4682533 0.7675028 0.4929075
combined all markers ~ 0.9996120 0.9999993 713x107"%  7.69x10°"  530x107"°

NE-1P: Average non-exclusion probability for one candidate parent

NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a
known parent of the opposite sex

NE-PP: Average non-exclusion probability for a candidate parent pair

NE-I: Average non-exclusion probability for identity of two unrelated individuals

NE-SI: Average non-exclusion probability for identity of two siblings

ISAG marker®} NIASJ marker, AS/IP, MCIR 55 EX43S u] AA] Feto
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—)

FN
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*  had not candidate parents under 95% threshold. n.s. not significant.



Fu Fo} Ao FA4E wmeld mismachyh A 9, 2o} TN el

0, FAAELo} FYSNBFY AFEA FAAPY 5 AFES REAGNN FAE 2
o] % 58 )

HEH B Ao s TR BE AL AHdA TR Fo {3z}
] x5+ A$ (data not shown) 7} B X} &
SR $H Bl Ao XY A= U =

ol FH o] thE FHM FE&£e RrzRE B §34 YRE BF H{E A
T o T I
dAstH e ST A LA Y= AeE B

2 o]g% ATl AP 20008T) Zukoln Pald] gAF5H ol
AAE gl ol ARAANN FHHAAL TFsAol 917 HE
gal AN FLe) St 9 Be Ao FHHY, o5 4FT BE

9t A AAe mDNAS H@ AR AL Fhsojop

25.8

56.6

|I ET @ (ET) @A @ (A) Ounidentified M not tested |

29 60. MS A ZAR AFES FuE U IEEA Ay

A AAAAR 9lo] ISAG 11ZF 9] markeryhe o] &3 BEAd A= & 41571 AT
210 2 A E (trio-mismatch = 0) 284S A€ (data not shown).

WA NIAST MS 115S F7131e o) A @04 /A= 255, MCIRZ ASIPAVA F7}3 73
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29 M, S2ERI0IM MCIA REAIZN THE melann Y2ty FHASY TesER

24 SSake 2

Of%: - i’ EOIE - Zut® - TR - FajL - BHAR

FEAUEY Y sty Aedna SEads
Rereived December 22 2008 (Accepted March 12, 204

Relation of Expression Levels of Melanin Synthesis Genes according to the MCIR Genotypes with
the Coat Color Patterns in Hamwoo, Jeju Black Cattle and Holstein. Sung-500 Lee, Young-Hoen Yang,
InChenl Cho, Nam-Young Kim, Moon-Suck Ko, Ha-Yeon Jung and Sang-Hyon Han®. Natimal Trestifute
of Animal Science, RDA, "Department of Anonal Biotechnology, Cheu National University - This study was
carried out to eucddate the melabon between expression levels of thee melanin synthesis genes
(Tymamse, Tyrosomae-raated protin 1 and Dovedrmme fauiomeress) according to the Melowocortm-1 recepefor
genotypes with ooat color patterns in Hanwoo cattle, Jau black cattle and Holsteins, Using real-time
semiquantitative reverse transaiption{PCE assay (KT-PCR), the expression levels of these three gemes
were analyzed in skin tssues from four mpresentative ooat colored areas yellowish-brown from MCTE
efe Hanwoo, wild type black from E/E Jep black cattle (JBO), and dominant black and white pled
Tegions from E°/E® Holstein. The TYR. TYRPT and DCT gmes showed higher expression level of
4.5 25 and 25 times higher in the black skin area of Holstens than those of from [BO respectively
{pldil). In addition, the expression levels of these three penes from JBC were significantly higher
than theee from Hanwoo cattle (p<t001), These results show that coat color phenotypes in Hanwoo
cattle, JBC and Holstems is directly correlated with TRY, TYRPT and DCT tmnscription levels, which
probably reflected mvolvement with MCIR genotypes; ¢fe in Hamwoo, £/ m [BC and EYE” in
Holstems. Consegquently, this study suggested that the status of MOIE protein may not only induce

the transcripon achivities of a series of TYR and its related genes respansible for melanin synthesis,
but also determine the levek of total melanin contents in bovine =kin.

Key words : Melnin TYR, MCIR, coat color, aattle
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A AR Py sEA 25 A5 dlegdg 2
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Ha gie Seluelels A0 LS E S0 GEE HE A
Fe gyand w40 dol sle Ad £ FFE 90 24
4 Sqoe g @8 Buavleld 24 TSRS
Epfle H4 E4d I FoE FEHT id

FHEES ML nevral crestE E WA oA 44
HE (melanocyte) s} o|5(KIT, KITLG, EDNRE 5)8 mela-
nn HE4S = G4 dFdeaiE SR (MCIR
ASIP, MITE 5), AE ) meanin 484 S4(TYR, TYRP],
DCT 5) meancsomes] W4(SILV, AP3 5)3 oF
(MYOS4, RARITA §) & 238 o 94 d 28 fdde
8 Aied saf BHYECHI7I8] 59, melaun FTH4 #
ofEle TYR, TYRPL, DXT= 444 E Sol 34 faajgy

“Comesponding srthor
Tel: +82-68-T3-5TH, Fax © H264754-53713

E-mail : heanshi4@korea com

% 79 meanin F, ammelanin (Hack/brown)® pheome-
binin fred/ yellow) B4 & B2 8ok TYRE melanin -4
HYALEH tyrosined DOPAquinone 2 2 @847 & o
A4 AAg o F Sedihydrogindale  (DHDE  in-
dole-5f-quinane2. 2 488 Hele £ wlof 88,
DCTE DOPAguinone 3, é-dilydmacyindole2-carhecyTic
add (DHICA)22 Mgy, 44989 DHICAE o4
TYRP1A 84 eumelmin® 2 485 Ao g g3 gl
[2519] olpta TP G2 THEFE FAM molanin A
Aol gojzhs ofF TYR TYREIE DOT 874 2 7l
of gis d77 AR ded, 58 244 Guibert F[5[&
olE e DNA HEE o F3 24944 gE
28 S wef BaEy g

A feds & 5 2 B¢ A
dg e 4488 JsdeRd oMSHE SA4E 2
MCIR #8705 g4 et ol foi=ln 2 84 a4
R E MOIR f3iab oy FdEddeld 48 fame
shift matation®| Yehhe S45 98U} el deeld, A
@ 44 Angus, Holstein 55 E248& 24 fidgd=d
E' fasge) Bfef st 2Rgr) vl2a Bu Al 45
200 Hee 7)ol oy R £ ot 24y
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#RAFA BE AFES AAE 4

Pedigree 1.

L. ‘5?“*?'@

]

?

O i

P

female, black, MCIR E+/E+
female black, MCIR E+/e

male, black, MCIR E+/E+

N

@)

male black, MCIR E+/e
male, yellowish-red MCIR e/e

OEmOCee

female, yellowish-red MCIR e/e

I 62. AFI5-oA MSe}F MCIR A3 ol w}
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1. A|FZ ¢ Insertion-deletion polymorphisms (Indel) A =}38 4

(1) Indel v}A AR L =xA}

=
i)
L
)

Aol 47} w3 9@ A X ¥ (polymorphism information content, PIC)9]
ol A e o vhrish waH AP AP MGoRE MY 2

o o]§ 7}53F S SNP wp7] A AElE& MSo| Hl&)| mlAe 7 w1 2E3tE
A

=
2 249 4t 40e AT A8

a8y MS vpA Al2HL WHolo] By Y&l FA| (stutter bands, allelic dropouts,
null alleles, false alleles, size homoplasy) 5.2 F7} 2o Q72 w7} @o] EAstaL o]
g Aggoe] wA7F Al 7E

AFEee] F5 A4 9 dgadds /P F23 RES B 34

~5% HAE = HI (Bonin &, 2004; Weller 5, 2004) &1 o 2 A
e} = st
T - -

al

flo
ME

5 AMAAE 9 22788 MS marker A]2Hl A
HE MS viAol A A3 das A7) fsid= Frhe) whE Aol Haskdia, =4 44
B2 AjZko] 28 gl w}ﬂ‘r A 2-& marker A|Z=8le] T2 FaAo] AV|HAS.

} o]

HAZ olyd} FEAEZS sty st F7) A A4 3 (nsertion-deletion
polymorphisms; indels) w}AE 7fA A 2 A E] o] &3le= Al=rt AU FEAdTH v
NS

& =9 FoAdLe B (Vali &, 2008).

>

i)

A F7HA] AollA o]& 7he3d Indel vlA = MS RO HA|T FHT FHFE genome
project AiEo] FAHOZN 1 7 FUIA dor VEHoZE MS B4 Al&HS A
o] O g olggo g 7|Eo AIPAHEE BN 753

ol B AFe AT JHooAe JRAAE 2 HAFE-S fE indel vHA A|2EHES
TES 84S FJosle |E FEE MS A A" A & RaFto gz AHE3)
HERYE T2 F35H LS.

FAANBEANA ASHD e
4] DNA #g]+= Sambrook %

AFZ9 16FoA st DNA Flo o] & .
(1989)e] ®WHS wWEsle  F33AS. FHIZF DNA  A]8E  NanoDrop  ND-1000
spectrophotometer (NanoDrop Technology, USA)Z &% ZA3 T AsgolAzso2t AszolAzgo©]

E5F 1.8 o] DNAES 50-60 ng/ul 2 3|23} PCR HEg-o] =307 o] 831

Indel HENAE EAoN aE" TE FHo i3k dHAIA FdENE9} oFHTA
(heterozygosity; He), T3 g X = (polymorphic information contents; PIC), Fa %A & (exclusion

U]o

probability, PE)& AF&3FH
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DARYEe P F PRst A 9t F¢ NE-IP), #% RS 9u 9 o o
£ A% RARYE NE-2Pe 29, $3% 4L BF 43 Qe 29 NE-PP AR
P& BEHIS. ANE FAAI GG gue 2ER AR 3

(Kalinowski &, 2007M)& ©]&3ts. =AM MAE T FdAYo] LS /Ay A
CERVUS package W o

off
{14
ox
o o
S~
>
=)
@
=]
=
=
<
=
=3
=3
=
wn
&
o]
=
o
x
o
=
o
o
ofo
ol
o
2
ol

A& AAQ¥ indel v}#A ZF blast A ofe] A A= e ASZ Yehd A

25k b7 primer 183 HAlo] o] $8 AEHS 16504 ThEFo] thehiA
Be wHAE AL 2 AFEe JdolA HIFHoE HAAFHE indel viAE F 23F0IUS
(3 59 #Fx). A49 v# = 4bp indel 370, 5bp indel& 17§o]x2 YA+ 6~15bp indel2 F
S Ao HZAHQI 4~6bp indele] F7F Ao 2 4H.

59. A|F&-¢ A7 indel w7

=]

vl 7] Indel Primer F Primer R irr’;iggtr}rllent
G_1 -/gaacggggctagtgt agactcttgggccctactcc caagccacatgaggacagtg 155
G_4 -[tttgtggtgtttt ttgcaagatctgaaggaattga tgaacctgtgctattgttcca 269
G_7 -/ctat tcagcaataactcatttcagttcc caccctgtatttatgtcatgaagg 227
G_10 -/caaa gatgcgggtcaaaaacagat tgcattgctagagatggaagaa 298
G_14 -lactgcttac ttgcatgaccaatctccaaa tgaaactggaaggtgagaacag 317
G_15 -/taagaagcgtgtata gcatgacaccaggacaaatg cgtcaggtagccgaaagaag 270
G_22 -/kgggctcct ccaccagcaaggaggtagag atggttctggccaacacttc 203
G_23 -/gcaa tgcectectagagcetcatgt cacacatgctgttccctctg 246
Indel_4 -/agttag aaaccacagtagcctgaaaaga tggccagagacagaaacaga 273
Indel_5 -/gggcaggggaaagt gccccagttgggattagtct tgcggttgtcattacaggaa 206
Indel_6 -/ggctgctgtc gggtcacaaagtggcatttc cctgaggctgttgaaactca 182
Indel_7 -/taacc atccaagcttcecctaagga caaagtgggggcagttaaga 236
Indel_8 -/ttatcagc atacaccccaaaggcacaga ccgggcattacagtcagatt 335
Indel_11  -/attagga tcccccaaagttatctaaccaa gccatgatagtggcactgaa 181
Indel_13  -/gcatgaa ctgaccggcggtatagttgt tcacttgttcaatctttgcettttc 260
Indel_15  -/tcaggatgtgtaa cccccaaccctactecttta cacaaatagcccaaggcaag 194
Indel_16  -/ctttctaacgc tggcctctectttttgttgt taacaccatgggagggagaa 242
Indel_21  -/caattt cgttttgttectgttcttteg caaacccaactgcttccaat 257
Indel_22  -/gacagtgc agggtccttcaccctaggaa gatatgatgggaccctgeac 256
Indel_29  -/natgtcaata cttgagcaggggaagtgaag ggaggctgaaaagcaccata 203
Indel_30  -/aatgac agggatttgcagaggaatga ctgeecttcectgttgatgag 268
Indel_32  -/agcattaag tcacagtgggcttttgtctg ttttecttecttggetectt 345
Indel_38  -/gccectg cagccctagcttttcctect aagcttggcgctaatcagtc 197
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60, AFES AT indel EANAE olFRTY L ARG

Locus Ho He PIC
G_1 0.688 0.498 0.366
G4 0.6 0.508 0.371
G_7 0.267 0.239 0.204
G_10 0.6 0.508 0.371
G_14 0.429 0.476 0.354
G_15 0.333 0.287 0.239
G_22 0.313 0.272 0.229
G_23 0.2 0.191 0.175
Indel_4 0.467 0.37 0.294
Indel_5 0.188 0.175 0.155
Indel_6 0.5 0.387 0.305
Indel_7 0.667 0.46 0.346
Indel_8 0.067 0.067 0.062
Indel_11 0.4 0.331 0.269
Indel_13 0.563 0.417 0.323
Indel_15 0.5 0.444 0.337
Indel_16 0.625 0.484 0.359
Indel_21 0.063 0.063 0.059
Indel_22 0.25 0.508 0.371
Indel_29 0.75 0.484 0.359
Indel_30 0.25 0.444 0.337
Indel_32 0.688 0.466 0.349
Indel_38 0.313 0.272 0.229
overall mean 0.422652 0.363087 0.281

Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphic information
content.

602 23%9 indel markerﬂ]/\ 25 o]gdAHITAe ®wIE(Ho, He)s} td AR ZPIC)
55 Yehd AY. 42+9] indel F31AF oA B o] HTAHHo)el HE2 0423, 71t ©]
FHAH(He)el HT 0.363, FF AR o] HFL 02812 ZAEH S

F24 marker 2 T34 PRI HelFE PICY A Al 23%F9 indel F4A
Indel 85} Indel 21 = 2 =& PICe] zto] 0.1 o]8h2 L}EM} marker2se] gxeo] i @
Ae AFS Bgon, G_1, G4, G_10, G_14, Indel_6, Indel_7, Indel_13, Indel_15, Indel_16,
Indel_29-2 0.3 ©]’¢2] PICE eSS

MS BiAel e PICA 070149 S fRA BA6l @ AAA B AAA
el FRARBRY FE AL} BASE marker2A ) AL Folw §834A o
T AS ASRE B3 vt oy indel vFAY AS 2719 allele)] M-S #A<tstE 0.3 o]
PICE Bolt wASE AFSS Aee A 2 Axghad §88 A9,
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# 61 AF55 FAdelA <] indel v}A F+4 JAAZFEEEA

T Excl(D)! Excl(2)?
Marker & 3 Marker & 3

G_1 0.116 0.116365 0.183 0.183028
G4 0.121 0.222927 0.185 0.334379
G_7 0.027 0.24368 0.102 0.402407
G_10 0.121 0.334888 0.185 0.513116
G_14 0.105 0.405008 0.177 0.599235
G_15 0.039 0.427963 0.12 0.647166
G_22 0.035 0.447848 0.114 0.68755

G_23 0.016 0.456792 0.082 0.71314

Indel_4 0.064 0.491559 0.147 0.755276
Indel_5 0.014 0.498899 0.078 0.774301
Indel_6 0.07 0.534133 0.152 0.808685
Indel_7 0.099 0.580145 0.173 0.841752
Indel_8 0.002 0.581016 0.031 0.846687
Indel_11 0.051 0.602468 0.134 0.867292
Indel_15 0.092 0.639167 0.169 0.889678
Indel_16 0.11 0.678809 0.179 0.909475
Indel_21 0.002 0.679398 0.029 0.912132
Indel_22 0.121 0.71823 0.186 0.928434
Indel_29 0.11 0.749187 0.179 0.941276
Indel_30 0.092 0.772341 0.169 0.951182
Indel_32 0.102 0.795511 0.175 0.959711
Indel_38 0.035 0.80262 0.114 0.964322
Indel_13 0.082 0.818751 0.161 0.970076

'Excl(l): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given only the genotype of the
offspring

’Excl(2): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given the genotype of the
offspring and of a known parent of the opposite sex
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¥ 62. Indel EAAA FARAE L FIHAEAHE

T NE-1P NE-2P NE-PP NE-I NE-SI
Indel marker 0.18124886 0.02992379 0.00307781 0.00000008 0.00022935

NE-1P: Average non-exclusion probability for one candidate parent

NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known
parent of the opposite sex

NE-PP: Average non-exclusion probability for a candidate parent pair

NE-I: Average non-exclusion probability for identity of two unrelated individuals

NE-SI: Average non-exclusion probability for identity of two siblings

#6137 & 62014 & AFo] o]8H indel vlA ZF ilx}ﬁ%ﬂ%a% UEt = XAk
HE g4, FERAE PEY FUMAREAE NE-D 5& ZAEIAS. IALEEEAY S
AE 12 d= 22F9) MS viA Fdor BAE aﬂr H3 A] indel w7t HolAE AL
et 2 =t o]= allele ¢ PIC7F @2 1o 2 Ay

o 7t

=R e MS w7 o
ndel S 49 FugosA BAS BENS Fobd A9 i el
=]

o] grwo] ¥4 Fol Qo] o F7be) indel wlA AR Egol

Baruch 5 (2008)2 X172+

Hell Agst7] 913 SNP miAe) 5 FAY Ads =W

minor allele W1=7} 0.1¥9 A @9 B&2 FA37] YA+ 54~797019 vA7F BQ35tar, 0.2

A 79 4562, 0.3Y 79 39~57709 wiArt eI Aew Huda g AFIF99 FS

AR E7oln 239 AEr) HlwA ol 719 indel A AAHL F5Ho T S ook

g A

SHAIRE B AR A A|AIst= indel A= HAAZFEE S A 0.81~0.97= YEYaL glo]

A T2 Jol A gho] XAZE Ao g o] go|uf MS mpA EAA F7he] o] a9+
Hold W= o] 7ls3te
% A

g s 3, E3] NE-19] A% 0.00000008% vt} 9lo] 7] 2
o

xolbe] Aw F R FZAW ISR, 2010, 208 3790 AAE

o Ae. C=BAR AFES 3
188 £getold 3 A4

ol A wA A FAAFQ} microsatellite markere] o HAS o] &
7
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Verification of ET and Al Derived Offspring Using on the Genetic Polymorphisms
of Microsatellite and Coat Color Related Genes in Jeju Black Cattle

Sang-Hyun Han, Jin-Cheul Ko', Young-Hoon Kim'. Kim Nam-Young, Kim Jae-Hwan, Moon-Suck Ka,
Ha-Yeon Jeong. In-Cheol Cho®. Young-Hoon Yang® and Sung-Soo Lee

Sitropical Awornl Experiuent Station, Netional [nshifate of Animal Science, ROA, [eu 69150 Karen
"nstitite for Livestock Prowefion, e Specinl Self-gooerming Prosivee, fefn GRLSIZ, Koren

“Arimid Cenowics & Bioinfrratics Dicision, Nttorad Pestitule of Asionn Science, BDA, Sucoon 441-706, Korew
Diepartmient of Armid Biotechmology, Jefu Notional Lbrizersity, 6900756, Koren

Feceived December 3, 2009 fAccepted January 14, 2000

To look for the offspring of Jeju Black cattle (JBC) produced by embryoe transfer (BT} and artificial
insemination (Al}, molecular genetic study were carried out in candidate cattle population collected
from cattle farms, in Jeju Island, Korea, The genetic marker set was compesaed of 11 15AG micro-
satellibe (MS) markers, 11 SAES M5 markers selected by our preliminary analy=as for population diver-
sity of JGC, and two major coat color refated genes MO1E and ASIF. The results showed higher com-
bined nes-exchusion probebility for first parent (NE-F1) than that recommended by ISAG (above
0.9995), and the combined non-exclusion probability for sib identity was 53=10", Parentage analysis
showed that the cases identified candidate father omly, mother only, amd both paremts were 770, 54.0,
and 40.5% in the candidate offspring population. The ET and Al calves were identified as 147% to
the in pitro fertilized eges provided by the instructions and 32.4% in total population, respectively.
However, the result from [SAG marker analysis showed 3 identical allele-combinations m 7 calves,
and that from [SA0/SAES M5 marker combination did also 1 identical allele-combination in 2 calves.
Data from MS and ceat-color gene analyses provided information for complete identification of all ani-
mals fested, Because the present [BC population was mostly bred using small nuclear founders by bio-
ergineering technique such as Al and ET, the genetic diversily levels obtained from MS analysis in
JBC population were relatively lower than these of other cattle populations including Hanwoo, The
results suggested that the more efficient marker combinations including coat color related genotvpes
should be studied and used for constructing the ientification svstem and molecular breeding of JBC
as well,

Key wonds : MOIR, ASIE, microsatellibe, parentage, bju black cattle

M B2 8 ghE spgade] A r)H Hc1921,22.35 36,

AFEFE 494 D99 vpaAe, 494 i da

satolu B84 A PE AENoE YAY ol B Aest #ylaloas £AS e fEdele da & F
vhl Radgidl g A RS RS E R 2 I L= L e e B R R L B B A= B |
dr)ke) detE fua) Ralo 2E ojRa g AT g7 a5 #9 Ak Agei 8 o Az A2 5
of yojeha PFa M ONA 3470, %] M5a) whstokadd] Ae A= glo, AefrlsfHadde) Faddd g oy
£ FA4Y Bae] F4 HEEHY o Gagde] s of HEEEA 190 918 30 F2 45 He AP
StoE|e] Pl E2EL o, 9% 39, A 4 9 g gl A P b E o Haka] AR £F gEs
AHEN 3} A4 Bl FPHAA o185 2 Pch2e1d, 2 ahelshe A R e ol 2] Balgo), dsE 2
17.2526]. oo} gt #-0o] Srm g E3of B4& st shebe Eohh 3k Erteba len, 3ol HEN 9F
= 5% fuae ddgdsjdelsingle nucleotide poly-  FRAD FE& FH L ol A3 BFHT o A5E
morphism, SNPY e} S AY A40) TAMIDNA) fHE 5 2F 49 9 HER M A3 Fad dda F
B Aing AEHe ¥4y QY EE HF Ay dhle B B3 atefe] =)a @k o augheeele] Gt
Bajzoz Fad YU WHa)RE =Y § o FER ek, et EUE Fld £ 2 E Holsteindt Angus
F& FAERAE D gon, olF BF0 f9e By

Tel : mlj:l:‘iﬁ;zﬂfﬁn | SHLpd 55T 14{F, U™ oz, oigz Belis A4 394 Jepls] 24
E-mail ; JeebdTda,go.kr ghe gt AL goE pREE de 58 237§
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(2) Indel v}A g HH9 AAAE R JAARFE A 2" 75

Indel marker A|2E! 1= - D/B H|X : Indel MHA

1x} 2%} 3%}
565 235 13
-D/BHIIEN J - FMxE M - CF& & H 2HPIC)>0.3
-Primer 5228 - HHAY U ARIZHO
- CHE E X A2 7

- Excl(1): 0.819
Excl(2): 0.970
NE-1: 0.00000008
NE-SI: 0.000229

- Excl(l): Rt20| SEXHY 0|23}0) HEY A2

- Exel(2): A= 5l 52 = sjito| SHAEE 0|23}0] BES AL
CNE-L: SU7H EuE

- NE-SI: HOj7t S27HH =3ss

219 64. Indel w4719 57, A 2 BATA

- AFZF 1907 sk DNA AE€ 5&X8H F9F5444gd GASAHAN AT AF=54
AAE AT YPogRE FAsPoH, ¢ 145%, Fw3$ 15%, Hereford 11%F,
Holstein 545, Angus 31%, Charolais 21 BEE FEAEH dAZA P AN FAS)

o] % 467% DNA Al 2E AL831AS.

ol
Lo,
>

2] + NanoDrop ND-1000 spectrophotometer (NanoDrop Technology, USA)Z &%
TE =43 —‘T— AzGO/Azgo% Azgo/Azgoo] 5% 1.8 o]l DNAES 40-60 ng/ul & 3435}

- B0 A18-H indel vlA= 2W=

= 29 AA3E EdE d@ARF 3.0 oS Yehle 9T
¢} indel v} & At 74z-&

b
ZEQ 5 it primer® T4 o18SHAE (E 63 F2),

~

- Indel WIHAAE EAoA AEd EE <
(heterozygosity: He), th¥4x g, FA%7g& (exclusion probability, PE}& 2+&3}
BAEL FEA Uit ARV A8 gle FF (NE-1P), 3% EEE ¢ J&

o] ARG (NE-2P)= ZA$, A3 &S n% a3 = A (NE-PP)9
A3 HYE FAAF I R &3 WAEAS CERVUS 3.0.3 (Kalinowski
5, 2007)& o] &3tH .

ool g iy SdNE=}

S
ofl
%)

fo £
32
Fl% oo
o o Hr %
o B & ox

e
i
o
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£ 63 AFES AANEAATDE A AE Indel vHA 9T I PR
marker Primer F Primer R fragment
No name Indel (5'---3") (5'---3") length
1 G 1 -/gaacggggctagtgt agactcttgggccctactee caagccacatgaggacagtg 155
2 G 4 -/tttgtggtatttt ttgcaagatctgaaggaattga tgaacctgtgctattgttcca 269
3 G_ 14 -/actgcttac ttgcatgaccaatctccaaa tgaaactggaaggtgagaacag 317
4 Indel 6 -/ggctgetgte gggtcacaaagtggcatttc cctgaggctgttgaaactca 182
5 Indel 13 -/gcatgaa ctgaccggeggtatagttgt tcacttgttcaatctttgetttte 260
6 Indel 15 -/tcaggatgtgtaa cccccaaccctactecttta cacaaatagcccaaggcaag 194
7 Indel 16 -/ctttctaacge tggcectctectttttgttgt taacaccatgggagggagaa 242
8 Indel 29 -/natgtcaata cttgagcaggggaagtgaag ggaggctgaaaagcaccata 203
9 Indel 32 -/agcattaag tcacagtgggcttttgtctg ttttectteettggetectt 345
-/- -+ ++ -/- -+ +H+ -/- -+ ++
Gl G4 G14
-/- -+ +H+ -/- -+ +/M+ -/- -+ +H+
Indel6 Indell3 IndellS
-/- -/ +H -+ -/- +H4+ S o s S
Indellé Indel29 Indel32
7% 65. Indel PIAYE 328 2d S
- TEF A67FE W3R 9% indel vhA Ol Widt FAAE S EA% Ay, @GRl A
FE 9o 03622 714 =A YeElgE v Charoliasoll A 0.2460.2 713 B A Yebd
- LS e AFEFEY 25 9 03345 RAGE 64 FX)



- AFEe} -5 A Ur A FFAA @Ee GIAFEFS B A2 PIC Lol
ol ge FAE HR uAEC] EA57] WEY. A8 &
Ebd wiA = Shte] allelett YERUAY 52 % alleleo] X]-9-4
3} Charolais indel_159] FAx&o] Yvebd (28 65 F=).

ES QRSol M GASt Gl4 AV FEHA ggkom, 7} vhAe primer TN ML
FE3 0 b5 Agol EASY] MR F2GY 9% olA primerg AALGe] FF
A

z
R W AGEAS Fa BT Y (1Y 67 B

Marker A TS5 S5 U3} Angus Holstein Charolias  Hereford
Gl 0.372 0.351 0.332 0.375 0.338 0.312 0.373
G4 0.373 0.374 w] 2 0.365 0.375 0.312 0.356
Gl4 0.341 0.289 RS 0.375 0.286 0.360 0.340

Indel-6 0.305 0.373 0.346 0.373 0.330 0.261 0.367

Indel-13 0.335 0.372 0.315 0.200 0.166 0.346 0.152

Indel-15 0.309 0.282 0.204 0.263 0 0 0.373

Indel-16 0.362 0.371 0.354 0.348 0.358 0.124 0.356

Indel-29 0.365 0.269 0.346 0.137 0.375 0.239 0.152

Indel-32 0.363 0.333 0.371 0.088 0.114 0.261 0.083

ot 0.362 0.334 0.292 0.280 0.260 0.246 0.283
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Marker z Angns Holstein  Charolias.  Hereford

1 0372 0351 0332 0375 0538 03512 0373

G4 0373 0374 nd. 035 0375 0312 03%

Gl4 0341 0289 nd 0375 028 0360 0340
Indel 0305 0373 0346 0373 0330 0261 0367
Indel13 0335 0372 0315 0200 0ls6 0346 0152
Indel15 0308 0282 0204 0263 ] o 0373
Indel16 0362 0371 0354 0348 0358 0124 0356
Ind:=l-29 0.385 0289 0548 0.137 0.375 0.239 0.152
Indel32 0363 0333 0371 0088 0114 0261 0083

zz 032 033 0292 0280 0260 0246 0283
Martker FFSF Angns Holstein  Charolias  Hereford

Gl 0372 0.351 0375 0,338 0312

G4 0373 0374 0365 0375 0312

Gl4 0341 0289 0.375 0286 0380
Indel6 0305 0.373 0373 0330 026l 0.367
Indel 13 0335 0372 0315 0.200 0166 0546 0152
Indel15 0309 0282 0204 0.263 0 0 0373
Indel16 0362 0371 0354 0348 03se 0124 0356
Indel29 0365 0269 0548 0137 0375 0239 0152
Indel32 0363 0333 0371 0088 nll4 026l 0083

zz 0362 0334 0292 0.280 0260 0248 0283
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- AFES 10%0] UF 7 nAW FR4E BANERE Edz ogdd 2ENE (Ho
Hool thd AR abe &390 (E 65 22

- 7o) indel vl FAA AN BRE ) FAFA Hool Be 0478, Y] ol BAH
4 (He)o] 2 0462, 3 HRF F-2 0.3622 e

- 13 A8 23Fo]A PIC 03 oS 2 9719 mAE AMay] BEel ddsHs A7
on, o5 WAEL AFES Pue AAE R AR 88 Ao By
# 65 AFE-% M indel FARJMAPE o]FHAA B EARZF (PIO)
No Locus Ho He PIC
1 G-1 0.600 0.496 0.372
2 G-4 0.568 0.498 0.373
3 G-14 0.441 0.438 0.341
4 Indel-6 0.395 0.376 0.305
5 Indel-13 0.455 0.427 0.335
6 Indel-15 0.376 0.383 0.309
7 Indel-16 0.508 0.476 0.362
8 Indel-29 0.505 0.482 0.365
9 Indel-32 0.458 0.478 0.363
Bt 0.478 0.462 0.362
Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphic information content.
- ¥ 669 3 672 indel v} =FO IAHALTHS Uele IAFEESY, FAEAFEE

(PE) @ SIMNAFAE NE-DS HA=.

- AAPRESY FRNM 23 GE 23F THOE BAE A% v Egol WA e
£ gygRgel e AS HAslE Shou ASE A 7 de 9
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# 66. AT HAeteld Yehd= indel v 74 AP EEA

P
R A

e
T Excl(1)' Excl(2)’ Excl(3)’
Marker 3 A Marker & A Marker 3 A
G 1 0.122 0.1223 0.186 0.1862 0.280 0.2795
G 4 0.123 0.2305 0.187 0.3380 0.280 0.4814
G 14 0.095 0.3038 0.171 0.4510 0.261 0.6166
Indel 6 0.070 0.3527 0.152 0.5346 0.239 0.7082
Indel 13 0.090 0.4013 0.167 0.6126 0.257 0.7832
Indel 15 0.073 0.4542 0.154 0.6724 0.241 0.8355
Indel 16 0.113 0.5157 0.181 0.7317 0.273 0.8805
Indel 22 0.116 0.5716 0.183 0.7807 0.275 0.9134
Indel 32 0.114 0.6203 0.182 0.8205 0.274 0.9371

'Excl(1): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given only the genotype
of the offspring.

“Excl(2): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given the genotype of
the offspring and of a known parent of the opposite sex.

*Excl(3): The combined power of the set of loci to exclude a randomly-selected unrelated
candidate parent from parentage of an arbitrary offspring, given the genotype of
the offspring and of known parent pair.

3 67. Indel wiA ol tigk FARAHE 2 FL A DS
T NE-1P NE-2P NE-PP NE-I NE-SI
Indel marker 0.31855003 0.12708536 0.03551281 0.00007894  0.00791865

(*, ISAG d% 42 0.0005 ©]3}ed)

NE-1P: Average non-exclusion probability for one candidate parent

NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a
known parent of the opposite sex

NE-PP: Average non-exclusion probability for a candidate parent pair

NE-I: Average non-exclusion probability for identity of two unrelated individuals

NE-SI: Average non-exclusion probability for identity of two siblings
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¥ 68¥ X 69= FHF Ad=E MS, indel 2 SNP vl 2oz FAE HF vl# sete
ANRASES dels AABRERAY, FARAE PD 2 FARNAREE NEDL
Wol%

MS PIAE 13 dEel o] 88 2250 nAS F Aol 3 SRR 2L 87 n}F

b EFH A0, indel vhA G4 BhEYRFo] Ao e 5A7 HuE. ofslo AF
PAREE A8 @ A9 NP uhA] MCIRE ¥£83 % 14749 vz 749,

# 68. AF5-¢ JelA Yehvb= MS, SNP B indel vh7] +2] JAPE a4

T Excl(D)! Excl(2)? Excl(3)®
Marker 9 4 Marker 9 4 Marker 2

MCIR 0.142 0.14218688 0.282 0.28213291 0.430 0.43007660
ETH3 0.334 0.42875573 0.516 0.65231079 0.709 0.83428917
INRA23 0.422 0.66962053 0.601 0.86135450 0.785 0.96444270
TGLA122 0.445 0.81651042 0.623 0.94776538 0.812 0.99332088
TGLA126 0.317 0.87471066 0.496 0.97365008 0.683 0.99788438
TGLA53 0.522 0.94013035 0.689 0.99181535 0.867 0.99971757
DIK4460 0.310 0.95871260 0.483 0.99577251 0.672 0.99990741
DIK3027 0.271 0.96986450 0.446 0.99765761 0.630 0.99996573
BL1134 0.307 0.97915008 0.485 0.99879255 0.671 0.99998873
Gl 0.120 0.98164565 0.185 0.99901567 0.228 0.99999186
G4 0.122 0.98388003 0.186 0.99919860 0.279 0.99999413
Indel_16 0.103 0.98554152 0.175 0.99933923 0.267 0.99999570
Indel_29 0.116 0.98721596 0.183 0.99945997 0.275 0.99999688
Indel_32 0.117 0.98870678 0.183 0.99955889 0.276 0.99999774

'Excl(1): The combined power of the set of loci to exclude a randomly-selected unrelated candidate
parent from parentage of an arbitrary offspring, given only the genotype of the offspring.

’Excl(2): The combined power of the set of loci to exclude a randomly-selected unrelated candidate
parent from parentage of an arbitrary offspring, given the genotype of the offspring and of
a known parent of the opposite sex.

*Excl(3): The combined power of the set of loci to exclude a randomly-selected unrelated candidate
parent from parentage of an arbitrary offspring, given the genotype of the offspring and of
known parent pair.
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¥ 69. MS, SNP ¥ Indel v} st BARAE L =d /A =3

T ' NE-1P NE-2P NE-PP NE-1 NE-SI

MS 8-SNP 1-Indel 5
marker

(*, ISAG #8% 42 0.0005 ©]a}<d)

NE-1P: Average non-exclusion probability for one candidate parent

0.01129322 0.00044111 0.00000226 1.25x 107" 0.00002863

NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known
parent of the opposite sex

NE-PP: Average non-exclusion probability for a candidate parent pair

NE-I: Average non-exclusion probability for identity of two unrelated individuals

NE-SI: Average non-exclusion probability for identity of two siblings

3 70. Ixpd= MS % SNP iAo thgk RAFPE 2 T JHA S3&
Molecular marker NE-1P NE-2P NE-PP NE-1 NE-SI
ISAG markers 0.9902701 0.9996973 0.9999991 7.6%x 107" 0.9999234
NISA markers 0.9505602 0.9965295 0.9999338 4.4x107° 0.9997092
ISAG+NISA MSs 0.9995189 0.9999989 3.63x107™" 8.58x 107 0.9999999
ASIP 0.0150162 0.0791412 0.1396615 0.3015486 0.1620365
MCIR 0.1812402 0.3201026 0.4682533 0.7675028 0.4929075

combined all markers

0.9996120 0.9999993 7.13x107% 7.69x107% 5.30x107%°
(24 markers)

*maba, AFE] Hg JAAFNAAEA MS, indel, BA AFE] SE2HHAN &
THI YE'E MCIR 3RS AAsE T Mo SNP (MCIR g.297C>T, g.310del®)5S =
s W IAFEEEAATH Fodd uig dFEHY &84S aHste HFTHo=
MS 8 %, indel 5 &, MCIR2] SNP 1 & 5 HF 14vtA0SFASDE A3 AS.

* M58 marker XA 2| 2
|| - 1 SNP: MCIR (2 M8 Ea HARES)
- MS & Indel marker: PIC7} =10 &= 20| 5O Lt marker M
MS 8 =, Indel 5 =
=2 = 14 & 9| marker N| |
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- AwE 14 Fe) HASES AFES
QA 7 %

=
d AAF markerg2 JRErele Aol s}

- A% A7EFAE ntFeR T AitolH 3
A = ISAG marker setwto 2= A|FE-g-o tigh A FRAAAAL A A FE D]
-8-3kA Eta, tel MS markerE  Frbsjolste EAIFo] EAEP o™, indel
markero] gk B Ao AFATAFAY AdAS HAFHe2 dEsto] AFSS
o B o] ddFoR N Aid AFFFAELE ST 55, IAAF] # /fEH
of w-¢- F&3HA ol8d Aoz Ay,

- EF FF SNP chip BFEAAN YR ZRS, B9, FYN TR ke FF

o]FE Angus 53 TE 7b5d SNP nhAE 40
FES A 444 A9 AAZ WAL 5 9 Ao ARE.
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MCIR 23 A&o] EIEQ MASS FAoE AF
MCIR FRAAEL Elert 80% o) o=

i 71 w7kl AT AFE-AEESTOl H MCIR #3443 &4 23

2010 2011 2012. 4. ZA

T T HE T T s T T Nl T T H=
E'/e 289 80.7 308 81.5 86 80.4 683 81.0
E/E 33 9.2 37 9.8 12 11.2 82 9.7
ele 5 1.4 15 4.0 8 7.5 28 3.3
E°/- 31 8.7 18 4.8 1 0.9 50 5.9
AR 358 378 107 843

: % 9
Mol gAolut HMS HA Hof e} 2o BAL YA g, ol FF
Q)

e/ 735 52K = =
ARG HG N gheote] EFs 2T F A7) WEel FF AFFEE A Akl Qo] F
3e

2010478 012dE7As 24 Aael EEN FHASE ofnmid #99 #7
o] MCIR efe?t ohiet 2 M= & 7 olF 7M1 Y& Ao #Hug. ol /&
N Bfsm QW AFES 574 l

FAL o83 AFFHS B YAV AA, B AN BN AwHoE u@
Eles] #AA3E B4g ofnzolA #

71E9 AFEIe] MmEW 9o MCIR FAAELE 7|EHo 2 elec] AR, A
w2t AAE 3%FE BAE 15% 7R MCIR E/e
71E9 HuoA E/e 7t EAE olE9 BEA 2
T, FE AFELE VEo7 3 AgEE=T SAANGCA &
srolg A o] Alg) Foll JoiMe shte] HEe A AV B3] u
St QIFFAHS ddle 5719 ofmid disiAe Zad
AP B Alegsleior & Aoz wag.

12
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2
ki
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by
ofl
9
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W, X TN E)-9 Fy AAEel AAe) 5.9% Ao FEeN 2AHYS. BE
2010955 9 A5 oA dAtel wEt o REZE HAapH e g fFhste Fols UEIE d
Auk, 201029 492 FAAA= E)- Fi A FAHQLS. MCIR 342 EX dgelxe
Holsteine]y} Angus SolA F2 A= HHEAAFCZ oA s TAFHR &e A=
AL A, st olygt T3, dE9 Ay & FFAA THETE Hilso] UL
U, A & FF9 a2 tEAAFe] ofd 204719 MY FFEC] A MEFEHE F
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PA AFES QEPVANE -9 AAEo] BAHYo, FAE olo] dF @A
AEHS o A3 AAT Fe. mebd deRFTNM wAHE £ FES 57
oA st 9o waloA A F (ME T 992 Y)Y sbs4el vus ¥, 57t
o AEBETY FA4 FAE AT AARFAN F7 FHE Ao nolH, FF 485
539 FEUAE ANAE WA AAIAY F2eIM Aol & Ao BuH. Wk of
Ut £-9 A%E F-ags BEAPIAE fA4Awe) o5 dEse] mas w3
WE J1F0] HE @ A AFEFAEASTY FFUY, FESE, AAFAL A #
ARG A THNN MCIR §HAGS) 2AERE FORE WEA Prslolof &

o]
.

@ AFES 4§ 7 A% MCIR ASP A48 2X

(F) E*/e ABt/A5r

_— o el
(C) efe AA (D) e A,Aw (E) e/e ABr/ 450
e — = RS

(G) ee 44 (H) EV/e A4 (I) EYe A4 l (J) Evre /A%

ad 70, AFES, 3, 7 FS3 w FAEY 23 MCIR, ASIP A e =%

AFEL 229 (A-BS 3§ EN$ (C-PF), wvjEE (G-Do =M1 MCIR,
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MCIR, ASIP o]9)o] X799 =AM}
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AF55 D-loop 4@ NI trees AFES 872 e T )
o) mAGIA fraE Zow FAER, 19809t o F Frhelx £
Z

A F=3-9 mtDNA D-loop M <Ldell gk network ¥4 A= A9 haplotypego| 7Hd<]
median center mvlS FTASZE 2-3 E{FE FEIHAS. mvd TAE 7|FSF 3 haplotypes
2 NJ treed] clade J2o| a|F3te e /MAE°] 83195, HHA NJ tree ol A clade J19
33 MAES mvls FAHCE FAHE IR EGCE 3EEHAS (2" 73B FE).

(2) 3= & FFE 7t NJ & network

vt AAgHA e 3, TESF AL AFSF 54 5359 AT FAHAE
D-loop MEE& ol&3te B3RS, AF39 NJ treeoll A clade J13} 22 FEFHAJAA (1™
T4A FZx) MEEL IS5 ¥ g3 AA 4 FF EHNAE clade A, B2 FEEH U2
Al - (8]
E b Ek=t=} } O HFER_HEA
2229 3 ® jF=2 2xs
o &2 o ste
: ® z==0
| o =234

g 74, AFE5-9 s JAEE ASFAEH 4. [A] NJ tree, [B] network.
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D-loop Agel thdt NJ treed| & yakE 7|FC2 3t B faurus?y B indicusg A
TEHe FEHE EAHUS. D-loop ALl W B taurus FEES MAELS AA7F shte
claded| A #&AEH NS ™, o] mtDNA A Hdo] 44749} FAgE 2345 YA+

S A & FEQ Ao AFS5 B, mDNA WA NE FANM &5t B
taurus®) W& clade WellA o7147] A=l Yebgtd Aa Ze] D-loop Mol wigh NJ
tree oAM= B indicusst 2R AARE 74 7 A Ao ol2= Fuieh dol EoHA

GEde A8 5 A

et opyk Al F4-9 A9 FeE W@ Hee oA ok 3 Jdq 5
olAQ s FAIA WA HANEAH o R A ZEsb= e His. o 22 ddE <
2 A & FFEAAE FAE FESs UdEIAS

ofAle}, F9, obilg]7l 5 W SolHQl BE A LHAHA ¢gtow, o]Fe] At o
g 9l mtDNA HA] Mol gk welr AFsgARe] 7t5o2M e ko 285 8
Az} o)F, 794, A AS F AW FFH] w) T GFd AAHS T FF < w2
32 poole] wF7F AFH A= HE HoFe= SAT s+

ol¢9} e ZFAd digk HxFA o= T3 AU & EFE AloldA EHs
Holstein®] 7d-$-olA HA FEZ F A TTAA B
= &H3] T AP & FFEH A

Helom o5 NJ tree ZolME T A &2FFY D-loop MESH LT A AA

A
lo
o
e
e
Y
ol
offt
e,
ot
>

R

o
v
o
i)

o —
Ag-so] wt



AR5, ol YFNA FYH Holsteind} Aje 49 S T3l Lol F2 o]de] F&o]
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a9y 799 ¥ 72= E Ao o]8H Bovine SNP beadchipol] ™j3 A X <. Bovine 50K SNP
Z 54,609 7§2] SNP markerel] tisgt Bovine SNP 50K v2 prober} 3
2|stal Qom, & AAA (Bos taurus, BTA) 194 BTA29, BTAX
o] SNPE 2% ¥gsla e, B 725 2 19 EEA dojxl SNP ¥4 Awz, AxHow
47,168 Mol FAAFR A TE Aol FAEHIIS O¥ FHAAFA HF BE FFL
Charolais (43,723)o]212W, g@Ao] 7M4 AL FF2 Bos indicusdl HF3t= Gir FF<
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¥ 72. Bovine 50K SNP beadchipol] th3t & FZFAY Ad A @27 (llumina)

Breed Samples Polymorphic Mean Median
Loci* MAF MAF**

0.11

0.19

Overall 434

*Minor allele frequency”Z} 0.05 o)A}, ** & 54,609 A=l 3t A|d 27

FE AFEST, SIS, AFS¢XFEI Fis tde® 3 50K SNP vie] 3%
sk 54,609 7S] SNPZ /¥ DNA chipS #48 o ooy}, A7y FelA 700K chip
35S WASES. A Nlumina HD bovine chip (777,962 SNP)<&

A A2 AFSS FES R FEFES, dU9F I 5 F 2 F, A2 x5
D, d&o] 210, T3 AW+, F90), THEZH0), FTHIEWDF} AF5¢4
73 FR). FAA FE9) SNPol uld fxixAgo]l AR E

O A3 F SNP ¢ 777,962 #<9]= SNP reading A3 9= 10,466°.= 1.34%°]11,
minor allele frequency 0.05 ©]3}= 188,545% 24.24%, SNP filtered= 565,764% 72.72%°] 2}
2 Y.
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F 4= AFAGANN ZstE AF55, 35, Holstein &5 Jee] =AF 2o thak 3
A5 Yetd A, 2AF g2 74 F RlsAE S A 28s e sled, F5
o B4 4 39 30£2709, Holsteine 202709, AFZF= 341270 Lol E31d 2SS
Hder s, sl AT 5971 /M =31 AFS7E 7P AL Ales UEidE
SARTFAE AFS7E HEHorE 7MY TS, o= A7IGAL2/ )9 Bl uet
A FHo] F94 FFEUE ¢ Bol JAPHAAM U AodE FAH. sAGHEHL -
7F 7P dlen, Sl A =S WA E 7Rkl 1AkeE (258 94 971 Holstein
FFU AFE5 vl 453 F2 Ae® #AFHJS. v AFEo e 179 HAs
o FFe vAE A= T stuE & sS4 Agde] 7 I3 Ae Hols Al=
A A=

@ GHR #AAF) 347 &% % AFF9Y SAYLY 48 £4

% 75 AFE ==3+99} Holstein, 3+ xHolstein FiolA] GHR 2 A9] §A428 7 W

GHR genotype Allele frequency
Cattle breed
V4 174 A/A Il A
Hanwoo 229 237 70 0.648 0.352
Holstein 237 11 1 0.974 0.026
Hanwoo X Holstein F, 72 22 o 0.883 0.117

% 75914 -9} Holstein, 3% xHolstein Fiol thak AP Hx
Holstein®] 7%~ LINE1 element7} A4 4d¥ 7 #4248 Ex7} 9
-9 [ FAAEL 64.8% =2 Holsteinol] wls] Ajzoz e NS YA

A

# 76. ¥l% =3 %9 GHR F3Ad3 =4Fde &#

GHR genotype
Trait tested Mean +SD! 11 (n=229) 14 (n=237) AA (n=70) Significance
Mean£SD SE Mean£SD SE Mean£=SD SE

age (month) 29.98+0.76 nd nd nd nd nd nd nd
live weight (kg) 642.72465.51  632.01£70.08° 4.63 649.49164.77° 421 643.71+£70.76° 8.46 *
backfat thickness (mm)  12.2445.22 11.81£5.29 035 12.46%528 034 12.81+4.95 0.59 ns
Eye muscle area (cm®)  82.4949.35 81.41£9.82° 0.65 83.80%9.13° 0.59  80.39£9.09° 1.09 *
carcass weight (kg) 370.994+4529  365.83+4828  3.19 3752314540 295 366.34+46.45 5.5 ns
carcass yield ratio (%)  57.72£03.95 57.88+4.26 037 57.72%£3.37 0.43  56.95£4.27 1.12 ns
marbling score’ 6.06+2.17 5.87+2.28° 0.15  6.08%2.18" 0.14 643%1.77° 0.21 *
final grade’ 22241.11 231+1.14 0.08 221%1.14 0.07  2.06%0.90 0.11 ns
meat color* 4.85+0.38 4.84+0.39 0.03  4.86%0.38 0.02 4.87+0.38 0.05 ns
fat color’ 2.9840.36 3.01£0.38" 0.03  2.99£0.36" 0.02 2.90£0.35° 0.04 *

'Overall trait means and standard deviations in the Hanwoo population tested in this study.
*Marbling score: higher numbers for better quality (range from 1 to 9; l=lean, 9=most
marbled).
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*Ranges from 1 to 5 1= grade 1++ (marbling scores 8 and 9, top grade), 2=grade 1+
(marbling scores 6 and 7), 3=grade 1 (marbling scores 4 and 5), 4=grade 2 (marbling scores
2 and 3), and 5=grade 3 (marbling score 1, bottom grade).

‘Light-darkness level of beef meat ranges from 1 to 7: 1=light red, 7=dark red.
*White-yellowness level of backfat ranges from 1 to 7: 1=white, 7=dark yellow.

*indicates means different at 5% significance thresholds and ns indicates means not
significantly different. LS Mean+Standard error values in the same row with different letters
are significantly different.

A AAF SAREA BAwwEA sgAw Asw 84 Al
I (n=13) 576.9 11.8 73.3 4.2 3.1 4.8 3.0
/A (n=11) 563.6 15.0 73.3 3.9 3.2 4.8 3.0
AA (n=3) 600.0 10.7 67.3 4.7 3.0 5.0 3.0
E77E N% 298 AFES £590) U GHR AART =A4AL e A9,
23td £5 T2k 276 AUA gkob BAH K Bl AEFA kot =)
42 A0 AR A9 AR AHE BAS. F, 4 UG AANZAA AAFH 2
APt [ FAAGRY Selga, SABEAL pass AT Yede

a. A4 4 A Ml b i rd i I lA4
2000—»

19 80. GHR 57#+e] promoter Aol A LINEL elemente] 4r9)/ZA A6l wa & 7A43

a9 808 3¢, Holstein, 3+$-xHolstein F1 % &9 GHR 7+ £9]3% promoter Ao A
A== 1.25-kb LINE1S] A (g2 )2 243 (HEAA A o
st BAS Hop a88o2 £ & & primere] &S T Lo
d (b).

Y, ot
o
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i)
@
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R

po)
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Q) GHIZ+ POUIFI #73A 39 v & 2 AFZY =AIZY Fd 4

® 78. - AGANN GHIZ POUIFI frRAAE 2] vix

Gene Genotype No. ofanimals Frequency H(e) H{o)  »?

POUIFI A4 438 0.537 0.400 0374 33006
AG 303 0374
GG 73 0.089
GHI LL 626 0.745 0.247 0183 52842
LV 150 0.203
144 43 0.052
39 =29 HAA POUIFIS) FRAAE S A47F 7M=& Wx 63.7%)S Jeld L,
GHI®) LL fFRAAYC] T45%= w2 HEE HEUWAS (E 78 FX). AFSS JdddAs
GHI §AAY T VV 348 BAEA Fgom, oFHAAR LIRE WA 27 F 5 2 F

5
(74%)ANA v #2= A5, POUIFI %?ﬂx}iﬂ A= AA, AB BB F3AEo] 25 ZHSII S
N+ 742y 40.8%, 44.4%, 14.8%= A= 3=

¥ 79. 3¢ == M GHIZ POUIFI +RAAEI =432 A
GHI genotype POUIF] genotype
Trait
Lew/Te Lew/Val Val/Val Al A GG

weight at slaughter (kg) 65043£71.48  646.87168.08 645.5853.24 646.12170.48 6511127347 636.16167.86

backfat thickness (mm) 12.2215.11 11.7915.06 11.9315.15 12.11£4.94° 11.72£5.02° 13.7516.03*
eye muscle area (sz) 82.90£9.19 82.05£9.59 §2.4418.92 82.669.18 §2.64110.03 82.8518.25
marbling score' 6.111£2.10 5.8412.14 5.9512.14 6.1212.08 6.011£2.14 5.8712.28
meat color’ 4.8010.43 4.8310.41 4771043 4.8110.36 4771042 4.8510.43
fat color’ 2.9410.35 2911037 2911029 2.9210.36 2.9410.30 2951037

'Marbling score: higher numbers equal better quality (range 1 to 9; 1=lean, 9=most marbled).

*Meat color: light-darkness level of beef meat (range 1 to 7 1=light red, 7=dark red).

*Fat color: white-yellowness level of backfat (range 1 to 7 1=white, 7=dark yellow).

“PValues in the same row with different lower case superscripts are significantly different at
5% significance thresholds

3o GHI §AAE AM7VA Leu/Leu (LL), Leu/Val (LV), Val/Val (VI7F 25 2AEQ]
Sy, =AFAE it FAAH FY82> A IJAHA E%e. POUIF] 3RS F GG &3
A A SAYTFAANA A/~ A MATERY Foldoz o FAL TANS Zte Aoz

2445 92
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ol X GHIZ} POUIF] #3433 =482 44

SR8 AAE  EANTA SAvEd 2uAw 1a5F 0S4 A
A4 (n=11) 594.5 13.5 73.4 4.6 2.9 4.8 3.0
AG n=12) 560.8 12.7 72.3 3.8 3.3 4.8 3.0
GG (n=4) 557.5 12.8 71.5 4.0 3.0 5.0 3.0

£ AFES AL deoke e 06 FAAP SAYEAIL A~ HARY )

@) IGFBP3 + A4S B34 3¢ R AFT+9 =ATLY & €4
& =599 =AFA gk IGFBP3 F3AE o] GaaA Al A IGFBP3 1A%
a/a, a/b, b7y ¥ @3 A FAAe A BEFHA s EF AFFE 27
oA IGFBP3 73740 Bd4s Uetle Al & 1 7 Wl #25x &3k, o]9]9
Fe BT ga 3R E BEHYS

SRR

Jo
2
2
ot
ox
2
oy
ol
A

2
-
N,
ol
el
uy)
=)
X
rd
=
A
ok
—
Y
ol
et
Ho
=
A
ok
E

(nf§g4) 651.7+2.5 12.6+0.2 82.5+0.3 6.2+0.1 2.1+0.0 4.8x0.0 2.9£0.0

W) 6571438 125403 823+05  6.0+£01 22401  48+00 29500

B 667.0+79  124+06  832+11  59+02  23%01  48£00  2.9+00

AFEF 29 48 T2 Aoz FHAAe SNPo that g3 s EX3ygch ® 82&
AFES =59 Ao F22ke] SNPol| gt =A|gd A5 5 A2 AL, 2AHE 5 71K
FE §AA9 o] AR FEgor}, GHIY VIV 33 AHIAAE AR R k3l IGFBP3

=]
n
o] ZAf AIA7} 89.7%= WdohrE AASIAS. T POUIFIS) BB (6.7%), GHR® SIS (10%),
MSTNS] AIA (3.6%) FAARe] HEe b faxge wa v e F2& Uehids

(% 82 #x).
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# 82 AFES =50l FAAE e gdg0 mE =A%

- = et =2 = =
gene genatype ar:w?r'nglfs f = _.':_Jl)“ Choy = by t.ﬂr A x| gk =
A 14 0.467  597.14 1307 7450 5.14 4.79 3.14  1.00
’Tfi‘é%? A5 14 0.467 56929 1179 7464 364 479 3.00 156
55 5 0.067 580,00 1150 8100 400 500 3.00 1.00
44 26 0897 58880 1252 7507 444 481  3.00 1.11
1GFEFS 45 1 0.034 43000  5.00 64.00 200 500 300 200
(n=29) : - - : 005, - -
55 5 0.069  580.00 1400 7950 450 450  4.00 1.50
I 16 0533 59063 1081 7531 431 481  3.00 1.19
(g’g) 8 11 0,367 56727 1509 7664 436 473 3,18 118
S8 3 0.100 600,00 1067 6733 467 500 3.00 1.00
A 1 0036 64000 9.00 75.00  6.00 500 5.00 1.00
el AT 10 0357 55200 1180 7180 360 480 300 130
T 17 0607 60294 1312 7735  4.82 476 312 1.06
i o7 0.900  587.04 12.89 7548 459 478  3.07 1.11
(r&gé) (v 3 0.100 546,67  T.67 7067 233 500  3.00 1.67
W 0 0.000 - - - - - - -
golE FAAFE 3 =AFAS AHRAE, POUIFIS] AIAFAAES AFEL 4
AL ABL =4 Hl&] AT 20kg A= ¢ 313, AL Immeld o T4, FHA
e 15014 w31, AWAe o e S Rt vd SAEHFe] Yoy S A
AR FS eSS

GHRS] 7%, fAA8Y HixErt o =& LIL §34x389 =4 WA Zo] 23kg A= U
AT, SAYS 5mm AE O S S HYS

Hl 8] A Fo] < 48kg Ax 7PHaL, 5A

= |
e L5mm AE growd SAGHARE 5em’ A% Ha, 2RANEsL 12 A% o ve &
[e)

*olato] Ax F AR+ Genes and Genomics, 2009, 31 (1); 35-419] AAHAAYLCH (=FA =,
A GHR polymorphism and its associations with carcass traits in Hanwoo cattle), Genes and
Genomics, 2010, 32, 105-9o] A=A (=i Al Effects of POUIFI and GHI genotypes
on carcass traits in Hanwoo cattle).
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A GHR Polymorphism and Its Associations with Carcass Traits in Hanwoo Cattle

Sang-Hyun Han!, In-Cheol Cho®, Jim-Hyoung Eim®, Moon-Suck Ko!, Ha-Yeon Jenngl_
Hong-Shik Oh® and Sung-Soo Lee®

'Jgu Sub-staton, Metionsl Instmte of Animal Science, RDA, Jeju 690-150, Horea
*MNationsl Institute of Animal Science, BDA, Suwon 441-350, Korea
“Deparrmen: of Scence Eduradon Cheju MNatonal University, Jeju §90-758, Horea

Received | 2009 gecepred |, 2009

ABSTRACT

The growth hormone recepror (GHR) 15 a membrane transmitter for the growth hormone signal
transduction pathway that repulares various metsholic actiines, meluding cell growth and ex-
preszions of cyrolone genes. The presence or absence of a geneoc polymorphism for the TINE-1
remopozon in the P1 promoter, which specifically reculates the (HF gene expression in the hver,
was screened by a novel derection method and szamined for its relatonships with carcass traite
in Hanwoo cattle. Hanwoo cartle had taurine type I1INE-1 present (allele J) as well as mcidine
Type LINE-1 absent (allele A promoier sequences. Three genotypes, T I and 449 showed fre-
guencies of 49.1, 36.7 and 14 7%_ respectively. The effects of allele .4 were significant on mean dif-
ferences for final weight. eye muscle area, marbling score and far color (p < 0.05), but not for car-
cass weight, hackfat thickness, final meat guality grade or meatr color (@ = 0.05). Most 30-month
old Hanwoo stesrs bearing the ILTWNE-1 ghsent promoter had whiter fat color, heavier live weight
and higher marbling score, reflecong imtramuscular fatr deposition in AL Japeresrmus dorss, com-
pared 1o amimalzs bearing 4 1LIWE-1 present promoter, This suggests that a AR polymorphism
could be 3 potential genenc marker for improving besf production of Hanwoo cattle.

Eey words: Association, carcass walt, HA Hanwoo, LINE-1 polymorphism.

INTRODUCTION such s5 mutations of the GHF gene that cause Laron
syndrome and idhopathic short stature (Rosenhbloom

Growth hormone (GH) plays multple roles for et al, 1998 Liu et al, 1999; Blair ard Savage, 2002)

growth and cellular metabolizm mn vertebrates. It ex-
erte e effects via specific GHE-mediated signal
transduction in the target cells. Alterations of GHRE
function can affect its hinding capacty and the =ig-
naling pathway. Several ezamples are found 1n man,

*Tv whom comespondence shonld be sddressed.
Email" leefd Tirds gokx

In cartle, the GHR pene 15 encoded at BTAZOD and
haz 9 unmranslated exons. Among these, exon 1A iz
liver-specific, and at the upstream region, the Pl pro-
moter 12 an important regulatory element for hepatic
GHR expression (Adoody et al, 1995 Moisio et al,
1998: Jiang and Lucy 2001a: 2001h).

The Hanwoo breed 1= an important Eorean hesf cat-
tle hreed. and carcass mans, Including markhing score,
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Abetinct

Growth hormone and pibmtary specific fansenption factor-1
are expressed mm the prhwtary gland and play entical roles m
the development and zowth of mammmals. Genstic pole-
mormphisms of GHI and POUIF] genes were mrvestizated us-
mg PCR-EFLF and tested for stabstcal assocabons with meat
quality traits m Hamwoo cattle. Three genotypes were found
for each pene m 3 populabon of Hamwoo steers reared for
beef production. Mo meat quality oaic were sizmificantty zsso-
ciated with the GHI genotypes. Ammils with the GHI
LenTen gemotvpe had heavier weghts and kgher marblmg
soores, but stetistcal sipmficance was not detected. Backfat
thickness was assoriated with POUIF] genotvpes. Backfat of
POUIF] &G homerypotes was thicker than that of other zen-
otvpes {(p < 0.05). Other carcass waits, mncluding weight at
slaughter, carcass weight, carcass yvield mafio, eve nmeche area,
marhlng score, meat color. and fat color were statisheally m-
sagmficant m POUIF] genotvpes (p > 0.03). These fmdings
suggest that the POUIF] &G genctype may conmibame to mm-
proving body wetghts and backfat m Hanweo steers usng
sme-based predichons.

Eevwords GHI; POUIFI; Polymoplism: Backfat, Hanwoo

5-H Han M-5 Ko H-Y Jeong  5-5 Les (I50)
Subtropiczl Animal Experiment Stztion, MNational Instibare of Animal
Science. BDA Jeju 600-150, Eorea

e-mal leefdT0 G kores kr

5-H Han
Eduratiomal Science Pesearch Instmope. Jeju Wamomsl University,
Jeju 680-756, Eorea

L. Cho
MNatonal Insomare of Ammal Science PIWA, Suwon 441-350, Forea

H-5 Oh
Deparoment of Science Educanon Cheu Natonal Universizy, Feju
5090-756, Fogea

Infroduc tion

In the hvestock mdusiry, selection of ammals with faster
growth rates and betfer body composifion 15 very mmportant
for producmg high quality meats. Fecent advances 1m molec-
ular olozy techmaues, much as DA sequencing and nouta-
tion punms, enzhle easy detecton of genstic polymorphi=ms
and ad m the development of potenhal markers associated
with or hoked to deswable charactensoes of nvestock breeds,
mcluding meat gqushtv tarts soch = Inbemwsenlar fat
depesifion.

For the &HI gene, several polymorphisins have been de-
sembed at different sites meludimg the pephde-encoding
regtons. Thiee mussense micleobde substituhons were detected
m exon § at codon 127 ValLen (Lucy et al, 1993), 172 The!
Met (Chikumi et al, 1994) and 112 Arg/A-p (Yoon ef al,
2003). Other polymorphic sitez were also reported m the pro-
moter rezion (Rodnpues ef al, 1998; Ferraz et al, 2006}, 3
flankmz regmon (Unanian et 21, 1994) and movon 3 of the GHI
gene (Zhans et al, 1993 POUIF] a mhatary-specific tran-
senphon factor 15 responmble for prontary development and
bormone expression levels n mommeals. It binds to promoters
and controls the expresnons of growth hormone (GH). pro-
lactin thyrod-stomlation bormeone and GHAeleazins hormons
receptor genes (Melson et al, 1988; Smmmeons ef al, 1990;
Lin ot al., 1992; Coben et al.. 1996; Joudrey of al. 2003}
BAUIF] gene mutatons lead to a loss of GHI expression
dwarfism and prolachin deficiency 1 mice and lumans (Li
et al, 1990; Pfffle of al, 1992; Tatsumi et al, 1992

Chnfitatve trart loos (QTL) searches foumd that the remon
suwremdimez POUIF] had proposed assocation effects on m-
mnznt animal producton (Woollard et al., 2000), POUIFI
polymorphizms showed associatons with bedy composton
and pulk producton m dany cattle (Renxalle e al, 1997}
and several carcass tmrs m Brangus bulls and Piemontese (Th

@ Springer
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- AAZ 0 J1E HAS D BALHE AL B A
AN EEA AT o)A B HEEBO B s A

- AMEEA LY HH5Y 0

- EAEE B9 2% g

L AAEIolY 7le HH3 & EAFAHS At &5 74

7}. Oosight imaging system& o] &3 BA =3 A4+ &8 MA
Improved Cloning Efficiency and Developmental Potential in Bovine Somatic Cell

Nuclear Transfer Using the Oosight Imaging System

Abstract

In somatic cell nuclear transfer (SCNT) procedures, delicate enucleation of a recipient oocyte
is critically important to cloning efficiency. This study was to compare the effect of two
enucleation systems, ‘Hoechst staining and UV irradiation” and ‘Oosight imaging’,on in vitro
production of bovine SCNT embryos using Jeju Black (Korean Native) Cattle donor cells
and their developmental potential. In the SCNT group using Oosight imaging, the fusion
rate (75.6 % vs. 62.9%, P<01), cleavage rate (78.0% vs. 63.7%, PP<.05) at day2, blastocyst rate
(40.2% vs. 29.2%, P<01) at day 8 and total cell number (128.3t4.8 vs. 112.2£7.6, [/X<.05)
were significantly higher than the SCNT group using Hoechst staining and UV irradiation.
Also, the apoptotic index was significantly lower in the Oosight imaging group (2.8£0.5 vs.
7.311.2, /X.05) compared with the Hoechst staining and UV irradiation group. In addition,
in the Oosight imaging group, the relative expression levels of Oct4, Nanog, Interferon tau,
and Dnmt3A mRNA were higher, and of Caspase-3 and Hsp70 mRNA were lower,
compared with the Hoechst staining and UV irradiation group (/%<.05). The Oosight
imaging system improves the cloning efficiency and in wvifro developmental potential of

bovine SCNT embryos through controlled reprogramming of gene expression.

Keywords:bovine,SCNT, enucleation, Hoechst staining and UV irradiation, Oosight imaging
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AALH)2 BA £ Ao, G A F1Ee] F2 ALGSHE Hoecht 43 UV
1

EE2 AEXA £48 fddle AR gHA &S Fagtsordte BRavt RS o
kA spindle view system& o]&3te] MEZ &4 Qlo] dHS P& v EA 84 v|H=
FFS =AM E.

A Hoechst stuining

Dosight imaging B

Hoechst staining

Oasight imaging

3

Huuhlt staining  Oosight imaging

FIG. 1. JBCSCNT embryos produced in vim with different enucleation systems and their TUNELstained fluorescence
mirroscopic images. (A) Hoechst staining and UV irradiation and Cosight imaging svstems. The amow and arrowhead
in each photograph indicate the location of the first polar body and metaphase 11 plate, respectively. In both enucleation
systems, the karyoplisks wemn removed by a squeezing method, Bar, 100 gm. (B) Day-2 or day-7 JBOC-SCNT embryos
produced in mifra by the two enucleation systems. More good-quality four- 1o eight-cell embryos {arrowheads ) and maore
rapidly developed blastocysts weme prcu:lu.ca:l in the Oosight group than in the irradiation group at day 2 and day 7 after
SCNT. Bar, 200um. (C) Representative flunmscence microscopic images of TUNEL-stained S-day-old [BC-SCNT embryos
produced with the bwo enucleation systems. Propidium iodide was used o stain chromatin. Yellow indicates fmgmented
DA, Bar, 200 gm The'.I'L{NE[.-ﬁta.ini.nE résulls show that the total call numbers {DF were not different between the Hoedhst
staining system and the Oosight imaging system, whereas their apoplotic indexes (E) were different (p=0.05).

40

Wo. ol fotal cell O
B
=

i

=
=

Haechat stainlng Onsight imaging 7 Hoechst sauining Oosight imaping

a9 81. Oosight Imaging system-S ©o]-8-3F A A EZ3o]a EA| =4z ALk

Hoechst 424 ¥ 3t Oosight imaging systemS o]-&3le] s & Aatwl Ea|4=3 o
%"é‘*‘a‘é‘ﬂ]% ZAF8EA A vl spindle-view systems o] &gk A7) wiHtEI|H] WEEET}
=3

- At o MIEAIEE o] FFHA FAF = AoE VEhtS.
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Table 83. In vitro development of JBC-SCNT embryos using two different enucleation

systems (r=6)

No. (%) of embryos developed to

Enucleati No. of No.(%) of Total no. Overall
nucleation
enucleated fused Day 2 Day 8 blastocysts of cells efficiency
system
oocytes oocytes (Icm (%)
Total =4-cell Total =Hatching
Hoechst 394 204 130 66 38 15 111.2+7.6° 38/324
staining (62.9)° 63.7°  (50.8°  (29.2)° (39.5° (27.4+3.4) (1.7
Oosight 220 242 189 135 76 37 128.3+4.8" 76/320
imaging 756" 0" 714" (402" (48.6)" (35.3+4.0) @3.7"

Means with different superscripts in the same column are significantly different
(*"P<0.01:"P<0.05).

Hoechst 94& 3lar UV HEHE 3213t &alS A3 22+ Hlsl, Oosight imaging
filterE o]&3l spindle $1X& st B3-S HAAS AHgToA AL §gIh&o] 247t

62.9% <} 75.6%E JEFH o] FofstAl A EH U

F 29 A GFEAAME 63.7%9 78.0%= vrebo] 984l Oosight imaging
system A g]wto] EFkom, 4-A27] o] Y AR GAME EA YEh gAY F o]
S RgE A FglEAS

Wl 89 A HwRE
Fol 40.2%% FelF WIE AolF UEhHom B8 MELEs|N o W) FEE 747
30.5% S} 48.6%% UEhiol @AY Aelgee] BAFYH F7] FLe|E A WATE A
g FAFAL,

718) @A &4 Hoechst ¥4 +& 29.2%°]™, Oosight imaging =] €]
Z}

=
2

7y Aol A g5E wiE o] MESE ZAMSAE vh, FAHESE Hoechst G413

g2l 111.2+7.6, Oosight imaging =&+ 128.3+4.8 i, WHAEIFE= Z+zh 27.4+34,
35.3%4.0 vehfof 7t A wintEr]eje] Al e x]—O]7]- NS A ge.

wetr, TAE GAZEEH BAFAY AAESS
& Apo]lE YERdo] Oosight imaging system

do 4y
EE
o,
T B
)
L >

- 185 -



Table 84. Oligonucleotide real-time RT-PCR sequences for variable genes

enes Frimer segquence Annealing femp. Product see (bp) GenBank accession mo.

bet4 SLCTCTTTOGAAAGGTCTTCAG-Y 50 I55 MNM- 174580
F-GICTCTGOCTIGCATATOTC-

hSax? F-OCTCC TCTGGACTGTGCTGA-Y 50 7 M- 105463
F-ATCCAGT AATCTOCTOC AGC3!

Nanmog F-TOLCAACAATCATTICAACAAS MO 157 NM-(01025344
S-OCTOGGAATTCGAAATACTTG-

binterferon-tau S ATOCOOGGOGTGOTCTCTCT-Y 550 56 M- 174106
F-AGGTOCTOCAGU TGO TGT TG-3

b aspace-3 F-OOATCTGGTACAGADD TG BOC 359 N W-(I077840
F-GUCATCTCATOCTC A3

Mnni3A FTGATC TCTOCATO T AACOTT-3 MO 21 AM2E91463
F-CAAGAALGOLUGGTCATCTC -3

bH=p7i F-CACAAGTOOCAGGAGGTGATTT-3 5LC LT NN 174550
F-CAGTCTGOTGATCATGGOLTTA-Z

bfactin F-GTCATCACCATOGGCAATLA-T 560 111 NM-173579

FOCATOGTOGACCGTCACACTTC

R
& O Hoechst staiming
=
=, @ Oosight imaging
= #
<
- L5 | ]
b
: | T |
w Lr :
LB
=
e ns f : -
i
" i i i i 1 i
Oetd Soxl NMamag  Interferon-tau  Caspase-3 DnmtiA Hsp7i

FiG. 2 Relative mRMA expression of candidale genes of 8-day-ald JBC-SCNT embryos produced by different enudeation
systems. Expression levels of genes related to pluripotency I_Dr:r-l S2x2, and Nar-ngj. mlp]a.ntalmn (Interferon-fau), proa-
poaptotic acivity (Caspese-d), demethylation {Dnmi3A ), and stiess (Hspill) were sxamined. Bars with different superscripts
within a pansl differ significantly (p* <0.05]. Error bars indicate standard deviation.

a0y 82 AMEHe BA ST fAA H 24}

Oosight imaging system®. 2 5% EAF-AH FAxLHF5F
Az Octds} 2 BEFAA interferon-tau E&o] §9J3HA =
Caspase-3 9k “E#Z 17 Hsp70 W&ol frofahAl WA v AxE ol BALHS
o] AZEE AT F UM+

weba, AAES o) BAFFE Yk A DI o2 A Oosight imaging systemg o] &
st 1A% BAlFAY J50] Jhest, of WRldl o) AFES Ada F5-olrt 2010d
10€ 31¥ g5+ A5.

*o] o] #&A|&L Cellular Reprogramming A9 2012d 148 305-311¢) A A .
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Improved Cloning Efficiency and Developmental
Potential in Bovine Somatic Cell Nuclear Transfer
with the Oosight Imaging System
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Kyoung Sik Park? Jun Beom Les’ Chang Jin Jeong? Key Zung Riu® and Se Pill Park™&*

Abstract

In somatic cell nuclear transfer (SCNT) procedures, exquisite enucleation of the recipient oogie & daritical to
cloning efficiency. The purpose of this study was to compare the offeds of two enudeabion systems, Hoechst
staining and UV mmadiaton (hereafter, mmadiaton group) and Oosight magimg (hereafter, Oosight group), on
the i witre production of bovine SCNT embryos. In the Cosight groap, the apop obc mdex (28 +0.5ve 73212)
was lower, and the fusiom rate (75.6% vs. 629%), cleavage rate (75.0Fo vs. 63.7%), blastooyst rate (40.2% wvs
292%), and total cell number (1283248 va 112.227.6) were higher than those in the irradiation group (all
p<005). The overall efficiency after SCNT was twice as high in the Oosight group as that in the irradiation
group { p<005). The relative mBNA expression levels of Oct4, Manog, Interferon-taw, and Dnmit3A were higher
and those of Caspase-3 and Hsp7 were lower in the Oosight group compared with the irradiation group
{ p=0.05). This is the Arst report B show the positive effect of the Oosight imaging system on molecular gene
expression in the SCNT embryo. The Oosight imaging system may become the preferred cheice for enucleation

because it 15 loss detrmenital to the developmental potential of bovine SCNT embryvos

Introduction

UCCESSFUL  APFFLICATION OF THE somatic cell nudear

transfer (SCNT ) technique to developmental binlogy has
resulted in the production of offspring from various spedes,
including sheep, cattle, mice, and pigs (Campbell et al., 1996;
Cibelli et al., 19%8; Polgasva et al., 2000; Wakayama = al.,
1998 1 SCNT offers many opportunities in basic and meadical
research, as well as in endangered species conservation.
Howewer, the effidency of SCNT is still very low. To date
numergus studies have been performed to optimize SCNT
procedures, induding enucleation, cell injection, and activa-
tion (Kawakami et al,, 2003; Kuromeet al,, 2003; Miyoshi etal,
)36 ) Amaong these, enudeation is recognized as a critically
important step. An ideal enucleation technique must onm-
pletely avaid ansuploidy abnormalities that oould lead o
detrimental effects on later development. It must diminate

any geretic contribution from the recipient oytoplasm and
must exclude the possibility of parthenogenstic activation
{ Dominka et al., 20000).

To improve the enudeation procedure and cloning effi-
ciency, several methods have been developed, including blind,
Hoechat staining and ultmvialet (L) irradiation, spindle im-
aging. and centrifugation (Liu et al, 2000; Molrath and Solter,
1963, Smith and Wilnud, 19%); Tatham et al, 1995} The
Hoechst staining and 1NV irmdiation approach is used rou-
tinely, particularly in domestic spedes, to ensure aror-fres
enudeation by emabling dear wisualization of the chromo-
somes before removal of the dense oytoplasm from the oocyles
prior to nucear ranater. This procedure imrolves the remaoval
of a small amount of cytoplasm swrrounding the spindle
However, even vary brigf UV exposure can have negative
efferts an the membrane integrity, mitochondrisl DNA, and
further embryo developmental potential {Smith, 1993).

Uhiime Biotech, Sepaal T3-851, Forea.
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2. AFZFF EALE A4

Jlok

AFEEAN =AY M 4000irtele] BAE BEAY) AFEFY $F 4HS B
a7 A AMTHH J%e =Ustel Axa 2vhel (BKOL-10 BA, EYEol
BK94-13% 4], F&E0)) 9 Aghs 12 (BKIA-14 BAl, F9o0) & HAlssL.

@ — @) = ...../
St ey HqMESY —
A0 B e () n=se
2 e = ]

~RIM B SR B -
URZYSY AAFOE L pESN | ==—J!M|E°* NIE & SAMREH

2= ﬂl‘i!—i‘.ﬁlt? att

a9 83 AME dol4 A& ol

a2 S, E5FAA AFHAST FAE 2~4 ARE oo 32~37C AE] Al FA S
HAPLdE Hkg § Aol 2~6mme] GEERE AHst ARSI AA Fw| st AM F
S8 vdseAs G ARt B Axoe] ddd wAvhE AEetgla TL-HEPES
2 MZFste] 10% FBS (Gibco-BRL, Grand Island, NY, USA) 7} #7F® TCM-199 (Gibco-BRL)
Hj kb o 0.2 mM Na-pyruvate (Sigma, St. Louis, MO, USA), 1 mg/ml FSH (Sigma), 1 mg/ml

estradiol-17b (Sigma) ¢} 50 mg/ml gentamycin (Sigma) & %] 38.8C, 5% Z73slolA 20 A3+
et A9 wigstd Ae5Es FESHAS.

AoALd & 43 IR 0.1% hyaluronidase”t H7He TL-HEPES wj kel ol q A £
E AAT 5 A 1547 HEd dANkS dEste ARES 2d da= 0.5 ug/ml Hoechst
33258 ¥} 7.5 mg/ml cytochalasin B (Sigma)7} 3 7}® TCM-HEPES& oA 10&7F 443k o
337 3ol A Oosight imaging system< o] &3te] A 1549} AS A A3

T AAEZE 20083 AFEIAAL FANFTH
BK94-13, BK94-14)9] AAEE 2133t A LloA
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Falste] 5~15 Ao AEZE A}A‘lﬂ o2l Al Fo] AMEE 0.25% trypsin-EDTA &4 o 2
st GAAEZ B3 T 10% FBS7F A71d AAE wjgtdoz 3 A3 T tha ]
PBSE A& 3le] FH)etH L 10~15 mm Z7|9-S =2 AAE FJE& 3oz o] AAH
izt EHtie} M Ed Abole] FFoE FA3

AAE7E FY9E FA+= 0.3M mannitol (Sigma) £ ol A LF101 Electro Cell Fusion
Generator (NEPA GENE, Shioyaki Japan) & AFg3ste] FF{ (DC) 2 20 voltol| A IpulseZ A E
S8 AAstgon AT oRE 308 Fol B gl AW FolyTe 5 uM
Ca-ionophoreol] H& == /\]7] 2.0 mM DMAPoI| A 3A17F T2t wjgksle] d&EAdS f=38

so)2 & A5l ¥ dAE 3 mg/ml FAF-BSA7F E0] 21+ CRlaa &0 &7 wj
St ik 24A12F A BEE E8F7F Hole o] Hjol= 10% FBS7F ¢ = CRlaa Hj
FHoz AAMES} FEF IS AASAeH vl 2AANTEH FEtE o= AT ¥
O 2 o] wi g

o9 CIDR-PLUSE Zu 7€3F Adsta AAs= FY PGF2
2 2EE7ISE A2 2

W A8 B ARSI A A
,1

£ }_/\}?‘é}.

ISAG (International Society of Animal Genetics, =A| 5 &-FA38t3])) 117§ A+ 748 %X
AAES AMEste] TGLA227, BM2113, TGLA53, ETH10, SPS115, TGLA126, TGLA122, INRA23,
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Table 85. Jeju Black Cattle SCNT embryo transfer and their pregnancy
No. of transfer.

No. of No. of No. of
surrogate mother Pregnancy Birth calf Living calf
2
59 6 (10.2%) 2

o & 0]: BK01-10
2 % 90]: BK94-13
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DNA fingerprint 213t

STR typing

Mother (h2] &) Young (&-A4) Cell (A A E)

[ II [ I [ I
TGLA227 15 20 14 15 14 15
BM2113 19 21 21 21 21 21
TGLA53 23 29 35 35 35 35
ETH10 16 19 18 19 18 19
SPS115 21 23 21 24 21 24
TGLA126 17 21 18 20 18 20
TGLA122 26 29 24 25 24 25
INRA23 18 20 15 20 15 20
ETH3 23 24 23 23 23 23
ETH225 23 26 23 25 23 25
BM1824 13 14 13 13 13 13
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Table 87. Jeju Black Cattle SCNT embryo transfer and their pregnancy using

No. of transfer. No. of No. of No. of
surrogate mother Pregnancy Birth calf Living calf
5 1 (20.0%) 1 o1
594 o|: BK94-14
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6d dA 7L =)
A B
ammu - - [ ] @ [ ] = - - []
_umwm == ’ 'WMT@ mm
E \‘4 ZAD 1/; 'gll "w‘ nllﬂl 2”1 :.1‘7 E ;.4 Z’l!: !’d NZI i’% ‘LJ:\Z ’f‘\ ZJl7‘
1BO317BI2414] 13 (ABIdup. X ] T ] [(1AZS0B 2 Tissve] T3S_(ABI)dup. ] ]
: ] | - | | J
% Il | | | - L) L.
TIB0317BI-2[9414) WS @-4: - — L] T [} [TTA2908 2 Tisuel ﬂj;;up - = ] ]
—A+f_l w R IEMW » -
- o
|- L In 1 1 Iy
[2 2] 3] 1317 [22] [r] [ [13][17]
[TiBosirBrzeate T3S (ABIJup X ] [ ] T1AZ90B 2 Tissue) T3S (ABlowp [ ] ]
E] B 3
L . |
Y 92 BAlL F9eo] AA Az
- 11719 STR ®vtAZ XA 73 FAAEAS AASE 23, BAFoIRe} Fod AF
Reri A MEZrA 1170¢] microsatellite lociol A 2% £8sA A2 o] U514

AEE FLI A

o2 FAEAS.

- 196 -



3. AAEEALZS A £4 R Ads-As HA

b wA HdEel o B4 R ANGH

28 93 . 20113 6¥ A AAENo|ay|HOoZ ELAYS
29 Fgds 2E5 () 59
A, 2011 6 dxA) 2670€

F Ade] AY S5 20099 99 99

A4 2008 =5

===

D HFE FYEX7) (CASAHE °] &3 F vl

» sperm 01-10 > sperm EFE0|

a9 94, AAME Fo A (BKO1-10, %)} A4 =
5 AH (@ede Ao Bud A2 $49e e

- 197 -

St A EZEA AFSF Kein Fo
FRo] Ad & 2009 3¥€ 119
dE &) S&=5 AFSF AT

A0119 6¥€ A 20/1€Y B, AMNEAZ

-

=
=
e
&

A



» sperm 01-10 » sperm EFEE0|
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LN {Lingarity) e » 8 L (Linearty) @7 5 58
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HYP (Hyperacivated) 0o (%) HYP (Hyperactivaled) 1o {%)
STR (Straightnass) el 5TR (Stralghiness) T2
BCF(Beal-Cross Frequency) 72 Hz BCF (Beat-Cross Fraquency) 0 | H
WAD (Mean Angular Displacement) 411 Degree MAD {Mean &ngular Displacement) M0 | Degres
WOB (Wobble) %03 WOB {Wobble) B
20 02 257 £cil ME EF
Category Sperm Percenti%) Remark Catenory Sperm Percent%) |  Remark
BEETH 3 76 WEm BELT 13 623 »Em
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> sperm E=0|
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-~ Uncapacitation
B
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>
Acrosome-reacted
. _
SBIES EEE!

D e

TUncapacitation

Capacitated

Acrosome-reacted

3 T A9 BAL (FEo

ZARSE A3, Fo A(BK01-10)9+
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A Az & CTC gL T3 B9 #4855 g95=
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Al 2 AU 29 49 6 8
= 2-4ME7] = 8MIEY = gAdu) =uREE 7] H
= 210 126 60) 112 (88.8) 62 (49.2) 25 (20)
(BK01-10) ’ ’
AL 267 178 (66.6) 173 (97) 106 (59.5) 56 (31.4)
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3% 29 2
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COMCENTRATION AND MOBILITY ANALYSIS
_ Total |Percentage CONCENTRATION
| SPERMS (%) millions per ml | in total ejaculated
Static 185 2.8% 12.2 245
Mo mobile progressive 5825 89 2% 385.6 7712
lMobile progressive 53 7.9% 34.2 65 4
go27 100.0% 432.0 864.1
{220 milliml } {40 millfotal }
Total [Percentage CONCENTRATION
|BY SPEED (%) _millions per ml | in total ejaculated
| Rapid 6270 96.1% 4150 3301
Medium i 1.1% 438 95
Slow a 0.0% 0.0 0.0
Static 185 2.8% 12.2 245
AVERAGE VALUES OF SPEED PARAMETERS
Total Slow Medium [ Rapid | Units
Curvilinear Speed VCL 83.0 0.0 311 836 um/s
Rectilinear Speed VSL 229 0.0 8.6 230 um/'s
Average Value VAP 43.7 0.0 17.6 440 um’'s
Linearity Index LIN 276 oo 278 216 %
Straightness Index STR 52.4 0.0 49.0 524 Yo
Oscillation Index WOB 52.6 0.0 56.7 526 %

a8 99. 3L Eo] AR ISAS =29 BA Ax
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Table 90. Establishment of bovine embryonic stem cell lines from in vitro-fertilized

embryos
No. (%) of bovine ESC-like colories
FCM Size
Na. (%) of exfablshal
Develpmental stage Sarell Mediem Large SUM bovine ESC Hies M
Expanded blastocyst LA7 (142) 2718 (111) 2417 (11.7) 542 {119 145 { Xk JNUHBESHN]
Hatehing blastocyst /6 (167 2714 {143 3721 (143) &/41 (148) Lia{16.7) JNU-IBESG2
Hatched blagtocyst 02 (00 Fraa e A7 (17a) 10/43 {23.3) 4. 10 {400 JNUHBESHE~ 06
2A5(133) 11756 (194 8755 (M5) 217126 (167) 621 {36}
ESC, embryonic stam. apll TOM inner ool mass
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Establishment of Bovine Embryonic Stem Cell Lines
Using a Minimized Feeder Cell Drop

Eun Young Kim!?" Eun Ji Noh 24" Hy-c- Yourg Pak' ¥ Min Jee Pak®* Eun Hyung Moh ™
Jun Beom Lee? Chang Jin Jeong? Dong Sun Lee; Key Zung Riu,* and Se Pill Park'*

Abstract

Bowine embryonic stem cells (ESCs) are a2 powertul ol for agrioulural and biomedical applimtions. The
purpose of this study was to ntreduce 2 new method for generating bovine ESCs. Mechandcally isolated bovine
inmer cell masses (ICMs) from m oifre-produced blastooysts were cultured individually on a 10-ul mouse
embryonic fibroblast (MEF) feeder cell drop covered with oil. From 126 blastocysts dassified by ther devel-
opmental stage and KM size, 21 bovine ESC-like colonies were formed (16.7%) and established six MU
(Jeju Matimmal UniversityHbES cell lines (238.6%, 6/21; hatched blastocyst= 4, hatching blastocyst=1, and ex-
panded blastocyst % 1) These cells exhibited t}rp'ii;a't ESC morphology, and pluripotency marhu's wiere detected
through immunocytochemistry, ET-PCR, and realtime RT-PCR, induding O, stage-s embryonic

antigen-1 (SSEA-1), Nanog, Tumar rejecion antigen-1-81, Rexl, and atkaline phosphatase. Tl':mugh RT-FCR
analyas of spontaneous differentiation, gene expression of all three embryonic germ layvers was detected:
ectndermal (Paxt and DEH), mespdermal (CMF and Enolase), and endodermal [alpha fetoprotein (2-FF) and
albumin]. In additon, [NU-bES cell lines were directed differentiated into neuronal (Map? and Tujl ) and glial
(GFAF) cells. Bovine ESC lines had a normal karyotype, with a chromosomie coumt of 58 + XY ( [WNU-ibES-05).
This is the first trial investigating a minimized mi culture method for the generation of bovine ESCs,
These results demonstrated that the minimized MEF feeder cell drop @n suppart the establishment of bovine
ESC lines,

Introduction cow (Stice et al, 1996}, and humans (Thomson et al, 1968 )
ESCs derived Fom farm animak could provide a powarful

MERYONTC STEM CELLS (ESCs) aRE derived from inrer ol tool for studies an early embryonic development { Robsertson,

trass | O cells of preiop lan b tion embryvs (Saito ot al,
19 These call are pluripotent and should retain their
long-term prolifemtive potential in an undifferenbated state
(Reubinofl = al, 00, Also, PSOs can differenbiate lndo
dedvatives of all three embryonde germ layens when they are
trarsberrad bo in vt differeniation culture sondi Hors or ko
an i v envirounent (Heins o al., 2004 Kim o al, 20602,
Lagasseetal , 20000 Siee the first ESC line was solated fram
minee in 1981 (Evans and Kaufmun, 1981), sdable ESC lires
have been establehed in many species, cluding hamester
(Doetschman et al, 1988, rabbit (Graves and Maoreadith,
1993, pig (Whesler, 1994), monkey (Thomson e al, 1995),

1990}, e targeting (Zheng et al, 1999, clordng (Sties and
Keefer, 1993), and regererative medicine (Dirsmore ef al,
1996 Because of their potental use in tagreled gere manip-
ulation, the availability of ESCs in lvestock species could
hay ¢ enormows agocultural, pharmaceutical, and biomedical
applications.

However, ESC lines from domeste animals have been
relatively lew studied than those of murine ESC due o
several challenges; such as longer generation Hme and sub-
optimal culture condition (Mann and Stewart, 1991 ; Wikmut
et al, 1991} The derivation and malnbmance of BSC lnes
from bovirne blastocysts ds perhaps meore  diffleult and

"Mefir o Biotech, Seoul 1458554, Konez.

Euﬁa'ﬁuu] Univermsity Stem Cell Research Center, Seond 1454654, Kones.

in Womzan's an:iih]. LH3
*Fxtrlyufﬁderhuwhﬂl,
“These authoms contributed eqeally o this work

AR0-B45, Kowea.

ke of Applied Life Scienars, T Mational Urdversity, Toi: 690-756, Koma.
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A MAPK Pathway is Involved in the Control of
Cortical Granule Reaction and Mitosis During
Bovine Fertilization
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SUMMARY

The chyective of thie tudy wal to determune phyniclopcal and mechanal
factorz effecting om the pregnancy rale: following artificial insemenation i
dagy catthe, stz for mlficeal ancemanatien of cowd war checied
whether the ocutflow of muiu: Dom the elemenls wa: oul flow o ool
There were 0o cigmificant difference of  gestation rates with moous
releaze (31.76%) and without mucus releaze (24.03%). The pregnancy
rates were 30.00% @ 10~20mm  of folliele e group aad
S7.03%ip<0.08) i 20-30mm diameter of the follwcles. Theve were mot
dillerent preguancy rates beiween twite miemunsted dauy caitie and more
than 3 temes msemunated caftle. The pregnancy fate was I05TH usder
sufomtatye mulling csystem. In coatrast. wnder artificial mullueg z)ctem
pregnancy rate waz BA.EI®. Two system: signaficanily (p<O0.081 were
different, These results sugpest TR DOegaancy rates were 203 ellected
by phyziological system. bet mechanscal conditioa.
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Recently, considerable scientific and therapeutic interest has focused on the structure and functions of the =
fiavonoids. In u previous study, we suggested thal hydrovyl (OH) substitutions on specific carbons in the skeleton uv
of the flzvenoids might significantly affect their apoptosis-modulating properties. Here, to investigate the effect of

various OH substitutions on their diphenylpropane (C6C3C6) skeleton carbons, we selected 10 different i
Havanoids and assessed their rele on U'V-induced apoptosis of human keratinacytes, the principal cell type of epi- 60
dermis. The results showed that 5,7, 4"tetrabvdronyllavanone (eriodictyol) and 3.4'dihy 2 50
DHF) had 5 positive effect on cell iferation of humun HaCaT kerati Treatment =
particular resulted in significant suppression of cell death induced by altraviolet (UV) light, a major skin-damag- ¥ 40
ing wgent, We found that eriodictyol treatment apparently reduced the percentage of spoptotic cells and the 2 30
cleavage of paly(ADP-ribose) polymerase, concomitant with the repression of caspase-3 activation and reactive §
axypen specics (ROS) eneration. The anti-apoptotic and anti-nidant effects of eriodictyol were also confirmed g 20
=z

in UN-induced ccll death of normal human epidermal keratinocyte (NHEK) cells. Taken together, these findings 10
suggest that criodictyol can be used to profect keratinocytes from UV-induced damage, implying the presence of
3 comples strocture-activity relationship (SAR) in the diffcrential apaptosis-modulating activities of varieus
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After cenfromeres divide, these will form After centromeres divide, these will form
fwo X-chromosome-bearing spermatozoa two Y-chromosome-bearing spermatozoa
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Fig. . Karyogram of chromosomes that would be present in two adjacent bovine secondary
spermatocytes derived from a primary spermatocyte. The total length of chromosomes of bovine
X-chromosome-bearing spermatozoa is about 3.8% greater than that of Y-chromosome-bearing
spermatozoa.

Reproduction 2002, 124: 733-743
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331.1 pm
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Table 2. Percentage (+ SE) of wo- and three-dimensional measurements of the non-sexed (NS), pool of the sorted for X and ¥
{5XY), ¥-bearing sperm (SX) and Y-bearing bovine sperm (5Y).

Measures of structural characteristics

Groups
Two dimensional Three dimensional
Perimeter (um) Area including hele {um?) Surface area (im?) Volume (um®)
N5 BAT1SS 46450 A63:497 1372144
o SXY 283065 465254 A71£166 132+065
pm
5X BEE1S 49077 46T 68 1442171
2w c sY 289159 48953 494+532 1491258
s m
gn 100. Values are an average of at least 400 sperm for 2ach group. There was na difference batwesn groups (P>005)
=

[ N
Length (mm)

Fig. . Atomic force microscopy (AFM) 3D view images (A and B) and line profile (C), showing
different dimensional parametersof the bovine sperm cells containing an X-chromosome. 1.
Maximum diameter; 2. Width; 3. Perimeter; 4. Surface area; 5. Maximum height; 6. Average
height.

PLOS ONE 2013, 8§(3): e59387

AAre] Az7bEe  ‘Beltsville Sperm sexing Technology'&t Ea]lv ¥WH o2 Axte] DNAS
PAEHAE FA% & DNA g wE FF Hr]e A& ©]&3te Flow Cytometry2 #

ojg] Had wmaw HA GhEe ofF mgA dAE EE 582 50% olsteld o F

10% 9] &7 22y E.

Box 2. Typical efficiency of sexing spermatozoa
Aliquot of stained spermatozoa (100%)

{1} Residual loss of spermatozoa in staining tube  10%
{2} Losses insorter tubing between batches,

between males and to prevent or correct

plugged nozzles 12%

Spermatozea that are evaluated (78%)

{3) Spermatozoa discarded due to malorientation  30%
{4} Spermatoroa discarded due to coincidence  15%

{5} Discarded dead spermatozoa 10%
Potentially sortable spermatozoa {35%) Table 1
() Spermatoroa discarded to maintain purity  124% Means (+ S.EM.) for rates of embryo cleavage and blastocyst development from unsorted and sex-sorted sperm
(Fig. 3) because distributions of X- and using ovaries obtained fmgj anonymous donor cpws at o commercial abattoir
Y-chromosome-bearing spermatozoa 5= e -—=== === = - - - -~ s~ =s-=s====2==°=°=-2 3
fluorescence averlap : Unsorted spermitozoa Sex-sorted SPCMMALZDL »
{7} Probable aneuploid spermatozoa discarded 1% a = = ]
( Y Total no. of oocytles 3312 1577 '
(Fig. 3 B . Y.
{8) Spermatozoa discarded due to aborts and 2% No. of replicates 24 19
drclp.lel_‘ with both X- and Y-chromaosome- No. of oocytes per replicate 138 'e]
.- e .. SRoEDESpErmalozea Cleavage rate (%) 673+35 650+36
' N 0% ;
v . Spermatozoa that have been sarted (30%) » Blustocyst development rate (%) 201+29a 122+23b

{9} Spermatozoa lost because of spraying (missing 4%
the fluid in the bottom of the collection tube
~ Fig.2d) ) ) Theriogenology 2006, 65: 1007-101
(10} Losses of spermatozoa in the supernatant 15%
after centrifugation (concentration step)
(11} Loss of spermatozoa during filling and sealing 4%
straws including incomplete volume of residue
Jn the last straw

Within a row, means with different letters differ (P < 0.03).

: Sored spermatozoa that are frozen (2

(12} Useof sparmatozoa for quality control 4%
{accuracy and motility after thawing)
Spermatozoa available for insemination
(22%; 11% of each sex at 90% accuracy)
Parcentage values in the right column refer to percentages of the
respective sub-headings rather than of the starting material

Reproduction 2002, 124: 733-743
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Table 3

Main effects (mean + 5.E.) of post-thaw sperm quality evaluated by CASA during sorting of bull spermatozoa al two préssures using a 70 pm Gp

Pressure (psi) VAP WSL VCL ALH BCF STR LIN Motility (%)

30 SB7T+1.1a 466+ 1.0 1082+ 20a ThH+03 a 229+05a 793+ 060 H5+06a 292+27

30 53511 b L ES N 91+20b 46£05b M4EBE05b 8244+ 09b 46.1 £0.9 B5+12b

NSC 00+ 14a T6H+12 1L3+26a TO£05a 21.7+05a 0.0+ 060 HiE06a 339+23

" NSC: non-sort control.

Table 1

modified synthetic oviductal fluid +~ 6 g/l. BSA.

Theriogenology 2005, 64: 1035-1048

Means within columns without common letters differ (P < 0.05). No difference was found in sort mode, ie. between bulk sort and no sort (F > (L05).
* VAP avernge path velocity (pm/fs); WSL: progressive velocity (pmv's); VOL: track speed (pms): ALH: amplitude of lateral head displacement (pm); BCF: beat cross
frequency (Hz)p: STR: straighmess (% VSL/WVAPY LIN: lmearity (% VSL/VCL), motility, total motility.

In vitro development of bovine embryos fertilized with either conventional. unsorted, or sex-sorted sperm from five bulls and cultured in

N R Day 3 Day 6 Day 8
% > 5 Cells % > Morulae % Blastocysts
Unsorted Sorted Unsorted Sorted Unsorted Sorted
Bull 1 776 33 40.3 = 5.9=* 26.3 = 5.5 20.3 =+ 4.5%* 10.2 + 4.30x 171 =Bk 8.6 = 3.3°
Bull 2 1443 22 26235 19:1 == 3 b= | & e 8.9 &+ 2.40> 8.6 =2 1Y 49 = 1.9°
Bull 3 1869 42 26.9 = 5.5~ 19.6 + 5.2~ 37.2 = 4.2%Y 26.8 + 4.0%¥ 182 =3 10.0 = 3.1°
Bull 4 658 18 16.7 = 6.2°¥ 9.6 = 5.5 29.6 += 4.8%Y 24 Qi=r g ghea 165 Fgne 85 +33°b
Bull 5 1916 33 14.8 = 3.7~ 5.6 = 3.6 6.4 + 297 0 62 =229 8]

(among bulls) differ significantly (P < 0.05).

Theriogenology 2012, 78: 1465-1475

N. number of zygotes cultured: R. replicates (includes the total of replicates for I'VF with unsorted and sorted sperm. Superscript letters a and b
in the same row, for the same bull and developmental stage, differ statistically (P << 0.05); Superscript letters x. y. and z in the same column

BzhEe AAwe ol 4@ WANAE o FolAr T2 e BT F 4G
#E FdAe] BdS PCRE F3 &g
A8l ol & e AEAA #4E FaAE e 2e
Source
Gene name and symbol References

(GeneBank accession number)

DEAD (Asp-Glu-Ala-Asp) box

. . NM_001192962.1
polypeptide 3, X-linked (DDX3X)

Theriogenology 2012, 77: 1587-1596

Eukaryotic translation initiation factor

. NM_001025329.1
1A, X-linked (EIFIAX)

Theriogenology 2012, 77: 1587-1596

Heat shock transcription factor, Ylinked

NM_001077006.1
2 (HSFY2)

PLoS One 2011, 63: €17790

Sex determining region Y (SRY) NM_001014385.1

Sex Dev 2009,34: 205-213
Mol Reprod Dev 1997, 482: 246 -250

Testis specific protein, Y-linked

L (TSPD) X74028 Theriogenology 2012, 77: 1587-1596
TSPY-like 2 (TSPYL2) XM_002707327.1 Theriogenology 2012, 77: 1587-1596
Ubiquitin—specific peptidase 9, Xlinked .

XM_002700206.1 Theriogenology 2012, 77: 1587-1596
(USP9X)
Ubiquitin—specific peptidase 9, Ylinked .
(USPID) NM_001145509.1 Theriogenology 2012, 77: 1587-1596

Zygote Arrest 1 (ZARI) NM_001076203.1

PLoS One 2011, 63: 17790

rich 2, Y-linked (ZRSRZY)

Zinc finger protein, X-linked (ZFX) NM_177490.1 Theriogenology 2012, 77: 1587-1596
Zinc finger protein, Y-linked (ZFY) NM_177491.1 Theriogenology 2012, 77: 1587-1596
U2 small nuclear RNA auxiliary .

. XR_083554.1 Theriogenology 2012, 77: 1587-1596
factor 1-like 2 (ZRSR2)
Zinc finger (CCCH type), RNAbinding
motif and serine/arginine GQ426330 Theriogenology 2012, 77: 1587-1596
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PCRES o]&3t FATY AEE 17te Auigr AEHA 7]
loop-mediated isothermal amplification (LAMP)H-& Saix = A& A7tdo] 7153

24. Male-specific primers (i

Inner primer F:

5 -AGCTATGTGGCATGTGGATCCTTCCCTGGAAATGTT-
TAAGTG-3'

Inner primer B:

5 -TAAAGCCAGACACAGAGGTCACTTTTGCTICTCTTTC-
CTGCTTC-3!

Quter primer F:

5-AGCCAAGAAGTGGATGAATC-3

Quter primer B:

5'-GCAGTGCATTTCCTCCTC-3'

Loop primer F:

S'_GGG".\TGAMGGFGCAT_B Male Female

Loop primer B: b

5'-ATTGCATCTCGAAGAACTGTAG-3/ (b

2.5. Male—female common primers

Inner primer F:
5'-GAGGAACATTGGCTTCTGGACAAGCTGGGGATT-

GCTCT-3°
Inner primer B: Positive (Maley Megative (Fewmale)
5-AGTGGAAGCAAAGAACCCCACCCAGTGAGCTCCAA-3!
Outer primer F: Fig. 1. The natural light observation of the reaction tube using digital cam-
5-AGGCTGCCTCITGTGTT-3' era.(a) Colour change after addition of EB - left shows the positive reaction
Quter primer B: {male] and right the negative reaction { femate), {b) Precipitate formation
5'CATGGLCTAGAGACCAATC- 3 after addition of CuS0y — left shows the positive reaction {male) and right
Loop primer F: the negative reaction (female).

5 -CCTAGATGAGGTCTATTGGC-3'

Animal Reproduction Science 2010, 119: 92-96

LAMP & PCR¥el W8] Alzte] dobslz st/ sht A4ol AH8HE Ame Al
E ol weh ABwst oA vl 98,

Table 1
Effect of cell number on sensitivity and accuracy of LAMP-based embryo sexing.

Number of blastomeres  Number of Number with satellite CuS0y prepitation  EB colouration  Electrophoresis  PCR Number correctly

used for assay embryos sequence detected determined (%)
.--1--. 10 6 3IM 3F IM 3F IM 3IF 3M 3F- - 68,
20 12 9 5M 4F 5M 4F 5M 4F 5M 4F, 75:
- 12 9 GM 3F GM 3F 6M 3F GM3P 75,
v 4 12 12 TM 5F TM 5F TM 5F M5k 100:
v B 12 12 4M BF 4M BF 4M BF 4M BF, 100,

*“£8 ethidium bromide; M, male; F, female; PCR, polymerase chain reaction,

Animal Reproduction Science 2010, 119: 92-96
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7129 FAYT TA7|E o] &3 slow freezing WS A 7te] o7 23 H2E AES
[e)

=
o] "ojA= @io] A+

IREE FHGY 223 FZ2L 1985 Rallzt FahyzF DMSO, acetamide, propylenglycol
2 polyethylene glycolS -3k %213} FZ2d AF3 Aol FHxolw, 1 & A (Massip ¥,

1986)N M= =23t T2 A3

T3 A0 AAujTA 7] W2 Y] FRSS A8 45t AAE dedle AT
stR oy, S A A Z AFE-3SE glycerol®}t 1,2-propanediol®] E3tolS A vjWIE o] FZAHEO|

ol9] A9 FAY? T4 7|E=ZE 14 M glycerol # 0.25M sucrose Lg]3 1.8M ethylene
glycol& ©]&3} rapid-freezing method® Ethylene glycol& A FAo] 743 AL HIEAZH,
FATo] AT o]Ase A A AMEZCAN dHyon FHT I FHFS =
9 4 9l&. (Theriogenology 1998,49:1051-1058)

53], BAlFATe o] Al AlxAN FPuie E8FQ &4 H75E o2 <l
437171 vj$ 5. HEE Tecirlioglu 5 (2003) & EA|4=AH &S OPS (open pulled straw)
WHS ol &3t 2AStEAS AR, Fle OPS ZEZRA 34§ 2EZR O] &
A P 2-wAR AN o]AFozM o2 4% %— BA2 152 95898 Gong 5
(2004) < EA44 %% EFS4O Ao =EFste 2-9A WHoezE T4 &3 Al 8wl dH

= P vE AL37)E oy A o]olA
] ]:U‘i Agor A= HE FAURA 23 Eai At dgtn
148 ~EZQ 9} Ethylene glycol®#} glycerols E3HA171 Z=}13}
g AAsta 1-9A Fafiste] uk=2 g 2o o]Aste HEAIzE (1 84) o
HEY L AEsie] AAE QAo EAFAZ Aas vt 9-eReprod Dev Biol 2011,

off
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A AAHeR FRASHA X, AAFHIL e I & FFTES WFE FTI4HA
oA a17g A F5 54e dWsts T3 nAFEA=E

I fFs=o EAL neural crestZ2HE AT A MAAE (melanocyte)e] o]F (KIT,
KITLG, EDNRB %)¢}, melanindgAdS ZAst= o AazdAGxet 484 (MCIR, ASIP,
MITF %), A% W melanin B34 A} (TYR, TYRP1, DCT %), melanosome?] A4 (SILV,
AP3 5)3 o]F (MYO5A, RAB27A 5) & &g oy G #d FAAsE o 28 o3

£-3], melanin A gAdo] #HAst= TYR, TYRPL, DCT= MAAME Eo] a4 FHAAZA F
<< melanin &, eumelanin (black/brown)®} pheomelanin (red/ yellow) ¥AS @93t} vl
222 ¥33 oy THFFE T A melanin AT #FAs= o]5 TYR, TYRP1Z DCT &
Aol 21 71wl dall A77F JABHA=H, 53] LolA Guibert 5 & ©]E fFAAH2] cDNA
a7 o ’r:x‘o-"]‘ AN BE FFS =AY ®ud. Dermatol 14, 57-65. 2003,
Pigment Cell Res. 17, 337-345. 2004, Pigment Cell Res. 17: 337-345. 2004).

Relative amount of transcript 3>

BE 8 & 8 B

PH-BA CH BL LM SAL M

TYR

1852 bp —» 2000 bp
1500 bp

PH-BA cH BL LM SAL

TYRPI
1689 bp —» Lo :ﬁ

Relative amount of transcript oo

E 8 £ E E B

DCT

1852 bp —» L i S — 2000 bp PHEBA CH BL LIM SAL

1500 by
D:IE:IEHE s

Relative amount of transcript ()
g 2 &= 3 B B

PH-BA CH BL LM

ANz AHAL FFAgueS o] &3
A

R

09 TYR, TYRPLSE DCT 2149 2a | ks VRp1ar DOTIC) Gt e) o o

black area of Prim’ Holstein (PH-BA), Charolais | = _
(CHD, Blonde d* Aquitane (BL), Limotsine (LIW) | & Prim’ (E%Stel%longga‘?kd, Py

7 Salers (SAL). M: DNA ladder. Limousine (LIM) and Salers (SAL).
#¢Pheomelanin Coat Colour Dilution in French Cattle Breeds is not Correlated with the TYR,
TYRP1 and DCT Transcription Levels (Pigment Cell Res. 17: 337-345. 2004).

@ AA AT Bl weh B ATHAANNE B9, AFESS, Holsteinol 4 24 2
P47 MCIR 448 #Eo| wet melanin T FAH F3o] Felshs 3 744 2
ATYR, TYRPL DCT) 47459 4@ 39 4% ABBAE 7Ea7] A5 543,

- 284 -



o

9], ED/EDS] Holsteine] %

T

\=]

B9 E+E+Sl A

A0
A

&

o

H-A 8 Real-time RT-PCR

o] eleq] 3TH$-2
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o

&3], Extension, Agouti fZ#}¢] t}

Cell Res. 19: 346-355. 2006).



A s8bp 151 by FObp &5bp  17Tbp 1Ty

™ - _a-; _a- e 1C2C
. M! .q, M B4 b

60 i

[ Agout E- B E ] ;- Ay 20
50

750 bo
a (393 byl gt
)

ATG TGA
.
T e
0

= — 47 by
Ags  Gxbpl Mg

1283 234 26 1260 123 141

A

(I Rl - -
s [ oa -
' M ﬂh 39 3. Agouti RS e A AAbe] W,
P = L s ﬂﬂun I‘ﬂ I]ﬂ_a

! £ £ —; ;: 3 TS0 VY1 sy Tr (309 aa) N RT(273 00 10
= E E = E = £ % A ! \ irins
& = L4 ] a2 a3 1[4 ver
OaFt DRF2
ws | s
""" < | [ 5
B 1289 734 26 1260 123 141 :b
vy = fes
1253 b :
L. a5
Al A% At aMa At At
Agouti, Tyr, Tyrple} Dct 3 %}2] do)
= , , Al © ) =5 S br e A ZA
2 A2k ukg, 1=, =27t 49 Agouti HEd zAL

¥The insertion of a full-length Bos taurus LINE element is responsible for a transcriptional
deregulation of the Normande Agouti gene (Pigment Cell Res. 19: 346-355. 2006).

AFE5 99 Ao o] Holsteint} Angusx 3% 59| Flapo] Fio] AAxAolH, oL
2] 204 7]l Xﬂ T =¥ Hereford, Simmental T2 22, HzZA FF3 Charolais,
Brahman ¢ #3E&, A AF=dA 7 =2 NEZ ASHA Qe 9 534 983 +
& #alA= MCIR 49 ofyg} vhafgh #7d2F markeroll A =33 R o] Z3o] B

9
2
e
-

SRR
FE9 2He FH, 1 2
4% SE4 FRETE g6z e, AEFAA o)

.
Hakn ¢

S A ih)
A

i
o2 e

Job =
f o X
_{ 01‘ OH_, 091'4
N
N

=

i

O Ay MS ¥4 ZRe} AFIZ99 F3F oSS golEix MS marker 22F 3
MCIR, ASIP < m 2% A9 Yol AN Ao, AR AAAYL AT
A F 24F 9 FAA markers (MS 223, MCIR, ASIP)o]] W3t EMojA dojzx g HEHE
0]%“6}04 AR AAHPE TR
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95%2] 1% | gt TR ZTo sk BRI A FH FrF FAdE A= 163
F(54.6%), X X7} 3elxle A7} 233%F (74.8%)Row, FE7} EA)d FAHE AXE=

B oAl fR4 AAAIL B TN AANER AFFY ANEES 43HoE
TR WoZA Y AFESL EAS Yot WA ANEZRE AFSe nss)
FEREA 19T A9,

W3 e

o] purine®. &

SNP= DNA 714804 shte] d7IME AT.GOY AFES Hole {14
HolZ v ¢l 7)thd A (Single Neclotide ploymorphism, SNP)2tar 3t pyrimidine
vl = A2 transversione]2kal sFar, 7H pyrimidinewj ol 4] transitiono]2kal &

TRGANA 1% N2 EA43t= 2709 Y @714 <ge] TAs= f1AE SNP#t
al 0} WHFAAG o] 5%0]43e] Meg EAsE 4% common polymorphismo] gkl ahH,
1~5% <1 73%- rare polymorphisme]gtal H-27|% &}

Molg Folshed Y faAde) v UGS BAshE
+ (Journal of Animal Breeding and Genetics. 125, 45-49. 2008,

nimal Sciences. 21, 1-5. 2008, Animal Science Journal 81: 623-

AEo
Asjan—Austra]aszan Journal o
629. 2010).

=y
A

(A) (B) A
VIV, IV,IV, MAAARAAAAARARARARARAN

Number of animals in each genotype and haplotype frequencies in exon 5 by PCR ~ restriction fragment length
polymorphism analysis

e ViV Genotype :Llplul\!w
—— 2 requency
(O e ey L
Y BB cc AB AC BC A B
« /G G c G G
T T crr < T
14 1 6 3 10 0.40 0.48 o1l
36 81 15 3 0.4 0.4 0.11
— — —V ding 10 Gord 198 le nucleotide Is indicated as BomozyR: 4 i

Least square means, standard errors, and regression coefficients of three different body weights for each genotype
and haplotype

s " V.
A ( )
:

o o
1%y . GH4(A)9} GH5(B) @9 &
T R < |
Fe Fze polymorphism &4 2}
SSCP type Nucleotide positiont No. of
o S5 551 animals
ViV, G T A 1
VaVa c C A 6 € Least square means, standard errors, and regression coefficlents of three different body welghts of calf for each
ViV, G C A 17 genotype and haplotype of its dam
VaVa e ) o) 3
VAN GIc TIC A 4 ) BW opw
ViV, G T/C A 17 Gemonpeoldam  Leastgs e
ViVa GIC T/IC A/C 1 a4 bt o 58
Vlvl G/C 9 A 23 BC 43.7 = 3.31% (10) 60.2 > 4.41 (14)
VA e c AIC 12 — 4 " 2
ViV, GIC c A/C 21 A 0.1 ooos 097
B 018 0.03 050
s

0.13 0.04

+Nucleotide substitution position according to Gordon et al.
(1983). Single nucleotide is indicated as homozygote, and two
nucleotides with slash as heterozygote.

9. PCRE  exon 594  Z}7Fe]  genotypedt

a9, @dr7te Fx9 polymorphism | haplotype F1X(A), ZH2He] genotype¥} haplotypes Al

genotypes¥ exon 5914 polymorph

7HA Asaol e FEake, 2Fea, SAAST (B),

-isms®] A E-&

e A

B¢ genotype@} haplotypeol WFMF

oA o A7HA

AFwolXe Feae, ELA, JAATQOE 24
¢ Polymorphisms in growth hormone gene and their associations with calf weight in Japanese Black
cattle (Animal Science Journal. 81: 623-629. 2010)
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3098 @ AFo Foo|AE olm A9} Folx 9 haplotype Bell o&] HAA Ax}r}
Wiz haplotype Aol oJsiA < A A A7 USEAR 1o F Q1 Aol HolA] 3.

8 43e UFH YFVAS2EY P50 AP 93] 28 wong YIus

of met 9P MW 5 Qe BAE BAT 5 dE PHoE AAE A,

AA

AAZHo)H B BAFE AL 5 FAPAS EHD 4 A AdE U
& 5 gt 71%oln o Yoyl FAMS B AL FF Az vhAl 27 AL D AR
WAk fAA AR 5 A7 AW AR J1Ed S8 A

o) 4] el )@ BA 54 Aae] BF AT 19979 Bl WeFo] ARE o F o
G Fol AA o]Fo] A $E&WI EF Tl A= 2

F3o Apge BAucle] MY wiko] WY BAYL S RuFL o2
AN23k7) 98l 5-aza-2'-deoxycytidine s el oA FAY falo]l FolEe Hud

Reproductive BioMedicine Online (2012) 25, 425-433

Group Manipulated Surviving after enucleation Cleavaged” 8-cell embryos®
ARTICLE and injection

Increased cleavage rate of human nuclear transfer NE:CE 9 14 (48.3)° st 00
b fter 5 2-d AT AFEATERE NT-Aza 64 52 (81.3) 34 (65.4) 17 (32.7)
embryos after 5-aza-2'-deoxycytidine treatmen et i 5 (73.8)° 2 (48.9)° 5 (114

Lei Sun 27, Ke-Liang Wu @, Di Zhang ¢, Hong-Yan Wang 9, Yue Wang 2,
Zhen-Yu Xu 2, Xiu-Ying Huang <, Zi-Jiang Chen ¢, Hou-Qi Liu **
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Fluorescence Cell Imaging and Manipulation Using
Conventional Halogen Lamp Microscopy

Kazuo Yamagata™, Daisaku lwamoto®, Yukari Terashita™, Chong Li", Sayaka Wakayama', Yoko
Hayashi-Takanaka’, Hiroshi Kimura®, Kazuhiro Saeki’ Teruhiko Wakayama"
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=
view system(Qocyte imaging) <& o]&3te] AEA &4
A S ASo2 ZAS

Oosight imaging system©. 2 5% EAFAHT FHAALARTE ZAFE vl 4
S-AA Octde} 24 #AHG AR} interferon-tau W3 o] 8934 =A Ve, AEZA

m 0

= I
ZAA} Caspase-3 ¢F ZEd 2 22} Hsp70 & o] FostA SA Yeh AAEo]2 EA
FAHY] AAEE FAT 5 U

waba], A E3o]A ExFAH A Al g3y o 7 4 Qosight imaging system$ o]
&35t 1A% EAFAEY F5o] 7bedtH, o WH Y8 AFIF AL Seolrt
2010 10€¥ 31¢ FS5HAS. o4 #™7]&2 Cellular Reprogramming #d 20121 1437
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Stirrer st ? gz | ol
Autoclave " 1 7)1 7)1E “
Centrfuge " 2 NEEE “
High-speed centrifuge 1

Clean bench " 4 Bz "
Clean room 53 1 2gzz “
CO2 controller " 1 Cco2 =4 “
CO2 tank " 8 A )] <F "
Deep freezer " 1 NERE “
Refrigerator “ 4 ” “
Desiccator " 2 » "
Digital thermometer " 1 uj) k7] A A} "
Dry Oven " 1 ZA|TAZ i
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Thermoplate " 1 Hl oF ol 2| = "
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Vortex " 3 Hjj ok ol 4] % !
Water bath " 2 A 8353 "
Water purification
" 1 Hj o A = "
system
Mupid kit " 1 B A} "
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Hot plate ” 1 A oF-4-3 "
Magnetic stirrer ” 1 Al g&3t '
Vortex mixer " 3 ” “
Micromanipulator y 3 o) A 2= !
Puller " 1 y "
Microforge " 1 » "
Grinder ” 1 y !
Nepa gene " 1 " !
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