


- 1 -

제 출 문

림 산식 귀하

보고 가 맞 신개 정란 식 프로그램 개발 및 산업 에 한 연“

과제 과제 가 맞 신개 정란 식 프로그램 개발 및 산업” ( “ ”

동과제 “ 에 한 연 보고 로)

제 합니다.

월2012 4 9

주 연 학 산학 력단：

주 연 책 ：

연 책 ：

연 원：

연 원 규 찬：

연 원 훈：

연 원 허：

연 원 박 원：

연 원 승：

연 원：

연 원：

연 원 경 령：

연 원：

연 원 슬：

연 원 고：

연 원 지：

동연 공주 학 산학 력단：

동연 책 종：

연 원 도：

연 원 신：



- 2 -

요 약 문

제 목.Ⅰ

연구개발의 목적 및 필요성.Ⅱ



- 3 -

연구개발 내용 및 범위.Ⅲ

연구개발결과.Ⅳ



- 4 -

연구성과 및 성과활용 계획.Ⅴ



- 5 -

SUMMARY

문 약문( )

The Object of This Research

The roles and expectations for embryo transfer can be accomplished by using the

best method to greatly proliferate females with excellent genetic abilities.

Therefore, embryo transfer (ET) derived from in vivo and in vitro has great effect on

animal improvement and superagencies reproduction. For this reason, in vitro

fertilization (IVF) has been extensively studied and applied, but the in vitro produced

bovine embryos are not up to that of in vivo produced embryos in many respects. In

many species, production of in vitro fertilized embryo is dependent on the intrinsic

quality of oocyte and the culture environment of the fertilized oocyte, and thus the

research of culture media is one of the most important parts. And, in the field, the

pregnancy rate of ET with in vitro fertilized (IVF) embryos is low compared to

artificial insemination. Also, an increase in pregnancy rates by using external corpus

luteum (CL)-affecting substances may considerably contribute to the roles and

expected results of ET. Morever, trials of ET in the field would be the worst

through whole applications of ET. Morever, security and proliferation of the cows

that have superior gene and certified of Hanwoo characteristics would be maximized

results of ET, and on the basis of this results, if there is the applications of

transformated animal production for new drugs and organ, the value of hope will be

such things as we cannot even imagine.

In this research, we substituted BSA for serum which has been conventionally used

for the bovine IVF culture solution and produced IVF Hanwoo (Korean native beef

cattle) embryos within a simple culture solution excluding the nutrients such as

hormones, growth factors and essential and nonessential amino acids. In this process,

we compared the development ratio (to 4cells), blastocyst formation rate, and

pregnancy rate after ET depending on the culture conditions as well as the

abnormality ratio of the newborn calf and post-thaw survival ratio of the frozen

blastocysts. This study was performed to find and confirm convenient and appropriate

culture methods to avoid the complications such as the overweight calf syndrome

which is known to be caused from serum addition, to enhance the quality and

production efficiency of the blastocyst, and to increase the pregnancy rate.

And, this research were to find methods that are able to increase pregnancy rates
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following ET. Thus, this study compared pregnancy rates and sought to establish a

method for increasing final pregnancy rate by increasing plasma P4 concentration

with hCG treatment and inhibiting the production and secretion of PGF2α by FM

treatment. Also, on the expectation of increased pregnancy rates, we compared

pregnancy rates following FM and Lidocane treatment in order to establish the

clinical viability of our method.

Finally, this research was conducted with the purpose of exploring ways to increase

the results of ET in the actual use of Hanwoo (Korean native cattle) IVF embryos

with Holstein cows (multiparae), heifers (nulliparae) and Hanwoo cows. That is, to

discover a suitable number of embryos that positively influences the pregnancy rate of

ET, a method of artificial induction of twins. Accordingly, the transfer of fresh

embryos is an important tool to increase the probability of pregnancy of lactating

Holstein cows because it can bypass the negative effects of milk production and low

P4 on the early embryo. In addition, there is the added purpose of comparing the PR

according to the state of the uterus and ovaries(i.e. corpus luteum; CL), in order to

reveal how the state of these affects the pregnancy rate.

The Results of This Research

1. Investigation of Gene Revelation, production of Embryos maximized Productivity,

and in vitro Culture of Cloned Embryos.

1). Investigation of the percentage of cell differentiation and blastocyst formation.

There is no difference in differentiation rates when the TSA-treated group is

compared with non-treated groups that consist of the IVF group, NT group and the

pathenogenesis group. There were also no differences in development when the

TSA-treated group was compared to IVF embryos, with a range from 31 to 36%.

However, the forming rate of blastocysts was significantly higher in the

pathenogenesis group (47%) than in the other groups.

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

The expression of four apoptosis-related genes was measured: Bcl-xL, Bax, Casp3,

and surviving. Finally, expression of the four apoptotic-related miRNA-15, -16, -21,

and -34 genes was determined. We found that expression of apoptotic-related genes

changed according to TSA treatment (Fig. 4B). High expression of the anti-apoptotic

gene Bcl-xL and low expression of the pro-apoptotic gene Bax may contribute to

reduced apoptosis of total and ICM cells in NT-TSA blastocysts compared to those in

NT embryos.
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2. Production of Superior Hanwoo Embryos related Meat Quality (by Fatty acid

synthase FASN)

Fatty acid composition of meat is becoming more important due to consumer demand

for high quality and healthy foods. The present study evaluated the associations of

five candidate genes (FABP4, FASN, NR1H3, GH and SCD) with fatty acid composition

in Korean cattle (Hanwoo). The g.3691G > A single nucleotide polymorphism (SNP) in

the FABP4 gene had significant effects on high myristic acid (C14:0; P < 0.01) and

palmitic (C16:0; P < 0.05) in animals having the GG genotype, and high arachidonic

acid (C20:4; P < 0.05) in the AA genotype of Hanwoo. The FASN SNP at position

g.17924G > A was also significantly associated with myristic acid (P < 0.01). In case

of the SCD gene, a significant effect was only observed in myristoleic acid (C14:1; P

< 0.01). However, SNPs in GH and NR1H3 genes showed no effects on fatty acid

composition. The results indicate that SNPs in three candidate genes, FABP4, FASN

and SCD, may be influential in breeding design for fatty acid composition in Hanwoo.

The FASN gene in cows is located on the 19th chromosome and consists of 42 exons

and 41 introns. We carried out a sequence analysis with ovaries from Hanwoo or

dairy cows from a slaughter house. As with the results preceding this research, we

found 15 SNP from ovary samples from Hanwoo or dairy cows. When we compared

the results of the sequence analysis of FASN with that had been reported previously

in http://www.ensembl.org/ and http://www.ncbi.nlm.nih.gov/ projects/SNP/, 9 SNP was

confirmed as newly founded. Therefore, we will use the 9 SNP for the production of

guaranteed Hanwoo embryos, and have a reduced analysis time (less than 12h), and

there will be an inquiry into the lineage of registered or unregistered cows at the

time of the next phase of research.

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

When using serum or BSA-containing culture media as the initial culture media for

immature oocytes, it is regarded as inappropriate to add only BSA to the culture

solutions from maturation of the immature oocytes to development 4-cell stage

culture, but serum still needs be added though there is no significant difference in the

concentration with a change from 5% to 10%. The results of culturing IVF embryos

after development (4-cell stage) in the Medium199 solutions containing BSA instead of

serum (FBS) showed that 0.3% BSA concentration is not optimal and 0.5% or higher

BSA concentration has no significant difference among 0.5%, 0.7%, 1% and 2%

(p>0.05). The post-freezing survival ratio after development in 5% FBS-Medium199

showed that 1% BSA concentration of the culture solution is the most suitable in the

BSA concentrations of 0.3% (51%), 0.5% (67%), 0.7% (69%), 1% (77%) and 2% (75%).
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The pregnancy rates of the transplanted fresh(not frozen) blastocyst had no significant

concentration dependency (p>0.5), and the average pregnancy rate was 63.8%. 14% of

overweight calves were found among the calves given birth to by the transfer of IVF

blastocysts cultured in the serum-added culture solution, but none was found in the

experimental groups in which BSA was added instead of serum.

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

Embryo with Gene Diagnosis

The verification process of genes that are revealed to be differential separation withㄷ

E-prep and utilized by RT-PCR application are as follows: Because the quantum of

mRNA separated from the ovaries is limited, then it is impossible that we can confirm

the genes by the Northern Blot method. We verified the DEGs from the embryos

cultured with serum free media (IVD101) and serum media (CR1aa) by RT-PCR. In the

results that we verified, 9 up-regulating genes (HMT, CTGF, HOXA9, CLGN,

ARHGAP24, NUDT11, COL27A1, NDAJC12 and NRG1) and 22 down-regulating genes

(DHDH, PGK1, BNIP3, PLEKHO2, ACAT2, DLX4, HNF4A, CLN8, ASS1, HMGCS1,

IMMP2L, ENPP3, DHCR24, PDZK1, NID1, CYP551A1, BOLA, CDKN1C, LDHA, SCD

,and CAV1) in IVD101 samples by RT-PCR were recorded, there are some differences

in the grade compared with microarray, but there is reappearance in the revelation of

DEGs. Consequently, in this research, we were able to confirm that the DEGs obtained

with microarray have a valuable meaning.

5. Global Gene Expression in Bovine Fertilized Embryos and Parthenotes

We found 42 genes with more highly expression in IVD samples than CR1aa samples,

while 65 genes were more highly expressed in CR1aa samples. BHMT

(betaine-homocysteine methyltransferase) and CTGF (connective tissue growth factor)

are two particularly interesting genes highly expressed in IVD embryos but not CR1aa

embryos. this research results showed that electron binding-related genes and

cytoskeleton-related genes could be used to indicators to assess quality of bovine

pre-implantation embryo before embryo transfer. Among up-reglated genes in IVD

blastocyst embryos, BHMT and CTGF are important candidates and indicators to

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

6. Development of Technology for Artificial Twins Induction following Embryos Sexing

Establish of embryo sexing with amelogenin PCR

An examination of the two groups that are classified with sexual dimorphism would

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



- 9 -

DNA was classified from the two groups where a morphological difference was seen:

the XX-blastocyst candidate and XY-blastocyst candidate. The sexing method was

used for verification with Amelogenin PCR for a more accurate PCR sexing.

Moreover, blastocyst stage embryos of 7d after IVF were transferred and they were

grouped into two classes of the XX-embryo candidate and the XY-embryo candidate

with sexual dimorphism. In the results, high pregnancy rates were expected with 12

(23.1%) out of 52 for the XX-embryo and 25 out of 64 embryos expected for the

XY-embryo.

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

30-day pregnancy rate was 76.7% in the hCG-treated group and 75.7% in the

FM-treated group. Both rates were higher than the 70% rate for the control group.

42-day pregnancy rate was 76.7% in the FM-treated group. This was higher than

66.7% recorded for both the hCG-treated and control groups. The pregnancy rate of

the hCG-treated group was high at Day 30 (76.7%) but low at Day 40 (66.7%), and

there were no differences from the FM-treated and control groups. The recurrent

estrus rate of infertile individuals at 2 weeks after ET was 36.4% in the hCG-treated

group, under 71.4% in the FM-treated group and 80.0% in the control group. The

non-pregnancy rate of individuals without recurrent estrus was 18.2% in the

hCG-treated group, which was higher than the 0% rate in both the FM-treated and

control groups. The pregnancy rates were higher in the FM-treated group than the

Lidocane-treated group with 72.3% versus 67.5% in the heifers and 48.9% versus

43.6% in the cows.

8. ET trials of HANWOO IVF Embryos for Farmers

The conception rate according to the number of embryos transferred from cows was

36.8%, 53.0%, 50.5% for 1, 2, and 3 embryos respectively, and although there was a

higher frequency of twin calves with 3 embryos than with 2, the calving rate was the

highest with 2 embryos. In case of heifers, the transfer of 1 embryo showed the best

success and calving rate, and although the conception rate was similar with 2 embryos

(67.7 versus 66.4), in case of 2embryos transferred there was high frequency of

embryonic loss( 6.1%) occurred when a cow was diagnosed at 28 and 53d after ET,

total loss ( 21.3%; sum of fetal death, abortion and stillbirth after pregnant diagnosis

at 60day). According to the type transfer medium, in case of time over 1h required

the conception rate was 7.8%, 58.1%, 46.8%, 52.2% for 10% FBS, 20% FBS, 0.5%

BSA, and 0.7% BSA respectively, showing the best conception rate with 20% FBS.
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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2
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립
지방

치단체
학

생산

단체

개

시
합계

2 9 1 4 162 178

종 채란우( )
식가능한

정란 개( )
평균 개( )

한우 561 3,098 5.55

젖 165 788 4.8

체내 정란 체 정란 복제 정란

1,601 6,384 42
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제 장 연구개발수행 내용 및 결과3
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Primer Name Primer Sequence (5'-3') Annealing TM
Product

Size(bp)

FASN-9-1804-F CCCAACCTGCACTTCCACAAC
60 844

FASN-9-1804-R CGTCCTTCCGATGCCTGTC

FASN-12-15-F ATCGGAAGGACGCAGGAGACC
62 1171

FASN-12-15-R GCCCACGTTGCTGAGGAAGA

FASN-16-19-F TCTCAGGCGTCTCCAAGGTCT
62 1105

FASN-16-19-R CGGAGCTGGCCTCAAGGATA

FASN-20-22-F CATCACCGCCATCTACATCCA
60 1448

FASN-20-22-R AAGGCCCACCCACCGATT

FASN-23-26-F GACGTGAGGTCGCCCAACTC
60 1000

FASN-23-26-R AGGAATCGGCCAGGATGTTCT

FASN-27-30-F TGGACTGAGAGGGCAAGA
58 972

FASN-27-30-R CGGCTGACCCTGGCAGAG

FASN-31-34-F CACCATCCGCCTGTATCCTCA
58 944

FASN-31-34-R CCGRCGGGCAARRCACCT

FASN-36-38-F TGCGGTCCCACCCTCATAAC
58 904

FASN-36-38-R CAGATGGACAAGCCCTGT = ACCT

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

FASN-18-F TGAGAATGGCAACCTGATCGC
55 180

FASN-18-R AGAGCTTGGGGTTGGGATCT

FASN-21-F CCACAGTGGCCGACGTG
55 135

FASN-21-R AACTTCTCCAGGATGGGCACC

FASN-24-F GCCCTGACCCCCTCAAC
55 149

FASN-24-R GCAGGAACATTGGGCTGTCAA

FASN-39-F ACCTTGACACGGCTCAACTC
58 132

FASN-39-R CACTGTGGCCATAGGTGGG

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

(in medium199)
No. of oocytes No. of fertilized Ova.

No. of

4 cell (%)

3%FBS 480 378 128 (33.8)
b

5%FBS 480 390 192 (49.2)
a

10%FBS 480 389 194 (49.8)
a

0.5%%BSA 480 386 29 ( 7.5)
c

1%BSA 480 388 30 ( 7.7)
c

Concentrations of BSA

(in medium199)

No. of

4 cell

No. of expanded blastocysts at
Total (%)

D6 D7 D8 D9

0.3%BSA 392 9 62 52 28 149 (38.0)a

0.5%BSA 408 11 64 68 33 176 (43.1)b

0.7%BSA 397 10 65 67 37 179 (45.0)b

1%BSA 388 8 65 70 35 178 (45.8)b

2%BSA 399 8 59 66 40 173 (43.3)b
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Concentrations of BSA

(in medium199)

No. of

4 Cell

No. of Expanded Blastocysts at
Total (%)

D6 D7 D8 D9

0.3%BSA 395 12 59 57 26 155 (39.2)
a

0.5%BSA 389 13 64 66 33 169 (43.4)
b

0.7%BSA 393 13 64 63 36 176 (44.8)
b

1%BSA 396 12 64 66 41 183 (46.2)b

2%BSA 389 12 58 60 43 170 (43.7)
b

Culture medium

(in medium

199)

No. of

thawed

embryos

No. of re-expanded

embryos

(%)

No. of hatched

embryos

(%)

*No. of restricted

embryos

(%)

0.3%BSA 95 51 (53.7)a 23 (24.2)a 8 (8.4)

0.5% 102 67 (65.7)b 34 (33.3)b 5 (4.9)

0.7% 97 69 (71.1)c 35 (36.1)c 3 (3.1)

1% 98 77 (78.6)d 40 (40.8)d 1 (1.1)

2% 95 75 (78.9)d 38 (40.0)d 1 (1.1)

5%FBS 89 56 (62.9)e 17 (19.1)e 6 (6.7)

10%FBS 99 66 (66.7)b 25 (25.3)a 3 (3.0)



- 33 -



- 34 -

Gene GenBank ac.no. Forward (5'--3') Reverse (5'--3') bp

BHMT CK847269 CTTGGCCACAGTGATTTCCT GGGCCACAGTTCCAAAACTA 231

CTGF NM_174030.2 AGCTGACCTGGAGGAGAACA TTCTTCATGACCTCCCCATC 216

HOXA9 CK845980 TGGTCAGTAGGCCTTGAGGT TTTTGCACCAAACAGTGAGG 258

CLGN CB531852 CAGCGTGCTGCATGTTATTT AGCACAGGATCTGGAGATGG 378

ARHGAP24 CB452370 TATGCCTTCCCCAGCTAGAA GGGCAAAAGAAGATGCAGAG 255

NUDT11 CB437887 GGGGCAGAATATGCAAAGA TTCCATGCTTCCAAGGAGAC 241

COL27A1 AV617451 AGTCGGAGAGAGGGAGAGGT AGCCTGTGGCAGAATGGTAG 174

DNAJC12 NM_174096.2 CGGTGAAAATGTCAATGCAC CAAGTTGGCAGCACAAGAAA 378

NRG1 NM_174128.2 CCCGCTTGAAAGAGATGAAG ACAATGGTGATGTTGGCAGA 280

NUDT16 CK972227 GCTCCAGGGTCAAGAGCTTA ATGCGTAGGCTTGAGCTGTC 346

DHDH CB167230 ATGCCCTGAGGCTTACAAGA AGTGAGCTCCTGGCTGACAT 209

PGK1 CK849264 CTTCATCTCCCTCCGTACCA GTTCCTGTGCATAGCCCCTA 381

BNIP3 CK955421 GGAGGAGACAGTGGTTGTCC GAATGCCGACACTAGGAGGA 275

PLEKHO2 CK770947 CTGCCACTACCCTCAAGAGC TGTGGGAGTAGGAGCAGCTT 213

ACAT2 CK773538 TTTCCACCCTCACTTTGGTC CGGATTCTTGTCACCCTGTT 223

DLX4 CK847466 TTTGCACTGAGACGGCTATG CCTCTTTCCCCCGTATCTTC 257

HNF4A AY318752.1 ATTGCCACACAGGAAACACA GCCCACTTTCAGAACTGCTC 380

CLN8 CB448765 CACATTCGTGGCAAGAAAAA TTGTGAGGCTCTGCTGACAC 234

ASS1 NM_173892.2 CGGCCAGAAAGAAGACTTTG TGCTTCGCATACTCCATCAG 384

HMGCS1 CK976192 CATCAGTAACGGGGAGCATT GCTTTCCTCACCAGAAGTGC 355

IMMP2L CK942464 GCATTTTGGGGACATGAAAC AAGCGCTGGCAGAAATTAGA 297

ENPP3 NM_001075923 ACACATTCAACCAGCACCAA CAGGGCTCCTTGTTCTTCTG 294

DHCR24 NM_001103276 AAAGCTGTGGTGGGTAATGC GACAAGTGATGGCAGAGCAA 232

PDZK1 CK849330 TGTGGGCTCGTTCTCTTTCT AGGTGGTGGACAGAATCCAG 207

NID1 CK849037 CTCATGTGTTCCCCAAACCT GGAAAACCCAAGAGGAAGGA 327

CYP51A1 CK961820 GAGCTCATCGGGAGATCAAG CCATCCAGGCACTGGTAGTT 207

BOLA CK849540 TCTGCTGGAACAGGACAGTG CCTTGTGGGGACTGAGTGAT 203

CDKN1C NM_001077903 AGAGCCTCGTGCTCAAAGAG CTTTACACCTTGGGGCCAGT 224

LDHA NM_174099.2 TGGCAGCCTTTTCCTTAGAA TGGATTGGAAACAACAAGCA 217

SCD AY241933.1 CAGGTGGTCAGTCATTGGTG AGGGAGCATACTGGGTGATG 373

CAV1 CK848618 TGTCCATGCCAGTGTCTGTT GGACTTAAGCCAAGCGTCAC 366
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Grouping by

sexual dimorphsim

No. of transferred

recipient
Pregnancy Pregnant rate (%)

Expected XX-embryos 52 12 23.1

Expected XY-embryos 64 25 39
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Transfer Mediums
*

Pregnancy rate following time required

(No. of conceptions/No. of recipients)

within 30min
between 30min

and 1h
more than 1h

10%FBS 21.1(11/52) 14.9(13/87) 7.8(3/38)

20%FBS 58.7(138/235) 60.4(171/283) 58.1(103/177)

0.5%BSA 51.5(68/132) 47.6(61/128) 46.8(44/94)

0.7%BSA 53.6(103/192) 54.3(126/232) 52.2(82/157)
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