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SUMMARY

I . Subject
System Establishment for Mass Production of High Quality Hanwoo by Embryo Transfer

Derived from In Vivo Ovum

. The purpose and need for research and development

1)
2)
3)
4)
5)
6)
7)
8)
9)

Establishment of selection criteria of elite donor

Semen selection by inbreeding of donor female and meat quality rating of bull
Proof of efficiency of OPU method compared with MOET embryo production
Effective production of OPU derived embryo

Improvement of oocyte collection rate and grade for embryo production
Improvement of embryo transfer efficiency by development of cryopreservation
Genetic testing of newborn progeny

Issuance of the warranty documents for supplied embryos

Progeny test of newborn calf

10) Improvement of embryo transfer efficiency by using of synchronized and natural

estrus cow

11) Selection of specifications management and management environment for recipient's

pregnancy and parturition rate

12) Use the OPU derived offspring to produce elite offspring

13) Evaluation of fertility and heritability of new offspring

14) Evaluation of leverage value by selection evaluation of donor and bull

15) Building on production base of elite hanwoo and economic improvement

16) Selection and use the female as donor and male as bull candidate

II. Content and range of research and development

1)
2)
3)

4)
5)
6)
7)

Continuous donor selection use

Investigate the possibility of donor's early selection from 1st generation female
Comparison of oocyte production efficiency between hormone treatment and non—
hormone one

Development of mass production system of OPU derived embryo

Research on quality improvement of OPU derived embryo

Research on cryopreservation method of OPU derived embryo

Research on grade improvement of oocyte collected by OPU system



8) Establishment of mass production system of OPU derived embryo

9) Quality improvement of OPU derived embryo and development of molecular analysis
method

10) Research on cryopreservation for industry of OPU derived embryo and technology
development for contamination protection from LN2

11) Establishment of selection criteria of donor cow based on heritability of economically
important traits

12) Individual embryo transfer and establishment of criteria for issuing certificates

13) Selection of the final donor cows based on heritabilities of economically important
traits among primarily selected donor cows from the 1st sub—project

14) Establishment of early selection system through construction of database

15) Setting of criteria for individual—specific recognition

16) Issuing certificates for each embryo

17) Selection of early donor cow from produced heifer

18) Identification of embryo transfer time depend on ovary and uterus status by
ultrasonograph and rectal palpation methods

20) Comparison of pregnancy rate of synchronized with natural estrus recipient

21) Analysis of pregnant rate depend on OPU derived embryo transfer stage

22) Development of management condition of OPU derived embryo transfer and analysis
of pregnant rate by recipient condition

23) Research on specifications enviornment for heritage prevention and maintenance of
pregnancy

24) Evaluation of pregnant difference among individual farm

25) Verification of ability of 1st generation offspring

IV. Research and development results

1) Donor selection by record, disease, reproductive ability and vaccination

2) Selection by criteria of economic traits's heritability

3) Bull semen selection depend on criteria of selected donor cow

4) Research on efficiency of hormone treatment and non—hormone treatment

5) Development of OPU derived oocyte collection technology and composition of collection
environment

6) Development of OPU derived IVM, IVF and IVC system

7) Research on production efficiency of OPU derived in vivo and in vitro embryo

8) Comparison of follicle development and oocyte collection rate by given vitamin E and
feed additives

9) Grade comparison of collected oocytes by given vitamin E

10) Production efficiency of embryo and grade comparison by given vitamin E

11) Development of cryopreservation method for contamination protection from LN2

12) Establishemnt of selection criteria based on body stature, breeding value, ultrasound
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measurement, and data from progeny test

13) Allele type analysis of used bulls and cows, and inclusion of the results into a
certificate. Then, issuing the certificates

14) Selection of donor cows with consideration of reproductive performance among
candidate cow

15) Construct digital database to store results of allele type analysis using DNA
sequence analyzer

16) Embryo transfer after evaluation of estrus stage by synchronization

17) Recipient utilization was more higher in synchronized one than natural estrus one

18) Confirmation of individual farm's difference between management and recipient
condition

19) Analysis of disease control for infectious abortion

20) Analysis of pregnant improvement and maintainment by feed supplements

21) Investigation for diarrhea prevention of calf

22) Verification of 1st generation offspring's ability that will be started from 2012.
February, 17 months old

V. Research achievement and its application plan

1) Selection of elite cow and improved traits

2) Shortage of needed period for breeding improvement

3) Acceleration of Hanwoo improvement

4) Building systems of economic traits and development of higher genetics traits

5) Building of mass supply of elite hanwoo embryo

6) Embryo supply to hanwoo farmers by high efficiency and low cost

7) Building of mass production of high elite hanwoo

8) Conservation and propagation of elite hanwoo genetic resource by embryo cry-—
opreservation

9) Increasing the excellence of registrating all produced calves by establishing recognition
of the embryo production system

10) Establishment of system for recognition of all cows by construction of new system
for individual recognition

11) Registration of produced calves and blocking a source of disputes

12) Building of stable production base of elite cow's offspring

13) Maximize the OPU derived embryo production by improvement of pregnancy and

parturition
14) Possibility of stable supply of higher quality meat for underlying of brand

15) Possibility of competitiveness of high value hanwoo management to protect FTA

O Selection of elite cow and economic traits

— Donor was selected by verification posterity that have a experience of Al++ calf
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production and by comparison of complaints for OPU session, total number of
collected oocytes, number of grade I, II oocytes for using embryo production,
efficiency of in vitro embryo production.

Semen was selected by donor inbreeding and bull's meat grading and so 3 kinds of

bull semen were selected from 6 bull semen by carcass weight and marbling score.

O Production system establishment for OPU derived hanwoo embryo

O

O

OPU method was proofed the superior than that of superovulation method and
slaughter house derived embryo production method, and non—hormone treatment was
more higher productive efficiency compared with hormone treatment group.

OPU derived embryo was produced by IVMFC system and so collected 2 times
session per week for effective embryo production. Feed additivies was given in
feeding and gene expression of embryo was analysis to improve the effective
embryo production, and also applied a new dish.

Feed additivies and vitamin E were given to donor cow to improve an oocyte
collection rate, increase the embryo production and embryo grade.

New vitrification method was developed by straw tube for embryo cryopreservation,
viability, protection of microorganism and virus from LN2.

We used a multiplex PCR primer set composed of 11 microsatellite (MS) markers
and two sexing markers for gender detection. Genomic DNA extracted from hair
roots of Hanwoo were genotyped. Based on the 11MS markers, no animals had
identical genotypes(BM1824, BM2113, ETH10, ETH225, ETH3, INRA23, SPS115,
TGLA122, TGLA126, TGLA227, and TGLA53). We established a multiplex PCR set
composed of 11 MS marker as well as the 2 primers which could be used for sex
discrimination. The expected probability of identity among genotypes of random
individuals (PI) and the probability of identity among genotypes from random
half—sibs (PIhalf—sibs) were estimated as 1.78<10—19 and 1.04x10—12. We believe that
the 11 MS marker set in conjunction with management record/information for the
Hanwoo production kept in a farm should be useful in the Hanwoo traceability.
Improvement of pregnancy rate after OPU derived embryo transfer

Recipient was checked up the ovulation at and day, corpus luteum at 6th day of
estrus and then selected to inprove the pregnancy rate. Synchronization of recipient
was used GnRH +PGFZ2a + GnRH method and then embryo transfer at 7th days
after estrus

Vaccination, upgrade of hygiene level and rapid treatment when disease outbreak

were confirmed helpful to prevention of abortion

— Prevention of offspring's disease by colostrum feeding and heating on the parturition

room

— Even pregnancy rate of individual farm could be affected on feed supplements, it will

be delayed to coming February, because of FMD disease
Even 1st generation offspring's ability of body condition, heritability and
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ultrasonographic evaluation was analysis, all of them could not be analysis until

17th months. And so all of them will be analysis coming Feb. 2012

In conclusion, this OPU derived embryo production system was very well established in
this work and so produced over 50 transferable blastocyst per a donor for 4 months that
will be applied in mass production of elite cow and propagated in private farm as well as
local government and/or local hanwoo brand's community, and also in industry for new
breeding technology to get the competitiveness from Korea—USA FTA and Korea—EU
FTA.
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l

20701 2] MS markerE 21743 DNA markerE 7|Hto = 3= U 3% O]a—irziﬂ o A&
7Fs 3 MS markerE AWste] olE V| 2E g W Hav] o|HFAAE FHTAA S

IA] A2009-1575 2 A Q] AldPstar gt

H|4=%% OPU7|&S o] &3te] Hx Folx A4t A (19819).
g2l AFe] 2 Fxe] A 2 AFAg et Aike] v x= gk gk ®al (19974)
A xR EE dxe) Aol AT AAS 913 Gonadotrophing o] 83k 2ol ¥ (1994

H
] o} mediterranean buffalo cowol 4] ¥H52 el OPUe| 33k A+ (19964)

. FSH #2]/ FSH H] A ge] w& o] Wk Aol transvaginal oocyte aspiration®l] 3k A
. GnRH A& /5ol & dxte] & gk A5+ (19984)

HHEA QL A el dAbe] Agte] A el g} whadbde] WA= el wAd A
984)

AA1eE of QAo A Fuf e rF WAl AUl b 3]k AlQ] A7 Akl v
kol #e AT (19974)

A d X 3ST dAx} 35 Qo] WHEA 9l gonadotropin stimulation®} WEFH Q] A
Aol w3k A (1993d)

Az w20 =AY T4 BHE  AY (whittingham et al., 1972).

F

o,

o
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rlr
o2

J

o] & Human (Quinn et al., 1986), Bovine (Schel—lander et al., 1994) A& 4 HE
-

HZx2 oA AL dxp 54 A% (Hotamisligil et al., 1991).

t}eksl oA v AL WA} 52 Hamster (Todorow et al.,, 1989), Human (Trounson,

1986) mouse(Sathanathan et al., 1988), mare (Hochi etal., 1995), monkey (DeMayo et al.,
1985), pig (Rubinsky et al., (Rubinsky et al., 1992) rabbit (Vincent et al., 1989) rat
(kasai et al., 1979).

#el3} &4 (Vitrification) 7] 7H'¥ (Rall and Fahy, 1985).
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7.

Open pulled straw (OPS)® 7]%& 7 (Vajta et al., 1997).

. nylon loop system (NLS)¥H 7]% 7l2H(Lane et al., 1999).

. DNAZ o] &3 7% T tEA2 WS microsatellite (MS) markerE o]-&3F W oz
MS marker= A3 &oldo] Fa1, tgAo] Eol 7Ix Hdeo FH4 o &4

Sol AFgE a1 9J o (Barker &, 1997; Blott &, 1999; Bjornstad &, 2003),

. DNA marker?] &84l 2o #33st Multiplex PCR2 o8] 7}A] primerE <33

‘F
_‘rﬂ
3Q.
T o

S|
dgt =oA]l DNA ©HS FHA7|= WHoRE 19984 AHgoz A2
(Chamberlain &, 1998).
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£ 1 AP FA5NS 5
Semen ) Backfat thickness )
Carcass weight (kg) Marbling score
type (KPN) (mm)
493 2.38 1.48 0.55
494 9.69 3.97 0.22
507 7.08 3.25 0.65
538 14.24 2.2 1.06
641 -2.07 3.49 0.91
642 14.08 3.36 0.83
<2009, FHFTY3 I FARY &>
E 2t B R UAE olgste] 4 Sl goo wprass 2AE Azl 7
SR JNAC whel w7 zEA] o] o] QojA 14.2726.9% 7HA thFs widdEo] =
AP th 1% KPN 507, 641 2 6429 SAANo] 714 = wjdgd &S dojx OPU &
AeAbe] AL 918 At
2. @3 FRSW A5G Re wEE 24
No. (%) of
Semen No. of No. of No.(%) of
expanded
type oocytes culture 2—4 cells
blastocysts
KPN 493 145 127 96(75.6) 18 (14.2)
KPN 494 132 106 80(75.5) 22 (20.8)
KPN 507 132 103 82(79.6) 25 (24.3)
KPN 538 145 121 92(76.0) 19 (15.7)
KPN 641 140 130 103(79.2) 33 (25.4)
KPN 642 134 108 88(80.6) 29 (26.9)
OZ2E Foyy H] SEEFAYH a&A vudT
OPUSrel AdatE AF 7] st 22489t Hs2EA] Wid mE Ada&s vais
7] 1stol MANE ALE ol8F ATE FINA A AselAsh o] vBAS-S] A B
o] ehdelA] @ AR dxe] WS ¢ 3¢ g oudtay] ) BEE T RS ARoA W
A8 Dotk Tet B ATE 98 H9E BEAIRT A2F o187 /1R ARE U] A3 3



H3ow, A4y & %’%‘%ﬂ A 22 AT (76.9%)7F
AANME ZEE AT (30.8%)7F HET (20.3%)

ArelM WE T2 Agrh ot F2 vk e B3lon, F7
&

HU= tixeh o] 288 AdsA Fa 7 234 dAE s A
e mepd B A e 2R AYE oA Ba AEHoR 231 iﬂlﬂ%ﬂ A= AH s
ATk

A RS AF e erﬂoﬂ/ﬂ«] 7149 FellM e S22 AgTelMs G227 tidE
o =M needle T wl FEA] FEof ofgk WhAbe] F|Eo] vk B4t Sl i oy}
A B=gE A7) Wl A Bl €3 needle R tube Wl AAWE A7t FF
WA Hot 2y SRR APE s &t e ol
gk oofyel A&A Q1 AF el o3 follicle waveol] wWe d=F< dAE AHT & Ade Gl Atk
LA A S 283 Al e Aatel A v = E Aol gk F23]1% OPU AehiS
T Aol 7hsd Ao

SE

- EEA

r§
m°*'

3 3. OPU +reff Az AFHE 91k 22 Aol ofgh e 3= 5l Ale] ajdas

WA S Cleavage
A IVC g B.L(%)
1 9 3 4 (%)
s 151 23 | 37 | 31 60 133 76 (57.1) | 27 (20.3)
So
e 26 3 9 4 10 26 20 (76.9) | 8 (30.8)

A AT AL

O Auf#d 42 AF71e AT £ AHEE =4

£ B nAA FAYS Axs F F 2% dwA HAAE o 3-7 miE 3
o9 FakE A7 meE Bol wAYh ofF B e AHS & ¥ 70% T}
20%2 SME WEHOR SRS ABSAT (192). AU FROE YaPPL F
B, 2% ARNE ARG FHoR nEse] AR Adstn, 28 AH7NE 54
wxel A5 08T, AHE long FAE (19 G)E ol gahd] 2 2719 Vg% dA
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E QAU FA 2 FYEE el F9-8 wiA (HEPES + 10 IU Heparin)& &4
H transducer guideWol] &ztxo] 911, guidex AW E A1 sH
UA AJFEHIAT A HE FI dAE AJSES] transducere] FH O
A7 GEE Elste] mAdsdAE AF AT &

A AYGE golshA st 23 A dEE 0% F needleS Y3 monitordell
needles AT F J=F XA ZT. FAH S AEste] B4 W2 Eo07F daieA g
H W¥E Yol needle2 A3 ¥ vacuum pump?] foot switchE ZHs A7 vl Swzle} X

H dx s Folste] v X (HEPES + 10 IU Heparin)oll & 2] A] # t}.
o

1S vacuum pumpS ZHEAlA

o

289 shtollA] dxst 948 Algtd w7bA] vacuum pumpE FHEAIA &4S SAAA
T8t s FASA s 2~3719 GE T Foll viAE A A BE WAL
el 2w bR wEsIGith AFHTIEAA Y] AL F 23] A wAsEAE A
gholl delA g 7He] F4 jlol AF e Aeolth ol& flalA FE A I 2= AN
S 971 $1&l wiFlel 101U Heparin & FH7bshglar, w02 wix 2 A= 33t}

2. OPUAT Auiet=te] AHH e =24

- BEAE  OPUMH AWdY A 5 o359 39S Hastsr] fsiA wg Foll=
stanchion AA|s}31aL, #3& o 2zt 7|Aw =

AHA] A Apste] dAledth (Ld3). A ¥ Tk g4
o golstAl HAaL, At Al FuEE dA S dF =
wate] e Folfth S BAEY AA| ARl ofg HA=
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O AWFHA A9 A=, +4, e AL

AL fES o8 2 ¥ olg Fol 92 Zolth sAw, o]eld
S5 fol AYAAALY BES AE Aol Qo] TRA Aol = R@h £,
F T3 LT

%ol A Swel we olAe AT Ak AT AFe] uAE ARNat Aol Aol
DR SAd J)%e]l ST, ARdAe] A9E ARG FoE PuT F gk we
A agom ARHNE AHY UAE ANYLFANES Ba o Nbsd FARL i

Moz AW 5 9 %ol Aol

O EZFFH FAE o] &3 a&4< wvtx Qi XA}

E 4T BEY o dAE ol gske] Ao FHUS o 50 ul K0 wjFR Axtelry. o
A 7ol Ry, ASS 83 A5 dAY 3lge T3] aolH, A B ATA%E
HH Ao FASS A 33s de 53] G2 vjgdES RESS Bust A9E5S
B 5 oglvh ek oleld N A7 ARE o gskel AAEE A5e) WA AHT &
of $l&= OPUR AudAtel &8 34} st} oF 50 ul 240 2H2F dAE 5, 0, 15704 vl
S92 w1509 WAE WFF Ael oA B M R Ry ojed dueud
A olgel FAzke] FEMY WA FATGA AxF DL QA Aok AL AT

3 4. ALfueke] o] A Tt adEe)] njx= G

No. of

00 Blastocyst
oocyte/  No. of No. of No. of
50 ul replicated oocytes cleaved day 7 (%) day 8 (%) Total (%)
drop
5 4 20 13 (65.0) 1 (5.0)* - 1 (5.0)*
10 29 281 155 (55.2) 60 (21.4)° 22 (7.8) 82 (29.2)°
15 34 488 293 (60.0) 165 (33.8)° 40 (8.2) 205 (42.0)°
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T4 OPU el Aidate] A3 H4oz AMREHE ¢ Foe 2 457, 3¢
Atk A 7= vkel o] OPU frefl AWdAE &538t7] fsire B2 7]
dast, o] vtgom AEHEH 0w FHAM FAE AF & 5 glojoF Frh

sH A9 A9 follicle waveZt WAF7] @ 332 Ruw o) upehA
T= Y= 4 A dhoA WSFd G¥EAE (follicle stage)E
Al #HZE Spofofsin, WA Aol wel AF = dAke] A vE2r] wied A
onitoring= dfojof gty 7 WX I7]|= 29 69 223 AR F=3te]

5 = AR FaEe] AH B A &S AR Aot G ES AL
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£ 5. AW AHA 2 AAE G e 2 dA 8

S Repeat Follicle stage Rgggggd
Total S M L
7245 16 120 102 7 11 81
2 7246 18 96 91 1 4 70
=l 7247 17 113 108 3 2 71
7253 18 73 66 5 2 46
Sub total 69 402 367 16 19 268
5535 14 106 105 1 0 73
31 7682 22 165 157 7 1 113
+ 8322 21 145 142 3 0 129
8490 22 105 100 4 1 67
Sub total 79 521 504 15 2 382
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¥ 6. WA} grade stage® I} F4E

Oocyte grade
were a0
Total Gl G2 G3 G4 |G1+G2|G3+G4

7245 16 120 81 13 19 16 33 32 49

2 7246 18 96 70 10 18 15 27 28 42

= 7247 17 113 71 9 18 16 25 27 41

7253 18 73 46 6 12 11 13 18 24

Sub total 69 402 268 38 67 58 98 105 156

5535 14 106 73 13 27 21 12 40 33

31 7682 22 165 113 1 14 26 72 15 98

T 8322 21 145 129 36 39 29 25 75 54

8490 22 105 67 21 25 11 10 46 21

Sub total 79 521 382 71 105 87 119 176 206
A AeleATe Aelr] HErE Gl G2 550 EAE Aeds, A 9ol 288 H
=dl AA OPUS AHFAY] v]&-S B sh9-olA Gl + G2 5+ (17671), G3 + G4 55 (2067 =

A AR Akl BEF 5 A G+ G2 5

o 5 12599 WA 18 A7 ¢

D9t ol Ao S Sael WSl B e
4 Ksd FARE AT 5 UL Ao peEn

SHel WAk %

°F 2.2709] dAE 3
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90+

B G1+G23l+8
804 = G3+G4 3+8

704
60 -

% 9. OPU 3 7HAME Al I} 55 =388,

b

%10 & W 35wk A BE AFUAE 2AKE Asfelth, BRAOR o 48709 WAt
7 ARS & 5 glow], AAY Aok FRES & Ak E, 12 Sl S5 of 2.0
o A Aol e & 5 ek

A A1 ol Sl (E 4), WAl AW 3%l Qo] A wpRes fEs)
el A4 107 ool v Fulgslopt 4FA MREES 47142 5 Aee JlEsdt 1
% 59 A3E w9 W 48709 OPURA AWSAZ 85 T + U £ A0 WIEe §7]
AR S Gl 1259 WA 2.0700] Amolth. oluld 24} A% 2 ) OPURH Adatel A<
Foll Qlof B olelgol MES ARG Web BHY frol dAst PEste] 43HoR Ao
W] WEes 7142 S G J1%o] pRslelokith. 2 0PURH AU £4% AL 93
A AR dAel HH"JO] *mm shpshel e ARAlSl As ATk SRkl AAE Q4o
FolAo) Buk ¥ 5HS ¥ 5 gl slolth, skl Ao
o

Aakel7] f1sliA= e group culture 7]<20] 7hEE ofof
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194 H%o] E5HYIAE agar=

A8 FHFFORA WEES fFEstud o

agstgon 4 8 e Aol 43A
Aol A OPURel Avldte] AHE A
i, BHEAGY HAE 0% o =
WA olef s ARFA el ® FHay] 9la] £EY Fol dAE

°F 641744

o 4% %
A ol Wsh BeFe AR AelTE TGS AAHA 2 AWIARS o gate] &
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a7 11 OPU 2l Alvebabel =Sl dhake] 773 3 gl

3% 7. OPUF Aletatel sl dake] sujo] ajaoel vl dF

Oocyte grade No. of total No. of N

o. of
oocytes embryos blastocyst

Gl G2 G3 G4 recovered cleaved Y

OPU =} 39 36 35 26 136 131 (96.3) 6 (4.4)%

OPU =i 1:%
2 ﬂH :Px} 10 29 25 30 94 88 (93.6) | 25 (26.6)"
‘J“H [e]

O AAE OPUSE AudAel A9 Bag 24

== 00
rlo

AAE OPUFe AUbas] wpurae 2AG Astolth, ghel A3 AAE ws
oA A Aot gl Ao EARAAT B9 A%
oz AW &9 45 OPURA AR wlgsele u)

g
=

Lo
z % Or af B
N

2

al

H

=
N ﬂ%}‘\jl?_]: 753"]' <
3 gE FRel A 17.5%, 1,253 Aol A 34.6%7F v R 7| v 7bA] et adv). 12y 7 A
W odg=go A 2 xpo]E Rola rt = 7682 A 60.0%= Kl wWhH 5535, 8490
o] AT 17.5, 26.1%2] vt 7|w7lR] o] WEES HTh oYt Ay FE-E AdE
o -5t e JMAAE oy AT AT HEE HEEA] gy ojof 3 FQ 3 V|E
ASs HoFa Q. Tk OF 88 HY AAFo=E wintay] w7z dgdd ¢ Qe TEHS
7HA 1,2 S59 WAe) g, viurE A S-S A Ay 399 A9 F 34.6%7F wiNEER
wrakslgih, ok AA o RAE viurE A Eo] Atk A 4 F UAT AFH 3l
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7245 16 81 13119 | 16 | 33 79 41 9 (11.2) |9/32 (28.1)

7246| 18 70 10 | 18 | 15 | 27 o4 35 6 (11.1) |6/28 (21.4)

2751 7247 17 71 9 | 18 | 16 | 25 64 38 8 (12.5) |8/27 (29.6)

7253 18 46 6 | 12 | 11 | 13 44 25 5 (11.4) |5/18 (27.8)

A 268 38 | 67 | 58 | 98 261 139 | 28 (10.7) |28/105 (26.7)

5535 14 73 13 | 27 | 21 | 12 70 32 7 (10.0) |7/40 (17.5)

7682 22 113 1 14|26 | 72 103 60 9 (8.7) 9/15 (60.0)
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8490 22 67 21 1 25|11 | 10 56 41 12 (21.4) |12/46 (26.1)
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gt Total“" H 1,2 ==CHY| P 2ot
=4 Total |
518490 T
<8322 | T X
St 7602 | X
5195535 I T
= A 7253
= A 7247 T
= A 7246 D T
= 47245 DT
g 20 30

W

N

1
|
1
|
\
|
|
|
|
|

-

4-
.5-
3.
.5-
2 -
54
14
54
o-

a9 12, 24 WA 125w Wb eidas B A4S Sl 3 uike ARk e

_35_



O 3% A&AQA OPUSE ANEA AMFHE& ZAF

OPUs& AWHAE F 7] Heide Te-Folr AEHoz Fdo] uixz AfFH 3 &
o} webd B AeAE 20089 109 3E] 2009 3€7HA] A& o2 dAE AH e Ay A|E&HoR
WS AFH S 5 e, 2 AAE Zfol7) = Al® ZAEY (3 9 E ¥ 13).
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o 27] FRIAAA AR o] Axg e B ) J AHE AE
A= AFHA = LA §le o= ey Egk o] H gk Al&A ol A &A1 WAt AFHTF T
a3 Al S FA et ok s skAIRE de Ye Al YA gtk 5 5
23|14 OPU A& AAMA 6709 ol d7HA 7@ Ao= shekdrt
FE 9. AEA FA; A T A
A 7245 AL 7246
4 2008 2009 2008 2009
10[11 12 12| 3 ||10]11|12| 1|23
HHE Sl 418191165 |5 315 71615
NH S Fa A EAE ) 3.3/3.3/3.8/6.3|6.6| 2 ||2.3]3.6 3.9|5.2|2.4
ANF Slaed Wt 1325w 9 OF) 3.3/1.9(1.7]2.3|3.2|0.4]|2.3(|2.4 1.1/1.8|1.8
A 7247 AL 7253
4 2008 2009 2008 2009
10(11 12 12| 3 ||10]11|12| 1|23
HHE Sl 315 51616 3189|8614
NFH S Fa A EAE ) 6.3]5.8 5.214.213.3]|5.7|3.3|3.6/2.9/2.5] 2
ANF Slad "t 1825w 9 OF) 2 |3.8 2 |1.7(1.7]|2.712.3[24] 1|1 |1
39~ 5535 3§ 7682
4 2008 2009 2008 2009
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ANF Slad Wt 1325w 9 OF) 5 12.6[3.2 0.8]0.8(0.6(0.7
g9 8322 39 5535
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101112 1|2 |3 ||10]11|12| 1|23
HHE Sl 4 171816 4181816
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ko] gt T3 AWEAL] B 05HE W] A% 3 AT o)) “EE
Mz g FAwe] 4ET & At FAde) wE £d Fasth ueb] B Aol

g Aesigith. 1) Midkine (MK)2 pleiotrophin (PTN)¥ 37 M &% heparin—binding
growth/differentiation factors®] W Z delx 9lom, A dxld 125 ng/mlE v Z4)5)
3 QY. Muramatsu 5(1993)° W= mammalsol A neurite outgrowth activity®} 22 A%+
W Estell v R V1Sl Aefrhar Basojilal, Karino 5(1995), Minegishi &
(1996) B.aro] wr= MKE gonadotropin® %72 &}l A granulosa cell25-E Ay o]zt
i g Ak 3 Shuntaro 5(2000) AR o] wad MK7F A9l Aol 10 ng/ml ©]4
Aeletle W ead ¥usds o ko] GEE vigtE gakgo] FUFE e Balk
UTH 1Y EE bovine FAPE A MKoFe] S Aods 2 Ao S840 ax
g £ Zo® byl 2) Gremlinl 2 DNA family proteins®] ®HWE4 GREM12 tes
ZF BEFOX 3 FH|FEoj X = Tl A2 bone morphogenetic proteins(BMPs)e] E-/dol wi
He= gl oa] A, &E3ket 2E Y vE AAAM FF4HQ Vles T3 GREM1
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cancer cell AEE 9 HA o] WASAS ATt 18]35 GREM1¥} FGF2E human fetal
skin feederel] 93l EHl¥ &= T8 FAH8
T+ 982 gty =3 GREM1S mouse®} bovine2] aortic endothelial cello|A] W3] A
A Al YERETE. 3) Pentraxin 3 (PTX3)+= A& A<l long pentraxin®. % female 4%
AdEolx] HeddEol adsts 2242 A7F W Bost= 4Ee 3tk PTX3+=
F-2=olld A7 RS B AR A Aate] HojRal 1 A EAgt F
<ol PTX+ conserved protein® & F7]2Ql A 2o o8 1 SHo] 5o X
ot WA O™ pentraxins< C—terminal pentraxin domain¥ 2% oA 159 F3 %
TZ, QA A, AEe FRe R A=, gitEddAE L zkol7t Wk PTX3+=
lipopolysaccharide, interleukin 1, tumor necrosis factor a®} 7S %7] dFA 9 F/MAEH}
2o zp=of gk 2F oy tE A 253} macrophageo] A 10~20 subunitE 74|+ multimer
oz o]t} 4) Prostaglandin endoperoxide synthase 2 (COX—2)& &, 7, ¥% TS XA
COX—2 FAdx % dude w2 d 2] mural granulose cells o4 W& %™, COX—-29 &d
o] 23] granulosa AlEXE L?*ﬂ:‘?i Balel=d A4 - 9888 st} o33k Qo5
= gonadotropin®] <3} -F , =2 COX—29 ¥dHe Ao +E W9 prostaglandins
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g B2 A7AES COX—28 dAlZolME TS Eelsqlil, o5 dxtbe o]
st=AE AN A3 COX-29 FdA7F AAR wh-2=9 A5 Ao A< s
3 Ay Q) olgldk QA58 WA EoA COX—29 FHA7} prostaglandinsS A AF
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AAEE AeS3Ne 1555 T A, 37 23HA 2 2O S ARE EU=2
A7) gy

O AAE #32U4 R T84 ¢371E &4

— A1AFEIA A e 4 259 oA 550 tha] 3 AJAlo]g Al DNA AAbol] AL
= A A (Microsatellite, MS)u}# &} 2%2] A7HH L mlAE AFR3Ete] §-A XA EAAL

S AAE g agSAALHS f35 A AE -8 DNA 7&4% AAjete] AfAPE AT Q14
ufAE AZFstar ARRE AARA] A ZFE wpAE o] &35kl DNA HARSE SHAl Wgo] Has)
ok ¥ 12 E Aol A JAAE S e AFeE =94 A (Microsatellite, MS)vuFA ¢ A 74
£ vAY FFE YEATL
¥ 1. 294 A (Microsatellite, MS) vl 2 A 7HHE vlA g2E

MS name Label Size (bp) H] a1

TGLA227 B(FAM) 76 T 104

BMZ2113 B(FAM) 123 © 143

TGLAS3 B(FAM) 154 ~ 188

ETHI10 B(FAM) 212 © 224

SPS115 B(FAM) 246 T 260

TGLA126 G(VIC) 116 = 122

TGLA122 G(VIC) 137 ~ 181

INRAZ23 G(VIC) 196 = 222

ETH3 Y(NED) 105 7 125

ETH225 Y(NED) 141 ~ 159

BM1824 Y(NED) 178 ~ 192

BOV_X R(PET) 118

BOV_Y R(PET) 242

— 2o 4§ AN o] 838lo] Genomic DNAE FE3IA oM el A4 B
Genomic DNAZ &35l 1159 YA A (Microsatellite, MS)®FA 9} 2289 A7 -8 nl#
o]-&-3lo] Multiplex PCR W& o] &3] st dHFHAAF S SE35t] A7IA4<E
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R 2. ZAo(BSFES) ddrdAd 2423 (HAduolE)

ETH10 ETH3 SPS115

A BM BM ETH22 INRA2 TGLA TGLA TGLA TGLA BOV BOV
W3 1824 2113 5 3 122 126 227 53 X XY

KgSNS 12 13 19 21 19 20 23 23 23 26 22 24 21 21 24 30 17 17 20 22 19 21 X Y

KEZN(S 13 14 19 21 19 22 23 25 26 26 20 24 25 25 30 30 17 18 14 21 31 33 X Y

KEIN(S 13 14 15 21 19 20 23 23 22 23 17 21 21 25 29 30 17 22 15 20 27 28 X Y

-
n

I 1. #&(KPN 538, BRSFES) tdfdAd &4 27t (ehd=1 doly)

1
sl

a9 2. 4 (KPN 642, R3FTE) dHFAAE F 43 (obd =1 dlolE)
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(mean+SEM)
218 (5.45+0.31)

-
oK

ol

o

7R A

40

7682

202 (5.05%0.33)

40

8322

151 (3.78+0.23)

40

8490

453 (15.1+0.67)

30

9586

128 (7.11+0.59)

18

6200

262 (8.73+0.43)

30

4455

118 (11.8+0.99)

10

5166
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13| MF| A o= dd=r

5166(3H2)
4455(8k2)
6200(5+S)
9586(3H2)
8480(BL2) S A D= Mg
8322(T+2

7682(THE)

A g G2 ggE2 F 7ol BT JiAll B At 39 Tl 9586, 5166 &
297} 10.97 £ 0.92, 8.2 £ 0.957]& FJ Ao & =9tom, 7682, 8322, 8490 ¥ -+ 3.18 &
0.30, 3.13 £ 0.32, 2.15 + 0.257)2 G908 3 AL & F v} *a; 3582 9586,
6200, 4455, 5166 3 &7} 72.63%, 74.22%, 67.18%, 69.49% = F4 02 %9kon 7682,
8322, 8490 T 58.26%, 61.88%, 56.95% % oA o2 e AL o4 5 Q)

7. 0AME EAb ElaeE

} LG RV RS )
NAHE Uzl 3228
. (mean*SEM) b
7682 127 (3.18£0.30) 58.26
8322 125 (3.13£0.32) 61.88
8490 86 (2.15%0.25) 56.95
9586 329 (10.97£0.92) 72.63
6200 95 (5.28+0.74) 74.22
4455 176 (5.87£0.45) 67.18
5166 82 (8.2£0.95) 69.49
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5166

et
0 40 4o {0 4o Ho Ao

—

4455(

et

6200(

ret

QS8R

ret

B400]

ret

8322(

ret

7682(

ret

13| R THA| FHA B AL 2] 7=

5

10

15

W1 J2A HHE SR

SESPES

S 7. 18 A A AAE 94 G5 A

%8 A HE IR 5EE

) 2 T
A fae R RS
(meantSEM)
IESE=) 2% %9 3w ]
127 9 28 42 48
7osz (3.18£0.30) (0.23£0.10) (0.60£0.12) (1.05+0.21) (1.15+0.24)
125 57 42 17 9
B (3.13£0.32) (1.43£0.16) (1.05£0.15) (0.43+0.12) (0.23£0.09)
8490 86 36 40 2 8
(2.15£0.25) (0.90£0.14) (1.0£0.15) (0.05£0.05) (0.2£0.07)
329 120 132 11
9586 66 (2.2+0.37)
(10.97£0.92) (4.0£0.40) (4.4£0.47) (0.37£0.15)
6200 95 40 35 20 0
(5.28%+0.74) (2.22£0.35) (1.94£0.31) (1.11£0.31) 0x0)
4455 176 68 75 23 10
(5.87%£0.45) (2.27%£0.20) (2.5£.032) (0.77£0.21) (0.33+0.12)
166 82 38 25 19 0
(8.2£0.95) (3.8£0.29) (2.5£0.65) (1.9£0.41) (0£0)

_62_




5166(THE)
4455(5H2)
5200(t2
=2
fan )
9586(THF) Ma=o
L |
8490(5H2) W52
Wi1g2
832282
7682(TH2)
0 1 2 3 4 5
a9 8. WA A T
WA W& dAke] FEES #E8 o UERIT A e dA Y] TS 8322, 9586,
6200, 4455, 5166 ¢] TS0 A= 1539 Wa}b 7|57} 1.43 £ 0.16, 1.43 + 0.16, 4.0 £ 0.40,
2.22 + 0.35, 2.27 £ 0.20, 3.8 + 0.29 = Go]H o2 Weror} 7682, 8490 T Grade 19
WAl A7 0.23 + 0.10, 0.90 + 0.14 = AA3] AL AL oF 2= 9t} 4579 WA AGE

7682 271 1.15 £ 0.24 = @okaL. 8322, 8490, 9586, 6200, 4455, 5166 &
o

271 0.23 +
0.09, 0.2 £ 0.07, 0.37 £ 0.15, 0 £ 0, 0.33 £ 0.12, 0 + 0 = A3 A& A I

& g STt
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AAE A SAE @) W () j“?m;;;ﬁ;“ v
7682 127 79 (62.2) 13 (10.24) 13 (0.33£0.10)
8322 125 94 (75.2) 64 (51.2) 64 (1.60%0.20)
8490 86 55 (63.95) 27 (31.4) 27 (0.68%+0.10)
9586 329 270 (82.1) 146 (44.4) 146 (4.8+£0.53)
6200 95 78 (82.1) 43 (45.3) 43 (2.39%0.35)
4455 176 144 (81.8) 77 (43.8) 77 (2.5710.26)
5166 82 57 (69.5) 18 (22.0) 18 (1.840.25)

e
12| RHTEA| =T A4

5166(THE) 1—4‘

4455(TH2) _’_l
6200({THZ) _l-d

S —— SPEEIVPS POt

8490(THE) A

i =

8322(THY)

7682(TE2) H

[

I 9. 13] A=A A

e

_64_




ZHAel] wE wiRkE a2 9o YEpliRdTE JHAC] wE wiRkE TS8-S 8322, 9586,
6200, 4455 &7} 242} 51.2%, 44.4%, 45.3%, 43.8% = TrA?G o7 ¥ guﬂ, 8490, 5166 &
9= 31.4%, 22.0%% FFoR WUgkon 7682 FE9-E 10.24%% FAF] Fe AL o
T Ak A T 13] A Al AT AANGE 9586 %%%7} 4.8 £ 0.537/M2 Ho4o
2 E9kom, 8322, 6200, 4455, 5166 &F#F-7} 1.60 + 0.20, 2.39 £ 0.35, 2.57 + 0.26, 1.8 + 0.25
2 fFod oz vk} 7682, 8490 ¥ 9= 0.33 £ 0.10, 0.68 + 0.102 A3 *& AL &
o

B

o
=

25w do] % 3 w3k gol 35 7}0 vt 44 %
9. 1

(3) M2 DishE o8& Wg 7|<=9 && ZA
12pA el 7]43 vlo] 9)stH (& 10), dAke] A &g ml el o] A v
S fresty] fEiAe A 1070 o)) daE I dsort A Al middS A2 ¢
AASS 7%t FApe] B¢ AT 9586 FHSE AL e U A FEo A 3~871¢]
WAt 3 5E ) ol#d A AntE B u) OPU ) Aluidabe] Al wjke] lo] @
| WES ARSI mebA AAE R ek A3 Ho® AR dxpe wf S
TN = 7lsEo] s ojof gtk 5 OPU fall Auidzte] =4 AAES faiA =
! of wjFo] IgHolrt. ofitstd D}% AA L] RA¥} Alchd FA T AAE
B7H5E Wn olye; A oR g Folx|o] IR &+ T ot
& S A AsiA = TS grop
B A E AAER FEHe] 7}
A= AMZE dishE o]&3he] Hl%
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i
2
=)
A
rlr
o2
o

10, AL Qo) F4] AT v

No. of
Blastocyst
oocyte/ No. of  No. of No. of
50 ul replicated oocytes cleaved day 7 (%) day 8 (%) Total (%)
drop
5 4 20 13 (65.0) 1 (5.0)% - 1 (5.0)°
10 29 281 155 (55.2) 60 (21.4)° 22 (7.8) 82 (29.2)°
15 34 488 293 (60.0) 165 (33.8)° 40 (8.2) 205 (42.0)°

1% 10. Agar chip= ©]83% OPU f& AdAtel =545 dabe] 438 2 Fuj<d

¥ 11. OPU 3 AtAel =545 Wate] Fulek, GPS dish7) st nx]= 38

Oocyte grade No. of total No. of
No. of
oocytes embryos bl
astocyst
Gl G2 G3 G4 recovered cleaved
OPU =} 39 36 35 26 136 131 (96.3) 6 (4.4)%
OPU ¥ ==
A Ak |10 29 25 30 94 88 (93.6) | 25 (26.6)"
o
GPS dish &= c
o] -3k ok 266 267 128 21 682 549 (80.5) [284 (41.6)
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E 13, AR A

N

dad A

B35 93k Primers o tdk Ax

Gene name Accession Forward primer Reverse primer Fragment
number (5——-3") (5—=—-3") Size
Aldo—keto reductase BTO021058 tgcaacccaaatact aaaagcctagctgaaa 106
family 1, member ctttt ggat
Bl (AKR1B1)
CD9 molecule (CD9) NM_173900 agatcttccgaagca caaagttagtggcaaa 238
aattc ggaa
Thioredoxin (TXN)  AF104105 tgatcaagcctttctt taatggtggcttcaagt 195
tcat ttt
Placenta—specific 8 NM_001025 tctgacatttttaccg atttcattgcagcatttt 131
(PLACS8) 325 ctet ct
Prostaglandin G/H  NM_174445 atcctcccacagtca gcacatcacacactct 162
synthase—2 (PGSH2) aagat gttg
Actin bita (ACTB) NM_173979 attttgaatggacag tgtacaggaaagccct 120
ccatc gact
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cD9 AKR1B1

4 -
c B 1 b
=Y - S
= P < 0.05 T g P <005
S g
012 bl a0
2
2 2 . 2
o (7]
o
0 . B .
sIVP cOPU aOPU sIVP aOPU
PGSH2 g . TXN
g | P <0.01 & b
Sa- - B 3 P <0.05
o o
%3 1 X2 Ab
o
©2 > a
— "&,' 1 2
: J z
0 | ! 0 i T T 1
sIVP aOPU sivP cOPU aOPU
4 PLACS
[
o
%3 - P>0.05
o
o d
X2 -
4]
= a
w1
4]
o
0 - : . .
sIivP cOPU aOPU

a9 12, AARE AFE FFaLAAqRSS §F s A 2

&
T

AN A FRELANES F8ke] sIVP, cOPU 183l aOPU coculture A|2=¥l 02
B 88U 343 blastocystoll A m A fA HHAHEAS G AR, GHAe] Wy
W ¥l gene—specific PCR product®] melting curve ¥#*13} 1.5% agarose #7]9 %S 535}
e sy cOPU el blastocystell Mol A=eh4 F23 #4491 CD9, AKRIBI,
TXN 2|3l PLAK82 1 & o] sjelo] H]52sl3lal (2>0.05), aOPU 2 blastocystol| A+
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PGSH29| w4z wdo] A ettt (P<0.01). sOPU {2 blastocyste} HImgS o,

aOPU -3 blastocystoll Al embryo 2SS wWHalsh= 3¢l CD9¥ AKR1B19 W32
down—regulaton =13l WFHO| embryo®] 23y #HE FAAQl PGSH2$9F TXNS| &
up—regulation ¥ 1T},
¥ 14. 39 COCs ¢ Ao

Presumptive Blastocyst Total cell

Culture system Cleavage (%)

zygote (n) (%) (Mean £ SD )
Control OPU 148 65.0% 13.3°% 115.0%+28.0
Agar chip  coculture 103 81.3% 34.5° 127.8%+21.2
Slaughter  house IVP 80 75.0° 31.3 129.5*+£17.6

¥ 14+ 3% COCs9 Aowd FHE& YeplY, aOPU (agar chip coculture)®} cOPU
(control OPU)A}e] 9] cleavage rate= 2Fo]7} Y}A| &A%k blastocyst rate= aOPU7} cOPUX.
t FoHdow A yYelgy. 18] aOPU9 cleavage?} blastocyst WeEe3-2 sIVP
(slaughter hous IVP) &3} wv]=3 kS H ATt Alth7) blastocystd] @A 2ol S =H 3l
A3} blastocystd AA A ES= cOPU, aOPU 18] 1l sIVP 1F R A 2po]S Holx| &
Ut} olel e AgA}o| A Agar chip Co—culture AAES wjgA| Al o] &3li= Fo]

OPU A &o] Aztel] vi$- &4 &84 - e Aoz dddn

1
5
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at 12 hr
Hatching/recovered
0/32 (0.0)#x

No. (%) of blastocyst

Survived/recovered
25/32 (78.1)*
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No. (%) of blastocyst
recovered/vitrified
32/35 (91.4)

Treatment
Control




Punctured 29/31 (93.5) 27/29 (93.1) 15/29 (51.7)

Y
AL

—

62 545 & o AS7}F AT AEEY A v A= JFA gis zAbolt
HhH o Aol %< &lal Punctued groupS Holding media oA HE S
micro—manipulaterE ©]83}%] PunctureE sto] =4 & W 58S A A o2 3

A Puncture group®] 9% m&o] Aol HAaL &S HlalslEm v a0 Fo% Aol

7F A

19 13, 4ol Puncture 3= A,

% 17. 2 &3 $ 5749 Apoptosis H|nl
Treatments Total cells Apoptotic cells
Non—{frozen 93.8 £ 32.1 ° 8.6 £ 7.0 ¢
Control 1434 + 27.1° 8.0 £ 6.3 °
Punctured 168.6 + 31.1° 0.3 £ 0.7¢

&

4

(e

& 17 T4 g F nANS o] gt FATS 1LGAIA Tunnel stainingsS &g
o] FZ] thE ApoptosisE H7] 3 Aot} FAS A P fresh 3 FAHTL
3% oy PuncturedE 4] %2 Control group, 52 A] Puncture® 3+ group Al ZH 2
o] dMS dlo] ApoptosisE cellS counting 3F9th. 234 & Total celloll A+ Control,
Punctured group< *Fol7F $ley Non—frozenZ}i= =Fo|7F Aot g @4 %
Apoptotic cell& H]3]E w] Non—frozen, control 7+ z}o]7} §1%13L Punctured group< =f
olg HAY. wEtA, FA4S T uf FES AATOZHN cell?] apoptosisE RE T AT

=t

oft

rlo

’

HU
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a3 14, 52 g3 & Puncture groupd control group? 12 h o]A culturedlt 3 ®

i

H
R

F

Z1%] 15. Tunel &4 2]%+ Apoptosis H]1L(A. puncture, B. control).

[A2AF-A] AL FHIANAA 75

O 7/HAE Q&71E 44
BAdE AdaEgast 1555 T AY, FT7H 259441
2 Aa7)E gy

- A, FT7h 259344 2 AT A5E EUE AWUE g9

— A7)l AgE ek NA SR A

SE
o
fu)
o
o|N
_>|~I_,
kny
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O Z #3&d FHA &7
— ALAFEZA N A At =4 359 oA 550 e - o]HFH A DNA HAR A&
© 294 A (Microsatellite, MS)vFA 1153} 2402 A7 T
ArtE AAE &9 1SS 9% RAIAEE DNA HAAFE AAlste] AAE =483
O

4 wAZ AT A A% Al ASE wAS o gatel DNA FAF F WA
H

st

o

B AT F9 F FYA wFol A A2UES TEUG. E 18 B AT A
e 98] AHeE 29144 (Microsatellite, MS)w1A %} A7hE & rire] 7S Jengl
.

% 1. 294 A (Microsatellite, MS) vlAH 2 A4 AEE vA 2 2E
MS name Label Size (bp) H] 11
TGLA227 B(FAM) 76 T 104
BMZ2113 B(FAM) 123 7 143
TGLA53 B(FAM) 154 = 188
ETH10 B(FAM) 212 7 224
SPS115 B(FAM) 246 = 260
TGLA126 G(VIC) 116 = 122
TGLA122 G(VIC) 137 ~ 181
INRA23 G(VIC) 196 ~ 222
ETH3 Y(NED) 105 © 125
ETH225 Y(NED) 141 ~ 159
BM1824 Y(NED) 178 7 192
BOV_X R(PET) 118
BOV_Y R(PET) 242
— Fhol HAg AHAS o] 83} Genomic DNAS FE3F o 4xro AG- IS o] 83
Genomic DNAE F&319] 11359 =94 A (Microsatellite, MS)v}A ¢} 2242 A7HH-& vl
£ ©o|&ste] Multiplex PCR W& ol&3 tiydFrdxdes TFHate] A7IME FAHA
(ABI3130x) & o] &3l dHFdAE +4& 91t d7195S Ao, 249 dE+d
248 GeneMapper v4.0 ZZ1#L o]&3}o] Allelic LadderE 283 HlolElE KA s}l
F73t doly AT 2).
& 2. 3 aESs LS 9% FR NA dERdxy S A (YA g dolH)
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WM E BMI1824 BM2113 ETHIO ETH225 ETH3 INRA23 SPS115 TGLAI122 TGLAI26 TGLA227 TGLAS3 BOV X BOV Y
KPN538 12 13 19 21 19 20 23 23 23 26 22 24 21 21 24 30 17 17 20 22 19 21 X
KPN642 13 14 19 21 19 22 23 25 26 26 20 24 25 25 30 30 17 18 14 21 31 33 X
KPN641 13 14 15 21 19 20 23 23 22 23 17 21 21 25 29 30 17 22 15 20 27 28 X
8661 13 14 19 20 18 19 23 25 23 24 18 20 25 25 29 40 17 20 22 26 27 34 X
9586 14 14 15 19 18 18 23 26 23 23 17 20 23 25 21 26 17 20 19 22 28 35 X
6200 13 14 19 21 16 19 23 25 23 26 20 20 25 25 21 25 17 17 19 22 33 34 X
4455 13 14 20 20 19 22 23 25 24 27 20 20 21 25 24 29 17 20 19 20 25 34 X
5166 13 17 20 21 19 22 23 24 24 26 20 24 25 25 21 43 17 21 20 21 27 34 X
1, i,.' 1 il ,!| I’
) Il
a9 1. 4(KPN 538, HEEEY) HHFrdAE £ A (obd =1 HlolE)

M E—

MR-

) Y RAAY B
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