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SUMMARY

I. Title

Study on characteristic of genetic diversity and line breeding on Hanwoo

II. Objectives and needs of R&D
* Investigation of genentic diversity and establishment of genetic criteria by
phenotypic charactersitics in Hanwoo
e Line breeding on Hanwoo breeds (Korean black and Korean brindle) by genetic

definition

III. Stratergy and scope of R&D

Stratergy Research scope
m  FEstablishment of phenotypic | — Investigation of nose colored Hanwoo and odd coat
characteristics and  phylogenic color Hanwoo status and collecting samples
criteria for Hanwoo — Investigation of rare Hanwoo breed status and
® Construction of phylogenic trees collecting samples
and Establishment of phylogenic | - Construction of phylogenic trees by pedigree and
criteria makers in within and between animal groups

- Selection and production Microsatellite markers

. o - Genotypeing of MS markers and analysis of genetic
® Analysis of locus characteristics ) ]
. . diversity
and relationship by parentage and T ) )
- Investigation of genetic fixation level by group

phenotypes - Estimation fo genetic correlation between phenotype and
genotype
- Establishment of cell seperation mothodology using
® [nvestigation of characteristics of biopsy
skin tissue and pigment cell | - Enlightenment of pigment cell development and
cultuere differentication
®  [nvestigation of differentiation | - Enlightenment of pigment accumulation and chemical
and development of pigment cell charateristics by breeds
by breeds - Enlightenment of charateristics for protein and enzyme

(TRP-1, TRP-2, MITF etc.) related pigment accumulation




® Cnstruction of basic population

Investigation of nose color expression in nose colored
for black nose color Hanwoo, )
. Hanwoo group by mating
Korean black and Korean brindle

. Investigation of genetic manner for phenotypes in rare
by mating )
o ) Hanwoo breeds group by mating
®  [nvestigation of pedigree and

) ) Production of full-sib animals using embryo transfer
genetic manner for phenotypes in

Relationship analysis with economic traits
rare Hanwoo breeds

IV. Result
1. Research on proteome characteristics related coat color expression by Hanwoo
breeds and Establishment of phenotypic characteristics and phylogenic criterion for

Hanwoo using genetic markers

This study was conducted to establish the genetic criterion for phenotypic
characteristics and reveal the genetic distance among Korean native cattle breeds
through allele frequencies, genetic variance analysis using microsatellite markers.
Analysis of genetic diversity of 299 Hanwoo classified by levels of nose darkness and
coat color was carried out using 22 microsatellite markers, and genetic relationships
among 262 Hanwoo, 92 Korean brindle, 34 Korean black, 83 Jeju black and 69
Holstein cattle breeds were analyzed by 15 microsatellite loci. In these studies, the
same statistical methods were used to investigate the genetic variety, distance and
relationship among groups in each microsatellite loci.

In the result of the analysis of genetic relationship among Hanwoo groups classified
by coat colour and levels of nose darkness, gene diversity and polymorphism
information  content (PIC) value for each locus ranged 0.446(ILSTO005)
~0.865(TGLA227) and 0.33(1ILST005)~0.821(TGLA 227), respectively, which showed
high wvariation among the loci. For the F-statistics per each microsatellite loci, the
mean of Fjs value was 0.026 which was indicator of inbreeding coefficient within
individuals. INRAO35 locus showed the highest Fjs (0.536). Given that the Fj value in
Hanwoo population of INRA035 ranged 0.533(WT)~1.000(WS), it was thought that the
loci had been fixed in Hanwoo population. Expected heterozygosities of Hanwoo
groups classified by coat colours and levels of nose darkness ranged 0.689%0.023

(Hol)~0.743%£0.021(Bd). Normal Hanwoo and mixed white coat group showed the



closest relationship as the lowest Ds and D, was observed between normal Hanwoo
and mixed white coat group. But, pairwise differentiation test of Fs between
populations showed no significant difference among the Hanwoo groups classified by
coat colours and levels of nose darkness(p<0.01). Moreover, given results of
neighbor—joining (NJ) tree by Da genetic distance matrix within 399 Hanwoo
individuals and principal component analysis (PCA), it confirmed that mixed coat colour
and nose darkness groups were formed any specific groups studded with Hanwoo and
they were kind of genetic and phenotypic varieties of Hanwoo. So, proven bull
selection or animal registration of Hanwoo needs an easement policy, then
minimization of financial loss might be expected.

In the result of genetic relationship among Korean native cattle breeds (Hanwoo,
brindle, black and Jeju black), gene diversity and PIC value ranged 0.484
(INRA035)~0.820(TGLA227) and 0.41(INRA035)~0.795(TGLA227), respectively. For the
F-statistics per each microsatellite loci, INRAO35 locus showed the highest value of
F;s (0.536) and Fs showed highly significant differences among populations (p<0.001).
Korean brindle and Korean black cattle showed the closest relationship as the lowest
Ds and Da genetic distance between Korean brindle and black cattle were observed.
Given the result of NJ tree using individual D, genetic distance, Korean brindle and
black cattle belong to Hanwoo population. So, it is confirmed that three Korean native
cattle from inland are genetically very similar. But, Korean cattle breeds of inland still
have particular genetic characteristics because Hanwoo, Korean brindle and Korean
black showed highly significant differences(p<0.001) in the F, pairwise test among
breeds and PCA. Genetic distance between Holstein and Jeju black was shown to be
closer than that among other Korean native cattle breeds. Moreover, Jeju black cattle
showed the lowest Fj; value(0.026) of INRAO35 polymorphic loci in Korean native
cattle breed(0.733). It is confirmed that Jeju black cattle settle down in Korea through
different path with inland cattle in Korea although Jeju black cattle was Korean native
cattle breed. According to this study, Korean brindle and black cattle were recognized
to Korean native cattle breed, but endangered species. Consequently, for the
endangered cattle breeds, continuous efforts such as establishment of registration

standard and protection of their genetic characteristics should be needed.



2. Research on proteome characteristics related coat color expression by Hanwoo

breeds

2-1. Biology of Epidermal and Hair Pigmentation in Cattle: A Mini—-Review
Coat colours in cattle have been of interest to both breeders and researchers as
genes regulating pigmentation not only affect the phenotype but also have economic
implications in the event of genetic mutations. The genes controlling pigmentation act
as a complex and interact with each other to cause phenotypic and genotypic
variations. Pigmentation of coat broadly depends on the ratio of eumelanin and
pheomelanin, the two components of melanin. Increase in eumelanin imparts a black
coat colour while raise in pheomelanin is responsible for a yellowish or reddish
colour. The main enzymes responsible for melanogenesis are regulated by the genes
of the tyrosinase family. It is speculated that the wild-type gene present in the
ancestral breeds of the present day cattle have more pheomelanin content and that,
over time, mutations have introduced more variations leading to many shades. This
could have occurred either because of interactions or because of deletions in the
responsible genes. The environmental conditions have also contributed to mutations in
these genes, helping in the adaptability of the animals to different geographical
regions. The switching between the syntheses of melanin components depends on
several genes like melanocortin-lreceptor gene (MClr) - also known as
melanocyte-stimulating hormone receptor gene (MSHr)-, agouti (A), attractin (Atrn)
and mahogunin (Mgrnl). The purpose of this review is to summarize the recent
advances in the field of pigment biology and to highlight possible areas of research
that may benefit a breeder or a farmer in the selection of animals on the basis of

phenotype.

2-2. Molecular variation in pigmentation genes contributing to coat color in native
Korean Hanwoo cattle
Pigmentation genes such as TYR (tyrosinase), TYRP1 (tyrosinase-related protein 1),
DCT (previously TYRP2, or tyrosinase-related protein 2), ASIP (agouti) and MCIR
(melanocortin receptor 1) play a major role in cattle coat colour. To understand the

genotypic profile underlying coat colour in native Korean Hanwoo cattle and Angus



black cattle, portions of the above-mentioned genes were amplified. Sequence analysis
revealed variation in the TYRP1 (exon 5) and MCIR genes. Restriction enzyme
analysis of these two genes could distinguish between different colours of Hanwoo
cattle. Quantitative estimates of melanin and eumelanin in hair from three
different—-coloured Hanwoo phenotypes and Angus black showed significant differences
at the breed and phenotypic levels. Finally, sequence variants in MCIR were
associated with total melanin and eumelanin in breeds as well as in Hanwoo
phenotypes.

In this study brindle Korean cattle muscle satellite cells exhibit longer rapid growth
stage than brown Hanwoo cattle muscle satellite cells that might be due to
heterogeneity in the proliferation characteristics of satellite cells isolated from animals
species (McFarland et al. 1991; Duclos et al. 1996). Our results indicated that
troglitazone can be as an effectively activators in vitro trans—differentiate cattle
muscle satellite cells to adipose-like cells. In our research, troglitazone not only
increased the expression of adipogenic transcription factors in brindle Korean cattle
muscle satellite cells and brown Hanwoo cattle muscle satellite cells, but also
increased the expression of CAPN1 gene significantly in these two kinds of cells.
Herein we hypothesized that CAPN1 gene is involved in the balance exists between
myogenic and adipogenic differentiation programmes and that this balance could be
altered in particular pathological conditions during the differentiation of satellite cells
to adipocytes. However, molecular mechanisms of CAPN1 gene and adipocyte marker
genes function throughout muscle satellite cell differentiation must be further

elucidated.

3. Fixation of phenotypic traits and establishment of lines in rare Hanwoo breeds

The basic population was established and performance test have done in rare Hawoo
breeds(Korean black and Korean brindle) and odd coat color Hanwoo and nose colored
Hanwoo. In Chungbuk, 148 Korean brindle in farm and 101 in institute was collected, and
52 Korean black in farm and 54 in institute was collected. In Kangwon, 122 Korean
brindle was collected. In Uleng, 674 Korean brindle in farm and 62 in institute was

collected. As baisic population for test, 40 odd coat color Hanwoo was established, and



16 black nose colored Hanwoo, 17 mid—black nose colored Hanwoo and 69 normal nose
colored Hanwoo was established.

Through the designed mating of korean brindle to investigate the add coat color
expression, brindle patern was 45.2%, brown coat color was 38.9%. The occurrence of
brown coat meant that the fixation for brinde was needed. By mating within korean
blacks, the black and the brown was born in 62.1%, 29.3% and 8.6%, respectively.
Mating between the black spot with the produced 15.4% browm and 1.9% black spot.
Mating between the white spot with the produced 50% browm and 7.7% white spot.
Mating within the black spot and within the black spot did not produce any spotted one.
Mating between black nose Hanwoo with the normal produced 27.5% normal and 1.5%
mid—black. Mating between black nose Hanwoo with the mid—black produced 22.5%
normal and 7.5% mid—black. It was considered that the accurrence of nose color and add
color spot was come from the environmental factor than the parental factoer.

For the reproduction performance of Korean brindle and Korean black, rate of birth was
71.8%(74/103) in Kangwon brindle, 54.6%(144/264) in Chungbuk brindle, and
54.6%(71/137) in Chungbuk black.

To construct the foundation population, embryo of Krean brindle was produced and the
aception rate was 48.3%(405/839) and effective embryo was 158(67.8%). The embryo
transfer was done to 163 cattle and 49 calves was born(30.1%) in Korean brindle. In
Korean black, the success rate was 20%(5/25).

The born weight were 4.9kg, 22.7kg and 24,7kg, 90day weight were 0.7kg, 57.3kg and
80.9kg 6 month weight were 144.7kg, 120.5kg and 157kg, and 12 month weight were
267.1kg, 130kg and 366.7kg in Korean brindle, Korean black and Hanwoo, respectively.
The 6 month weight were 166.44kg, 160.1kg, and 166.1kg, and 12 month weight were
347.5kg, 342.98kg, and 350.85kg 18 month weight were 495.22kg, 488.71kg and 489.1kg,
and 24 month weight were 649.1kg, 644.39kg and 640.78kg in normal nose color, black
nose color and mid black nose color, respectively. Slaughtering age were average 36.5
and 36.6 month and the marbling score wers 3.9 and 4.6, in Korean brindle and Korean
black, respectively. Slaughtering weight were a367.36kg, 366.95kg and 362.67kg, and
eye—roin musle area were 80.81lcw, 79.26cnw and 79.3cn, and the marbling score wers
3.21, 3.06 and 2.37, in normal nose color, black nose color and mid black nose color,

respectively.
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w2 gk Charolais/LimousinZtoll = 42%=2 e} EZv| o] QoA 3071A] AE9 markerE H]
o BAstE vtgAsigty ®2a 59t MacHugh 5(1998)2 £-38¢] 771A] A EZ(Aberdenn
Angus, Hereford, Jersey, Kerry, Charolais, Friesian, Simmental)¥} B-<Q1% 37}%] A ZZ(Hariana,
Sahiwai, Tharparker)o] ™3} 207}%] MS markerE o|&3le] FX7F FA¥| 2 E48 AAg 2
I FHY aFFol 50% o] THIEES B, indicusste FA3] TR FHe T

o7 ety B syt E3, FAEE M (principal component analysis - PCA) Z 2}ol] A]
FHFS A G739 2FFH tUE fFHUHFY 2FL2 FEo| HUuvk B st Blott
5(1999)8 771A] FHAEFZ s 207Fx] MS markere} 307}%] o] th Y -H- A A} markerE A&
sto] B3 23 MS marker7} ot A markerol] Blsle] H o|FPAEC] =L YR
AR ME7F Fol FF Adsted Hovta, /AEAA {7 7HF A2 markerE A S| oF
AAA] LF/F7F =9 4 Aok HHAQ SH FIsAh 9 Aol oid B Izt
2FFY FAF #AE AHE7] 93 AFE A4 HIA=T, Jordanda F(2003)2 HAfH
(=HQ, T2F4 g 2Py 2) 299 18F9 &£FFo| A 167FA] MS markero]] 2 -85}
FZL AolE B4 27 tdFAe] Fu e Z2AZ @AFHY 2FE2 o 6.8% X9 F
AA Apolg Hola, UM A] 93.2%= JRAIZFE] Aold oS AR ¥t B sttt

ZEA0 AZZO 2O SAF FUTEE HAFYD, TE2EZHO] BarrosdZ 3} MirandesaZ &

7

)

rok
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AL FFAA FAHLL olBHFGAY &S BoH, o7 Jdy 2=y FFE 1

k7] WEolztr B sttt Grzybowski®} Prusak(2004)= =&

—

, 28, FRES 7R FF

fl

(Angler, German Simmental, Brown Swiss, Swiss Simmental, Holstein, Eringer, Polish Red(PR),
Polish Black-and-White(PBW), B! Polish Red-and-White(PRW))2] 267} MS markero]] th3+ AE
FAASE B4 F B AT o1FF BT FAR AFENeE 1214EYL FB2023E D
= Fehel HAZ JvE R, H9 2048702 e Dy, F31F8 AZE ]88t NI treeE
Zd% 27, PR PBW B PRWe} 22 IFS AT v, Dy A3 A E o] &3 23
A= PRI} AnglerEo] IF& BAshs A2 Vet B 53tk o] old® f3H
ojgrglol, Wi7lo, A, 2HQ B FFAXE Axm LFZL I FFTEHIY o2 EH=
o] EX7t #3413 #AAEAL AA H vl v}t Peelman 5(1998) W 7]o] A= (Holstein
Friesian, Belgian Blue, Belgian Red Pied %! East Flemish)ol] th3jA] 237}%] MS markerS 283}
of FFHIE A3 A Belgian BlueF¢] PIC gho]l b & FFol Hlste] veta, & A
ANE o2 ZZ3 32 Hgta B 5+ th. Martin-Burriel 5(1999 2 2007) 2~ 1<) A &)
AZEZ 3 FAZF vk EAL AAEEE], 199939+ Asturian Brown Orthoid 470 %
= Red Convex 27| ==, Iberian bovine 17 &) 4] 307}% MS markerE -3l EA
3t A AsturianZ2F 7|8 £ EASFY L, Brown Convex % MenorquinaZ ¥} Iberian fighting
bullzte] A7zt 7hd "olew, g g= 9% oz veuty Bu ok H2 2007
Woll= 23212l 67}A #F%(Betizu, Mallorquina, Menorquina, Monchina, Serrana de Teruel, Casta

Navarra @ Casta Vistahermosa)ol] ™3l 307}%] MS markerS ©|-&35te] ZF7F 4% S £

flo

4 2T opFolT BEI Yo F BetimF L 215 0E ERHQE 2 F 3 2FL o
P4 BT, MallorquinaB & AL hPHAA A5E BYon, THEA 23 29 2

Bttt 2o 69

k)

9] 27}A] ok F(Betizu$} Monchina)o] M2 IFLS A= o=

L
iy

. I3l Casta Navarra$FL 23 E7} HU} &L (Casta VistahermosaZ ¥ 433 7719 =d =
HQl F9o fFolgt B 3L, AlpineT} Pyrenean Atell EA|st= FF7HS] wigel] <3|
A% Serrana de TeruelZES =& 459 LD(linkage disequilibrium)& H gt X 1131}
FEAGH A=A A A 7tEF37F A ZEHATHE G4 g I A X MS markers ©]-&
g AFFT FHA GAARAS B3 2FF EE A7 &3] o|F A=l Metta 5(2004)
E¢] OngoleZ DeoniF ol 107}2 MS markerg &8sl F FF9 §H3F E4L 79
st FFE EE staxste AFE AT o AFddlAE di-nucleotideol] TtHEt ohE A
(100%)©] tri-nucleotide(60%)<ll ®]3t] = A VFEFsEIL, Ongole> 9T %o 4.57, Deonie 4.1
el iy §AX7E E2A% Tt B sttt Ongole®t Deonig-o] 7]t o] A2 z+z}t 0.46
7 05022 UpERsEL, Zefol] tid ¥ B EFS 24 0.15~0.799F 0.13~0.809] HLZ VFER



own, ¥ EFFL /A4 A4BE U= Forb 01172 eSS B3 5t3th Mukesh &
(2004)2 37}A] Q1x9] ZebuFE(Sahiwal(SC), Hariana(HC) % Deoni(DC))el] 3|4 207}2 MS
markerS  HE5te B3 Ay #AZFH  o|FHFEH Jdl ol¥HFEL TH
0.42(SC)~0.59(DC)$}+ 0.61(SC)~0.71(DO)Z. VE}FI, Foe 2z ZEZU9 8313 =old <3
88.7%% FAEJeH, §34 A= HCe DC7F SCo H|ste 7H7hE A& YEETHL B
sttt AxdMe ddEF BHES Y3 BAx FHIZo AAEEd, Pandey 5(2006)L
A= 9] KherigarhFEl 217F%] MS markerE ©] 835t FF59 JEFde8y 2447 ZE MS
marker7} 4~10 F9|F 6.24£1.770] -EFHAR FE BT 2 S BAFGa, &
=5 oFFHFTEL HAHLE 0574£0.1312 YERgtiy By Fgon, B XS BHESD
BAFAA e NFES Tt 25 o Fu3 FF BFS olF el & Aol B g}
.

FHI JdE FEASA otz stelMe FHY A=FTHe LFFT

B

H=t], Van Hooft 5(2000)2 o}l=g|7} A
MS markerg #-&3ste] 7ol HFES FAS Ay W U7 AA ko] FAHIA,
YRR A4 Ade FBEHES Tt W2 Ay o] TAE AR} HI olF
ol AEs =1 FY otzE7t HEEE WY FAA At H ALZ YENTa B g
A}t Freeman 5(2004)& 167}A] AMolz g7} AEFFd tsiA 2071x M
AT {FATH EAES AN A7, 242 dAZFe du FJEE)AHE vehdle F4
(population-associated alleles-PAAs)S Q1%, 25 B FHA G A AEH L, o] x|He] AHe)st
Al wFFgHNE Bt Bos indicus FFE QA African taurine©] H2} Al A 7= EA
g dZstna d7E ST Ibeagha-Awemu 5(2004)2 o] A|jolet FHE| £ 97}A]
indicus®¢ 37VA taurusZFol 167}A MS markerE Z 43 A3 ZE Huo AA olFHILA &£

AEFEN)S 11.7%, FFH = gk AA F94 EHEFEDS 6.1%, BE 3219 A 3+ A
o|(Fspe 6.1%=2 JEa, AleS A4 23 tawusETI indicusgol A2 23 AT
taurusSt indicusd Wl FFTAN= & Aol7b UERA ot & FF W 14 Bt
=2 geEvd F59 L5l dold ThsAdel vkl B skt

Eujot o E2 F2 /8 B d59 £FFo] o|FH AMREHE FHE FFol F4H
A7 Wi F2 FHI A= 2FFHY FFI vm AF7F @] A E A=, Hanslik
5(2000) Original Friesian, 3 ¢] Holstein 2%, 1| Holstein 2%%, 32| Brown Swissol|
th 3] A 397}2] MS markerE Z-8-35te] E2| Holsteing 9] AlSo] AlZE FHAYGY v §, 1
?11 Friesian YZF9] o|FAHTELS W w3 A, Holsteing XT3+ Friesian A Eo| EF

&
0.43~0.482 W]<=5lA Ve, ZHEA A As 89 Holstein?} vt <] Holsteino] &}



A3 Zol7t YAt E1 3 TH Hansen 5(2002)2 47}A] #(Canadienne, Brown swiss,
Holstein 2 Jersey)ol] W3l 157}%] MS markerE #-&35te] AlFHAATH 24 HAAs A7,
Canadienne, Brown swiss 2! Holsteing2] o|F A 382 0.68~0.692] HE eI AL, Jersey &
2 0592 e o™, CanadienneZol thek o2 FF9 34 Agle 42 Holstein(0.156),
Brown swiss(0.243) & Jersey(0.235)2 v}el}, vttt EFO) sk f-A A E =Ly
B2 gob, gAY, dF ke A §34 AR g9 2 AdsgE THAE 5 4
3 7t= Aol vlEA ST B 3ttt Machado 5(2003)& 47}#] &3(Gyr, Nellore, Guzerat
2 Holstein)ol] t3] 9712 MS marker® #8483l 43 AgES £43F 27}, Neis F317F 7
2E oI5l UPGMA WHoE ATH S48 @ 27 HobteinZol 8 F27 444 A
Y71 73 & Ao 2 vEelda, Guzeratd 3k NelloreF2] A#7F 0252 7HF 7Hguba Ba )
Ao wd, AAY WP BRAFE T18B20000D, HE FEAE} B BAE
BMS1237 (53%), AR 78 He 291 BMS3004(12%)2 LFEREom, 9749 Marker &
Sl @ BE OIRHTEL 35%0|T, HWE A4 kA 3%z uegtn Bo Sk
Mateus 5(2004)2 10712 L2 FZ 4FF, n|=F2] Charolais B H#}Z2] Caracudl]l A 30
7kA MS markerE 2-&ste] AFHAATH AL A A, Iberian FF B thH
Az AMee 567807702 WEEal, 7B & o|d3T&2 Caracu, Maronesa, Garvonesa
2 Arouquesa, 7} 2 o|FH TS Brava de Lide®} MirandesaZoll A Ho Fohy B
ST D, HEADE 18T NI ABF A4 2%, AT T2Ed 4FEY 944 S0
7}A]= Brwon ConcaveA| & (Arouquesa, Mirandesa, Marinhoa)?} Red ConvexA| % (Mertolenga,
Alentejana, Garvonesa, Minhota)2. 2 327 I1FS FAste AL I ¥ Bu 1%
t}. Steigleder 5(2004)2 B a1 A CreoleZ3 & 971A] =

% dFelA BeEe CreoleF2 164710 HFa7l Hof 4748 I7tellA st dAl=
500mt8] A=gk ARSE Qo] BE 9] Y JSe $HIIAUTE CreoleFd2 T2 HEt

}

A ZZzo\J v Ay ¥ wslgS u 23719 gEGAR HEE RoFga, AFdT X2

Zo]] A 147}%] MS markerE 3F

l

Tz &AFFo] Creole T2 7|9Y Aolgte ZES WHY. Liron 5(20062 o= 3 Ev}e}
Egn]o}e] 47}A] Creole &%, 47}A] 9 taurine®, 27VA] uv|= ZebuZo| thadl] 97}x MS
markerS -85l FEALS AAS AI} taurine®t ZebuF L 7.8%0 FHEAS HYT

T 2427 NeloreZ# Brahmango] 7 TH8-& B4t H, CreoleF2 EF RetintaZ 7}

E2L Aty Ha sttt ESE CleoleZ& mtDNA EAuto 2= fqurine?] AJ3FL Ul
2 ak Y-AA A oF MS A2} taurine?} Zebuo] mFol o HAE Ao 2 XMl YT

2FFT F34 b AL oM oRAHAME FHs] olHA=H, FTlA= Zhou F

(2005)°] F=r2] 57}A] &% (Luxi, Nanyang, Jinnan, Qinchuan & Yanbian)ol T3] 107}%]



markergE #-&3ste] FJHEAES AAT 27 BHAHA WHFAA N HT-2 3.45(Ynabian)~
432(Luxi)2 e}, Nei's Ds 47 AgE A¥E Ay, Luxi2¢ NanyangZ <] Ag7} 7f
A 7}7+al Qinchuan¥} YanbianZ 2] AZ 7} 7FF W Ao 2 YEE 1 (0.025), AAHo =
YanbianZ& =9 thE ZZ3 §4 3 A (035197 tiAFez W Roz Vet B
stttk 34, HZ Zhang S(2007)2 277FA] F=ES, 37k SJHiFol disiA 307HA

markerg &35t AlFfFAASA EA A, 480714 dHYFAATE HAEE JhEHl MS 9]
of tidt Ha dHFHIAY MEE 9.093700)a, ZF FF W 5138 zolo 3] Arie AA
FA™olE 2%oH FF EASE fFHdols 8% B YT} Neis A AZE o] &
3 27 dFY ExEY OFS AL, e A F OHHE UHdE
o AXo] e 3 ge FoE UHJYr B 9t Aol e F& 4] gE Ay

S 2RH JIESHAL, AEe] fle T T BAZE, T, T59 FFE &
o
—

ri
>,
of
¥
Y

>~

2

hul

fr
(o
A

al
424 =4¢ mold A7 ABE 4o AT ABE MCIR faxe 247, MS

=
AeHAegd, RERATH 242 Foto ALz 399 fH4 54, 55 T4 £ &
A dBBA Sol W3] o]Fojx o} It
T A= A F@2001)°] 47HA FF(EFHy, A¥e, €23h, Holstein)ol thal 6717
markerE A8t FFE o|IHGES AWHE 2 Tk dHSTE A 0699 0732
AnE BAFotn B et =3, 34 A
g o]&3 3ok dA¥es OE Sy 2983 FEE Holn EHI {AA ZE
AREE AAetAT. 5LE FF theiA Kim 5(2002)2 1374 MS markers 283t £
1BHTEC] 04712 71F v, A7) 07442 71 =9ko
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&
i
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e
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o, #9ol 9 07289 J) o|EHAEL ATk BT stk Neisd D, $317 A

o] &3 NJ treeZ S A7 gh9-of AWMSIE 7P DRSHA A#EA Ax, 4

HolsteinZ 7 7 ¥=9 182 FA3ATT B 3tdth 2 $(2006) 8744 A8 §H¢- ¢

o] WAl 77FA] MS markerg &35t Ho S HAISE A7 markerd] the P Tl
3

r
ot
o
fr

0.031)°] 7b¢ 7Hga, AER FE(0.154)0] 7 ® ZoF vElon, Ao o8E

ZE A ol HTELS 07092 T2 FFl Hl3ly =& e HoFrtn Rusgrt
# 5(007)2 -5 ZHF AA 20712 2FFY Y-FAA o] INRAI24 919 FA
A g 248 AAsket, A2 1320p thE/FAAE taurine, 130bp thE-F-AAE indicined

Eolxog YW, 7} FFL2 FHoMoL T8, 8T, oz 2 JAxFoer FE
HYgz By sl ERHe 7 {§H, 4B 2 9= Bos indicus 518 H{FHAAT A
Z5)2] ke Wt AFZ9o|ME Bos indicus® HP-FAAT}E 19% AZ=EPckn B3 st

9, fa o] AT WEL MS @ SNP 24 Zow 23S

pc?
ol
©
ok
o
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Sampling & examination by
phenotypic appearances

DNA extraction

PCR amplifying

Decision of genotype size

Analysis of genetic characteristics
for each loci

Analysis of genetic characteristics
for each population

Analysis of genetic relationship

among populations

Conclusion

Figure 2-1. Strategy map for come to conclusion
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SHb Aim 2 S5 gk 2/F7|F2 Figure 2-27 Zo] A St

Figure 2-2. Classification of Hanwoo by partial white or black coat color mixed with

brown(A), spotted white coat color(B), and levels of nose darkness(C).

Ae HEE Ued Aoz ez FEST wH0Et e F9 - B
T R A Ao yehts FHE v FERFE, A8 3 oolnt

el elsA tehte 2g ol Yehie oz T2 s SEE wns 2o 7Fd
o3 TR Wk T F ATAR FRIYL, FE s TRl HE WHYH
o olmAg wHTh Zu|P TR Sugrel wel F 592 T2 Uk B AFelA

E ATE 19A4(2006E@ ~ 2008d)E2 3¢ F Fo] £3te F 330FY AEE 04359
3, Zz} o|malm Zu| Aol EAISHA] &w Aoz A A 140%, Su| A 194 59
T, ZH 29A 30F, SHE 394 21%F, SHA 49A 65, SHE 5T 9F, ME 28F
SR 26% 2 9uk 11570 E24o o]&Hth Ed TR Ul AR o]&FHI YE
Holsteing 6979 A8 % 7 244 o8& st3th 2242009 ~ 20104d) AF< F 382F

o Fg FAAN AmsIFe wet Pl EFE Sl PF 0%, MR 17F, FTE 0%, 5
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A 19A 205%, 6|7 224 205 2 S84 39A 1352 £4351%9 1, 7]¥ Holsteing- 72 T
Z72 8w 194 B @|EFF slFEHE Angus(155), Brown Swiss(255), Charolais(12F),
Hereford(195), Holstein(88%5F), & HF-(105F), WH3-9(105), Limousin(405), Nouth Korean cattle(48
), Simental(245F), Yenbian cattle(1615F) & 11£@52F)S a2z F7lste] 2459t

DNA % % AHAl= Boom (199008 A& wWskom, beed 71¥H] Nucleic Acid
Purification Kit - Genome - (MagExtractor'™, Toyobo CO., LTD. Osaka, Japan)Z& ©]£3}
24 a9k AR TS Magical Trapper(Toyobo CO., LTD. Osaka, Japan)ES ©]-&38}e] 2¥ dF
B3935, DNA 7193 ethanol®] §Z2¥HS & ZF/JEfdll A heating® |AEZHE FAlo 3
= GENTRA-VAC(VS-802)(() Scientific, &=)ell ¥ 587 Ax stk iAo R, FF
Z(distrilled water)E 100405 93 rpm 1,200014 227F 94 25l DNA LA
DNA® 5% =3L UV Spectrophotometer(ND-1000, Nanodrop)E& ©|&3te =A3dct. 9%
e FFF 1UE ol 33, BlankE ol&ste] 3 & F A5Apb I TEE
4 St DNAE Ao Agt AeFo] 7hsslr] df&dll 320m olshe] W T-g<l 230, 260
2 280mm e EAEY R, 260melAe FH =7 1€ w) DNA =7} 50ng/mld] Ae2 Ak
e, zt 260/230(83tE il BEE €Y DI W0260(2MA FH BcE Y &
Mme} T 27k R Fhe] v o] 1.772.0Y A$ PCRel Age DNAZ FAasich

ol
U

T

i
o

=
=

A

2
=y

N

4. Microsatellite marker 43 2@ PCR &%

E A7l ©]§3F microsatellite markere =A-7-7 83 (International Society of Animal Genetics

- ISA@NA 3= marker 5 287FA] primerE G319, o] 5 7 28N FEoE BA4¥
primerE A4 Axp 19420066 ~ 2008d) Ad@ 1dAe F 227FA] primer(BMI81S,

BM1824, BM2113, CSSM66, ETH3, ETHI0, ETHI52, ETH225, HELI, HEL5 HEL9, ILST05,
ILSTO06, INRAOOS, INRA(23, INRA032, INRA035, SPSI115, TGLAS7, TGLAI22, TGLAI2%6 %
TGLA22NE AF 204E % 157FA primer(BM2113, CSSM66, ETH3, ETH152, HEL1, HELS9,
ILSTO06, INRAOOS, INRAO23, INRAO35, SPS115, TGLAS7, TGLA122, TGLAI26 = TGLA227)E zt
Zh BAof o] 83ty om, 25 A (2009 ~ 2010) = 12714 mHAE Frtsle] F 34l RHA=R
(BM1824, BMI1862, BM2113, BM3027, C209, ETHI0, ETH225, ETH3, INRA23 SPS115,
TGLA122, TGLA126, TGLA227, TGLA53, BM3628, BMS1719, BMS2270, BMS2815, BMS65,
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BOVILS95, CSSMO036, CSSMO041, FSMC2, 1IDVG43, IDVGT7, INRAOSL, TGLA325, 727074,
BL25, BMI1864, BM3413, BM6418, BM713, BMC6004) EAs9ck. =Zglelr=  ABI
StockMarks ™(Applied Biosystems, Forster city, CA, USA)E o4 3tgth 2z primerel] 3t &1
forward)# FHeHreverse) G714 8-S Table 2-13 2tk PCR $Z-& ¥4 P49 microsatellite
of A3y e FAAe] 27 BES s IHY Be Ao 7R set® multiplex PCR 3
3tk PCR ¥FS-N-S AmpliTag Gold® PCR Master Mix{Applied Biosystem, USA)E ©]-83}%1,
template DNAS} primere 2 222 744 A 2+ 027052 F7sk: 35 volumes 1040
7t HER FFRTE AU AL, plae® 183 mm 3000004 f4EEd & 30x3
vortexing 3F9TE PCR 882 GeneAmp PCR System 9700(Applied Biosystem, USA)S ©]|-8-3}3
I, 2% 21L& BCAA 1583 denaturation, 95 CollA 3023 60TColA 18 30%3F annealing, 7
2TCAA 18 3027 extension, 72ColAl 4087t extensione AASIEE 24 stAUTE annealing ™3
7 1E 0FTY] extension?E-L 3B3E BHEE AW SHGITh PCROAMEC tid AV
(electrophoresis)2 agarose gel2 ©|-83th gel A2 TBE buffer 100m{oll agarose 15g% €1l
microwavedll 327t 7FE, water bathel] 23] 4% & WFEF ETBRS 3nl& thA] 499 gel A=}
E Qb B& F 3087 sk Al stk PCR AHEo] W3t standarde size marker?! 100bp
Ladder(100ng/ul) 6,45 ©]-8 3}, loading dye= PCR AHE#} dyeE 1:1 H|&E 3uA ol 6409
SEHFET 7192 150Vl 3024 E dAlekslal, UV AR1E9E skl PCR bandE #7U 5F3)
=3

Table 2-1. 22 microsatellite markers and their primer sequences used in the analysis

Locus direction” Primer sequence('5-3")
BM1818 F(5" AGC TGG GAA TAT AAC CAA AGG
R(3" AGT GCT TTC AAG GTC CAT GC
BM1824 F(5" GAG CAA GGT GTT TTT CCA ATC
R(3" CAT TCT CCA ACT GCT TCC TTG
BM2113 F(5" GCT GCC TTC TAC CAA ATA CCC
R(3" CTT CCT GAG AGA AGC AAC ACC
CSSMo66 F(5") ACA CAA ATC CTT TCT GCC AGC TGA
R(3" AAT TTA ATG CAC TGA GGA GCT TGG
ETH3 F(5" GAA CCT GCC TCT CCT GCA TTG G
R(3") ACT CTG CCT GTG GCC AAG TAG G
ETH10 F(5" GTT CAG GAC TGG CCC TGC TAA CA
R(3") CCT CCA GCC CAC TTT CTC TTC TC
ETH152 F(5" TAC TCG TAG GGC AGG CTG CCT G
R(3") GAG ACC TCA GGG TTG GTG ATC AG
ETH225 F(5" GAT CAC CTT GCC ACT ATT TCC T
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R(3")

ACA TGA CAG CCA GCT GCT ACT

HELI F(5'Y  CAA CAG CTA TTT AAC AAG GA
R3)  AGG CTA CAG TCC ATG GGA TT
HELS F(5'Y  GCA GGA TCA CTT GTT AGG GA
R(3)  AGA CGT TAG TGT ACA TTA AC
HEL9 F(5')  CCC ATT CAG TCT TCA GAG GT
R(3')  CAC ATC CAT GTT CTC ACC AC
ILST005 F(5'Y  GGA AGC AAT GAA ATC TAT AGC C
R(3)  TGT TCT GTG AGT TTG TAA GC
ILST006 F(5Y  TGT CTG TAT TTC TGC TGT GG
R(3)  ACA CGG AAG CGA TCT AAA CG
INRA0O5 F(5'Y  CAA TCT GCA TGA AGT ATA AAT AT
R(3)  CTT CAG GCA TAC CCT ACA CC
INRA023 F(5'Y  GAG TAG AGC TAC AAG ATA AAC TTC
R(3)  TAA CTA CAG GGT GTT AGA TGA ACT C
INRA032 F(5')  AAA CTG TAT TCT CTA ATA GCT AC
R(3)  GCA AGA CAT ATC TCC ATT CCT TT
INRAO3S F3')  ATC CTT TGC AGC CTC CAC ATT G
R(3)  TTG TGC TTT ATG ACA CTA TCC G
SPS115 F(5')  AAA GTG ACA CAA CAG CTT CTC CAG
R(3)  AAC GAG TGT CCT AGT TTG GCT GTG
TGLAS7 F(5Y  GCT TTT TAA TCC TCA GCT TGC TG
R(3)  GCT TCC AAA ACT TTA CAA TAT GTA T
TGLA122 F(5') CCC TCC TCC AGG TAA ATC AGC
R(3)  AAT CAC ATG GCA AAT AAG TAC ATA C
TGLA126 F(5')  CTA ATT TAG AAT GAG AGA GGC TTC
R(3)  TTG GTC TCT ATT CTC TGA ATA TTC C
TGLA227 F(5')  ACA GAC AGA AAC TCA ATG AAA GCA
R(3')  CGA ATT CCA AAT CTG TTA ATT TGC T

1)

F - forward; R - reverse;
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Figure 2-3. Sampled electropherograms of microsatellite analysis using the automated ABI sequencer model 3130XL genetic analyzer. X and

Y axis represents the DNA molecular weight and the peak height in fluorescence units, respectively;



PCR FZ& E35lo 48 AE(1u)E hi-di Formamide(Applied Biosystem, USA)$} Size
Standard Genescan 500Liz(Applied Biosystem, USA)¢} EF3 & volumeS 11pE T3
3,000rpmell A 18 A8, 30%7F vortexingdte] FH] AT GeneAmp PCR System
9700(Applied Biosystem, USA)& ©]&3ted 95Tl 1087 o3-S F= AHE AR,
3130XL Genetic Analyzer(Applied Biosystem, USA)Z o]&3to 39 12} 3 A thalk HAax}
% H(least square)22 PCR ©HAY|E 4 31U} microsatellite locioll 3 o P/ =2
Agst m37] AAHL GeneMapper(version 3.7) software(Applied Biosystem, USA)E ©|&3}4]
AAEAT. 2717 ZAE microsatellite locis2 FAIE A|59] /lAEE N4 (Microsoft, ver

2007) sd= Aesto] 2+ FAEA Wl A8 skt

RIIFE ME o {FHFH o EAT I A LAFFY] A ¥ 24 =
= EAZ BA 9SS o] &3 ded, &4 B o83 microsatellite loci® AA et

5 4o
B 54, 4 gEd 494 54 8 448 A FHR 242 ol8F Auttel 417
7 =

7Zh g FAANE, ol Fs 9 AP RASF

zt A9 AR Aes dgRAAE Uebd 829 A4S countdte] 2 HE Y
2k HFE vl SR, ol WEE HEste HYfHA eSS thA] Allste] 2FE 9
H v 5ttt BE=H o|gH TS (Observed heterozygosity - Ho)& AA| 43L& B35

S At oz e FAL o

g
oo

i

12
o

A7|A, Ny= | F2lol A= olFHFAY Fola, N& JHAIY Folth. F3A thdAd(gene
diversity)(Weir, 1996) 3 Hehl #34 tfd, = Jdl 7HAZE Holes A7) #1771t
o] @ &8 (Expected heterozygosity — Hg)(Nei, 1987)2 Hardy-Weinberg(H-W) 3 & Agjof] 4 ¢]
o| 24 olFFLEEA HET Zol FEE B & F Uk

ll

—

O
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H, ZI—Z]?;
i1

A7NAM, Pye | FSlol e idA dgdaAdxe] Hxoln, nd | ol = dH-Fd=e] 7
Folt}y. Z+ ey FH2l9 oA HERE JUehlle 9I3AHE TR/ (polymorphism  information
content — PIC) A4 Botstein 5(1980)9] “golo olsled F3t¥ 1, thao F4E8 o] &3t
PIC A= ®lote] FHAF 29l Aol efobrt 32 RRIZHEE 2709 /A F o= &

A7|A, pist pE A2 Rk A iPgRAte] RiEe|T, nd tiEfRke] Tlseltt.

NATo 5402 gy fFAxe] Hes FHs 0E AATE 7 A el iy
A2 AFE v 7 e 4 #AAE L AHAE (R 2, A BRIl thE allelic richness(El
Mousadik} Petit, 1996) F2(R)E Bl tHTh o] HHL 2N/ FHR F thA| FE53 2n
A FAAN A Eolde HFFAAY Aes FAHSE FACIHN=n). &, 27l AEF F
olx & Jie dHEFAA iE M FEY FoE AMET RS RE TS 34E o] &5t

Faieict,

O

N p - 2N
2n

M, NE ONAS FAAE Hed i Bel BERAR Aelth B TEE $AS R T
WA FLSAT, 7o Nol A ATl FAE FAA #9) BEE guFeh 7}

£

rr

]_

IFEE 2 A ERAA s, ol Tge 2 H¥HETF A= EF Visual Basic 7R

olr

%

o2 79E Excel Microsatellite toolkit(version 3.1)(Park, 2001)2 o]-&3}s] 4 319,
AE AL F 2 FYE S 10bpelY Zolvkes Al oA E THFES] EAA A F)

Ao™, matching testE E5t =9 2 IFE {F3AF =Z77F &3] A5 Al =3 &
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AolA A9 sHETE. 4 22dE 9@ FHE  allelic richnessts FSTAT program(version
2.9.3)0(Goudet, 2001)-& o] &3ty B4 st}

U F-5A4% 2 HWE 33 HAA
Z} Fdboly EFU AR HIEE o83 FAehy 7} 9 5L F-SAHS o] &3
o B 5193, F-BAHES o83t HeEzt A4 zpolo] gk pairwise E4S F7182 2

AA AT Wright(1921, 1969)ol 213 A7 o] dAA|7EA] o] Y= Nei(1973) 2 Weir
=}

¢} Cockerham(1984)9] F-SA% & EE A7]ol wet dF@/FAx AEd 7H5XE Fo &
A717F A wat AVE LAE EA9F=(Cockerham™ Weir, 1993)¢] F-E A %2 o|& 3}

Atk o] WAL P FHAA o] et A4S V2R S HHoE A4 g fHAY ol
Fo] ¥ random populationg 7FHoE ZHgEe] 23} HE EGFE o|R3Y Fu(F), Fu(0)
2 Fu() FEXE Aok Il 23 =S e gk el Al A YR E At
o Fus oulsta, Ferll JHAIZ o] AV clBHFAY EAES AvletH, thgo TS
o]-g-3te A4t sHAT.

=
fr
=
flo

F—0
S = 1-0

o

A7, Fe A4 JAdd AAd dygsaxe 4#e vehiz, o5 A2 g2 Il
MANE7E A AEES e dE8Fd3 dlEe] 242 A 7HXE EFE e

W AR Tew} o] FojHrh

2_ 2 2 2
UT—UB-l-GW-l-G]

[r

Z

A71M, o= AAFREN HHRFAA W= AAEelL, o= F

i

T oA WE
b ot Al A dyRA Nz Bakeln, ke AMAIW A4 M E(gametes)Zt T
o Ratelth, ok 0% 247 RE #9wsk WAFARG] G Babe] Foz
doz uehd 4 itk

:

Aoy l-ﬂ
o
of

Y3 (o) T3
SRS 35 =R 3 3=
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F-8A%e ZE M ddl FFLS nAStY Jackknifinge AAISIE F3HH 2 (Weir,
1990), Fu(F)St Fi(Hol tislA= Hardy-Weinberg B3 #A3e AAst¥eh 2 7iA 2 A&t
Aol 3 Hardy-Weinberg 38 HAL dol3E 7|Eoz 39, do3d AEE A
Atz ok BlSHE, YRR ARVl Hol E FE EH(unbiased) FEHS AT =F
st HAAS AAskTh AL #9E 2 A JHAl el AASEH A, FAEE 1,0003]
permutation 3t 1% FFFoNA AA sl 63l tsides A I FA74 2olE AN
B7] 95t = 24 (pair of populations)ZFe] ©HERI R 3, 747 (multiple comparison
test)Al Aol F/MEFE Jdo 2 (random error)7} AXE EAE B 95
Bonferroni correction® 24 stgth =3k wide] WA dzba 7| ul T x*(chi-square) =
7H (additive) 1 A 7] W&ol (Weir, 1996) 47H4 < Aeizt 2 & gl
H] & (Sokal#} Rohlf, 1981), G-FA%F& Tt HAHLS A3k

1

Flﬂ

£ % (likelihood)

H

np  nu
= —2Zank ln[nkp )

k-1 i-1

AZNA, npe= AE k Wol S dF/AA 9 &, e AE kWY Qg 733 FONAIS
o] F H), pv= EE AU tEFHA 9 Hixola, F-FAF s 243 HAHL
FSTAT program(version 2.9.3)(Goudet, 2001)& ©]-&3to] £4 3l ch.

>
>,
ol
o,
B
H
N
=
2
=
do
B
iy
M
i)
o
_?L
4
N
)
_1&
HU
e
1%
o
>
>,
ol
o,
8
do
R
iy
M
i)
]
A

b= o E2A vehdta, iRV 2E3e A @rivkR ke #A7E glvk F43 Kimura
9} Crow(1964)9] F3-tlH-f- 2 E ¥ (infinite-allele model — TAM)¥} microsatellite®] ¥HE-

+ codond HFEA] MthZte] 1 codon®] ©eIFH Wol7l dojuf, ¥HEF9o o] HTo et
AAL ' 25T Aol JERNE Ohtast Kimura(1973)9] £xp2weo] =3 (stepwise
mutation model - SMM) 5 SMM E&-2 AtHE AX= FAoA Wol7l dojvt A &2
HESE JHAA " JHA &, V)selv SHe FUsh O A == Tlde] & FHE T

A= AAME(Homoplasy)el At 7AE AEst=d oJdgo] 7] W IAM 23L&
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7122 3 g Feith. E5 IAM E¥E V|22 3 WU F AT TE BT WA
HEEgH EA FF< BAGel Da FdAYNei, 1983)7F +3taL, gAtE S s=H
FEetH AAHezR 7 Bol AEste Ds #AAHNel, 1972)7F 7 EFHolgks tE
A F-(Takezaki®} Nei, 1996; Baumung &, 2004)2] R o] wel Des} Dy F3AZE & AT

o AAZ B 2B HAA B B4 o & stk Ds FAARE Theel Sord 34
ol §8he] Faerh.

tlo

22N 22 22 5y,
L N g i i gyl iVij
Yy — Xy —

r ’ r

J, =

r

vie 27 X9 v Av jEA F9o) EZAste WA ggedxte vzt mE o]4d
F219 Mot Dy FAAZE TS F4S 085 A

]
DAZI_;ZZ XYy
Jj i

ZF afd 2 RAE fAFd AggES AMS AZ DISPAN Z2 33 (Ota, 1993)%
MICROSAT Z 219 (Minch, 1998)& ol&3tth 7HAIE FH2 AgAB AL 5 ol dAS
el AAlE BAolA A skt

A% 2/ (phylogenetic tree)> £AE AR AP FHAALE o83t 4
3, 2 % unrooted treeE FA5F UPGMA(Sneath®} Sokal, 1973)9t= ©
&o] FFsHA ALHA @om, HAIHSZ =2 bootstrap = 7HAL IFL ATF
st FHE ¢ sl B " (Nei, 1987; Eding®} Laval, 1998) NJ " (Neighbor joining
method)(Saitou®t Nei, 1987)& £ Ao o|& stk Ds%k Da F3AE EF ©]83td
NJ tree® ZAsH, 25 2L AT ASSF F4L 242 DISPAN =2 3% (Ota, 1993)3

|

tlo

w519

A 23

O

|
i

f
i,
o

I

I
i
¥

)

o
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PHYLIP(version 3.67) A2ZE¢ o9l NEIGHBOR 3 7] A (Felsenstein, 2007)E ©]&3s}%th =
& ATS Fxo Ui AEY AL 25k bootstrapg T ZTE AFEF FHEL 1,000
A S

Zr A7k 2 ZE27 8474 AES A By st 2 FdE Y-S AA HIEE o] &3
ABENLS AAFYT, FLELE Bl AL NA W7o BAS FHIE gEE 2
E B4 geR, WEd fEA Wrse AEETOE oH AR WFFHRIZ T3
A A FAR BaAe A YT

Z=a, +a, e tau,
AA us 1 pAle ZF Ma(u)ol s Bake] A7t HE 2APR(H)LS s ATk 143
(eigenvalue)?] A LEHE (eigenvector)Z T317] flsle] 919 F4& EYzE BEA-ZTE

A Ee Faga, AA 18 2 7 18] IR EE HEE ANEAS AYEs v
Av ST B dFolAs XLSTAT T2 (www.xlstat.com)= ©]&3ste] 2k 2Fo] tish
T

EE WEAAA NEE o3 JuAEE EUR FAE £4& AU
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A 34 dA34dx 92 uF

1. Microsatellite loci®® EA 8 A

B ATl B99R A471F0 AYHE Yudt gE AP 2
2

Thekgh s EAFAT f1A29 ILST0062]
277op PFAAE S84 19410 Aol Az Vel 281bp tEFdAE 0479 HI=E
Holm 2oJrolie] gle FuedAw vehtes 2E & stk 283 297bpd] Y f-H A

% 3¢ Febol M= 227711909 MEES Hols whd E2ElR] HdoMd e 41189 =& Hx
2 Uehte RS &9 stk INRA03SS 739 89, 93, 95 & 97bpe] HPFAA7} o2 HA
Ao Agk 0389 e BEE Holw ZASE Aoz Jehgrh F7P8o 2 HEL9S 144bp,
HEL5¢] 174bp, ETH3¢] 121bp, BM2113¢] 119bp ® ETHI109 200bpst 2002bp A A=
Z+zb 092, 1.61, 038, 455, 092, 049 2 0498 WEZ2 BYon 9w FdQl Ao xgt =)
1= Aoz Ve, CSSM662 194bp g AAE Wute] A5t MAld JeEh)E A
2 3 Hoh 3 gAEE UPFAA Uz o F313 S dHe FAg = gl
QA = BM2113¢] 119bpét 149bp 2 TGLA1222] 167bp Y -5-AA7F Z2F 2,63, 2.63 2 2.38
o] Mir g ZHA 39A FoeAw vdeEhtlE AL #8191, INRACOSS] 128bpst 150bp T
HeARes 367 194 AdolA 333 2 1679 HIES Hol A Solxgor ZAst= A
< <l Stk INRAOSS] SR thE FHoelAs veRtA 2 134bp E-RHAATE
ZAstE Ao g vERT B3 Blng flste] 23S T2ERIFY] A e OE FE
old ARt Zol EAstd e, ETHIS2S 206bp, BMI1818S] 267bp, HEL5] 158hp,
ETH3¢ 129bp, CSSM662] 190bp, TGLA2272] 104bp, ETH109] 210bpst 212bp7F 22 0.75,
515, 1.54, 14.71, 1.49, 2.90, 299 & 0.75¢] HIEE Ho|H F-¢o= T 24 T2EAdZFdu =
olF oz Ueh}es dEFAAYLLS el 3tk =3, EFH T S48t dHFAA= of
Uz gk HEL9S 170bp, ETHS 117bp, INRA0322] 184bp, HEL19] 110bpet 114bp, CSSM669]
178bp HFAAE S2ERIFS 1%yl Eom 397t v Z2EQlFo] vod 397 &=
HEE Holg § oot Ave S vl digfdAd Aoz Yeigth. FA
Hoh HELSS| 148bpst 150bpe= H-¢-Folgh thfstAl ESAlstn ELERIFA= SAsHA ¥=
HE el & HAem, ILST006S] 283bp HE-FAAS WMEIE 227, ZTRE7t 2639 H
=2 Vel §9 F WEel SR7F Yehd o Soldoz EAste ALz yEETH oY
B

Aol WS 2 A% 2L MR 2o MEAA Jda

ofr

lo

flo

_|1m

FAAMEE §ARD



o2
©
i
e
fr
2
bl

L
VA = FAde] An gy el EFFTRS gk o] o]Fd Ae
de FAA BFdL daste= Al oJFHTEA=E FFES AA FetHPiry 5, 1999;
Pendey &, 2006). & &40 vehd uiel o] 9rEdd o} 14 27
HA vehe AL B oo, 9EAY BALS A mRel o] & T Uk {HA} ofd
MCIRE X33 th=o] A7 & (Valverde 5, 1995; Frandberg 5, 1998; Rana 5, 1999)
sl MAM Eo] oA EE keratinocyteZ29 X 5 T AHE AFH EAo mFE o]
2l B 2] 7H(Janckson, 1994; Lewis, 1998; Rana %, 1999), M4 2o #Asts FAxte] &4
AAZEY] Az Aol ThE ] i) F, 2002 JEhte @4z At ET
T RO (I H A B olmA)e] REGY AT FHA AnTA B FAY
ot o AfT fHy BEFAAZ A= o
Bt 7] fSte oo FAHRIARA JREZS ZAE fA 2% Z4GA
MS) rtAE A5, o rtA=E BFAHA /AA

YA mhrAclm Ao B 2 EAZAE A}

i
N,
e
%
i
[0}
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Table 2-2. Allele frequencies of 22 microsatellite loci in Hanwoo grouped by various phenotypic characteristics

Locus Coat colour” Level of nose darkness” Hol® Locus Coat colour Level of nose darkness Hol
o o
ILST0O0O6 WT BL WS B Ba Bb Be Bd Be INRAO35 WT BL WS B Ba Bb Be Bd Be
277 0.93 85 1.92 0.77
281 0.47 89 0.38
283 227 2.63 93 0.38
285 455 263 455 047 1.85 95 0.38
289 13.64 1579 9.09 20.56 19.44 29.17 19.05 8.33 6.25 2941 97 0.38
291 2045 2.63 2727 1028 8.33 16.67 9.52 16.67 25.00 1.47 99 1.92 7.14 9.62 833 1.85 238 833 31.25
293 34.09 5526 59.09 42.06 45.37 41.67 52.38 66.67 56.25 25.74 101 69.23 69.05 27.27 74.62 7593 68.52 59.52 41.67 18.75 39.13
295 227 7.89 6.07 278 6.25 11.90 41.18 103 19.23 23.81 63.64 10.00 11.11 27.78 30.95 50.00 50.00 59.42
297 18.18 13.16 15.89 1574 4.17 7.14 833 12.50 2.21 109 5.77 1.15  2.78
299 4.55 327 5.56 111 0.93 7.14
301 0.93 2.08 113 9.09 0.38
119 1.92 192 093 1.85 1.45
HEL9 WT BL WS B Ba Bb Be Bd Be Hol TGLA57 WT BL WS B Ba Bb Be Bd Be Hol
144 0.72 82 0.74 1.72  4.76
150 0.36 0.72 84 3.57 3.85 2.57 517 1.72 238 10.00 12.50
152 435 2.63 2.38 86 0.74 086 1.72 10.00
154 42.86 32.00 50.00 39.13 39.47 4483 3571 50.00 62.50 30.43 88 32.14 36.54 15.00 2537 25.86 22.41 16.67 12.50  7.97
156 10.71 4.00 15.00 543 526 8.62 7.14 6.25 0.72 90 1.92 037 172 172 238 10.14
158 0.88 1.45 92 1.47 1.72 238 10.00 0.72
160 1.79 2.00 6.88 10.53 8.62 7.14 10.00 5.07 94 2321 1346 45.00 17.65 17.24 31.03 28.57 50.00 12.50 4.35
162 26.79 26.00 10.00 19.57 19.30 13.79 19.05 20.00 18.75 14.49 96 2321 1346 30.00 2647 2586 24.14 14.29 31.25 55.80
164 3.57 10.00 5.00 797 7.89 690 14.29 6.25 2.90 98 10.71  9.62 5.00 11.03 10.34 12.07 11.90 10.00 12.50 12.32
166 7.14 10.00 5.00 3.62 439 345 7.14 20.00 21.74 100 7.14 21.15 13.60 1293 1.72 11.90 10.00 12.50 145
168 7.14 16.00 1500 11.96 9.65 12.07 7.14 6.25 0.72 102 5.00 4.76 6.25 7.25
170 1.72 21.74
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ETH152 WT BL WS B Ba Bb Bce Bd Be Hol HELS WT BL WS B Ba Bb Bce Bd Be Hol
190 0.40 2.38 146 040 2.08
192 400 217 500 840 545 7.14 5.56 148 20.00 8.70 20.00 15.73 15.63 8.00 1944 833 11.11
194 12.00 21.74 15.00 14.40 1091 19.64 19.05 33.33 2222 11.94 150 12.00 21.74 10.00 21.77 15.63 22.00 22.22 16.67 16.67
196 66.00 65.22 55.00 63.20 66.36 57.14 54.76 41.67 66.67 38.06 152 16.00 13.04 15.00 9.27 1250 20.00 5.56 2222 21.54
198 14.00 435 10.00 840 7.27 1429 1429 833 5.56 9.70 154 16.00 13.04 10.00 26.21 21.88 22.00 13.89 50.00 16.67 11.54
200 400 652 500 320 6.36 2.38 12.69 158 1.54
202 10.00  2.00 3.64 179 7.14 16.67 26.87 160 2.00 1.61 231
206 0.75 162 4.00 870 5.00 323 417 14.00 5.56 16.67 46.92

164 22.00 2391 15.00 1290 18.75 6.00 25.00 16.67 11.11 1.54

BM1818 WT BL WS B Ba Bb Bce Bd Be Hol 166 8.00 8.70 25.00 645 833 6.00 833 833 556 14.62
253 5.26 1.36  3.57 2.08 168 2.17 0.81 1.04 2.00
255 3.18 238 0.74 174 1.61
257 7.89 091 1.19 2.21
259 26.32 36.84 4091 2591 27.38 18.75 18.75 25.00 37.50 40.44 INRAO032 WT BL WS B Ba Bb Bce Bd Be Hol
261 526 7.89 18.18 1545 1429 1042 15.63 16.67 6.25 13.24 176 6.52 1042  9.09 726 417 536 278 18.75 441
263 5526 42.11 3636 48.64 48.81 64.58 46.88 41.67 56.25 38.24 178 5435 4792 59.09 49.15 52.08 53.57 61.11 5833 37.50 12.50
265 2.63 7.89 455 409 238 4.17 18.75 16.67 180 39.13 31.25 2727 4274 41.67 37.50 27.78 41.67 31.25 34.56
267 5.15 182 4.55 0.43 1.79 6.25 882
271 2.63 0.45 184 8.33 043 2.08 2.78 6.25 39.71

186 2.08 1.79  5.56
ETH3 WT BL WS B Ba Bb Bce Bd Be Hol

113 0.38 2.63 HELL1 WT BL WS B Ba Bb Bce Bd Be Hol
115 23.08 25.00 35.00 30.77 3426 37.50 2895 25.00 31.25 44.12 100 1.61 1.75 1.47
117 36.54 3542 30.00 30.38 31.48 32.14 31.58 25.00 18.75 1.47 102 6.00 4.17 7.66 8.77 10.34 10.00 556 0.74
119 577 417 500 538 741 3.57 6.25 104 22.00 20.83 20.00 21.77 1930 13.79 5.00 25.00 27.78 27.94
121 0.38 106 2.00 417 5.00 403 526 517 7.50 15.44
123 1346 18.75 15.00 19.23 16.67 8.93 2895 16.67 25.00 0.74 108 14.00 1042 5.00 1935 1491 17.24 15.00 833 11.11
125 21.15 16.67 15.00 13.46 10.19 16.07 7.89 33.33 18.75 1838 110 40.00 33.33 50.00 31.05 29.82 37.93 55.00 50.00 27.78 0.74
127 1.79 20.59 112 16.00 25.00 20.00 13.71 20.18 15.52 7.50 16.67 27.78 10.29
129 14.71 114 2.08 0.81 43.38

(continue)



CSSM66 WT BL WS B Ba Bb Bce Bd Be Hol BM2113 WT BL WS B Ba Bb Bce Bd Be Hol
178 22.00 2292 18.18 22.08 19.09 17.24 17.50 25.00 16.67 1.49 119 2.63
180 10.42 292 3.64 345 750 4.48 123 2.00 1.83 098 536 6.25 15.22
182 24.00 3542 13.64 25.83 24.55 39.66 25.00 16.67 38.89 11.94 125 833 12.00 18.18 1055 1471 1.79 1053 833 6.25 253¢
184 26.00 12.50 9.09 18.75 28.18 2241 25.00 33.33 2222 29.85 127 0.92
186 12.00 625 9.09 7.08 9.09 8.62 750 25.00 16.67 1.49 129 2.08 200 4.55 0.92 2.63
188 10.00 2.08 18.18 1042 273 1.72 29.85 131 417 6.00 9.09 505 392 7.14 13.1¢ 25.0C
190 1.49 133 27.08 22.00 9.09 2248 17.65 26.79 15.76 16.67 18.75 39.13
192 6.00 2.08 18.18 500 636 517 17.50 17.91 135 20.83 14.00 27.27 21.10 13.73 2321 7.86 25.0C 25.0C 10.87
194 4.55 137 37.50 42.00 31.82 36.70 47.06 35.71 42.11 25.0C 43.75 9.42
196 417 9.09 583 273 1.72 5.56 0.75 139 046  1.96 2.63
198 0.91 0.75 149 2.63
200 2.08 0.91
202 2.08 2.08 1.82 ETHI10 WT BL WS B Ba Bb Bce Bd Be Hol

200 0.49

TGLA227 WT BL WS B Ba Bb Bce Bd Be Hol 202 0.49
78 3.70  6.00 7.08 577 6.67 206 2.38 0.49
80 2.00 455 208 096 500 263 8.33 208 238 238 0.97 2.63 12.50
82 2222 18.00 4.55 2250 19.23 15.00 7.89 33.33 25.00 210 2.99
84 9.26  2.00 9.58 10.58 6.67 2.63 212 0.75
86 741 10.00 13.64 583 3.85 333 1053 833 1875 11.59 214 16.67 21.43 23.79 1837 2593 31.58 16.67 12.50 25.37
88 3.70 2.00 13.64 3.33 1.67 10.87 216 4286 4524 5455 37.86 50.00 2593 31.58 41.67 43.75 43.28
90 1.85 4.00 0.96 5.26 218 7.14 476 2727 11.65 1122 1481 7.89 16.67 1250 7.46
92 556 10.00 9.09 958 1442 1333 7.89 3.62 220 476 238 340 204 556 263 12.69
94 12.96 18.00 12.92 23.08 10.00 23.68 25.00 12.50 14.49 222 26.19 21.43 18.18 20.87 1837 27.78 23.68 25.00 18.75 7.46
96 11.11  4.00 13.64 7.50 4.81 11.67 13.16 833 625 10.87
98 20.37 20.00 27.27 14.58 10.58 16.67 21.05 16.67 31.25 3.62
100 1.67 2.88 1.67
102 1.85 2.00 9.09 083 096 500 526 39.13
104 2.90
108 1.67 096 3.33 2.90
110 2.00 455 083 0.96 6.25
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INRAO23 WT BL WS B Ba Bb Bce Bd Be Hol TGLAI26 WT BL WS B Ba Bb Bce Bd Be Hol
195 11.11 1.56 1.85 476 8.33 115 0.38 091
197 6.00 870 556 586 556 926 7.14 16.67 117 0.77 182 2.38
199 556 313 278 3.70 238 833 0.74 119 46.00 6522 4444 4846 41.82 46.55 57.14 41.67 61.11 35.07
201 10.00 2.17 11.11 2.73  3.70 20.59 121 18.00 870 11.11 13.08 17.27 22.41 9.52 3333 11.11 39.55
205 36.00 41.30 27.78 42.97 38.89 37.04 23.81 25.00 27.78 21.32 123 4.00 2.17 2.69 273 8.33 1.49
207 18.00 19.57 16.67 16.02 12.04 22.22 28.57 25.00 22.22 8.82 125 8.00 6.52 16.67 1423 1273 690 9.52 18.66
209 2.00 3.13 648 1.85 7.14 833 16.67 22.06 127 16.00 1739 2222 1846 19.09 20.69 16.67 833 27.78 522
211 6.00 8.70 742 463 556 4.76 5.56 129 8.00 5.56 192 3.64 345 476 833
213 22.00 19.57 22.22 16.80 25.00 18.52 21.43 25.00 11.11 26.47
215 0.39 093 SPS115 WT BL WS B Ba Bb Bce Bd Be Hol
241 2.08 0.88
ETH225 WT BL WS B Ba Bb Bce Bd Be Hol 243 3542 4130 38.89 3248 2895 40.74 30.00 41.67 38.89 58.82
136 0.78 1.28 4.17 19.70 245 417 435 2.56 088 5.56
138 2.50 233 256 4.17 247 16.67 19.57 16.67 1538 1228 9.26 15.00 833 16.67 27.21
140 56.82 57.50 27.78 5853 56.41 47.50 62.50 33.33 62.50 3.79 249 833 10.87 11.11 1239 14.04 9.26 17.50 16.67 0.74
142 1591 17.50 22.22 11.24 12.82 15.00 833 16.67 12.50 251 27.08 1739 2222 28.63 33.33 2593 27.50 25.00 27.78 11.03
144 13.64 10.00 22.22 17.05 15.38 22.50 12.50 50.00 25.00 35.61 253 2.08 0.43 3.70
146 1136 5.00 27.78 7.36 897 5.00 833 31.06 255 417 652 11.11 8.12 9.65 556 10.00 833 16.67 221
148 0.39 9.85
150 2.27 0.78 5.00 BM1824 WT BL WS B Ba Bb Bce Bd Be Hol
154 1.16 128 2.50 178 455 263 556 1.57  3.75 19.70
156 7.50 039 128 2.50 180 4773 42.11 2778 5197 43.75 47.50 41.67 50.00 25.00 22.73
182 34.09 2632 3333 2638 35.00 2750 4.17 25.00 25.00 16.67
ILST0O05 WT BL WS B Ba Bb Bce Bd Be Hol 184 2.63 5.56 0.79 250 7.50 4.17 25.00
183 4286 25.00 40.00 29.31 42.11 34.62 50.00 40.00 12.50 77.54 188 11.36 21.05 27.78 1732 15.00 17.50 50.00 25.00 12.50 38.64
185 57.14 75.00 60.00 70.69 57.89 65.38 50.00 60.00 87.50 22.46 190 227  5.26 1.97 1250 2.27
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TGLAI122 WT BL WS B Ba Bb Bce Bd Be Hol INRAOOS WT BL WS B Ba Bb Bce Bd Be Hol

135 1071 2.08 11.11 9.09 1339 893 16.67 11.11 118 3.70
139 1.79 5.56 128 3.33

141 17.86 14.58 11.11 20.08 13.39 16.07 1429 33.33 11.11 134 4.17

143 1429 2292 2222 1553 1339 19.64 2857 25.00 556 2500 138 11.11 12.50 30.00 14.81 1833 23.68 21.88 16.67 11.11 821
145 16.07 14.58 11.11 2235 16.07 16.07 11.90 16.67 16.67 140 16.67 29.17 25.00 24.07 2333 31.58 50.00 50.00 33.33 51.49
147 0.38 142 50.00 45.83 40.00 4259 40.00 39.47 28.13 16.67 38.89 40.30
149 4.17 0.38 22,79 146 11.11 417 500 926 667 5.26 16.67 5.56

151 19.64 2292 1667 1894 27.68 3571 238 833 4444 221 148 1111 417 556  6.67 11.11

153 1250 833 1667 568 8.04 357 952 833 556 150 1.67

159 1.47

161 714 208 1111 1.14 3.57 2.94

163 0.38 2.38 23.53

165 0.38 1.47

167 2.38

171 12.50

173 0.74

175 1.79 227 089 4.76

179 0.38

181 8.33 3.03 179 714  8.33

185 7.35

UWT : white coat color mixed with brown, BL : black coat color mixed with brown, WS : white spotted coat color separated
with brown;
“ B : Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed with other colors, B(a ~ e) : near to "e”
%§ darker than "a”;

Hol : Holstein breed utilizing for dairy cattle in Korea;
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Z} microstatellite locidll W&l YeEl= E-{FHAA RIEE AR st F40 o] 83 227}
Z] microsatellite locus®] SX 3 oA, o|FHEE, dFAZEAF 2 F-FAHFES T3,
ZF Z9lel gk Fehdl AAAE 2 WA A e o|FHFE A HWE A A
A7} Table 2-39F Zo] YETE 2 A o83 22742 microsatellite marker< & 1970 ¢]
& GAA A ZREHE markerol L, 2 YA AGFE 207 AZEYL o] = # &
AR #Zelo) EXste dgfAdxe Aes 2020002 vElE L, ILST0059] thg-fa =t 74
7b 7PE A, TGLAL229l digf3at 77t 78 B2 Ae® veiyt. stARE, 2z #4919
ZA st PHRFAAY S5 HEF e AFo] U F S5 2L A A%
AEF e a5 2o] yehdth. ek 2 dAfors MEFd JTFe BA] g
el A g Rl 5 RSt ASA stdvh o 23 7 ed UE
60.87H= VFEFAL, 1.877H7342709] R AE3e] A2 HYgFHA & BAFUnh 24" o
HAAA o= 22 ILST0069 Wy -/F-AA 78 74 A3, TGLA227¢] O
Hog HE oz Vet AA dyg-fdA Aeet B o8 g -fdA Aee HAs
Table 3°l= YERNA] kA% 0.1370716.6870 2 YeRY ILST0057F 7 2Fa TGLA1229] #H
27 g & A2 JERETh fEA dddEs vEle 7ol 3 EE (expected
heterozygosity)> HHHo 2 07169 FEL HAFUT 044670.86591 HIE Eehgod,
ILST0057F 7Hd #al TGLA2279 A+ thdol 718 2 2o =2 vetgn. 2+ #2919 g
FHAe BEAY FEE Yehdl= PIC %2 0331708212 YERE R ILSTO057F 7HE 2har
TGLA227¢] 7} & & 7HA 7ItelBHEET v e BAFAnh PIC AT+ T
Hom 06489 EL TPEAHEL HYen, BM2113, CSSM66, HEL5 INRA023, TGLA57,
TGLA122 ¥ TGLA227< 0.7 o9 =& tFAATE etk o= Schmind 5(1999)°]
Budh 2920 AFF9 YPf-AA7 ILST005(2) HELY (13), Del Bo 5(2000)0] 213l &

% o
do
R
P
3
)
o
=

Hel gz Ao ALFFo] ILST005(2) TGLA227(8), Sodhi 5(2006)0] R Axe
TharparkarZ°] ETH3(4) HEL9(11), Mateus S(2004)o] X3 IX2FZe] AFFo]
BMI1818(8)"TGLA227%}  HEL9(12), Zhou &(2005)°] Hxd FZAJe &EFo]

=
BM1824(476)"TGLA122(11713)2 yEeRhd Aol H|§te] Zil, Zhang 5(2007)0] Bigk F=<]
97k ETHI0(10)”™ TGLA227(22)2 vEpd A fFARIAA T Ay {32 e wolrt ¢
2 Ao 2 yebgth B8 2 A o] &3 g 2 T2E] HHe @A} o|FHF
€& Schmid 5(1999)0] B3k 292 AFF(0.70), Sodhi 5(2006)°] E3k A% Zebu F
Tharparkar&(0.60 % 0.67), Mukesh 5(2004)°] ®i13t A% Sahiwal(0.42), Hariana(0.53) =
Deoni(0.59), Vijh 5(2008)c] B3l Q1=e] EAEZFE(06370.70) Rt; & Aoz ey, 2
AT A7t e vete] FFE ¥t dERAR A7 B ZldelF T L] =2
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Table 3. Summary statistics showing characteristics, gene diversity, PIC values and F-statistics” of analyzed 22 microsatellite

markers.
Ch Size No. of G PIC Fi ;
Locus romosome range 0. 0 Rs Gene it Fst Fis
location (bp) alleles diversity value (F) (0) o)
BM1818 23 253~271 9 2.49 0.664 0.586 0.035 0.011" 0.024
BM1824 1 178~190 6 2.58 0.719 0.616 0.053 0.059™" -0.006
BM2113 2 119~149 11 2.88 0.766 0.704 0.123™ 0.044™" 0.083""
CSSM66 14 178~202 13 3.12 0.811 0.757 0.032 0.034"" -0.003
ETH3 19 113~129 9 2.87 0.762 0.694 -0.019 0.049™" -0.071
ETH10 5 200~222 11 2.72 0.730 0.662 -0.038 0.010"" -0.049
ETH152 5 190~206 8 242 0.615 0.557 0.038 0.042"" -0.004
ETH225 9 136~156 10 2.70 0.670 0.593 0.1417" 0.152"" -0.012
HEL1 15 100~114 8 3.06 0.751 0.691 0.148" 0.085"" 0.068"
HELS5 21 146~174 12 3.24 0.829 0.779 0.091"" 0.071"" 0.023
HEL9 8 144~170 12 2.96 0.752 0.698 0.039 0.022"" 0.017
ILST005 10 183~185 2 1.87 0.446 0.331 0.360"" 0.275"" 0.069
ILST006 7 277~301 11 2.78 0.681 0.619 0.064" 0.060™" 0.005
INRAOO5 12 118~150 9 252 0.705 0.623 0.045 0.0317" 0.015
INRA023 3 195~215 10 2.96 0.803 0.747 0.051" 0.030™" 0.021
INRAO032 11 176~186 6 2.40 0.609 0.514 0.070 0.105™" -0.041
INRAO35 16 85~119 12 2.08 0.513 0.432 0.603"" 0.161 0.536""
SPS115 15 241~255 8 2.76 0.753 0.689 0.004 0.029™" -0.025
TGLAS7 1 82~102 11 3.02 0.786 0.732 0.120"" 0.044"" 0.080""
TGLA122 21 135~185 20 3.32 0.839 0.791 0.087"" 0.061"" 0.029
TGLA126 20 115~129 8 2.63 0.682 0.617 -0.007 0.027"" -0.034
TGLA227 18 78~110 16 3.42 0.865 0.821 0.142"" 0.052""" 0.096""
Total 222 60.8 0.716 0.648 0.078"" 0.053"" 0.026™"

b Hardy-Weinberg equilibrium test was performed for overall( Fi) and within samples(Fis) based on 1,000 randomisations;
Testing for population differentiation not assuming random mating within samples was performed by log-likelithood G
statistic based on 1,000 randomisations;
: p<0.05, : p<0.01, : p<0.001;
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of o]&3s Hete FH A thekidel A,
ol A=t 18 ZA Jehde Aoz
HoleH|, dgfdae] Hae A Zr|d & dFS 7] &l (Schmid &, 1999) HH &
AR Ae Bohe A B8 3 Regt ¥l & PIC value & F3te] §3x vk d#
MS marker 70| o]F Aot & FHo g2 ALEFT]
Y AR NS o] &std Aatst FHehd AMATH, dA AN
SAEHS vwd 23, el 23352 vehie ey A
7H TS BRAFE Fo FAS HAAHoZ2 0026 9 S EH oy} Hardy-Weinberg 3 8 AHE)
| | Aoz VERGTHP<0.001). AAHOZ FiE 0049705369 A3 We W
2 BX3Y microsatellite FHol wE WHolrl AH3 FHa, ETHIO FHH7F 7
INRAO3S #$17F 7FE ZAl Vel INRAO03S= tHE locioll ¥]3}e] heterogygoted] ZA
(53%)°] F33s] A FHhl INRA03S Helell thidk Hoh 7HAIZE 4B =7 dgs] =2
° 2 eI THP<0.001). INRAO3S 915 EFst] EE lociol 3k Jdl A HWE A
S 3 AR Fi #ol BE FJud vlete tiAlF o2 £ locit HE-E HWES WEXA @&
o3 uEba, BM2113, HELL, INRA035, TGLAS7 2 TGLA227 &$17} ol s =30
(p<0.001). 573 2ol gk Jdul AMATT olFHFA S £dEo] AXNE IS 5HIZ
gt HFH A Akl oslA Yel= 5734 hitchhiking effect(Jordana &, 2003), Zgfo
o Hoo] A7l= Wolg A PCR 5FA] null-allele®] 24 E= Hde FAE &7 g7
o] Bt dFoRA AR T2 E ol FJud shite] Fuow Fu BMT H4o
#= olgdyg e Hod Aol FHTE°] ARE Wahlund effect(Nei 5, 1987)o 23] A=
ok B ATl o] &3 3¢ AHES FA3 Ax, ZuFE 2vtA A olFgHTE o HAl F
g olBHEEAN wstd WA vEhd SuE wA dAod rE RI3der AVE
Wahlund effect7} 283k 2oz HoleH], 3h¢
7] wEoll, AAR 7 Aot Zu|E AZAT|Ee e et
2002), SH|gAle] W2 FHee] MAZE o= AX=
3 Fi 2 A 5339l ok dqwulvt ol HAA =HE AT == Fod A
of FL3 BA(F-6 E= 005 7HAAA =<l whsl, dojuns AAsHA A2
HWE H3487F AA Feb 071 f2AA<Q zelg 7FAA Bk (Weir, 1996). Aztelvt & 3
@] A 3w EABATE b Jeel welE T3 AHoA Alg ez wujvt
AAE7] W2l 67 FE 2#sAY 7 9 e 7HAA "ok fHAA AFFS o8
ATl A= Kantanen 5(2000)0] 20714 EAFHe &FFY MS el Wigk Fi gkel
0.397(INRA035)8} B3 393 Jordana 5(2003)2] T A=-0.028(ETH10)0.384 (INRA035)
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2 UEh 2 A7 fARRE 2aE RS, oldl FHE A dEEo X @xwk dubge
2 Aol o]HAA = B #He] Jlon, FF, A B AT SolHeE yehie= 4
olgta A" sttt ¥FH, Mukesh 5(2004), Pandey 5(2006)¢F Sodhi 5(2006)°] Hig %

9] DeoniE, Hariana%:, Sahiwal¥d, Kherigarh%¥ Tharparkar® oA+ INRA035S] F.7F 22t
0.121, 0.028, 0.006, 0.0913¢} 0.0642 StkA|zH, BMI818E 0.181, 0.397, 0.344, 0.16399F 0.498,
HEL5E 0.640, 0.549, 0582, 0.6040¢}F 0.371, HEL9S 0.213, 0.117, -0.100, 0.24839} 0.1632 }E}
U A5 AFFT Sheote o2 e E3E Mateus 5(2004)0] BEilgt X257
ol AEZEZF Fi Frol TGLA122(-0.003)"SPS115(0.118)2 YEht thxx oo}t Zhang &
(2007)0] Bi1dk 277kA] F=¢ AFZT Fiodkel BMI1818(-0.015) INRA035(0.231) 2 HAHE 2
#IE Bvh ZAHem @+ FFEE Sol4E 7HAE FASVE 4] b2 9 INRAOSE 1
I} FEOIAo} R Yo AFF FUsHA Uelde HAEA Bos taurusel SAXHo g2 Jeh}
= F9=E AL EW, Bos indicus 3 570 vlaAldE FE0ld g Ado] JdHFH L g
STl e FYA4 AR T HEoe FAFY 3oz AlRH.

A DA g FAIRE JERH olFHEH 2EES UERNE Fir B3 Fiust rizobA

-0.03870.6039] W2 WA= Ul 27 ETHIO 73 22 v INRA03S #H99 A
AA FAIETE 7PE 2 Acr JEiygd. FiE BTFoE 0.078(p<0.00De] e Hyoen,
HWE 73 Z# FoollA HWES w22 g= #9 o|9ol= ETH225, HEL5 ILSTO05,
ILST006, INRAO23 2 TGLAI22 7} F7FH o2 HWEY "Holvte Aoz et o
P 5AA Hol(Fyeoll theh 2ol BAZAY HAAHO 7 00539 S EI(p<0.001), Z+ loci
AAH o 2= 0.010(ETHIO)™ 0.275(ILST005)2] He= UrEM, ILST0059] 74-¢ 22 g fd
2 Nt g AFE BRYLolE e e 1 o] F Q1 Zpol(p<0.001)7F AH=HAL,
INRAO3S= 05149 B84 AFE EId= AA AAT fFA= F JAdd AT fA=
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=
Bhje @abeldn B gt B A7E 0E d7dE tad $Y A9y s @
WEo] Put AolE UhlE Rt AACR WA YEhis Row
AR, F2E Aue] B4 olgHo} Fel AFHCE AFHE FFol7] URo

2-4)2 HAHS 2 0.530+0.036(HF) ~0.685+0.027 (NK)Z e =H Hd-¢ol dd=e JAee
0.577+0.0322 & 7ol FH LS Btk 0|73 1949 284 25 A4 Hod vs)
of ZIthel®d A€ol F7tetdovt 32Ad A ZIhe] @ o] Yobx ZH|F wE F3
S B YehtA &tk B, Charolais2 AAlo|FHdEl HIste 7ol gH T &0l =

flo
lo

2 Ve, HerefordES Al o]F T8 0] 0.385£0.0200. 8 AF3s] We 32 B
Aot BEHHFAA Aees AEF vlEHete Frhsts @48 JEHE, Holsteing 2 A
F2719 vt AL EFAA AFE Bk sHAR, 53t At 2AAAL48F)Y] T
AR Naee 7.74£2.45

k¢-of T3k o|mAl FRI} SH|AFo| wE FEOE FAS ot o|FHTEI dHFAA
M= Table 2-59F Zo] et FHeto] thal 7ol TS 0.689 + 0.023(Hol) ~ 0.743

Q] A Bl Hate] Re o|FHYLEL BAD, BT A9 UnE w5 olF
Fee mglon), 3u 297 Mud IR FARTe] e e Haie] o|@H el Sol
ey Wol=7} the v Wt 2AE Holz e Ao

olg g e AFZEIE AHEHE Schmid (19992 069, Z 5(2001)-2 0.714, 8(2002)
2 0668, Dorji 5(2003)2 0699 2 & 5(2005)C 06828 etz Buste] 7 5(2001)<]
AT Azobs TA FHolrl AT H|[3 oJPHFEL Hole AL FA IRtk wid,
Hanslik 5(2000)9] Aol AE Friesian 249 7|Hol@HFEo] 04622 el 54, d



nk=, AYtk 2 w5 Holstein®] 7ol @ H&&0] 043704602 A3 e 7ol 3 H &
& ngletl oled WAL Bl olgd markere] ol 23] WEolshn nu st
T E2ERIFLS I ESATAE AUstY Frte] EFEIe AT olA7A = 9T
Weat Ao medol o3 EEAt ARE 27 Wl e vl ZAE EAEIEY
Aol g W EET $AT Tl FUElo] FHBA B Arel = Pz FARHol
WstElo] & Ao AR
Table 2-4. 347}2] MS markerd] thdt Hed o|FHFE & HoHWHR/FAA N
Population Sasrirégle Hg=SD Ho£SD No. of AllelestSD

AG 15 0.602+0.030 0.551+0.023 4.44+1.50

BH 20 0.613+0.029 0.552+0.019 5.94+2.45

BNa 20 0.577+0.032 0.532+0.019 5.44+2.22

BNb 20 0.613+0.030 0.538+0.019 5.68+1.85

BNc 20 0.622+0.027 0.563+0.019 5.79+1.89

BNd 13 0.587+0.034 0.504+0.023 497+1.78

BS 25 0.548+0.036 0.527+0.018 3.94+1.50

CH 12 0.575+0.037 0.610+0.025 4.24+1.46

HF 19 0.530+0.036 0.385+0.020 4.00+1.54

HT 88 0.594+0.034 0.574+0.009 5.62+2.42

KBL 10 0.599+0.038 0.535+0.028 4.44+1.81

KBR 10 0.584+0.037 0.502+0.027 4.38+1.60

LM 40 0.619+0.029 0.567+0.014 5.79+2.31

NK 48 0.685+0.027 0.558+0.012 7.74+2.45

SM 24 0.603+0.029 0.578+0.017 5.06+1.82

WH 17 0.627+0.032 0.538+0.020 5.97+2.22

YB 161 0.669+0.026 0.583+0.006 10.35+3.34
Note : AG-Angus, BH-¥1 2, WH-¥1 2 BNa-&4}-$, BN(b~d)-Z-H]1~3%7], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,

KBL-1}] & &-9-, KBR-& 1%, LM-Limousin, NK-Nouth Korean cattle, YB-Yenbian Cattle

T3 B ol
(0.6070.69), Mukesh S(2004)0] &

LET

(0.70), &=

LET

(2007)¢] 2=# <219

LET

o] g3 TS

el

N,

(0.5670.67), Citek (2006)¢]

(o]

71 th

A5
M

A=

LET

184 %42 Schmid 5(1999)0] Hidh 29| 29]
SahiwalZ(0.061), HarianaZ(0.66) 2 Deoni%
(0.41570.506), Martin-Burriel &
(0.4170.69), Pendey %(2006)¢] KherigarhZ(0.717), Sodhi 5(2006)¢]

Tharparkar3(0.67), Mukesh 5(2004)2] Sahiwal%(0.42), Hariana%(0.53), Deoni%(0.59), Vijh
S(2008)0] H3t Iz o EAZEZE(0.6370.70), Ibeagha-Awemu S(2004)5°] X113l AZ<}
olZ 7}l Bos indicusFE] 7ItHelBH &l 0.70370.744, Bos taurusFTE9 7ol FH &
©] 0.51270.656, Freeman 5(2004)°] Hi1gh Ajo}xzg]7} | 0.5270.65, Van Hooft &

(2000)¢] Hagk ofxzg7te] HEZ FFE°| 0.64770.811, Mateus 5(2004)°] Bt z=2F7

T e
LFETEC
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AEZ0]0.627670.7417, Zhang S(2007)0] B3 =] 2771 AEF F FIZEER LEX
0683, F=FHF 42FF073) B FIEF  £2FF0629), Bhutan® ALFF|
0.667(Mithun)~0.796(Nepal hill cattle)® WEbd A7} vlmw &2 o, 22 FF2 A3 o

of FF Bt} Z|tel@HFEl AA FFW FHF dFAELe I a9F
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Table 2-5. Expected and observed heterozygosity and mean number of alleles of 22

microsatellite locus for each group

Populationl) Sasrirégle Hg£SD HoESD g/{“eaAnllé\IIgs' R,
WT 28 0.717+0.024 0.711+0.020 6.14 2.69
BL 26 0.707+0.026 0.698+0.021 6.45 2.67
WS 11 0.736+0.024 0.715+0.030 5.18 2.75
B 140 0.710+0.026 0.670+0.009 8.64 2.68
Ba 59 0.712+0.025 0.700+0.013 7.36 2.68
Bb 30 0.710+0.024 0.720+0.018 6.27 2.66
Bc 21 0.717+0.023 0.708+0.022 6.14 2.69
Bd 6 0.743+0.021 0.718+0.040 4.23 2.74
Be 9 0.715+0.032 0.666+0.035 4.73 2.69
Hol 69 0.689+0.023 0.683+0.012 6.14 2.57
Total 399 0.716+0.025 0.699+0.022 6.12 2.68

Y WT - white coat color mixed with brown, BL - black coat color mixed with brown, WS - white spotted coat color

separated with brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed with other colors,

"ot

B(a T e) : near to "e" is darker than "a”, Hol : Holstein breed utilizing for dairy cattle in Korea;

_41_



AR o) o] &3k 22 microsatellite Z<loll thal] Aol AT EXE AHEY] 98 It
W A FBBE(FOE 45 Table 69 AlAl St Th ZE Lol tigh AAHA Fi
F3AE -0.02(Bb) ~ 0.08Be)E eI, -067(Bd) T 1.00(WS)el He2 Vel aFW 2z
zelo e H=E zels Hele oz Uit 53], 5339 dolMe AT
OlFHEA ZEE FHol EAlkE A& &<l e, INRAS 2 TGLA227S FH| 7
Aol wet Al TR TA F71ete AL @A T E2E Aee A9 3
T AddAs MR FBBE(F)7E S Zof ol Hettk fA
e et o #9Y Aoz eyl A5 INRA03S 2= Table 62 Z3}s} npzt
A2 053(WT)~1.000WS)e] =2 el 7HAZE FAMES Eo INRAOSS FH9le -3
of Qlo] A"s nAFHe] e FHALdS wHESEH. oloke= ¥HiE ETH3, ETHI52,
INRA032, ILST005 2 ILST006 #F<lv 617 @A7 Z7istdd wet el 7l 7k &
e 7 A Aozt AXE A& B ST AR, 2 Zu| A olmA Hukgk &
Al Fe AT = glol(p<.05) EFAL] mE Hok L2 E3go] EAste AL
ThAl ol stk INRA03S &9l Fi ol o2 9o Hlstel =ZA el @A
Jordana 5(2003)9] ATFAAME vERgEH, §89 187 4LFF F 127K AFF]
13.7%(Alentejana) ~ 69.7%(Tudanca), Zhang S(2007)°] R1dk F=o] 277}x AFFo]

=it

o

0.2389] Fis #FS 7HAE= Ao =2 YEPEA T Mukesh 5(2004), Sodhi 5(2006) % Pandey &
(2006)0] Ri1dt 1%9] Sahiwald, Harianad:, Deoni%, Tharparkar® ¥ Kherigarh& o] Z+Z}
0.121, 0.028, 0.006, 0.093 = 0.064% Feht Aol w]ste] ok} w3k

F39] kst FeEFL0 ILST005 2 INRAO3SONA 3He-Aatat fALSE i ghe HPA et
HELS 2 ETH3 ol thallA =2 Fi 3te B T3 AFFTEL T = 99 o

FE FAC e AR ARdEnh =3, mtDNA B4E §3 4 FFT /34 AL

Zhang $(2007)°0] B

(Chen <&, 1990; Namikkawa &, 1995; Chen &, 2006, Lai &, 2006; Lei &, 2006; Mannen &,
1998; Mannen 5, 2004; &, 2002; Kikkawa &, 2002) 2 Y-GAA Eo| HEXM(Cai 5,
2006; & 5, 2007 NME T=&5F] 2FFH = 84 Bos taurusst FARSIL = B
ofz g7t FF= Aot b= A& &<l SHTE o9k o] INRAO3S 9= =L} of= a7}
= BEZFY §317 BAENdE 4s EHHA 5 ot FFW HAIRE B
A HAEA T marker249 E&do] Hojd o= Al HT
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Table 2-6. Inbreeding estimates(F;) within Hanwoo and Holstein populations per each 22

microsatellite loci

Locus WT BL WS B Ba Bb Bc Bd Be Hol

BM1818 0.00 0.01 -0.18 -0.01 0.08 -0.15 030 -0.09 -0.09 0.11
BM1824  -0.11 -0.09 0.29 0.03 -020 0.04 0.17 -0.33 0.18 -0.01

*

BM2113 0.06 0.15 0.11 0.10  0.09 0.05 -0.08 0.23 0.00 0.09
CSSM66 0.02 -020 -0.12 -0.01  0.02 -0.13 -0.03 0.18 0.01 0.12°
ETH3 -0.06 -0.04 -0.03 -0.07 -0.09 0.03 -021 -028 -0.08 -0.07
ETHI10 -0.05 0.00 -0.18 -0.02 -0.03 -020 003 038 -0.14 -0.11
ETH152 0.19 -0.15 -0.02 0.05 -0.01 -0.04 -025 -0.40 -0.05 -0.02

ETH225 0.00 -0.27 0.17 0.04 -0.08 -0.05 -0.11 0.11 0.63 -0.06

HEL1 0.00 -0.01 -0.15 0.09 0.11 -0.06 0.03 0.07 0.32 0.08
HELS 0.02 -0.07 -0.15 0.05 -0.03 0.06 0.15 0.11 0.00 -0.01
HEL9 0.03 -0.05 0.04 0.02 006 -0.09 -0.05 020 -0.05 0.03

ILST005  -0.09 -0.29 0.22 0.10 -0.05 -0.15 -0.17 027 -0.08 0.22
ILST006  -0.14 0.13 0.08 0.02 0.11 -0.04 -0.13 -021 -0.40 -0.01
INRAOO5S -0.24 0.07 -0.27 0.10 0.12 0.11 -0.17 0.09 -0.04 0.01
INRAO23  0.19 0.08 0.10 0.02 -0.06 0.00 0.01 0.04 -0.05 0.02

INRAO32  0.07 0.07 -0.08 0.03 -027 -0.24 -030 -0.67 -0.15 0.04

sk Hokok seokok seokok sokok sokok sokok sk sokok

INRAO35 053 0.70 1.00 0.60 068 076 083  0.75 0.82 0.01

SPS115 -0.13  -0.03 0.02 0.02 -0.03 -0.13 -0.01 0.17 -0.19  -0.08

* ook

TGLAS57 0.00 -0.02 0.46 0.08 009 0.04 011 -0.03 0.45 0.07

sokok

TGLA122 0.05 027 -0.13 0.05 007 -0.05 -0.11 0.02 0.01 -0.07
TGLA126 -0.15 0.04 -0.36 0.04 -0.07 -0.09 0.03 -036 0.02 -0.11

* sk *

TGLA227 0.16 0.01 0.08 0.13 000 0.12 022 0.23 0.26 0.03

Hokok *

All 0.01  0.01 0.03 0.06 002 -0.02 0.01 0.03 0.08 0.01

WT - white coat color mixed with brown, BL - black coat color mixed with brown, WS - white spotted coat color
separated with brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed with other colors,

B(a ~ e) ! near to "e" is darker than "a”, Hol : Holstein breed utilizing for dairy cattle in Korea; * @ p<0.05, ™ @ p<0.01,
p<0.001;
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A A 7F 0.194470.40642 Mukesh 5(2004)= A=< A7FA] 2FF7 Dot Da 5313 A
7 24z 0.23370.389 2 02117027622 JER} 2 Al AZZ7F 17 A vsld A
335 A7t & v Mateus 5(2004)0] Hud T=2FZAY AZFFS D, §1F Agrt
0.032670.1898 %, Citek 5(2006)°] B3t A= £FFE Dy A7 AZ7E 0.017270.0837=
et skl =7hel EAlste AFFN FA18 AZdA AR AEE BRAFTH w3
Dorji $(2003)-& BhutanWjol| A5t 27 5423 Ag7F 0.07370.5082 VeV 2=

AFL KA1 AT ggsHA EA =, Bhutane EJ¥lz} Q=9 HAA Y
22 taurus$ indicus7t ETF FYEo] mFo] AEE] olFFMon, EolFoB  tgurustt
indicus® ILf{3 5L 71X FFol EASH] WEd dd FAAYE THAE AR AR

A,

ek ol WMEHTH 2tolE EUrh Ld Uehte WEE of 7h] @SS BHols
g, & AA7F ¥rMoz HY3 albino FEf(Leipold 5, 1968; Greene %, 1973, Gallagher
&, 1992; Schmutz 5, 2004) o]¢lol -9 Wi} FEo} np7bA 2 o ErYF T M
U =27 4o vElE= Roan BFY(Olson, 1999; Seitz 5, 1999; Aasland &, 2000), §H%-<]
Wty o] wbgeol g2 velhtes wWuk(white spotting) EFY(Olson, 1981; Olson, 1999;
Reinsch %, 1999a), Attst vtdez & FHE Y3 AT colour sided EFY(Olson, 1999)
2 3o WEE 2k FEj2 el belted BFYE(Guiffra 5, 1999; Rao %, 2003) 52 I
2 VehdtH(Seo 5, 2007). 3], 3¢9 wWRo} {FAFSE Roan EFY-S SHA G48H) (Olson,
1993)e] KIT ligand®&1 = E#+= MGF(Mast cell growth factor) FAAfel] o] ZAA = =4
single bp W3} Ed®old 93] doAdth(Seitz 5, 1999; Aasland &, 2000). MGF=
melanocyte, hematopoietic cell & A A E2] A 2 E3lo] Qo] F23F o

of KIT fdA} MGF 32 W9 7152 MAFAG o, 98 & Edol} XA &
ol JrH(Pawson¥ Bernstein, 1990). % Hereford, Shorthorn, Belgian Blue % Texas
LonghormnZl Yelhes ENEA F stUzA R/r+ BIYEY o34 Y ddfdAE 712 o
UHH(Seo 5, 2007). whd, @WurgEl= Holstein, Guernsey, African Sanga, Zebu %
FEolA vEhE, wWinke] =7] Bok 9 HARL7E A7) dolF e g vehdT
Wutg gfe] EAHE-S Holstein @ Hereford & Ha G4 KIT 229 syntenyell €
3 23 = Ed(Reinsch 5, 1999), S W #F<lol Q& ¥l 7HA dgwa48 (S, s7, & 2 s
| et s8S Holsteino]vt Guernsey$t 2ol E723F Fgo 9lo] = S”= Herefordet
Zo] H]FEo] Wz FeE WAoo Hr} A= & 5(2002)°] -KIT receptor 3

Z9] intron 6¥ G HollAe] A AR A3} 8 My S 7R EFE intron 69 4

a1

Simmental &



Aol A Fo1E 47he] GAANFL FFol we) e NEE BAD, FET AvA 9% 27
EoaAsd REgny By Sk F 399 92 Sqo] d¥EoE WAHE WE Zm
2 omue 2y 0E GaAN S dFFARel g8 2R fRe] e AL
HAAE BTET AU Aol Hol: Ao ARHL

Table 2-7. Ds genetic distancetstandard error matrix among the Hanwoo grouped by

phenotypic characteristics

)

Population” ~WT BL WS B Ba Bb Bc Bd Be
-0.0097
BL +0.0073
0.0242  0.0450
WS £0.330 +0.0323
B -0.0098 -0.0007 0.0704
+0.0038 +0.0049 +0.0438
Ba 0.0162  0.0021 0.0577  -0.0025
£0.0047 +0.0063 +£0.0444  +0.0030
Bb -0.0090 0.0078 0.0342  0.0042 0.0075
£0.0059 £0.0097 +0.0293  +0.0048 +0.0067

Be 0.0318 0.0214 0.0384  0.0433 0.0384 0.0253

+0.0212 +0.0134 +0.0247  +0.0146 +0.0184 +0.0140

Bd 0.0102  0.0040 -0.0478  0.0088 0.0108 -0.0247 -0.0329

+0.0333 £0.0329 +£0.0268  +0.0329 +0.0328 +0.0248 +0.0191

Be 0.0168 -0.0046 -0.0007  0.0318 0.0353 0.0085 0.0676 -0.0212

+0.0349 +0.0295 +0.0193  +0.0397 +0.0419 +£0.0294 +0.0337 +0.0285

Hol 0.3636 03796 02730 04018 03730 03418 03537 0.2943 0.3748

+0.0606 +0.0665 +0.0608  +0.0586 +0.0576 +0.0527 +0.0772 +0.0858 +0.0815

Y WT - white coat color mixed with brown, BL - black coat color mixed with brown, WS - white spotted coat color
separated with brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed with other colors,

B(a ~ e) : near to "e" is darker than "a”, Hol : Holstein breed utilizing for dairy cattle in Korea;
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Table 2-8. D4 genetic distances and population differences(Fst) among the Hanwoo grouped by phenotypic characteristics

WT BL WS B Ba Bb Be Bd Be Hol
WT 0.0037™  0.0093™  -0.0073"  -0.0066"° -0.0032™°  0.0124"°  -0.0016™  0.0067"° 0.1157"
BL 0.0491 0.0173™  -0.0011™  0.0006™  0.0033™  0.0084™  0.0045"° -0.0019™* 0.1210"
WS 0.0845 0.1033 0.0256™°  0.0217"°  0.0138"  0.0137"°  -0.0214™ -0.0041"" 0.0918"
B 0.0319 0.0368 0.0930 -0.0014™  0.0012™°  0.0162™  0.0045™° 0.0115"° 0.1244"
Ba 0.0350 0.0406 0.0971 0.0186 0.0030™  0.0148™  0.0073"™  0.0140™° 0.1180"
Bb 0.0519 0.0544 0.0882 0.0355 0.0440 0.0101™  -0.0063™  0.0037™° 0.1115"
Bc 0.0841 0.0692 0.1083 0.0647 0.0656 0.0660 -0.0110™  0.0240™° 0.1130™
Bd 0.1180 0.1232 0.1388 0.1091 0.1140 0.1057 0.1052 -0.0142"° 0.0983°
Be 0.0920 0.0823 0.1270 0.0883 0.0916 0.0880 0.1263 0.1387 0.1192™
Hol 0.2416 0.2309 0.2305 0.2294 0.2301 0.2267 0.2365 0.3009  0.2860

Hkk

p-values obtained after 4500 permutations; ™ : non-significant, = : p<0.05, = : p<0.01, : p<0.001;
Indicative adjusted nominal level(5%) for multiple comparisons is 0.0011
WT - white coat color mixed with brown, BL - black coat color mixed with brown, WS — white spotted coat color separated with brown, B - Hanwoo brown cattle having

"

a cuticolor nose and pure brown coat non—mixed with other colors, B(a ~ e) : near to "e" is darker than “a”, Hol : Holstein breed utilizing for dairy cattle in Korea;
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Figure 2-4. Neighbour-joining tree of genetic relationship among Hanwoo grouped by
phenotypic characteristics using Ds genetic distances based on 22 microsatellite loci. The

numbers on the nodes are percentage bootstrap values in 1,000 replications.
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Figure 2-5. Neighbour-joining tree of genetic relationship among Hanwoo using Da genetic

distances based on 22 microsatellite loci. The numbers on the nodes are percentage

bootstrap values in 1,000 replications.
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Figure 2-6. Neighbour—joining dendrogram using Da genetic distance within the individuals
in 10 population grouped by phenotypic characteristics. WT - white coat color mixed with
brown, BL - black coat color mixed with brown, WS - white spotted coat color separated
with brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat

non-mixed with other colors, B(a ~ e) : near to "e¢” is darker than "a”, Hol : Holstein

breed utilizing for dairy cattle in Korea;
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Table 2-9. Correlation coefficients among Hanwoo grouped by phenotypic characteristics

and Holstein breed using allele frequencies per each locus

Population” WT  BL WS B Ba Bb Bc Bd Be
BL 0.891

WS 0.703  0.694

B 0.936  0.901 0.645

Ba 0.931 0.901 0.694 0.954

Bb 0.899 0.867 0.740  0.891 0.895

Bc 0.785 0.834 0.738  0.788 0.813 0.843

Bd 0.694 0.696 0.749  0.659 0.692 0.750 0.770

Be 0.684 0.760 0.709  0.667 0.693 0.740 0.661 0.669

Hol 0.385 0.415 0491 0356 0401 0451 0485 0.433 0377

AH variables are significantly different from 0 with a significance level alpha=0.05

"WT - white coat color mixed with brown, BL. - black coat color mixed with brown, WS - white spotted coat color
Separated with brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed with other colors,
B(a ~ e) : near to " ¢ is darker than "a’ , Hol ! Holstein breed utilizing for dairy cattle in Korea;
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Variables (axes F1 and F2: 79.73 %)
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Figure 2-8. principal component coordinates plot of each groups based on the correlation of
allele frequencies in 22 microsatellite markers. WT - white coat color mixed with brown,
BL - black coat color mixed with brown, WS - white spotted coat color separated with
brown, B - Hanwoo brown cattle having a cuticolor nose and pure brown coat non-mixed
with other colors, Bla ™ e) : near to "e¢” is darker than "a”, Hol : Holstein breed utilizing

for dairy cattle in Korea;
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Table 2-10. 347}%] MS markere]] thet ] REF HDEF D, F317F AG(SH 2 Fstgkol] ME 3
s AL Bk

AG BH BNa BNb BNc BNd BS CH HF HT KBL KBR LM NK SM WH YB
AG Hok * Hok
BH 0.94 sk sk ok ok sk sk sk
BNa 095 010 ok sk sk ok sk sk ok s ok kk dkok
BNb 094 007 007 sk ko ok s wk ek ok
BNc 094 007 012 008 sk ko ok s wk ek ok
BNd 095 009 014 010 008 sk sk ok s ok kk dkok
BS 023 096 097 096 096  0.96 ok * * ok sk wk kk dkok
CH 0.21 0.94 0.95 0.94 0.94 0.94 0.22 *
HF 0.18 0.95 0.96 0.94 0.95 0.95 0.19 0.24 *
HT 0.20 0.94 0.95 0.93 0.94 0.94 0.21 0.22 0.19 Hkx Hkok Hkx Hkx Aok Hkx Hokx
KBL 0.94 0.10 0.14 0.10 0.11 0.14 0.96 0.94 0.95 0.93 Hkx Hkx Hkok Hokx
KBR 0.93 0.11 0.16 0.12 0.12 0.13 0.96 0.94 0.94 0.93 0.12 Hkx Hokx Hok Hkx
LM 0.16 0.94 0.95 0.93 0.94 0.95 0.19 0.16 0.17 0.17 0.94 0.93 Hkk ** Hokk Hokk
NK 0.89 0.94 0.95 0.94 0.94 0.95 0.90 0.90 0.89 0.89 0.94 0.93 0.88 Hkok Hkx Hokx
SM 0.19 0.94 0.94 0.93 0.94 0.94 0.22 0.17 0.21 0.19 0.93 0.93 0.14 0.89 Hkx Hkx
WH 0.94 0.06 0.11 0.07 0.08 0.10 0.96 0.94 0.95 0.93 0.11 0.13 0.94 0.94 0.93 Hkx
YB 0.88 0.94 0.95 0.94 0.94 0.95 0.90 0.90 0.89 0.89 0.94 0.93 0.88 0.05 0.89 0.94
Note : AG-Angus, BH-¥/ & WH-# % BNa- %, BN(b~d)-=H]1~3%7], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,

Figure 2-9. Da A A&l th3l Neighbor joining HFH S 2 243t phylogenetic tree
: AG-Angus, BH-¥1 2 WH-#1 2 BNa-&4}-¢, BN(b~d)-Z-H]1~3%4], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,

Note

KBL-U 53¢, KBR-3 49, LM-Limousin, NK-Nouth Korean cattle, YB-Yenbian Cattle
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1. IANAR

&2 0;71-5 2006\ 35 201097kA] M3 AMSE7Ee Z|BERS i REAF 2 s
AAst 3 AAAEE ol gstded, FUl ARFTozE 3y, Tuke I 2 AF S
%, JHFoRE Tl Feote] uFE Fat -2 EFste] wuE RIWE EAVE H
I YE HolsteinZ thste] EZ7F vns AASY T HolsteinZE S dx) oA 1H173E S
5 32 FHSY Bujstes ZAIE /HAL i, WES AT HIAE SEE
7HA A Holus mFee EAVE 2AT sl JoA B AT TF ST B ATl

1 F 2A6 o3 4 FFol FREL B9AHA
F Sw9sh 398 2AW Brht Jlwe] Bastt AAET BHdA Assgn
=

Mol A A<l ST

E Ao o]&3k A= 194120061 ~ 20081 )2 3H¢- 262F, THHE- 92F, % 34F, Al
F59 83F 2 Holstein 69F ]2, 22A1(2009d ~ 2010d)el= 7] Holstein, ¥4 2 S-9-3¢

< "HxFE vud 2Aze gy Y ES siEEE Angus(15F), Brown Swiss(25F),
Charolais(125), Hereford(195), Holstein(88%), S HF-(105F), W& 3-9-(105), Limousin(405), Nouth
Korean cattle(485), Simental(245), Yenbian cattle(1615F) & 115(452F)S 272 F7Iste] 24
A ol FEHE MAZE F SI4FE E40 o83t

Figure 3-1. Phenotypic characteristics of 5 cattle breeds. A - Hanwoo, B - Korean Brindle,
C - Korean Black, D - Jeju Black, E - Holstein;
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Table 3-1. Number of animals by region and group used in analysis

Among Hanwoo groups Among cattle breeds

Province
WT BL WS B Ba Bb Bc Bd Be Hol BR BL BW JB Hol

Chungbuk
Chungju
Chungnam

Boryung 3 4 8 4 3 1 1 10
Chungnam
Cheongwon

6

27 19

Kangwon
Hongcheon 9 10

Kangwon
Huengseong 16 3

Kangwon
Samcheok 1 1 5 2 2 1 3 13

ﬁylmgki 4 1 3 2 5
nsung

Kyungki
Icheon 1 1 2 2 3

§ngki 4 2 111 5 3 2 2
angpyung

Kyungki 1 b 1 3
Yongin

Kyungki
Yuncheon 2 3 1 5 4 7 4 1 1 1 22

Jeonnam
Goheung 1 1 1 4 1 2 2 10

{?"nnam 1 2 1 4 1 8
ungam

Jeju 83

Jeonbuk
buan

ieonbuk 12 7 1 12
angsu

Jeonbuk
Wanju

Nonghyup 16 11 108 27 11 4 145

NIAS 69 67

Total 28 26 11 140 59 30 21 6 9 69 92 34 262 83 67

WT @ white coat color mixed with brown, BL @ black coat color mixed with brown, WS ! white spotted coat color Separated
with brown, B : Hanwoo brown cattle havmg a cuticolor nose and pure brown coat non-mixed with other colors, B(a ~

near to "e” is darker than "a”, Hol : Holstein breed utilizing for dairy cattle in Korea, BR - Korean brindle, BL - Korean
black, BW - Hanwoo, JB - Je]u black, HOL - Holstein, NIAS : National institute of animal science in Korea,
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1. Microsatellite loci

E AdFe R TR mE 9o 18 g BAA ol&stdd ¢ ANAE o] &3}
o BAM3IgR, O F o|RMo] Este Al EAA At en, Y -FHA matching
test® B3l 22 MAR AT MA T3 E4olA A9 Yt A ZU AASEFY
= o] tfR-Folt suhe-o} S ek KA FEo] WA ol B AT Yidde

& SHAT 2 Aol o] &3 Zll ke 92, 2% M

5, 39 262, AFES 83F 2 EZ2ElF 67F0 3 157FA] microsatellite loci ¥4 A}
HIEE Table 107 Zo] yetgtth & FFd ek &5 5o

A AYFAAE F 207 AEHJAL, A2 97 2370, 971 N, a9kt a0, AFS¢
7b TR A, E2ERIFe] Y Sold tEAAAE THHen, S thE SolA thE &
AAs & FFd vlste Atidez L2 Aoz JeT 2 JTE microsatellite loci™d
Eold hERAAS AHrH 9o AL ILST0062] 281bp, INRA0352] 85hp, 89bp, 109bp,
110bp, ETHI52¢] 190bp, ETH3¢ 121bp, TGLAS 57bp, BM21132] 119bp, 127bp, 129bp,
139bp, 149bp, CSSM66<] 200bp, TGLA227¢] 100bp, INRAOOSbpel 150bp, TGLAS 115bp,
117bp, SPS115¢] 265bp, TGLA1222] 139bp, 147bp, 179bp P F-A A thal FEojF oz 1}
B, 9= ILST0069 283bp tP-¢AR g ZEo|x oz et AFEL= ILST062
287bp, HEL19l 118bp, CSSM669] 200bp, TGLA227¢] 74bp, 76bp, TGLA1269] 257bp,
TGLA122¢] 157bpe] WEFAATE F5colder yegten, Suke-= INRA035S 115bp,
ETH3¢ 111bp, CSSM669] 176bp, TGLA1222] 137bp7t E2EFQIFS ETHI529] 206bp, ETH3
9] 129bp, TGLA1222] 149bp, 171bp, 173bp 2 185bpe] HHFAAZE FE5o1Fo 2 Yehte
A& 2 st £8 F2ERIFAE EA8HA AR T AMSFQ AFFoRE EAlste
AEEAAE o s Jelyted ETHI522 192bp, ETH3¢] 119bp, HEL9S 152bp, HEL12|
108bp, TGLA57¢] 84bpet 86bp, TGLA227¢] 78bp, 80bp, 82bp, 84bp, 100bp, INRA0239]
197bp, 211bp, INRAO0O5S] 146bp, 148bp, TGLA1269] 129bp, TGLA1222] 135bp, 141bp, 145bp,
T3 7HAA g dHEAHAAE 571

ZA s Aoz Yehdes 5 FE0 Odd4E dhEd B £ Aok BE FEU EAEks
@ FAA oA gt FE 1A = FHol7t Bo] s Uy FdAE A =
ILST006¢] 295bp WY FAAE AFZ-¢9} SLEIFTAM 242 37.80%9 4091%9] =2 ®
=5 HoF30a, INRA0234] 207bp tHEFAAE Suk¢-oF J-9-oll 4 269229 25.00%2] Rl=

H



o
A% G HToA =2 Heztx ydstd LEYe EXE JHXA "tk (Sodhi &, 2006). 3}
At AR HEFA o] WAEHA EHWH LR EXE ofuAE® Huo] Ztu ay e

o
FFS WX A FETHPiry 5, 1999; Pendey 5, 2006). £ EAo)A R nle} Zo] Fo) &
Asts A 2FFE 5 T8 AN subeo 9= HAFE BdeHBE e Ay &
FE B TZER] Fo viE F5e1Hez vehe &AL AA vEEa, $9¥ 2
o AAg o] frAkstAl sl 7 RHVijh 5, 2008), 2+ FFol 7t
o7 A

Table 3-2. Allele frequencies of 15 microsatellite loci among the 5 cattle breeds”

Locus Population Locus Population
ILST0O06 BR BL BW JB HOL INRAO35 BR BL BW JB HOL
277 1.92 022 6.10 85 0.40
281 0.22 89 0.20
283 1.92 99 2.63 8.30
285 17.31  0.67 101 30.92 30.77 71.05 23.33 38.06
287 0.61 103 60.53 63.46 16.40 72.67 60.45
289 19.59 13.46 20.54 3.66 29.55 109 0.81
291 1824 1538 1094 732 1.52 110 0.40
293 48.65 36.54 44.64 427 2576 111 1.97 0.81
295 536 37.80 40.91 113 329 385 0.20 4.00
297 12.84 13.46 14.06 1341 227 115 0.66
299 2.68 23.78 119 1.92 1.42 1.49
301 0.68 0.67 3.05
ETH3 BR BL BW JB HOL
ETHI52 BR BL BW JB HOL 111 0.55
190 0.61 113 3.85 441 062 855
192 889 294 6.07 147 115 20.33 33.82 30.79 13.82 43.94
194 19.44 19.12 15.18 16.18 10.77 117 40.66 29.41 29.96 5329 1.52
196 59.44 63.24 62.55 68.38 37.69 119 549 588 579 8.55
198 10.56 1.47 931 1324 10.00 121 0.21
200 056 147 3.04 0.74 13.08 123 17.58 1324 19.01 329 0.76
202 .11 11.76 3.24 27.69 125 11.54 1324 13.43 12.50 18.18
206 0.77 127 0.21 21.21
129 14.39
HEL9 BR BL BW JB HOL
150 0.63 0.75 HEL1 BR BL BW JB HOL
152 2473 36.36 1.75 23.75 100 1.82 3.01 149
154 2527 19.70 42.02 6.25 30.60 102 9.89 16.18 7.69 27.71 0.75
156 7.69 6.03 0.75 104 30.22 25.00 18.22 6.02 27.61
158 1.65 3.03 019 250 149 106 495 147 4.25 15.67
160 11.54 12.12 759 1938 448 108 1538 19.12 17.00 17.47
162 13.19 13.64 19.07 1625 14.18 110 34.07 2647 34.41 33.13 0.5
164 11.54 7.58 7.78 2375 2.99 112 549 11.76 16.19 1145 1045
166 220 1.52 447 438 2239 114 0.40 43.28
168 220 6.06 1089 3.13 0.75 118 1.20
170 0.19 21.64
BM2113 BR BL BW JB HOL
TGLAS7 BR BL BW JB HOL 119 0.22
82 0.97 123 1.10 2.17 195 15.67
84 435 6.06 3.70 36.14 125 495 441 978 0.65 26.12
86 435 152 097 120 127 0.43
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88 2391 21.21 24.12 1325 6.72 129 0.65
90 2.17 097 120 10.45 131 4.95 5.65 10.39
92 1.36 0.75 133 34.07 26.47 21.52 12.34 38.06
94 18.48 2424 1946 542 3.73 135 25.82 4559 19.35 13.64 10.45
96 2446 16.67 2451 2892 56.72 137 29.12 23.53 39.13 61.04 9.70
98 9.78 10.61 10.70 7.83 12.69 139 0.87
100 8.15 10.61 1245 542 1.49 149 0.22
102 435 9.09 0.78 0.60 7.46
CSSM66 BR BL BW JB HOL TGLA227 BR BL BW JB HOL
176 2.75 74 0.60
178 29.67 16.18 20.00 29.17 1.52 76 0.60
180 347 20.14 3.79 78 598 588 560 0.60
182 17.03 14.71 2735 4.17 12.12 80 2.17 147 2.28 10.84
184 10.99 22.06 23.27 34.03 30.30 82 23.37 29.41 20.12 45.78
186 6.59 441 857 625 152 84 326 147 7.68 19.88
188 9.89 11.76 592 2.08 29.55 86 21.74 1471 5.81 10.45
190 0.55 147 139 152 88 2.72 1.87 11.19
192 879 1471 571 0.69 18.18 90 2.17 0.62 0.60
194 2.08 92 1.63 10.58 1.81 3.73
196 824 441 3.88 0.76 94 6.52 13.24 16.18 5.42 14.93
198 1.65 147 0.20 0.76 96 7.61 588 830 9.04 9.70
200 0.20 98 543 1324 15.15 120 3.73
202 385 882 143 100 12.50 1324 1.66 1.81
102 4.89 1.66 40.30
INRA0O23 BR BL BW JB HOL 104 1.47 2.99
195 1.60 10.16 108 1.66 181 2.99
197 1429 1094 6.00 12.50 110 0.83
199 1.56 280 4.69 0.76
201 440 156 2.60 1.56 21.21 INRAOOS BR BL BW JB HOL
205 31.32 31.25 39.00 42.97 20.45 138 18.33 33.82 18.02 9.15 8.46
207 26.92 25.00 17.00 7.81 9.09 140 35.00 16.18 33.78 39.02 51.54
209 6.25 4.60 0.78 22.73 142 31.67 42.65 37.84 21.95 40.00
211 0.55 1.56 6.00 547 146 833 588 541 2927
213 21.98 21.88 20.00 13.28 25.76 148 6.67 147 450 0.61
215 0.55 040 0.78 150 0.45
TGLAI26 BR BL BW JB HOL TGLA122 BR BL BW JB HOL
115 0.39 135 7.69 3.13 10.08 8.09
117 0.98 137 1.10
119 45.05 31.25 47.65 27.11 35.38 139 0.59
121 19.78 21.88 1431 26.51 39.23 141 9.89 4.69 17.98 43.38
123 235 060 154 143 24.18 17.19 16.40 22.06 24.24
125 495 26.56 11.96 19.88 18.46 145 13.19 2656 18.77 4.41
127 29.67 18.75 19.61 21.08 5.38 147 0.20
129 0.55 1.56 275 4.82 149 21.97
151 23.63 2031 2233 1544 227
SPS115 BR BL BW JB HOL 153 7.69 2031 6.72 221
241 021 213 157 0.74
243 26.11 31.25 3237 3830 59.09 159 1.52
245 2.78 207 213 161 1.38 3.03
247 5.56 13.69 2.13 26.52 163 330 625 040 294 2424
249 16.11 21.88 12.86 0.76 165 0.20 1.52
251 31.11 28.13 28.63 4149 11.36 167 0.20
253 313 0.62 2.13 171 12.88
255 18.33 1563 9.13 10.64 2.27 173 0.76
257 1.06 175 2.75 1.58
265 0.41 179 0.20
181 659 156 296 0.74
185 7.58

Y BR - Korean brindle, BL - Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein

B ogTo) o]&3F 157}A] microsatellite lociol WER S g-fd2F HIEE ZAZ 1Y

microsatellite®] A2} thekAd 9 EABRS5 2D P-4 ZFL T, T2 AA7T 2

Al HAZE olFH Gl tHE HWE HES

AAIS A3} Table 113 o] et 719
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23 microsatellite marker= 4 GAA] 5 13709 GAA Aol T ZA 5= FHloll tisiA
AP, £ HAE2E WESAA Ase 1712 et ZF #Z9el 3 tigsdxe] A
HWHEAoZ 11ANZ Jebd, 6704 2270 ez 2xste Aoz veldth iyg-aAd
A= ETH1529F TGLAL260] E% 87/l= 7bg A, TGLAI227E 22702 7F8 e tiyga-d
g M Aoz yeigth AE Vgl disiA EFE dygfdxte] Mee Hd 7942 o
B, 477H(INRA035)T12.7(TGLA227) 789l 92 EAstrh A4 AEd g f-d2 A
o} BA 93 EFAA A5 HAE 1L10T10887 2 vebga, 22 INRA00SS] Hx}
7F 7FE A3 TGLA1229 wigh Azt 7Hd & Aoz yersth o= Schmind 5(1999)°] E
T3 2920 AFFO YA A7E ILST005(2)"HELY(13), Del Bo 5(2000)0] Rt ¢
9o d=E A AFF o] ILST005(2) " TGLA227(8), Sodhi 5(2006)°] ®ilgk 1=9] Tharparkar
Zo] ETH3(4)"HEL9(11),  Mateus  5(2004)°] Hugk X2 EZ AFEZo|
BMI818(8)"TGLA227%}  HEL9(12), Zhou 5(2005)°] Hu3d FIdde] AFF
BMI824(4™6)"TGLA122(11713), Zhang $(2007)°] ®xu3 FZo <97} ETHI010)
“TGLA227(22), vijh 5(20083)0] Hi1%t d=o] EAFFo| 5867814% A7 vwsiH, & AF
o o]&% Ul AWPALAFFTEL AHT F79 FFET dHHAA A5 Aol YA F
Aol gk FAgel e AL I stk A g 2 dFuith B4 o] o]F R microsatellite
F97F 21, & A el EAste AFFol stHEtE 4 FF0] 1f K18 549 Aolvt
A7) W&z WG FAA N7 zol7t Arle ASZ ALSETH
Z} microsatellite o] W3t 7tolFATE = AR} thFAHL MES Z2AS g4
2 M7t 7 AL INRAO3SZE 04842 718 2l vE AL, olshks w2 tidf3a i
7F 1270702 718 weol "AEE TGLA2279 7% 82%9 fF3A dde 7HAe Z2eg e
Utk PIC #%= 4
HAZ Yehte RS 82 & = UAoh B Ao o] &3 microsatellite marker= ETHI1529¢
INRAO3SE AlQstil BF & BIAAREATE 7He 22 vEwa, 2z 90 gk 7]
HolFFFE FAHEAes ZE 9l sl 42 0.7277 06835 7H4 =2 @& 7t

A= Ao 2 YetEth 7 #9ldd g F-FAHS A49E 27 Iy JRAT 208 EE o
Bl e Fi9 39 INRAO3SZE 061322 7 =of A A= 493 %2 soz et

Wi, ETH39 Fi7b -0.0642 FJod 7RAIZE ABA- =7 22 AeZ YT, ol Jordana
5(2003)9] Aol A 187FA] @iy Feoll thgk E4A] INRAO3SA Wt FiZt 0.384Z Zhang &

i

fr

=

N

(20079 AFelA 257FA F= &2FF gk E44] INRA03S ek 7 02382 © &
microsatellite Z-<lol ¥t =A UYeEld Ao} FUS ZAFo]x, null-allelee]v}t Wahlund

effectoll ™3k AF7F AHA e ALR Hol 54 FIFWA 54 FAhHe AT A2



HAA A A7l -2 3A hitchhiking effec v 3 ZFd HEH o Uehts E0)F #4907}
ZA st Ao 2 ALEHTE CSSM6639E Coppieters S(1998) 59 AFoA EAEQIZ9] &
ZF A 9 fehl Ay #E " QTL(quantitative trait loci)9b d#o] = F9lo]7] wj & o
Fi7b 2A vehg 7hsAdel vt B sl B AT o] &3 FFE e ol 2
HAbo] BAF A &gt Y A9 W SAste AFFT Fo vl A9 vl wstdA, Jordana
5(2003)8] 187FA] EAHHH £FF6.82%)7 AolRth oy, MacHugh 5(1998)9] 7714 &4
F%(11.2%), Schmid 5(1999)9] 2912 A&FF(9%), Kantanen 5(2000)9] 207kA] @/ &
F%(10.7%), Mateus 5(2004)9] Z2FZ9 AFFTH11.4%), Zhang S(2007)] 2774 F=49
F9-9.2%)0 tg Fyoll Blake] 2ol 15712 MS #F9ldll tis] = ABHAFLT §38 B4
7F B2 A e vt 4EE] ke Ae 9l st ol ST UEhdes Sold A
o wat ZolE ZFAARE Fl A LEFTo] HAFE JHEe] oA U, A EFFTY
el A glo] Y AW LWALd AH A FEH & Hyoolmnz FFI Aolvt &
olE Aoz Al HTH

Al HAES HWE A% Z¥ BM2113, HEL1, HELY9, INRA035, TGLA57 %
TGLA227 217 HWE H&EE& 27 = A2Z veisth A4 /At 43 A= vehd
= Fp S ETH3ol -0.0052 7% $okx, INRA03S7F 079022 7bd #Aow, Fuol sk

b

—

HWE ##A ZA3 BM2113, CSSM66, ETHI152, HELI, HEL9, ILST006, INRA035, SPS115,
TGLA122 2 TGLA227 #2917} HWE ¥&dl ofFue= Aoz vepgoh 7+ z9lo) dish e
FHA 2ol Fy ol disids ZE 97 535 o2 1x9 F9474 AolE 7HA= A
o2 JETHP<0.00D. FHohl JRATES] ol HTA ZAEEol MY E AR yEhd
INRAO35 FHSNHE g2 FQl zFol7t A8t AL 32U FYoHp<0.001). ZE FHo that
Fi, Fi @ Fy 32 242 0042, 0113 2 00742 VERER, FJehy RA7Hp<0.0D) 2 A=A 7
AHP<0.001) EF HWE HZF o ofstvbes Ao g Vehun, F53F 2F 29E E4tkol] glo] 1
T F94E AT Aoz YERGTHp<0.001). E ATl o] &3 FF AolHZ(F)7F 7%
A=z A Jehd A2 9 qREAHY wE 2FHFE 53 B9 Fdsdey
AT Zuprb o & Zez vEhga, B AT o83 e, F2ERIS AQd aRke

9 AFESY A9 Ao AEAF ZeaW Fo| AFEH AN Y Bk ojel, HEF
kil Er

=

il

rie
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Table 3-3. Summary statistics showing characteristics, gene diversity, PIC values and F-statistics of analyzed 15 microsatellite

markers
Chromosome Size No. of Gene PIC Fit Fst Fis

Locus location r?tr)l I%)e alleles Rs diversity value (F) (6) )
BM2113 2 119~149 11 6.34 0.698 0.649 0.096  0.051 0.049"
CSSM66 14 178~202 14 9.38 0.812 0.780 0.042™"  0.04577  -0.004
ETH3 19 111~129 10 7.21 0.732 0.689 -0.005 0.055""  -0.064
ETH152 5 190~206 8 5.94 0.592 0.548 0.031" 0.030"" 0.001
HEL1 15 100~118 9 7.54 0.764 0.722 0.120°°  0.066 0.058"
HEL9 8 150~170 11 9.17 0.799 0.767 0.1077  0.083"" 0.027"
ILST006 7 277~301 12 7.50 0.730 0.683 0.119" 0111 0.008
INRA005 12 138~150 6 4.89 0.682 0.616 0.010 0.040”"  -0.031
INRA023 3 195~215 10 8.32 0.775 0.737 0.020 0.026""  -0.006
INRAO35 16 85~119 11 4.70 0.484 0.410 0790 0368 0.613""
SPS115 15 241~265 10 6.25 0.711 0.658 0.018" 0.029™"  -0.012
TGLA57 1 82~102 11 8.57 0.779 0.748 0.144  0.048"™" 0.100""
TGLA122 21 135~185 22 11.12 0.812 0.780 0.066  0.053 0.015
TGLA126 20 115~129 8 5.56 0.718 0.665 0.002 0.034™"  -0.034
TGLA227 18 74~110 18 12.70 0.820 0.795 0.165  0.064"" 0.109""

Total 171 7.67 0.727 0.683 0.113™  0.074™ 0.042"

b Hardy-Weinberg equilibrium test was performed for overall(Fi) and within samples(Fi) based on 1,000 randomisations; o
Testing for population differentiation not assuming random mating within samples was performed by log-likelihood G statistic based on 1,000 randomisations;
T p<0.05, 7 p<0.01, ™ ¢ p<0.001;
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2. 2t FFY AA S 4
FUoll EAss Tk, B9 3
olFHLET SHIHTE
ol W fF44 S UdEs it TES a7 07512002622 7 AA
Heg Helrk o A
0.696+0.0292 Jel} HA FZF9 ol HFTE(0.727+0.026) Ert g, ©E et H5tH
o}
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fr
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o
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AT Gt FFoE AYHoE 1YH A AKHE FFY B ohel, AT B
AT AL FAGORA AN AT @7k oHAT Qo] olst o] WMol =7}
tE Auo] Hste] we Aoz ARE WE, T WS ASHD 9t BEEEUL,

29 8 B9 Ao HEP Wolg L Holt AR LEhgEd, ot U T37} 3
_]

Bk 2929 AFF(0.6070.69), Mukesh S(2004)0] EA3% Sahiwal%(0.061), Hariana%
(066) 2 Deoni&(0.70), 4= A£FF(05670.67), Citek 5(2006)8] AFZ AFF(0.41570.506),
Martin-Burriel 5(2007)8] 2#919] AZ3(0.4170.69), Pendey 5(2006)¢] KherigarhZ(0.717),
Sodhi 5(2006)2] Tharparkar®(0.67), Mukesh $(2004)2] Sahiwal$(0.42), Hariana%(0.53),
Deoni%(0.59), Vijh 5(2008)¢] B3t A&l EAFZFE(0.6370.70), Iheagha—Awemu 5 (2004)
ol gk AFgeotzerte] Bos indicusTES] ZIthe]| @3 TH&o] 0.70370.744, Bos taurusF
£ ltolg g EEel 051270656, Freeman S(2004)°] EHId AMopZ]7l £FFEO
0.5270.65, Van Hooft 5(2000)¢] Hirgt ot=g|7te] HEZ FFEo| 0.64770.811, Mateus &
(2004)°] H1gk X 2EZ 4£FF0]0.627670.7417, Zhang 5 (2007)0] Bk =9 27714 &%
A2FF0683), ToFH LFF0.753) B FIAEH £FF0.629), Dorji 5
(2003)°] X113t Bhutan® AZFZ0] 0.667(Mithun) 0.796(Nepal hill cattle)2 ElG AZ} 4]
2 o 2o FF5 Eo ZIdoldyFEe] AA F5H A4 B4

9
e 2} anF 39 w440l Bold FFnYL AT Huh Be ko VLY A0 A

>

{

El

-] g e A7 A2FAA= A F200DNA 0672, £(2002)04 0.638, &
(2005)e A 0.664, 2 F(2006) A4 0.7622 ER} F F(200D)7 &(2002) 2 & 52005 2
AET 23, 2 F(2006)0 AF|ETHE ®Ho|7b 2 Aoz Ut AFISev &(2002)0]

ol
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0.658, & =(2005)°] 0.630°.2 Vet Husle] B odte] uale] Wolr} zgkx|ul n| 223
ZHS Hol= AL 9l 591, 3HReE §(2002)9] AT A 0.708¢] o|FAHFE L Ho] B ¢
o) BEte] 0.05HE Zol2 Hol= Aoz JEYL o e EF APdZow AL 7

Ag Agsts FAdA A7 Ao2A 22 FLEFTAA AbSEE F5H Aol 7HAIES
@A s AHel HI| Wi dABATE TR AAE ANEFeE ALY By A7

FH E2EIFe] F9 Schmid 5199902 0.69, A S(2001)2 0.714, £(2002)2 0.668, Dorji
(2005)& 06828 Uebgtia Haste] B dAFel tha olr} gA|qt
AL 2 sk ¥, Hanslik 5(200002] A7l E Friesian
29 ZlgolZHTE ] 04622 YEH D =Y, dirkz, Avct 2 #l3 Holstein®] 71tho] 3
AEEol 043704602 FEs] @2 Zdo|@HTES AT oleldh S BEHol <83
marker®] 7]oll &3] WiEolzta A, Ul e L T BRINFLE A
grato] o] &I AT ol HZAE A= ALt HA Eldl g oEETF A
o2 vl ZAsks E2EIEY Hol@H T FAMIL Hanslik 5(200008] ATl A=
Z} vghe] Holstein?t FoZb 8 o] Holsteino] ol fFE ] i@ Hd 2= FEz §3
Aol WgtEo] & Ao® AR ET

B o] &3 F 538Fl g Ho HHFAA Hes 762702 Ve, E2EY FF

ol
—~
DD
o
S
@
\./
flo
o
o
a0}
©
NS
o[ l

¢

of =l A AFF ¥t FL dHFHAAIE BEEFY, 39 - FHATE 9937 =
el o2 EF vlsle 28 tHFAXT EXseE AezE el £33 AESgo] B
Ast QPEFAR Jaes BadHeE 64102 veElg, AA gdaAR e nzrix =

F2ERIFo] 7 Aa g9 Y HdATE M vhstA BESe o2 YEsTh S
A WES AFS RE HE3 g fdxtel MeE BYed v 7dold g
£9 Aolg Ho HHozA9 AHolE EYPh. Martin- Burriel 5(2007)2 3072 MS
markerell ™3k F= L 2¥Ad AFFO WYRFAR Mgt A2 477(Jersey)6.37(Friesian)
2 297(BETA)™7.17 (MON), Pendey %(2006)2 U%=9 KherigarhZ< A x7E 6.247,
Sodhi 5(2006)2 1% Tharparkar&9 WhHREFHAA7F 6.270, Mukesh 5(2004)2 <%
Sahiwal, Hariana, Deoni®] 22z} 52, 65 % 59712 JVelgtin B st B Ao o] )3
FUAHF B FHe dEFAA AFEES EIYAT, Vih 502008)8 Axe EAEFo
586791470, Zhang 5(2007)°] B3 £ 27714 £FF F FIZEFE LZFFR31D, =7
FE AEFFO73) 2 FIZEHE £LFF(6.8%), Mateus 5(2004)8] TEFZ £FF 0] 5.2677.40
NE veisttke Bad vste] thgf-d27 gtk s, g /342 /i< markers E
The Aol X3E iAol &S AS AdsHS o B A7 I olFFHFE o

ok
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Aom, B8 Tuest WEIY A% wrIel Auel 2717k Fof A FHFEI 7]
FHFE Fol7h W (Liron 5, 2006), AAHL Aol olFAA o} obx FF o

5l mAo] A3 oA A @Po Ao AlEHT},

Table 3-4. Expected and observed heterozygosity and mean number of alleles of 15

microsatellite locus for each breed”

Population Sasrirégle HgSD Ho=SD g/{“eaAnllé\IIgs: Ry
BR 92 0.747+0.024 0.697+0.012 7.40 6.59
BL 34 0.751+0.026 0.677+0.021 6.67 6.41
BW 262 0.741+0.027 0.704+0.007 9.93 7.11
JB 83 0.696+0.029 0.693+0.013 7.60 6.37
HOL 67 0.702+0.024 0.694+0.014 6.53 5.60
Total 538 0.727+0.026 0.699+0.014 7.62 6.41

Y BR - Korean brindle, BL - Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein
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= Hel AAT FAETE wob WSS A £FF Hoe =A S A 2FFo2A A
2 ke AR E EI, AFIE ETHIS2 39l A= Wi Az £2FFol
U E2ERD Feds oE2A 0224 AxEe el AT fARE EYA, WSSes

A WFo EAst= FF F SRS 5% FF52 AA oldFTEI T olFF LS
Agjztol7t & 9k oty 2 5 &l
I AeE AAFSEAL Qo] olell thEk HAF A7t Ao F AeR AlRHT
INRA035 99 Fi 3ol B2 H9o) vty ZA Jehts 4L Jordana 5(2003)9 <
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ToAMZ Uelded, fHY 187 &FF F 127FA] &FFo] 13.7%(Alentejana) ~
69.7%(Tudanca)® Fis 7S 7FA=H A oo AP Ao T x| gFAgk dutyo

2 Mol o]FA T gl YA Bol glonl, FF AY R AF Sel¥oz uyehie I

Table 3-5. Inbreeding estimates(F) within Korean native cattle and Holstein breeds per

each 15 microsatellite loci

Locus BR BL BW JB HOL
BM2113 0.129" -0.003 0.057 -0.153 0.082
CSSM66 -0.002 0.087 -0.021 -0.046 0.123"
ETH3 -0.131 -0.148 -0.067 0.097 -0.063
ETHI152 0.026 -0.058 -0.018 0.224" -0.049
HELI1 0.029 0.159 0.069" -0.033 0.091
HEL9 0.138"" 0319 -0.010 -0.020 0.039
ILST006 0.006 0.176 -0.004 0.039 -0.020
INRA005 -0.117 -0.033 0.046 -0.048 -0.023
INRA023 -0.052 0.008 -0.003 0.001 0.026
INRA035 0.733"" 0.777"" 0.720"" 0269 0.001
SPS115 0.098 -0.026 -0.023 -0.072 -0.061
TGLA57 0.072 -0.002 0.100"" 0.193"" 0.074
TGLA122 0.103" 0.167" 0.018 -0.162 -0.059
TGLA126 0.034 0.014 0.014 -0.152 -0.118
TGLA227 0.096" 0201 0.118"" 0.078 0.029

All 0.067 0.101 0.049 0.003 0.007

BR Korean brmdle BL, - Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein;
Cp<0.05, 7 p<O. 01 © p<0.001;

Uk Mukesh S(2004), Pandey ©(2006)2F Sodhi 5(2006)¢] Egk Ax2] Deonis
Hariana<, Sahiwal®, Kherigarth® ¥ TharparkarZ ol A= INRA03SS] Fi.7F Z+2zF 0.121, 0.028,
0.006, 0.0913%} 0.0642 “okAlgk BMI1818S 0.181, 0.397, 0.344, 0.1639%} 0.498, HEL5E 0.640,
0.549, 0582, 0.60409F 0.371, HEL9-S 0.213, 0.117, -0.100, 0.2483¢} 0.1632 e} #HF 2
d-ole gixzxez Jehgth E3, Mateus 5(2004)-2 INRA03S FH9E HL35HA LU
SPS1159] Figkel 01182 E o) o] 83 Hukol nlsle E9kal, Zhang 5(2007)°] Raldh
17 A FZE AEFTE Fi Zkol BMISIS(-0.015INRA035(0.231) & YER} INRAOSSE £3
T F=FY 719% 7HAe Bos taurus® 5ol #Ld 2 ¥ stk whd, S9ke-9f
WEZ-99 739 INRAOF ool JI=Fe) Solder vehts HELY 919 Fit %=
d|, Handiwirawan $(2003)& Bali®] 4%%9| Simental® % LimousineZ#<¢] w3o] o]fA

vl Aok, Noor 5(2000), Winaya (2000) 2 Handiwirawan 5(2003)2 HEL9¥ INRA035
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olr

A7t A=A F F Bos bantengdll £3F= Balidl £2FF Soldez Uehes el Ru s}
Fo}, £(2002) 2 & 520059 AFZAINAM= S ¥ke-9} Hereford %
Limousined 39 #3174 A7t 493 77k Aoz Ve, Hereford =3+ Limousine:
el AR T §A1F AR 4EE AgE EAFT SRR &#(2002) B & F(2005)
o] ATelA= HEL9Z INRA03S #Hel= EAd o] &HA oo} 3¢

-9} 597} Bos taurus$t Bos banteng@}e] nzdel oF FHFEUS 7HsAdol &<l HA

=

51-9-9} Limousine,

2g0tA Bl FF Jideld HEAES wnd ZFdE 97 0.75320.0200.2 7HF =2

7ol d HEELS B, HerefordFo] 0.530£0.0360.2 7H¢ W o] FH LS R UTH(Table
AAJEH, ol= FHeol FEE MAEC]

o &
B=A Blste] =4 Ve, Herefordd2 ZIthol #5 o|PHFE BF 433 %2 3
o

2 B3 BT YA Are F9Pel 15264822 MY BE A

Table 3-6. 347}A] MS markerE ©]-8-5}e] 438t FF5E o|PHEE 2 FHANHFAR 75

Sample
Pop . Heg+SD Ho+SD No Alleles+SD
size
AG 15 0.602+0.030 0.551+0.023 4.44+1.50
BS 25 0.548+0.036 0.527+0.018 3.94+1.50
CH 12 0.575+0.037 0.610+0.025 4.24+1.46
HF 19 0.530+0.036 0.385+0.020 4.00+1.54
HT 88 0.594+0.034 0.574+0.009 5.62+2.42
HW 514 0.753+0.020 0.573+0.003 15.26+4.82
KBL 10 0.599+0.038 0.535+0.028 4.44+1.81
KBR 10 0.584+0.037 0.502+0.027 4.38+1.60
LM 40 0.619+0.029 0.567+0.014 5.79+2.31
NK 48 0.685+0.027 0.558+0.012 7.74+2.45
SM 24 0.603+0.029 0.578+0.017 5.06+1.82
YB 161 0.669+0.026 0.583+0.006 10.35+3.34

Note : AG-Angus, BH-¥1 %, WH-" %, BNa-d -9, BN(b~d)-ZH]1~3%4], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,
KBL-4 53¢, KBR-% %9, LM-Limousin, NK-Nouth Korean cattle, YB-Yenbian Cattle

3. % 4 #A4 A 2 wA B4

ZFQ 27 2 Z2EIFHe A AAE AHE7] Qd dEAAA NS
D 5347 Agle &2 Table 3-7% Table 3-8% o] vElstth Ds

=]
FAAYE AHE A 3999 WESS FF7 AZZE 00361001282 JERY §HF
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A=Z7b Mg b Ae=
0.5228+0.13182 veht 7Hd ® &l Ao 2 YERT. Da 34 AgE o83 fd4 A
2 (Table 12)= HFE Ds §37A
Aol g, Ds FRAAZYNAME okt 390 Blate] Ayt A
FRAZANAE It T S9o H|F

#d A sz Zues U s

2ERIFe] A 7F 033802 7HE W Ao ® vEEt. Z4 FF370 B3 A=E U= Fo

AL
Lo
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o
o
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lo

2 Ds FRAZ Y 22 Fde B, 2o WSS 49 23 =7 001092 7HE 7t
7t AF39-9 TAETe] B3H w7 014912 7HE W Aoz vEigten Ho 7k xjo)
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Table 3-7. Ds genetic distancezstandard error matrix among the 5 cattle breeds”

BR BL BW JB
BL 0.0361+0.0128
BW 0.0926+0.0447  0.1236+0.0496
JB 0.1997+0.0672  0.2205+0.0688  0.2682+0.0780
HOL 0.3738+0.0830  0.3789+0.0879  0.3696+0.0643  0.5228+0.1318

Y BR - Korean brindle, BL. - Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein

Table 3-8. D4 genetic distances and population differences(F) among the 5 cattle breeds

BR BL BW JB HOL
BR 0.0109” 0.0294" 0.0658™ 0.1059"
BL 0.0529 0.0379" 0.0724" 0.1078"
BW 0.0546 0.0827 0.0835" 0.1055"
JB 0.1394 0.1547 0.1270 0.1491"
HOL 0.2657 0.2782 0.2299 0.3389
p-values obtained after 1,000 permutations; NS non-significant, * @ p<0.05, ™ : p<0.01, ™" : p<0.001;

}pdicative adjusted nominal level(5%) for multiple comparisons is 0.0050
BR - Korean brindle, BL - Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein

2TA B A EZ7 ZHeld HITEL vwd A 37} 0.753+0.0200.2 I =L
7ol d HFES HYTL, HerefordZo] 0.530+0.0360.2 71 e o|FHFTES Bk 3¢
o A B olFHTET VIHolFFHFEARY Aolrt AEE] E S Y & U=,
Foll FEE HAEC] HEE ¢ FUHHAA R dFEH 58 BRERTaY AL

Ed siEE 7] Wi veEles @Az AR ET CharolaisE2 7ol FH &0l TS50
2

Mste] 7 UERIL, Hereford3-& 7lths} B3 oW ge =5 4
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Table 3-9. 2} %7k Neio] Da3h #44 Al ¥ 2 (%) I 7 Bst xpo] @7

AG BS CH HF HT HW KBL KBR LM NK SM YB

AG doksk kskok % %ok
BS 0.23 kekk ckkk kek * %% kkk kg %k
CH 0.21 0.23 * s 3k *
HF 0.18 020 0.24 * 0 kk .
HT 021 022 023 0.19 sk skekesk skeksk skeksk sksksk o skskoek soskook
HW 0.57 0.58 0.58 0.58 0.57 kdkck  kkk kR kkk kkk kkk
KBL 0.95 097 094 0.95 094 0.92 *kkk o kkk okkk Rk
KBR 0.94 0.96 0.94 0.95 0.93 0.92 0.12 'k Rk Rk sk
LM 0.17 0.19 0.16 0.18 0.17 0.55 0.94 0.93 I
NK  0.89 091 091 090 0.90 0.19 0.94 0.94 0.89 Fkk ok
sM 0.19 0.22 0.18 0.21 0.20 0.58 0.93 0.93 0.14 0.90 ook

YB 0.89 090 090 0.90 0.90 0.15 094 094 0.89 0.06 0.89
Note : AG-Angus, BH-¥1 %, WH-" %, BNa-d -9, BN(b~d)-ZH]1~3%4], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,
KBL-4] 53¢, KBR-% %9, LM-Limousin, NK-Nouth Korean cattle, YB-Yenbian Cattle

Table 3-77} Table 3-894 T3 Dso} D4 1A E EHZ 1,0003] bootstrappingS A A

bootstrap 3t Ds AEF7F Euke-9F Z9-7ko) 46%

U A AES 94 pEdel ABY olrk AN BN BEF] FANOR 47
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Figure 3-2. Neighbour-joining tree of genetic relationship among 5 cattle breeds using Ds
genetic distance based on 15 microsatellite loci. The numbers on the nodes are percentage

bootstrap values in 1,000 replications.
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Figure 3-3. Neighbour—joining tree of genetic relationship among 5 cattle breeds using Da

genetic distance based on 15 microsatellite loci. The numbers on the nodes are percentage

bootstrap values in 1,000 replications.
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g EAlA Ds FRA vlgtd Da FAAANAME AAd(bootstrap value)o] © =9k7] o
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o] 43t 2= JiAd] tha3l /HAIE NJ dendrograme ZA3sE A3 ET2elF 9 A|FIZ97 25

7 FAAY B (Figure 3-7% Figure 3-8)ollAe} rizizixz2 Az 7IEAQ Hes FAs
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Figure 3-4. Neighbour-joining dendrogram using Dai genetic distance within the individuals
in 5 cattle breeds based on 15 microsatellite loci. BR - Korean brindle, BL - Korean black,
BW - Hanwoo, JB - Jeju black, HOL - Holstein;
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e Aolgtes F5(o] F, 20000 & Y-E¥A 5| microsatellite marker] INRA12404]
= Bos indicus S°]&d P FARTE HEHA ZFL ¥HH AFS A=
Bos indicus® tE-/FAA7E 19% AZEH A& &, 2007), AFEF F5 42 WF

e Ta v o|sAEE Wt FFol FAHUS Holn, dES Fotd lHE O] o]F

H9e FEHE e Aoz ARH

ERDER

Table 3-10. Correlation coefficients among 3 Korean native cattle and Holstein breeds

using allele frequencies per each locus

BR BL BW JB
BL 0.857
BW 0.787 0.702
JB 0.669 0.618 0.548
HOL 0.457 0.440 0.426 0.384

All variables are significantly different from 0 with a significance level alpha=0.05

=3
Ao 2 Ui, AHEFTd A AL HET f44 AYE 7HAE Ao vEH
o SHARE S Af FELE AAAE Ik WESSE Y FEE Eu: 9o A
g7t B AL® UEEt ol B dFelA o83 AHWFFTS thFE Bos tawrusell HTEHE

=3
A= AG, CH © HFE A3 g3
g, AG, CH ¥ HFE Y EZ o]

e 2 RS B @ JATHP<0.001)
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Figure 3-5. Da 2 A7 S ©]|83} Neighbor-joining B ol 223 ZZ7} phylogenetic tree

Note : AG-Angus, BH-| %, WH-# % BNa-J %, BN(b~d)-ZH]1~3%7], BS-Brown Swiss, CH-Charolais, HF-Hereford, HT-Holstein,
KBL-4 53¢, KBR-% %9, LM-Limousin, NK-Nouth Korean cattle, YB-Yenbian Cattle

Da f-H% A& ©§3te] phylogenetic tree® 24 A7 FHH ALY Aus} rhzizt
Ao Ang RYEH, JAFFO THE LM, SM, CH, HT, AG, HF 2 BS7} shie] 44

g3 =A vEbsT shARE Al

g 2
gt 7188 EUzZ Fdo] sk plotS ZHA3SE 23 Figure 169+ Zo] YEl= AL &<l
AT WA Al 1 AR tidk AREARE 6812%2 VENGD, A 2 AR thdk ARl

_89_



)
<
R

R

0

N

o

do

il

Ftolt}, o] F(2000)2] AT

L

Q

&

A

ol

Ha

"o

BgobrolE fYFAe] Tio|

il

Mo
Him

ol

=1}
=

]_

S

(2008)°] TYRP1

=

[e)
melanin®l] A]

[e)

o 2 A £FFoR A

23,

é-_]__

L
—a-

]

e}
E/\

A1
Al

Al Fy e 7FAH(p<0.01), Mohanty
=]

P B = A2

°

34

ISl

+od

°

4%

Mo
Him

ol
1))

el

A%e ARG

I=]
54

R

dendrogram¥ FA

| el &

Apolz o

1

kel
pa

she] 24}

S

I & 520059 AFA EFEokrlol AHe 2FF

3} 71kl W

==
‘:li'

vgt 7}

el

; o] 5, 2007) @A

4+ HosteinF (Joerg &, 1996) %

g, olg]

T

T

L A ZE UJHA FH

ol

& & (Hoekstra, 2006)9l A= el 7l ol AE, 715 2 3730 u}

MAI e} 28 A
Folye thE &

1

4

T

T

5]

a

m__o

ol

=
At

Aoz A

=

3}

_90_



Scree plot

100

80

60

40

Eigenvalue
Cumulative variability (%)

20

F1 F2 F3 F4 F5

axis

Figure 3-6. Each 5 principal component and their contribution rate of variances and

curmulative rates.
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Figure 3-7. principal component coordinates plot of each cattle breed based on the
correlation of allele frequencies in 15 microsatellite markers. BR - Korean brindle, BL -
Korean black, BW - Hanwoo, JB - Jeju black, HOL - Holstein;
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EFFES 2L neural crestZ2FEH A FAHAA melanocyte (Y AAE)S] o]F9F melanin
AFARe 2dske AR AzdExrst MCIR, ASIP, MITFSF 28 483, TYR, TYRI,
DCT %ol 93k AlE W melanin AE&A AL melanosome?] A3 olF 5 B33 o8 o
Aot #FH FHAAEY Fgol o5 THEHEH(Slominski et al, 2004; Sulaimon and Kitchell,

a0l BAe dwapbd MAo HRA o o detA =], oA Yaly] H) wE7|o
2AEY A T 2de] Aelol AdME F¥Fe W=t (Barsh and Brash, 2001). EA4<
AR Bede tyrosine®] AFEHE<Ql dopaquinon®] systein® Z-2 thiolAl gl o8] J&TFE

Hkol Black/brow$] eumelanin == yellow/reddish®] pheomelanin®] FZol] 2JsjiA ZAFHTH

_4

(Lamoreux et al., 2001). ©] melanogenesisol]= tyrosinase, tyrosinse rlated protein (TRP1),
tyrosinase related protein 2 (TRP2), melanocyte transcription factor (MITF) ¢ I4 2
el do] #od3slt} (Nanga et al., 2000).

HAA 3¢ FA-HL melanocyted] THE = Agouti ¥ AL HAALSIE Melanocortin receptor 1
(Mclp)ell o3l o]Foxx dvk (A= F, 2005 uketeh, 2005). ©] Agouti T AL M4
M EZ 2 melanocyteol A1 black/brown 1 eumelanin®ll 4] yellow/reddish®! pheomelanin ¥ A3 ol
o8k MAWAF (pigment type-switching) HIAUE T3 HTE sl L9 ZAAA F
83 AL st 49 EAZAAC F43 LS st R 4d#A Ut (Brash and
Brash, 2001).
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B AIEE AFEHL, A= EEEFS AIEE AdAA FFNA AFS52 Black Angus 8 FollA
22 HQ oF A AF FodA B ARE AFHSATE ARE 20T Y RAste 7 £
2 AHESHE T (Figure 4-1).

o

A EF2Y B melanin 238 EFFEH oz 2ASIYTE Kronstrand et al, (1999)¢] wbH o))
o3 oF 40 go] Bt AR E Iso-Propanol &0l A3 T =glo] QEA Az 47
10 g9 A&E e 24714 24 F F2= 3ol ¢ 02-09 HA 15 mL FE F%s}
Aok 2 F 2 ml9 soluene® (solune : water = 9:1(v/v)S E%3 & 10x & T
80CoNA 303 wiekst & 9o #HFE thA] & ¥ whRSUTE whgo] 1 £ ujef
mlL A=HL 500 nmol A UV-spectrophotometer (Ultraspec 2000 Mode) 2 &3 =&
At (Kronstrand et al 1999). olu] EFH-2 Sepia melanin(Sigma, USA)S AlE9 22
How sty & Wald Ao o]g3tAtt (Figure 2).

[e]
jal

El
19
ol

-

o
2
o
— H

B[}Y
o2,
ol
-

oft

t}. Eumelanin =% =3

Eumelanin@&%-& PTCAES HPLC #¥ oz 243e] 3astdrh 20 mgd AEE A FH s
Iso-Propanolell A3 & Ax7]|d AZX3YHY. A & f8 EH7 2 2435t 2 mL S&F
off EF3 & 100 S AFHSY 1 mLe 1M H.S0.0 EFsAct TFAL oF 20-30 = &
b A2elA thA] E4st KMNOsS E&3t, 01 ml®l BSAS st 2 F NaxSO;
S %38t A 7 mLe Peroxide free Di-ethyl etherd E#3¥Th & 13 mL9 organic
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phase® HAi 7hzollA AZd AZREC 400 wol FFHRTE ELSAT EFAE 045 m
ZEHolsZ EH FHo] HPLC E4d o]&HUT. £42 Phenomenex column(250 mm, 4.6
mm, 7 gm particle size)E 0.01 M potassium phosphate buffer (pH 2.1)E &= 280 nm
FREAA FAHHAT ol EEAL £F melanin? £ PTCAL o|§3te] 22 zo=

28359t phaemelanin® £ melanin oAl eumelanin TS wW  ZkS o] &3AyTH

(Figure 3).

@}. DNA % %2 PCR primer &4

FAE dFE sl EZ2ZFE DNeasy Kit(Qiagen)E ©l8-3t9) DNAE FE3HAL 20 mMe|
Dithiothreitol (DTT)o] EZE lysis bufferS o834tk TYRPL (exon 5), DCT (exon 2), MCIR,
ASIP (exon 2) 283l TYR (exon 2 PCR FZ& 98 24 L&A ABRATL obd Al =l ol
NA 25H specific primer sequencesE ©]-83to] FAH T Primer AE3 PCR 271 Table 1, 29}
2l B Ao AFEH exonsS Berryere et al. (2003)2] AFolA] B H polymorphisme ZA3ske] Al
et PCR AHEELS ARATENA Eaisold Z1E& uet B4FAHTH (Graphodatskaya 2002;
Schmutz et al. 2004). @714 E £4-8 93, PCR AHe52 QIAquick PCR Purification Kit (Qiagen)E
o] gst] FAH AL Bionics Co., Ltd oM FHHLE sequence® ATk s AE BEE CLUSTALW
(http:// workbench.sdsc.edu)Z ©]-&3te] 3w o} At}

b 39 debd §% 5A 24
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Figure 4-1. Different coat colour phenotypes of the Hanwoo breed: (a) Hanwoo black, (b)
Hanwoo brindle and (¢) Hanwoo brown.

Hanwoo Hanwoo ) Hanwoo
Brown+Black Black

Figure 4-2. Hair color of Hanwoo brown, Hanwoo brindle, Hanwoo black and Angus black used for

the melanin pigmentation.
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Figure 4-3. Standard curve of total melanin in hair sample.
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Figure 4-4. HPLC spectrum for PTCA and sepia melanin for eumelain determination in hair sample.

Table 4-1. Primer sequences and annealing conditions used in this study.

Product
Genes Primers and annealing temperatures . References
size
5-gtg aag cag tca gag g-3 (forward primer) Sasazaki et
5-ttg aag tcg cag gag aca acc—3 (reverse primer) al. (2005)
MCIR . . 5 ~448 bp.
Annealing temperature: 60.9C
5'-gtgaagcag gcg tca gag g-3 (forward primer) Graphodatskaya
Agouti 5-ttg ?g tcgecag gag aca aca—:r% (reverse primer) ~160bp. et al. (2000)
Annealing temperature : 59C
. 5- gga ttt tcc tet acg tge tte agt-3° (forward primer) Berryere et
Tyrosinase | _, , .
5'-cta tga gaa ccc tct ggt cac agg-3 (reverse primer) - al. (2003)
related . ) 145bp.
. Annealing temperature @ 67.8C
protein -1
) 5~ cgc att ttg cat aaa ttg g-3° (forward primer) Designed
Tyrosinase | _, , .
5'-caa agc tta gca ttg caa aac-3 (reverse primer) - from Pubmed
related . . 154bp.
. Annealing temperature @ 57.6C database
protein -2
5'- agtcttggcectecatettt -3 (forward primer) Designed
. 5-ggggtgttgticcatgattc-3’  (reverse primer) - from Pubmed
Tyrosinase . . 180bp.
Annealing temperature @ 58.0C database
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Table 4-2. Restriction enzymes and conditions used in this study’.

Genes Restriction enzymes Temperature Buffer
NIATIO 37C NEBuffer4
BtsI 55T NEBuffer4
Fatl 55T SEBufferG
TspRI 65C NEBuffer4

TYRP-1
Xeml 371C NEBuffer?2
BtsI 55T NEBuffer4
Hin PII 371C NEBuffer?2
Styl 37C NEBuffer3
BfuAl 50T NEBuffer3
Mspl 371C NEBuffer?2
MSel 37C NEBuffer?2
Banl 371C NEBuffer4
MCIR

HinPTI 371C NEBuffer?2
Styl 37C NEBuffer3
Hhal 37C NEBuffer4
Becl 371C NEBufferl

* The enzymes were selected based on earlier studies (Joerg et al, 1996) and also by subjecting the obtained sequences to

New England Biolabs (NEB) cutter programme.
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7 AZAA, G 2 ALARNY

S 2 (A HJAAN 294 lE A Adg e B4 Y 5
Al Zrzr 2 74 v R9dA HEzA ARE EF A AFSAT (Figwe 4-5). =5 AF 15
cm’ 2719 WIATRAZE b 70 % L@l AFsta, 2318 U PBSA (T, mlavlE
free Azkd € Penicillin 100 U/ml, Streptomycin 100 ug/ml E3hHoll |3t & olo]Hlx
of ol Az o4t AFdoa PBSAR ¢ AFHEL, A¥E AAH T 5 x 5 mmE
231, 4 Coll 244783 0.25 % trypsing FA7FsE PBSAEdo] w3 ATE vad #HET
Aol epidermald e olgfE dt, Derming ZES o] &3 FHoAH, 0.02% EDTA in
PBSAZ &7 %, votexdlo] MEE E3tt O & 350 xgollA 5 & 5 SR st
EFH pelletd Melanocyte &0l &3]3l A|XTFE Aatstirt 2 & v Zatx=o] <9F
“10° cells/SmL 2 BF8Fa 37 €9 10 % CO* vjek7|o) A s kst vl A
TAS R 2% serum® W FHE WASAAL, 1FY F Serume 5%F F7HIHATH F 15-20¢
% subcultureE 39T AMAIZFHFEL 2nd Passage AHEE 0|85t AT
Confluency7} =71 HA7tA] AEZE wjgste], dalds ZHslr] AHA AZE 025 %
Trypsin in PBSAR 353} heamocytometer® A EZFZE A4S 6 well platesol] 2 X
10° AZE B335 12-24A 75 w3l a, 2+2F Eumelanine 2382 9314 Nitric Oxide
9} Alpha-MSHA 2] Z, Pheumelanine%3 & F=35}7] f&lA L-cystein® 2T (FA2])A
YE AT 2 F WIS B2 2N A 4,7, 7, TR 3 F F FEhd, eumelanin
F& S35

2 sl 5484 7R

o

fr
}—A
9
o
O
Do
4

S HPLCe =Z &

U AEAR, W D ALPHAY

Z daEhde 200 ul cells (& 4x10° cells)oll 2 ml¢l soluene &9 (9 solune: 1 water=v/v)<
2% & 10 2 B mukstal 80 CollAl 3027 wikst & 219 A S thA] g W wEs)
o} ¥hgo] By & wjkdle] 1 mL AEN-E 500 nmoll A UV-spectrophotometer (Ultraspec
2000 Model2 FHEE Z8stAthKronstrand et al 1999). oW FEFHLS  Sepia
melanin(Sigma, USA)S AE9 7o woz AHste 2= dabd Ao o] &3st¥h
Eumelanin®#-& PTCAS HPLC WHog Z3sta] Faslnh 200 ul cells (2F 4x10° cells)
o 1 mLel IM H.SO.o EFatdrh EFA-e oF 20-30 = FA d2eA oAl 245tz
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KMNO,& £%3t1, 0.1 ml® BSAE EFst3th. I F NaSO;& E£FstL oA 7 mLe]
Peroxide free Di-ethyl ether® ZE#3I9tE £ 13 mL9 organic phase® @4 7l2oA AZX
stal AxEol 400 uLd FFFE EFSAUT. EFAL 045 um FEHHIHZ LHGHO
HPLC #Ale) o] &=}t #4418 Phenomenex column (250 mm, 4.6 mm, 7 um particle size)
2 0.01 M potassium phosphate buffer (pH 2.1)E E& =] 280 nm FF=oA 4=

ol FFHL £4 melanin F£F PTCAS o]&3dly #E& xAHS= 2] 5} o

i

phaemelanind & Watd oA eumelanin® HS # e o] &3

. gu

HE

A9 E

4
d

detd &4 switchingAl dolve #& ©ald (TRP-1, TRP-2, MITE)9 &4& &3] 918, 2 Al
) AZE 6 well platesd] 2 X 10° A ZE 23F5te] 12-2447F5QF w83, 242 Eumelanine
=22 9sA Nitric Oxide®t Alpha-MSH *#ZE Pheumelanine =32 FX3517] ¥3iA
L-cystein?} tiZ2F (FA)AHEE & T HMEE F85t9 d7|9F AEZ2 ol&3dth FF
1 AEXe 94825 T3 PBS 4948 #2232 pelletol]l 100 p9] lysis buffer (0.15 M
NaCl, 5 mM EDTA pH 80, 1% Triton-x100, 10 mM Tris-HCl pH 7.4, 1000 :1 5 M DTT)
g 7S & 4 Coll 108 5 FolFa 587t vortex & 3ETH d& B2 LUA o)A
10 5<QF sonicate® & T 4T 108 &< €oEth 12,000 rpm 22 4TColA 108 &<
AAE s AHE A 100 ple SDS-PAGE A& ¥ (0.125 M Tris, 4% SDS, 20%
glycerol, 10%6 MCE, 0.02% Bromopheno Blue)& 718+ & 95T A 58 F<F 7FEsle] 13k
A719%F NER ol &Mt A7|9ELS Laemmli (1970)9] "ol ofslA 125% ofaHolr}

o]= (37.5:1 ratio of acrylamide to bisacrylamide)oll 4% ol=Z Holnlo]=2] stacking gel

mlo

(10x85 cm, Bio-Rad laboratories, USA)Z 200 voltsoll Al 4587F 22|35ttt @ do] 25
gel2 silver staining® (Sliver staining methods by Angelika)oll €3] 2= o] Versadac
3000 (Bio-Rad laboratories, USA)ell 2|8 733} =3tk ddWHEL Hwang 5(2005)2 HH
< wastat.

2}. Western blotting

flo

Tyrosinase, TRP-1, TRP-2, MCIR 2] western blottingS <34 E3d wHd

_|_4

=
Hybond-P polyvinylidine fluoride (Amersham, Arlington Heights, IL)Z 200 mA°lA 60%7h
AAME AT 12 A= Tyrosinase (1:1000, TRP-1 (1:1000, ), TRP-2 (1;1000, ) =&

kl
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MCIR (1:1000)°|%laL, 22} A= Rabbit-HRP -conjugated (alkaline phosphatase conjugated,
Promega, WDt B33 3Al= BCIP/NBT(Bio-Rad laboratories, CA)oll <]&f 2l x| o]
Versadac 3000 (Bio—-Rad laboratories, USA)d & A4 <A}

<= &A=
20z
sHAl
S=T 2 2 2 6
= 4(2*281=) 4 4 12
o 2l 16(4*4 T 2I) 16 16 48
[NO, MSH==eumelanine, L-cystein(Fheomelanine), Control]
HF= 2= 48(16*38+ =) 48 48 144
Figure 4-5. Design of this experiment

P AZAA, WY

EE A% 15 a A719 HZAAFAZE A 70 % dEAN AHSL, 2 A o PBSA (2
&, PFdlE free AEhd &9 Penicillin 100 U/ml, Streptomycin 100 pg/m¢ ZE3H)ell A Z g

T ofolzubrdf ol AdgAR o]FFrh(Figure 6). AP HolA PBSAZ © MHsa, Ag

=

5x 5 mz A2, 4 CollA 24417F BQF PBSAC 0.25 % trypsing H7}3sH &
AAANZIY, & HEZ YA epidermal'd &S olef 2 3}, Dermind Zd-S o] &3 o
02 % EDTA in PBSAZ &7 & votexst] AZTE 2| s},

& ok 710° cells/5

rO
e,
o>
M
E m

3] pellet& Melanocyte & ol =0l AEFE Mt
meell kAl 37T 10% CO: vlg7]elA wjksitt, wixle 159 ¢ 29 THFHS=E (2%

serum) AL, 1FY F Serume 5%2 F7FAZIT oF 15-20¢ subculture® 3t}

o

Confluency7} = 7] A A7LA] A|EZE vl U3 AT



AZ3 0 AE7F ujgE flaske]l AE mediumE AAZ T F Zeldl o PBS

scraping 3t 50 m¢ tubeol]l ETh Eolz AXe} AL JAEF T Ao H
pellet 1.5 m{ PBS €4S Hrlsle 2 me o« %
-80°Ce) RAY )

l I~l
g
o
(@)
fru
o
X
>
ook
2
£
ofo
i
N,
[
X
N,

guyg F 3 AXes QAEYE 58 PBS €98 Wy E2 pelletdll 100 plel

e
A

lysis buffer(0.15 M NaCl, 5 mM EDTA pH 80, 1% Triton-x100, 10 mM Tris-HCI pH 74,
1000 :1 5 M DTT)E H7IE F 4 Tell 102 B¢ ¥oAFa 52rtH vortexs T €5
go AUA oA 105 &9 sonicateE dE F 4T 108 & YoErh 12,000 rpm &2
4CA 102 T AR FE2E @HEL 100% cold-aceton(-20T)& A EF] ou) EF
3t -20Col A overnightdted ©HlE S ZAAZIYE, AAE @ ALe AART(20,000 xg,
4°C, 30&)8ke] FFHe AAsHAT

i

o 1z A7|9E

12 A719%S Ade wedo] 100 ule] SDS-PAGE A& W3 (0125 M Tris, 4% SDS,
20% glycerol, 10% MCE, 0.02%¢ Bromopheno Blue)E 37} & 95ColA 58 &< 71E3sly
12 A7|9E AER o83t A7|YEFLS Laemmli (1970)2] ol o3iA 125% o= €
ofmlo] = (37.5:1 ratio of acrylamide to bisacrylamide)oll 4% o}z Holmfo]=9] stacking gel
(10x85 cm, Bio-Rad laboratories, USA)Z 200 voltsoll Al 4587F 22|35ttt @ do] 25
gel silver stain plus(Bio—Rad laboratories, USA)ell 28] M=o Versadac 3000 (Bio-Rad
laboratories, USA)el 2J3l |43} =t

ot 23 A7V1FE

22} A719%F AE= Lysis buffer (7 M urea, 2 M thiourea, 2% CHAPS, 1% DTT, and
0.8% Pharmalyte pH 4-7)o] &sl€ $ o3 aA AF (PlusOne 2-D Quant kit, Amersham
Pharmacia Biotech, Amersham, UK)<S AAIstH T 221 A 7952 Hwang 5 (20059
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o o8] AAstHT. Lysis® A&+ rehydration buffer (8 M urea, 0.5% CHAPS, 0.2% DTT,
0.29% Pharmalyte pH 4-7)° 800 ng/strip T A Z%3le] IEF strip pH 4-79 active
rehydration A7l & 50 mA/stripeZ 20 C oA 70,000 VhrsZ forcing (Protein EIF Cell,
Bio—Rad laboratories, USA)3}th 2 & IEF strip equilibration buffer (50 mM Tris—-HCl
buffer, pH 8.8, 6 M urea, 30% glycerol, 2% SDS, 0.002% bromophenol blue, and 196 DTT)
A 158 = 12k AEsta, DTTE 4.8% iodoacetamide® A SF & gdMoA 1587 2
2 AHsdoh. 1 F @MAL 125 % SDS-PAGE (3751 ratio of acrylamide to
bisacrylamide)® @] (Protein plus dodeca cell, Bio—-Rad laboratories, USA)sIH T £ ¥
AE= 0.19 colloidial Coomassie Brilliant Blue G-250 in 29 phosphoric acid, 10%
ammonium sulphate, 20% methanol for 24 h (Westermeier & Naven, 2002)2 G2 = o]
Versadac 3000 (Bio-Rad laboratories, USA)oll <3l /43t Huot B2 E spotol]l gk F4+
2 BAEAE 2DE 9424 Z2 I3 (PDQuest, Bio-Rad lab, USA)2.2 AAstTh.

(Hanwoo brown) (Hanwoo black) (Hanwoo brindle)

Figure 4-6. samples for the experiment
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il

microbeadsE H7}sF &
cell sorting system, Milteny Biotec, Germany)oll <]
(¢} 2

4. THAXRGS 3 RFHE FAIR g
7 AFA=E
-9} B0 SEAGAEE FHstA Ao HEEH EHS BAFS] Sl FHEE oA =57
AGEE oAl E5FdA S99 FIHAEE 2424 3 74 AFsAoY, 599 AR B9 o4
°2 MEE Fra}A Kol FIEAET AP AW
v Al Zul g
Dodson et al. (1987)¢ RS 4% £ WAsIo 30704 geolA fGHMZEE B wjdst
gt == A3 QF3 399 m.longissimus dorsiol AA XA AHFS A AT T HFE
mk 71 & o83t mif sttt EAA TS 18 1 meg/mle] pronaseE FH7Fg F 37T A]
60 B AHE F, 25 A DA ZES 339 dAE & 2EE T 2SS
A EoH AZEES AR (GM, Dulbecco’s modified Eagle’'s medium (DMEM; GIBCO)
containing 15% fetal bovine serum (FBS; GIBCO), 100 IU/mL penicillin, and 100 ug/mL
streptomycin) &t Al 37T, 5% COq0l A4 vikatATh M E7F 80% T EHAL vl 05% BSA<H
2 mM EDTAZ X33t PBS (phosphate-buffered saline)oll 23l ¥t Atk =3
AZAA ZEHAEZE s st fAEgd g3 X pellet= 100 ul PBS
(containing 10 pg anti-M-cadherin antibody)®ll €8] AF-F3Fe] 20 ple] anti-mouse IgGl
ACANA 1A7F &< vttt rlA=e 2 AutoMACS (magnetic
' o) EE AAAEA0T cells in 500 ul
PBS)= 7w A|ell A 377C, 5% CO.8 7oA wiF= At Aduj Aol A vk IFAE=
A wjFst R, four passage € ME7F B AT o] §-EH AT
| we} in vitrooll A Z
| o] X

&3t

= ‘070
ok 80% o] dojt 3

t}. siRNA - mediated p—calpain gene and caspase 9 silencing
siRNA 232 Silencer® siRNA Construction Kit (Ambion)2] H|

BT 4709 u-calpain siRNASF 270¢] caspase 99 siRNATE Ambion Inc. 4# o)X
o .

149 base pair® 7} sequenceE A A

E4 Zu] subunit

(www.ambion.com/techlib/misc/siRNA_finder.html)©] siRNA target finder T2 133 o]

coding A @37} AH3 1671

=
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9] uy-calpain®} caspase 99 siRNA®F polyamines-based transfectant, siPORT Amine
(Ambion)7} A% % siRNA-amine complexes= BJ % A E) transfection EFo] AlEQ FHF &

= 30 nM7} H ATk
2. RNA 5% 9 real-time RT-PCR

SsiRNA transfection 48417t ¥ transfected cellZ} untransfected cell & A|EZFE TRIZOL
reagent2 ©]83lo] total RNAFZE3IYUTY. Anchored oligo d(T)iz isprimer(GeneLink) <t
M-MLV Reverse transcriptase® ©|-23la 10 ug® total RNAZHEH cDNAZE $A35to
real-time RT-PCR®] F¥o.2 o|§sttt. &4l ol &d ZAzte] FHAE primer(u-calpain,
caspase 3, caspase 7, caspase 99} WHEE AL housekeeping gene GAPDH primer 221
PCR 7 && Pfaffl (2000 €714 2 3 AIdAHL ol&stlen, dhy 2dgL 2- 4
ACt o2 4353 tHTable 3 and 4).

2 E A¥E meanststandard error of the mean (SEM)E EHHL EAZF EAL SPSS
version 16.0 (SPSS, Chicago, IL)E ©]&3F Student’s t-test A&7+ zolE W w3stg o™
F94 p<0.05 9 ARSI

v

O
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Table 4-3. Sequences of siRNAs used to knockdown hovine p-calpain and caspase 9

Gene

Oligo name

Antisense siRNA Oligonucleotide Template:

Sense siRNA Oligonucleotide Template:

CAPN1
(u-calpain)

CAPN1-siRNA1

AACCTATGGCATCAAGTGGAACCTGTCTC

AATTCCACTTGATGCCATAGGCCTGTCTC

CAPN1-siRNA2

AACTGGAACACCACCCTGTATCCTGTCTC

AAATACAGGGTGGTGTTCCAGCCTGTCTC

CAPN1-siRNA3

AACTTCAAGTCCCTCTTCAGACCTGTCTC

AATCTGAAGAGGGACTTGAAGCCTGTCTC

CAPN1-siRNA4

AACAAGGAAGGTGACTTTGTGCCTGTCTC

AACACAAAGTCACCTTCCTTGCCTGTCTC

CARD9
(Caspase 9)

CARD9-siRNA1

AATGAGCGAGGTGATGAAGCTCCTGTCTC

AAAGCTTCATCACCTCGCTCACCTGTCTC

CARD9-siRNA2

AAGGAGAGCTTCGAGAACTACCCTGTCTC

AAGTAGTTCTCGAAGCTCTCCCCTGTCTC

Table 4-4. Real-time PCR primers and conditions

Gene Primer Sequences (5'-3") Amplicon length (bp) Annealing (°C) GenBank accession No.
APN1 F d: CCCTCAATGACACCCTCC
CAPNI orwar 109 57 AF221129.1
(u-calpain) Reverse: TCCACCCACTCACCAAACT
CASP3 F d: GTTCATCCAGGCTCTTTG
orwar 97 56 NM_001077840.1
(Caspase3) Reverse: TTCTATTGCTACCTTTCG
CASP7 Forward: GAATGGGTGTCCGCAACG
106 51 XM _604643.4
(Caspase?) Reverse: TTGGCACAAGAGCAGTCGTT
CARD9 F d: CGCCACCATCTTCTCCCTG
orwar 84 60 BC116138.1
(Caspase 9) | Reverse: TCCAACGTCTCCTTCTCCTCC
F d: CACCCTCAAGATTGTCAGC
GAPDH orwar 98 57 NM_001034034
Reverse: TAAGTCCCTCCACGATGC
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5. Troglitazone, PPARy® %8 9]
A A A FH o v= g

o N

(A EX L

Dodson et al. (1987)9] W& ¥ 4 WASIA 3070E dLdA AGAEZE 22 w st

o AZ AFHE HAAo m.longissimus dorsiol ZAZAI} AHHS A A & HAdh
np 712 o835t npdEtdth a4 IS A3 1 mg/mlel pronaseE F7FSE & 37T ol A
60 B AHE F, 25 A DA ZES 339 dAE & 2EE T 2SS
A EoH AZEES AR (GM, Dulbecco’s modified Eagle’'s medium (DMEM; GIBCO)
containing 15% fetal bovine serum (FBS; GIBCO), 100 IU/mL penicillin, and 100 ug/mL
streptomycin) &t &7 37T, 5% COz0l A ikl Th A E7F 80% ST RS wl 0.5% BSASH
2 mM EDTAZ X33t PBS (phosphate-buffered saline)oll 23l ¥t Atk =3
H MEAA ZHAHAEZE EFs7] fstd A d o Qo pellets 100 ul PBS
(containing 10 pg anti-M-cadherin antibody)oll &8 AAFE-H3F] 20 pl9 anti-mouse IgGl
microbeadsE FH7F3F & 4TolA 1A17E &< vt mlA = e 2 AutoMACS (magnetic
cell sorting system, Milteny Biotee, Germany)ol o] £z]® M ZA0" cells in 500 ul
PBS)= 7wl A4 37T, 5% CO:9 Z7ollA]l viE At Fgduj Ao A wjgd A dAZ=
oF 0% BFol €ojt & A vt L, five passage 9 MEZF B Ao o] &F AT

v AlEe A AE FHE 93 CCK-8 £4

Cell counting Kit-8 assay ¢t 233 ME Aikel FHBAS 457 218 96 well rlolZ2=
ZgolEd YAMEES Z+z 1.25x10° 2.5x10% 3.75x10%, 5x10% 7.5x10%, 1.0x10°, 1.25x10° cells/
mLo BER FHstY 2443 Ft FAEHEE stk 2 F 10 ul WST-8 solutions 2z}
o welloll #H7Istd 4A17F BF mjUgE AT FHAo 28 AR AT FAL Cel
Counting Kit-8 (CCK-8, Dojindo)ell o8 Jel ATt ik k99 ZSMEE= 96-well
plated] 27+ 5 x 10" cells/well (100 uL of culture medium containing 15% FBS)9] WE==Z
AASIEE overnight 3T EE AL F B o7 S£ydEQom 0-6¥€9] indicated times
o AIE &4He 3% 450 nmoll A st 4334 F2= 450 nm S A7k
=

WZ2 mean + SDE T Troglitazoneo] 4
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A ZE 96-well platesdll 1 x 10* cells/well (100 uL of growth medium containing 159
FBS) 2x9 MEZE HEstd wldS QA8 overnightdtArh. 1M Z7F 40% §Fo] ¢]27]
A, AZE 5 uM, 10 uM, 50 uMe] troglitazone2 indicated time (0-5 day) &<+ 22 8tk
100 ul9] iAol WST-8 solution 10 w3} 4A1ZF B<F 37Tl A v %3FATE Microplate reader

ol Al 450 nme] FFEFS FHSAL AE AAEHL2 control culture value®] WEEZ HH

T2 AWM X e} analyzing triglyceride mobilization by glycerol release2 Adipolysis Assay
Kit (MILLIPORE Corporation, USA)E ©]&% ZA4Ee 4 =4 93 @it o
=5 AAAIEE 24-well platedl] 6,000 cells/ well REA A&ujA] (DMEM containing
15% FBS)ol A &3o] olZ uf 71X wjersit), AlE = fusion medium (DMEM containing 2%
HS, &) =& fusion medium (containing 5 uM, 10 uM, 50 uM of troglitazone, =& 7-)ll
A 794t WSt Mg FRAS PN FYUAES FFE 510 nmolA S = %)

.

Z}+. Oil red O €A

Z+ o2 F= (G uM, 10 uM, and 50 uM)9| troglitazoneE 7Y€ F<F A MEE  Oil-red
Ooll o3 |A=Ak ohF Mg F, 10% formalinelA 302 T LA F 60%
isopropanol® 3k M, distilled water® F W AT T AL A 0Oil red-O solution
(00625-25G, Sigma)S.Z 5 B wlYst F/HTE AAFET AlEZE hematoxylin® = F A
HAx FFFE 37 F, FdEnE (Olympus CKE41, Japan)® FOculus IEEE1394 digital

camera® ol g-3te] oA HFsYTh
ol RNA 3% 3 Real-time RT-PCR

Total RNAE o©ekst Hale 3 4 2 JAAZTEEH  Trizole o] &3
phenol-guanidine-isothiocyanate ol & F=3sF9t}t. total RNAY HAEE 260nm <

280 nm¢ HEe] 3 AAFHARCT (F&8HESY : 16 - 21). Anchored oligo
d(T)1z-1sprimer(GeneLink) ¢+ M-MLV Reverse transcriptaseZ ©]-23} 10 ug® total RNAR
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FE cDNAE T3S real-time RT-PCRe FHo 2 o] &5ttt E4d o|&H Z17he] #
AAE  primer(CAPN1, CEBPA, FABP4, PPARG gene)9t WHEEAHL housekeeping gene
GAPDH primer 2123 PCR 27 F-& Pfaffl (2009 47144 2 AFdPHS o] &stgon,
A SHFE 2- A aCt PR £33 TH(Table 4-5).

. $AH 4

2E EAZA vlnEe tt= 8] Student t TestE o]&3F wWzle] EXo| o|FFHl SPSS
(version 16.0, Chicago, IL) T2 93] F&EHJoH p<.059 F3 FFo]|3ct.

Table 4-5. Real-time PCR primers and conditions

G Pri s 53 Amplicon length  Annealing GenBank
ene rimer Sequences ( ) (bp) o) accession No.
CAPN1 F d: CCCTCAATGACACCCTCC
oA 109 57 AF221129.1

(u-calpain) Reverse: TCCACCCACTCACCAAACT

Forward: GCGGCAAAGCCAAGAAGTCC
CEBPA oA 188 59 NM_176784.2

Reverse: GCGGCTCAGTTGTTCCACCC

Forward: AGATGAAGGTGCTCTGGT
FABP4 o 130 51 NM_174314.2

Reverse: CTCATAAACTCTGGTGGC

Forward: CCACCGTTGACTTCTCCA
PPARG 134 51 NM_181024.2

Reverse: AGGCTCCACTTTGATTGC

F d: CACCCTCAAGATTGTCAGC
GAPDH o 98 57 NM_001034034

Reverse: TAAGTCCCTCCACGATGC
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A 34 dA34dx 92 uF

rui

2 Az 59t 547
7}. 3+ FF9H Total melanin® Eumelanin g3 ¥ a1 E 4

Table 62 3¢ ZAIE(ZA - Tl HAA)E Wbl Eumelanin, phacomelanin 338 A%
A9t st JePAT & dEbd S YAz A T =okal, A &heo A T}
F EATHP<0.05). o] BAofA] Folg HE T2 HAPM mAY Agtx AT R
o] H(p<0.05)22 =2 dald FHS BHYT, 3¢ S4A(HAE 29 FA(ETFEN) A=
Fo] Q1 Aol 7b VERGA] gkttt
EAgo|A ABME UEE eumelaninT F-2 AT vie} o] PA A {oF
(p<0.05)2.2 £ XS UEHL ¢ T4t 2 FHE o|JAHp<0.05). FH ¢ F4L
°o2E 3 FHAoA =2 TS BYo), BAFHA Fo4L AAHA &
STHp>0.05). H& =@MS Bd3le phacomelaning P A=A 7FF =R (p<0.05) 3¢
AR et FAA 7 Eo, o] A= A5 o fith
Z dod TS S99 HAaTe] va 24E AYE E FFET BFFAA FAFHAY
2}o](p<0.05)7F YEFSTE Eumelanin =3 3H-9-9F 24
of Wd {7 Aolg EITE (p<005). F ZHdL 500 nme FFEANA FHSH
A650/A5009] F2 %= H|E2 eumelanin® EFAHE UEATH JAL EH e 55, Ha &
-9l ABB0/A5009] Zr& Z+zh 043, 041, 0.38 28 0122 YERAIZ eumelanin® ®]&
A F debd) 242 0.05, 062, 0.31 282 0.34 otk F #abd ¥} Eumelaninol] o &
= d 2hd 9] Hl-&-& g} o] cumelanic ¥ uf eumelamin®l] A

5,6-dihydroxyindole-2—-carboxylic acid—(DHICA-)¢] #FZ=¢9<¢] WE S-S el thLamoreux

i

fla

et al. 2001).

o] AT, -} BAL B FF ol MCIR AE3 CLUSTALW (assessed on 19
June 2007)e 9%k =29o] A9 MCIR AE (Y13957)¢] vl ofs 296 #1x]3F T-to-C
substitution®. 2 B AT PALE T4V ED HIZE S FHsteE AL 49 24 549
gl 9ol He olFEF)YES FUsArHKlungland et al. 1995). AL A
eumelanin @] FA §H4 718k o] FFANA AAHE eumelanin®] o] F Q1 <Foll o &
A= JoHE-E FFT vmo A T-to-C o] FAstYT 29 eumelanin®] %o F<

2l

Hoz uiohg w) 99 EHFEL eumelanin® FolA FoF FAUE YElG T O Aole
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259 IRA FHFFH YAEAT FE HE AB650/A5009] FFE HIEFEe] 0401
eumelanin® & melanin® H]&°] 062 €AFT 296 AAANA T-to-C AL 7IA2 UA]
ottt 4E VXe F9olA melanine WFE eumelanin® 2 FAAF QS-S YVEFAT
(Kronstrand et al. 1999 & Lamoreux et al. 2001). dtA|2k YA B3} vl wslH, SS9 A
eumelanin $#F-2 F W2 SoTh §14, Assrd wjA@ A o] ztole @A AT B

stx grow o B A7t aFHYy AR HAT

Table 4-6. Least square means and standard error for total melanin and eumelanin as a
function of hair colour of Angus and Hanwoo breeds and also depicts the absorbance ratio

of pigment melanin.

Angus Hanwoo Hanwoo Hanwoo Av.
F-value
Black Black Brindle Brown Std.
Total melanin ) )
68.8" 26.8 25.2 10.0° 253 99.63%%x*
(mg/mg hair)
Eumelanin
34.7* 16.7° 79° 34° 2.34  35.07*#x%

(mg/mg hair)
Agso/Aso 0.43 041 0.38 0.12

®° Means bearing the same letter did not differ significantly (p < 0.05), *++ p < 0.001
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1}

rok
rlu

¢ B3 BE M20d B fARY] $AR 25D B BA

we

S (F DA yellow-reddish B 72 o8 AHAAZEL TEUHE MCIR gene
(Y13957:2.310delG)e] 310 4=]o] A4 o&) o715 AtH(Klungland et al. 1995; Joerg et al.
1996; Graphodatskaya 2002). 22 ZA4= o5 A Ae & cumelanim T2 2
o8 gtk A650/AR00 HlEL 0.129 . xR g2 FHANA F7+H9] eumelanin FHS
el = A650/A500 FEol 0.38°]%1 pheomelanin® 9= 9JH|dl= eumelanin® &
melanin® H]-&-2& 0.340]Qt} o)|AL olnle 2 AE23 Ho Hde SRy =R uFol A}
(E4d Izes Haay g "o EZEES HRIYE) EE  eumelaning
5,6-dihydroxyindole- (DHI-)9] =9 wWlEY Holth(Lamoreux et al. 2001). & Aol A
TYRPl(exon 5) gene> ZFUA|ZE9} Z7l wul o] Aug 329} 400 A3+ 7w <)ol
Zo] AAo]l BRYTH(AF400250: c.32delA and AF400250: c.40delA)
Berryere et al. (2003)-2 AFE8|E3 AYAolFoAA exond WS EUSFAA T ZagA
E WY BuyA goth B AFA #HA9 MaoiA TYRPL (DHICA oxidase)® BZE
EPFolgles 7HHE MY o AFA 5709 geneoll A, 22 TYRP1 (exon 5) # MCI1Rel
Aek A7 BFEAT 3 AEL 4 B4 AR F5E EAEYES 7EE A
=5 Agdez AAHAL 167 Eart ol&HeH O 2= Figure 7, 8 UERAIIH.
TYRPl(exon 5)&, Nlalll$t Fatl 3 e FFE2 FH FEIHE dad 2ols B
ok TspRI®H £3le S99 &8 FFE25H FEEHIIL, Btsl2 3%
A2 BFFAUTE ExondA #ZEE FHHAHLE oinlE ZdAIZE WY Ee X3 &Y
Zlo|tt,

MCIRZ, Mspl= 3H9-9F O 2 FFo 2 By ZHFHUY olAL FEFHEol= HE 310 ¥
A(g.310delx)e] ZA wjFEolt};, Msple] ASHE L= 3¢ (FZdA)d= gAtHKlungland et

al. 1995; Joerg et al. 1996; Graphodatskaya 2002). Alth7} BfuAls 249 2 223 714
AT B AFolA] o] APES 3y BIEF PAd FEE Ao, 25 o B2
Aot & FL50] FrtE AF7F AAH-E ol € (traceability) £ UgAd 758 A%
AE9 &84S Haur] 938 &
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160 bp

448 bp

Tyr Tyrp 1 TYrp 2

M A B BrHA BE BrH A B BrH M

Figure 4-7. Shows the amplification of different pigmentation genes. Lane M is the marker;
lane A is for Angus; lane H is for Hanwoo brown; lane B is for Hanwoo black; and lane
Br is for Hanwoo brindle. (a): Shows the amplified product of Agouti gene with a size of
approximately 160 bp; (b): Shows the amplified MCIR gene of approximately 448 bp; (c):
Shows the amplified products of TYR (Exon 2) , TYRP-1 (Exon 5) and TYRP -2 (Exon2)
genes. The product size of TYR (Exon 2) gene was approximately 180 bp, TYRP -1
(Exon b5) gene approximately 150 bp and that of TYRP -2 (Exon2) gene was

approximately 154 bp.
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116 bp

70+67 bp

T2+65 bp

Br B A H M

390 bp

Figure 4-8. Restriction enzyme analysis of the bovine TYRP1 (exon 5) and MCIR genes.
(a) The Nlalll enzyme fragmented the TYRP1 PCR products from Hanwoo brindle cattle
to approximately 112 and 33 bp (not visible). (b) The Fatl enzyme produced a similar
result as in (a). (c) The TspRI enzyme fragmented the TYRP1 PCR products from
Hanwoo black cattle to approximately 72 and 65 bp. (d) The Btsl enzyme produced
fragments of approximately 70 and 67 bp with the TYRP1 PCR products from both
Hanwoo brown and Hanwoo black animals. (e) Digestion of MCIR PCR products with
Mspl showed that, in comparison to other breeds, the fragments from Hanwoo brown
animals had no restriction sites. (f) Digestion of MCIR PCR products from Hanwoo brindle
cattle with BfuAl produced fragments of approximately 337 and 143 bp. A, Angus; B,

Hanwoo black; Br, Hanwoo brindle; H, Hanwoo brown; M, marker.
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Figure 4-9. Dendograms for from gene sequence of MCIR
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Figure 4-10. Dendograms for from gene sequence of Tyr—1
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39-2] B Ao RRE I HIEE 2% FBSE X33 wjgdor 743 149 HjYo =
fibroblast®} keratinocytese =917} melanocytes3r A8z oz A5ttt Figure 4-11&
MM EZe] RS EA4S YR gtk AUkl IF HE9 BEHA)SE 2% FBS wj %

{

oMol A 149 ol 27 AFENA ZA} =& dendricity 9} dendritesE Hol1l J2™(x100), Al X
7F AEEHAS o A HoHB)O 2 5% FTEoNA L vjokel 28 17 passage cell7b A<,
=& dendriticity 232 9F7Fe] melanin®] &3F& Ho|i JQuh(x200). I3 AT w)g
52 UHEHZ AZEC)F 219 B wSE Axzz ded 24 (H2 953 defd 54
o7 Fo7le ME EED)o] #AHAUTE B AFolA ZebdP 42 cholera toxin®] F71l
=2 £ (Figure 4-11-A). 2 A &4k £= F7HE 9
A passagedll A 2.5% fetal bovine serum¥ 7 15%9] %

0>~l
Olt
L
fr

o
>

@]

=

1071

@)

107}

@]

=

8

o

S

>

ofo

rlo

e

£ J

2

2 ol &H At (Figure 4-11-B). AT WA AL A 48417 BE T A AT = YA

Figure 4-11. Melanocyte isolated from Hanwoo muzzle. A, C, and D are 100x magnification

but B is 100x magnification.
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SR EASE

oX

T Aios A
Aol Aghol] WEeteA] dolR 1A Stk Al BRE FFY M4 AEZE =
H7Ze 2 RE wgEHAL Ha T dis d#A e EAEL ol&siin. & dade
e 22 A F7Fst=d ¥Hele] eumelanin® cystein A ANA = B¢ A
A 3ol ME Pk F7FeEHTH(Table 4-7). a- MSHSF NO BT 904 Z
FH A= ABS0/A500 nme] ol BE A F o)A eumelanogenesisC. & W3S A|A}S

34, B34 37hAe] BRG] Utk B ATE Al X BEE 47}

= &9 ggFo] 9}t a-MSH%F dendrocytic morphology”Z} Z718l9 1 Baldd e 716
2 kskth Al B B AT ES ¥ A3V YEETE NOT EE MEoA daid 3
e F7HATIE A2 YElg o L-cysteine T Z37F veElgov g3 Ays ©
Ik Ao A dHx] EZY AREOl 93] 7hs3SHH eumelanin FEH2 NO
Aot s B Z71etAth. a-MSHS}F L-cysteine®] A B3l 228 e =dH H=5)
o % d77F 79"k

o

Table 4-7. Total and eumelanine contents and their ratio in melanocytes for Black, Brindle
and Brown Hanwoo treated with L—-cystein, a-MSH and NO

Coat color

- Av.SE  F-value
Black Brindle Brown

Control  Total melanine  23.0aB 21.6abB 19.2 bB  0.806 5.84*

Eumelanine 20.0aA 18.6aA 5.5bB 2.241 12.76**

. 0.309aA
Ratio ) 0.298aB 0.153bB  0.007 167.96***

L-Cystein Total melanine  26.7aB 24.0aB 27.1aA 1745 0.94
Eumelanine 7.7bB 21.7aA 10.1bA  3.605 4.29*

) 0.314aA
Ratio 5 0.275aC 0.270aA 0.014 2.82

a-MSH  Total melanine  38.7aA 44 8aA 23.0bB 2194  26.35**
Eumelanine 12.2aAB 13.9aA 13.8aA 2.379 0.17
) 0.288ab
Ratio ) 0.317aAB  0.282bA  0.010 3.47
NO Total melanine  39.2aA 42.7aA 22.1bB 1.872 34.67***
Eumelanine 18.5aA 14.9aA 12.1aA 2.345 1.89
Ratio 0.329aA 0.323aA 0.176bB  0.008 116.99***

df 2

ab means bearing a same letter within each raw did not significantly differ(p>0.05)

AB means bearing a same letter within each column did not significantly differ(p>0.05).
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. mRNA 93

4 2L pheomelanin (reddish-yellow 242)¢} eumelanin (black 2442)2] H| &3} ZFZHof <
3 ¥l 282 tyrosinase (Tyr), melanocortin 1- receptor (MCIR)¥} tyrosinase related
proteins (e.g., Tyrp 1 and Tyrp 2)¢] &&AZ FAdo] o3 FeHoz AAHUG & AF=
semi—qualitative RT-PCR9ell 23] Tyr, MCIR, Tyrp 1 Tyrp 29 FFoA datdzs) e A
A FHE A =Y JFoE olHd fHA FFEY ZES AEste AL A=kt
2nd passaged AlE+ pheonelanin® #HHF eumelanin® L-cysteine®] AL st A 7}
A9 th2 AH# (¢ -MSH, nitric oxide donor)ol AWj®ETh a -MSHZ SNP k& z+z} 100
nMZ} 50 uMeo]t}, L-cysteine2 0.07 mg/mle] wjde] H71= At a -MSH AHEES 3+ o)
okol & hovine pituitary extract (BPE) §lo] o] &% 12A17F viokE<t 2239 th. Nitric
oxide g A, sodium nitroprusside (SNP)= 7|S2AE o] &HYL A FES 244 7F vjtE
b AT FH Atk L-Cysteine A= 1% 12417 ol Dulbecco’s (cysteine negative) media®ll
A olFolHt. tlxTe] 7B wigd2 2447t F WAHEAT. Tyrp 12 nitric oxidest
a-MSH g Fe] k9o st 74 F whH L-cystein A= EE ETAF 9 Tyr, Tyrp 2
283 MCIRS HAAH
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Table 4-8. mRNA Expression of MCIR, Tryl, Try2 and Try genes in melanocytes for
Black, Brindle and Brown Hanwoo treated with L-cystein, a-MSH and NO

Coat color F-valu
Black Brindle Brown Av.SE e
Control MCIR 4736aA 5242aA 5282Aa 752.1 0.16
Tryl 6116aA 6081aA 6328aA 356.2 0.14
Try 4380aB 4413aB 4323aA 1037.9 0
Tyr2 4589aA 5462aA 4405aA 965.9 0.34
Cystein  MC1R 2899aB 2988aB 3186aB 268.1 0.3
Tryl 6634aA 6260aA 6388aA 423.8 0.2
Try 1635aC 1426aC 1706aB 93.2 245
Tyr2 1745aB 2364aB 2407aB 4935 0.56

a MCI1R
5821aA 5630aA 5812Aa 350.6 0.09

-MSH

Tryl 5953aA 5842aA 5457aA 3204 0.66
Try 5261aAB 4920aAB 4934aA 641.7 0.09
Tyr2 6110a 6099aA 5772aA 163.2 1.38
NO MCIR 5988aA 6398aA 5148aA 518.2 1.51
Tryl 6178aA 6194aA 5712aA 233.7 1.37
Try 6423abA  6730aA 5723bA 2337  4.7*
Tyr2 5844aA 5936aA 5107aA 603.7 0.57

df 2

ab means bearing a same letter within each raw did not significantly differ(p>0.05)
AB means bearing a same letter within each column did not significantly differ (p>0.05).

#}. Confocal microscopy

=z
Ao 2R AFHE melanocyte= IEC| e Aol oFte] #Haehd 4o A F7)sE
2Eo|t} UV-rays, 181
< AXe MY F(Table 497 Hx7& HuZAS o =A Ve
xo FE W A ST Melanocyte®] F-2 HElde] ZHolgl Bk
Nordluud et al. (2006)3 L5t ZE2XHo 2 Fx4 dAu|Zd 23 vjUdH melanocyte
M Aol Jo thal A3 Ay M EY RE AHNYEL YxTo Busie i o +%F
Z o]t
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Figure 4-12. Representative figures melanocyts treated with a - MSH. Cells were observed

by a conforcal microscopy with PI staining, showing dead cells at different time intervals
at 24, 48, 72 and 96 hours of incubation for A) (x200), B)(x200), C)( x 400) and D) ( x

400), respectively.

Table 4-9. Number of dead cell assessed by confocal microscopy after PI staining

= Incubailson tlmgz(hour) = AV.SE F-value
Control 43.3bA 32.1cD 30.0cD 51.6aD 1.902 28.07***
L-Cystein  28.9cB 37.1bC  36.8bC  72.0aC
. 0.638  909.48***
NO 38.1cA 43.8bB 44 2bB 88.2aB 1.720 182.97***
a-MSH 40.8dA 60.0cA 71.1bA 1194aA 1633 420.98***
df 3

ab means bearing a same letter within each raw did not significantly differ(p>0.05)

AB means bearing a same letter within each column did not significantly differ(p>0.05).
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3

. 5§49

oX
A

B

o] B AL melanogenic B Aol &Aoo =35l T FR3 AEL tyrosinase (TYR),
melanocortin - 1- receptor (MCI1R), micropthalmia transcription factor (MITF) @t
tyrosinase related proteins ( TYRP1 & 2)o|t}. 39-= AM71A] ©f 2 EHY (324, A &
FA)E el E, 2 AFollA e BRI 2 RE vjYE 93] melanocyteE ©|-&3ste] %
F=9 "Woshy Wiel 93] TYR, MCIR, MITF 222 TYRP19 #d £F& dolRzuxt
sttt Al 7HA] ZREY FFTES WYEH B4 o5 vwd HHAPEE Lol AT
(Figure 4-13) Tyrosinase, TYRP-1, 28] MCIRoIA= EE EHIHA o] Ao
TYRP-2¢] 734 Sl Mut oA &do] HArh ztzbe] gduid wde) f575 o <+ =
A4 e o HEe wAFe Aole FAMEA Eegont kil

Tyrosinase, TYRP-1, MCIRE #Zd| wa} rv|r|stx gt §¢to

2
S o]= TYR, MCIR &3 TYRPl @& @do A4 deldo] eumelanin 743 #&H
o] okl AlEE T},

Tyrosinase TYRP-1 TYRP-2 MCIR
1 2 3 1 2 3 1 2 3 1 2 3

Figure 4-13. Representative figures showing western boltting results between difference

breed (1: Brown; 2: Black; 3: Brindle)
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49 40 matchd=E 43 23 F FF5 EF 62%=2 2 match =5 YR AT,
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Table 112 -9} Z40] MaAE el wdFo] 3u) o] olue s
table 12 %9} FHa AMoAZ ol W o] 3u) o A
78] spote]l atel& WERHRITE it e MM Tz

vt ko] 3u) o]AF zpolub= spot B4 AT 137019 spoto] xpeolE WrEMTE (Table 4-13).
)=

=L
o
[62]
9
S
o
R
o
il
iy
o
35,
o K

skl g2 AL 135709 spot(Table 4-15), 9 AMAaAZodl= EASA T F4 MAAE
e ZAstA e wild B A 45709 spot(Table 4-16), #4& MAAZE 2514
B 59 AaAZE EAstA ¥e dd B Ax 81709 spote] ZolE VERAATH
(Table 17). A%z EAlo)] 93 EF¥ ol= 10-2170 FE9 spotEo] 2FolE eERAR
A BEAdME ot T T Faske B4 100o707F de e do] koA
o] FHYen 59 e A vm 4 ZF 45-80 e @A Bde] xfolE e
itk ol F ol He Aolvt vEhd gl A d¥ste AT

IPG pH 4 Melanocyte cell pH 7

12.5% SDS-PAGE

v
Brown

Flgure 4-15. 23+ A719 5] o8 229 Brown AAHE Ta .
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IPG pH 4 Melanocyte cell pH 7

12.5% SDS-PAGE

Black
Figure 4-16. 23} " 719%l 93] 22| ¥ Black MM x Tz
IPG pH 4 Melanocyte cell pH 7

12.5% SDS-PAGE

v

Brindle

Figure 4-17. 22} A 7]Q 5l 98] 22 ¥ Brindle A2 Tl g,
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Table 4-10. 22} A 7] 23] 22]¥ @A spot 9 match® spots

Group Spots Matched Match Rate
Brown 375 375 10096
Black 237 147 629
Bridle 294 183 629

Table 4-11. Brown¥} Black &AM X @l @& 3Fo] 38 o] 2Fo|vb= spotsI density

Density
Spot No. Brown Black Brindle
4 586933.7 118043 123295.9
1212 17805.2 3612.6 10980.5
1605 15994.5 54011.5 31948.4
3703 47383.3 8040.9 .
3804 6477.1 19761.1 0983.3
4704 119705 41363.9 12012
5603 3270.2 11844.8
5704 3293.2 13694.1 .
6105 16899.3 3326.4 22089.7
7104 15599.5 912313.4

Table 4-12. Brown¥} Brindle 2 4&A E @l A vl 3ko] 3u) o]t o]l spots¥ density

density
Spot No. Brown Black Brindle
4 586933.7 118043 123295.9
1001 17553.8 7737.6 70528.9
1304 135184 . 3548.4
1309 2593.2 3783.5 8685.2
2612 30626.4 21700.5 8096.8
3209 3041.8 . 15146.5
3520 1262.4 ) 5442 .4
3601 58549.2 34118.4 12769.9
3701 8087.9 18899.1 1699.6
4722 16839.6 33674.4 3045.9
5202 5319.2 . 194394
6311 8977.2 . 32966.6
7209 4001.1 . 44292.7
7403 5904.8 . 44448.6
7503 142184 . 64892.5
7507 41441.2 . 8634.2
7509 55440 . 9613.4
7522 6016.6 . 19796
7601 15332 . 3528.6
7602 16063.4 . 2605.4
7704 3081.7 . 21650.8
7802 32693.3 . 0660.5
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Table 4-13. Black¥} Brindle 2 4&A X ol w@r&3Fo] 38 o] 2Fo|vd= spots density

Spot No. Density

Brown Black Brindle
1001 17553.8 77376 75528.9
1212 17805.2 3612.6 10980.5
3205 25702.4 10103 30507.1
3212 40232.8 57676.8 16837.5
3401 11431.2 16857.8 4788.6
3502 22232.6 36787.2 10303.6
3608 30190.6 56223.1 14198
3701 8087.9 18899.1 1699.6
3804 6477.1 19761.1 0983.3
4704 11970.5 41363.9 12012
4722 16839.6 33674.4 3045.9
2006 13915.6 6203.5 22282.5
6105 16899.3 3326.4 22089.7

Table 4-14. Brown MAAM|Zde ZA5tA9 Black MAA T+ EA8HA] ¥+ spotsT

density

Density
Spot No. Brown Black Brindle

12 13992.7 . 22167.6
14 9865.8

114 5920.8

402 4795.8

o07 6090.4

705 132121.4

1211 6329 . .

1214 4476.5 . 5206.2

1301 5863.4

1302 5251.6

1303 6008.9 . .

1304 135184 . 3548.4

1305 5615.6

1401 5469.9

1402 5654.6

1403 7189.6

1404 5815.3

1406 6646.3

1501 153867.1

1504 5122.3
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1505 6693.4

1507 4967.6

1509 9999 .
1512 39699.6 31735.6
1601 6794.7 15806.5
1602 6121.5 12395.7
1603 13097.4 .
1709 9756.4 8285.1
1804 231784.6 .
2005 4866.5 7057.4
2101 719637

2103 93621.8 .
2104 11647.2 10407.7
2201 6936.7

2305 9657.7 .
2306 9072.1 4724.9
2309 4595.5

2405 7082.6

2510 5243.9

2013 4952.6

2605 10641.5

2609 283412.1 .
2710 49946 33352
3208 4101.6 .
3402 3998 6755.5
3403 33874.5 26746.8
3405 44580.1 .
3905 o182.4 3624
3908 102284.1

3514 81067.6

3017 21285.4

4002 4667.6

4102 7399.9

4105 9280.9 .
4107 9409.1 13118.1
4202 3959.1

4405 4438.4 .
4511 4394.4 9799.5
4601 4404 .
o002 10048.8 13125.9
o008 52000.9 00394.1
2009 68427.7 60222.1
0102 15980.9 23978.8
5202 0319.2 19439.4
5203 4968.7 .
5204 11565.2 15221.4
5303 9894.9 .
0304 9236.7 7016.8
5019 7745.3

9520 9906.5
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o604 4813.5 3831.2
9605 12472.1 17761.3
o606 20356.2 22937.1
9608 o024.4 12309.4
9901 0273.2 .
6001 133116.8 124174
6002 13888.9

6005 6862.2

6103 6339.7 .
6106 13927.1 12068.6
6107 28830.4

6201 10460.5 .
6202 31752 53198.3
6203 o879.4 .
6207 9608.1 17346.7
6213 30845 46320.3
6301 4955.5 8977.3
6303 10297.6 11250.5
6307 45133.2 63072.9
6311 8977.2 32966.6
6313 12433.3 .
6403 13162.3 389517
6504 9734.8 15348.2
6507 0268.2 6307.6
6012 94333.5 .
6603 4041.6 4885.6
6605 4480.6 3891.3
6606 7816 7291.8
6607 4281.9

6711 11048.2 .
6713 8979.9 10405.6
6811 10147.7

6901 4835.1

7003 7370.6

7101 38014.2 .
7201 26507 59014.8
7202 6081.4 12704.3
7207 8193.4 .
7208 13109.1 9051.1
7209 4001.1 44292.7
7301 11872.3

7302 11671.4

7303 23975.9

7305 12511.8

7401 8289.1

7402 8920.4 .
7403 0904.8 44448.6
7405 32808.9 49565.4
7406 8638.4 8822.5
7501 33354.2
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7503 14218.4 64892.5
7905 16305.8 18565.8
7507 41441.2 8634.2
7508 26828.3 .
7509 05440 9613.4
7511 49066.6 .
7514 15068.2 61779
7518 12121.4 6796.8
7521 8088.6 .
7522 6516.6 19796
7523 29715 64199.5
7524 9285 .
7601 15332 3928.6
7602 16063.4 2605.4
7603 11395.9 .
7604 44784 8940.5
7606 256236.8 27507.5
7607 19711.7 .
7610 7235.3 8929
7701 22823.9 11135.9
7702 15561.6

7703 27465.1 .
7705 11960.4 8357.1
7706 202617.7

7707 21224

7801 22505.6 .
7802 32693.3 9665.5
7804 7411.8 3894.7
7805 13153.9

7806 23810.4

7807 12554.5

7808 11931.7

7810 7807.7 .
8102 1149488 668443.9
8110 39523.9

8201 95466.8 .
8206 o68114.1 419331.1
8403 269250.3 .
8404 2427294 196163.7
8406 186130.8

8407 124224.9

8408 96005.1

8409 70989.2

8905 890813.3

8506 96118.6

8507 123518.8

8508 1356223.9

9107 12592.2
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Table 4-15. Brown MAAXol= ZEA|3IA % Brindle MAA X = A 35}1A

density
Density
Spot No. Brown Black Brindle

14 9865.8

114 5920.8 .
122 7794.3 5462.1
124 11255.2 6661.8
307 7012.9 8687.2
402 4795.8
o07 6090.4
705 132121.4
1211 6329 .
1213 122729 13221
1301 5863.4
1302 5251.6
1303 6008.9
1305 5615.6 .
1306 9082.7 6843.5
1401 5469.9
1402 5654.6
1403 7189.6
1404 5815.3
1406 6646.3
1501 153867.1
1504 5122.3
1505 6693.4
1507 4567.6
1509 5999
1603 130974
1804 231784.6 .
2008 15385 213194
2101 70637
2103 93621.8 .
2107 3999 5453.1
2201 6936.7
2305 9657.7
2309 4595.5
2405 7082.6 .
2502 4717.1 2155.8
2510 52439
2513 4952.6
2605 10641.5
2609 28412.1 .
2611 6849 13540.9
2701 6874 2773.2
2704 3960.2 4519.3
3009 6001.7 2496.5
3201 107954 116889
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3208 4101.6 .
3211 7641.2 4513.2

3303 4859.1 2516.8
3305 8322.8 4198.3
3306 o886.5 3431.3
3405 44580.1

3908 102284.1 .
3011 0345.4 8298.6
3514 81067.6 .
3016 13380.2 7343.4
3017 21285.4 .
3606 6930.7 3778.6
3703 47383.3 8040.9
3707 26354.1 13480.6
3711 11378.8 31892.4
3805 4977.8 9168.1
3810 8303.6 16645.4
3811 7004.1 9089.9
4002 4667.6

4102 7399.9

4105 9280.9

4202 3959.1 .
4206 9281.2 8908.6
4304 6943.5 11519.9
4306 059915 8703.5
4308 13498.4 32061.2
4405 4438.4 .
4408 9181.5 14850
4501 8329 11876.4
4502 7739.5 14825.8
4507 9009.2 4326.2
4601 4404 .
4604 4691.8 7161.5
5203 4968.7

5303 9894.9 .
5404 5242.1 11659.9
5019 7745.3

9520 9906.5

9901 0273.2

6002 13888.9

6005 6862.2

6103 6339.7

6107 28830.4

6201 10460.5

6203 o879.4

6313 12433.3

6012 94333.5

6607 4281.9

6711 11048.2

6811 10147.7
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6901 4835.1
7003 7370.6
7101 38014.2 .
7104 15599.5 912313.4
7207 8193.4
7301 11872.3
7302 11671.4
7303 23975.9
7305 12511.8
7401 8289.1
7402 8920.4
7501 33354.2
7508 26828.3
7511 49066.6
7521 8088.6
7524 9285
7603 11395.9
7607 19711.7
7702 15561.6
7703 27465.1
7706 202617.7
7707 21224
7801 22505.6
7805 13153.9
7806 23810.4
7807 12554.5
7808 11931.7
7810 7807.7
8110 39523.9
8201 95466.8
8403 269250.3
8406 186130.8
8407 124224.9
8408 96005.1
8409 70989.2
8905 890813.3
8506 96118.6
8507 123518.8
8508 1356223.9
9107 12592.2
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Table 4-16. Black MaAEel= ZASHARE Brindle MM Eol= EAHA &
density
Density
Spot No. Brown Black Brindle

122 7794.3 5462.1
124 11255.2 6661.8
307 7012.9 8687.2
1213 122729 13221
1306 9082.7 6843.5
1407 3346.4 4061.7
2008 15385 213194
2107 3999 5453.1
2406 2802.7 4334.3
2611 6849 13540.9
2701 6874 2773.2
2704 3960.2 4519.3
2709 3042.9 50774
3201 107954 116889
3202 3938.2 4198.6
3211 7641.2 4513.2
3304 3184.8 4026.5
3305 8322.8 4198.3
3306 5836.5 3431.3
3011 53454 8298.6
3516 13380.2 7343.4
3606 6930.7 3778.6
3703 47383.3 8040.9
3707 26354.1 13480.6
3711 11378.8 31892.4
3805 4977.8 9168.1
3807 2487.3 2730.6
3810 8303.6 16645.4
3811 7004.1 9089.9
4206 9281.2 8908.6
4304 6943.5 11519.9
4306 5991.5 8703.5
4308 134984 32061.2
4408 9181.5 14850
4501 8329 11876.4
4502 7759.5 14825.8
4507 5009.2 4326.2
4514 1786.1 3104.8
4604 4691.8 7161.5
5404 5242.1 11659.9
5507 3056.4 3892.3
5602 3079.3 7901.9
5603 3270.2 11844.8
5704 3293.2 13694.1
7104 15599.5 912313.4
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Table 4-17. Brindle M AAEdl= Z=x13}A| 2 Black MAA|Xd= EA31A &
density
Density
Spot No. Brown Black Brindle
12 13992.7 22167.6
302 3496.9 34779
1214 4476.5 5206.2
1304 135184 3548.4
1512 35699.6 317356
1601 6794.7 15806.5
1602 6121.5 12395.7
1709 57564 8285.1
1710 3295.9 3369.3
2005 4866.5 70574
2104 11647.2 10407.7
2306 5o72.1 4724.9
2710 49946 33352
3209 3041.8 15146.5
3402 3998 6750.5
3403 33874.5 26746.8
3505 57824 3624
3506 3271.2 7047.6
3518 2773.3 6501.4
3520 1262.4 5442 .4
4107 9409.1 13118.1
4511 4394.4 9799.5
5002 10048.8 131259
5008 52000.9 55394.1
5009 68427.7 60222.1
5102 15980.9 23978.8
5202 5319.2 194394
5204 11565.2 152214
5304 9236.7 7016.8
5604 4813.5 3831.2
5605 12472.1 17761.3
5606 20356.2 22937.1
5608 5024.4 12309.4
5713 1820.5 4538.5
6001 133116.8 124174
6106 13927.1 12068.6
6202 31752 03198.3
6204 3484.6 3530.6
6207 9608.1 17346.7
6213 35845 46320.3
6301 4955.5 8977.3
6303 10297.6 112505
6307 45133.2 63072.9
6311 8977.2 32966.6
6403 13162.3 38951.7
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6406
6501
6504
6507
6508
6603
6605
6606
6713
7201
7202
7208
7209
7403
7405
7406
7503
7905
7507
7509
7514
7518
1522
7523
7601
7604
7606
7610
7701
7704
7705
7802
7804
8102
8206
8404

2765.7
2626.3
9734.8
0268.2
2381.8
4041.6
4480.6
7816
8979.9
26507
6081.4
13109.1
4001.1
5904.8
32808.9
8638.4
14218.4
16305.8
41441.2
05440
15068.2
12121.4
6516.6
29715
15332
44784
256236.8
7235.3
22823.9
3081.7
11960.4
32693.3
7411.8
1149488
o68114.1
2427294

4590.1
7845.9
15348.2
6307.6
o681.2
4885.6
3891.3
7291.8
10405.6
59014.8
12704.3
9051.1
44292.7
444486
49565.4
8822.5
64892.5
18565.8
8634.2
9613.4
61779
6796.8
19796
64199.5
3928.6
8940.5
27507.5
8929
11135.9
21650.8
8357.1
9665.5
3894.7
668443.9
419331.1
196163.7
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SpotNo. 6105

<Brown¥ Black MAAE @l Zo] F%7} 38 o)A x}o]= spots>

SpotNo. 2612 Spot No. 3601

SpotNo. 4722

<Brown¥ Brindle MM T gl Fx 7} 3u] oA 2ol spots>

Spot No. 3212 Spot No. 3401

Spot No. 3608 Spot No. 5006

<Black¥} Brindle A X w@lde] FE 7} 3u] o] Zo]= spots>
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SpotNo. 4511 SpotNo. 5102

SpotNo. 5606 SpotNo. 5608

Spot No. 6107 Spot No. 6201

<Brown MAAE ZA 515k Black MAAE ZA5HA] L= spots>

SpotNo. 3305 SpotNo. 3711

SpotNo. 5303

<Brown MAAHE ZA 512 9k Brindle M AME ZA)514] EE spots>
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Spot No. 3805 Spot No. 3810

Spot No. 4308 Spot No. 4408

Spot No. 4604

<Black MAAE ZA 315 Brindle MAAHE 2R 514 &= spots>

Spot No. 3209 Spot No. 5604

Spot No. 6213 Spot No. 7201

Spot No. 7403

<Brindle M AAE ZA 3} A 7+ Black MAAE ZR)3FA] %= spots>

Figure 4-18. 2DE GAEA Za2 73S B3t 24 & Ay spot
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Table 4-19. A9 spotse] ©ld =4 Ax

spot Identified fragments NCBI access c/Q MW/pl Jensiy
No. number Brown Black Brindle
Quantity
6105 Homo sapiens p20 protein gil2477511 8/1 16884/5.95 16899.3 3326.4 22089.7
2612 alpha—-tubulin il 37492 3/1 50810/5.02 30626.4 21700.5 8096.8
3601 alpha—tubulin gi|37492 3/1 50810/5.02 58549.2 34118.4 12769.9
4722 MTHSP75 gi1292059 1/1 74019/5.97 16839.6 33674.4 3045.9
3212 similar to Apolipoprotein A—| precursor gi| 149716548 4/1 30312/5.66 40232.8 57676.8 16837.5
3401 galactokinase 0i13603423 4/1 28764/5.25 11431.2 16857.8 4788.6
3608 heatshockprotein65 gi|51455 2/1 61074/5.91 30190.6 56223.1 14198
5006 no signal . . . 13915.6 6203.5 22282.5
Quality
4511 no signal . . . 4394 .4 . 9799.5
5102 cofilin2 gil14719392 8/1 18839/7.66 15980.9 . 23978.8
5606 phospholipase C-alpha gi|200397 2/1 57042/5.98 20356.2 . 22937.1
5608 no signal . . . 5024.4 . 12309.4
6107 no signal . . . 28830.4
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6201 no signal 10460.5

6313 carbonic anhydrase Il gi| 77735829 6/1 29637/29637 12433.3

3305 beta tubulin 0i 49481 3/1 50109/4.85 8322.8 4198.3

3711 MTHSP75 0i292059 2/1 74019/5.97 11378.8 31892.4

5303 no signal 9894.9

3805 no signal 4977.8 9168.1

3810 MTHSP75 0il292059 2/1 74019/5.97 8303.6 16645.4

3811 no signal 7004 .1 9089.9

4308 Pdhb protein gi|12805431 3/1 35156/5.63 13498.4 32061.2

4408 mutantbeta—actin gi|28336 4/1 42128/5.22 9181.5 14850

4604 alpha—tubulin 0i| 37492 3/1 50810/5.02 4691.8 7161.5

3209 phosphoglycerate kinase gi|202423 4/1 44907/7.53 3041.8 15146.5

Alpha—aminoadipic semialdehyde .
5604 gi|109940193 2/1 55857/5.69 4813.5 3831.2
dehydrogenase

6213 Parkinsondiseaseprotein7 0i| 31543380 3/1 20050/6.33 35845 46320.3

7201 triosephosphateisomerase 0i| 54855 6/1 27021/6.90 26507 59014.8
similar to phosphoglycerate kinase 1 isoform )

7403 gi| 74007821 43201/. 5904.8 44448.6

9 [Canis familiaris]
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+TOF MS:

+TOF MS:0.217 to 0.250 min from Sample 50 (4722) of 09ms 23 wiff
@=3.56T212037187 287 408-004, 10=-3.707 18480053526 3500+001

BARAIERN) 5o 2oy

61 Bzee

B22 325002)

B2 SXE)

472z

Mae S06.0 counts,

1_TwF MS: 1,367 10 1.434 min from Sample 35 (3810) of 09ms 23 Wil
=3 567212037187 287 40e-004, 10=-3 7071 BABO05 3526 3508+ 001

intemsity, counts

Max 186.2 counts. |

26 (3711) of

"_ﬁor WS- 0,334 to 0467 min from Sample 26 (3711) of D8ms 23 wift
=3 567212037187 267 40e-004, 10=-3 7071 848005 35263600-+D01

£
a0
£
g 30
%: P 822 31082)
g,
g (.31 B1@0 G194 #2060 [-Fai k-] 6210 6218 [ =-d:] [ -3 a3 0 [-F=1.] s2a.0 [F2 k] 6280 (-1 626.0 .- X.] 8270
iz, amu
Figure 4-19. spot No. 3711, 3810, 4722 =4 ww AL Jeh)& B4 27}
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4. THAEERF L 53 uged HAAIA g4

7k, 8% primary SHAIES] &2 2 HF

Figure 4-20 ~

Figure 4-20. Primary culture satellite cells after attach bottom 48hours.

Figure 4-21. Primary culture satellite cells after attach bottom 7Z2hours.

Figure 4-22. Original satellite cells before sorting after subculture-seed the cells and
culture in growth medium 1 days.
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Figure 4-23. Original satellite cells before sorting after subculture-seed the cells and
culture in growth medium 6 days.

Figure 4-25. Positive satellite cells culture 120 hours in growth medium.
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Figure 4-26. Positive satellite cells culture 24 hours in fusion medium after changing fusion
medium.

Figure 4-27. Positive satellite cells culture 48 hours in fusion medium after changing fusion
medium.

Figure 4-28. Positive satellite cells culture 72 hours in fusion medium after changing fusion
medium.
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1}. p-calpain siRNA-transfected A3 2] Real-time RT-PCR ¥4

B Ao A 4712 B8 E siRNA M EL u-calpain gene & AT A= 259 58 =2
AFSEETE AIE 579] transfection 279 # A3 ¥ transfaction BZ {39 o|§3} 7}
SIRNAS] A3l g%, %FH<2 real-time PCRS EE siRNAQ A A A& 93] 43 ¥ gene
B AA FES HUtstr] fs) A EA AT
Figure 4-29 <¢J3}H, CAPN1-siRNA1l ¥ CAPNI1-siRNA4S Z+Z} 60 + 0.02% ¢} 56 +
0.03% 2 p-calpain gene expression® A7} © &3FAH whsled CAPNI1-siRNA2 3}
CAPNI1-siRNA3L transfected TA] -2 $19A X9t vlustale wf 2442 16 + 0.04% 7 24+
0.05% {(mean * SEM)7}A] gene expression® o] ZAFATE HAY knowdowne
transfected ¥ M| E7} transfection H Fofl 48 A7t Bt #GHAE wf o]FoH o] HAF
ATk,

H p-calpain

0.8 -
0.6
0.4
0.2

Figure 4-29. Real-time RT-PCR of p-calpain mRNA expression in double-stranded 21-mer

Normalized fold expression

n-calpain siRNA treated samples (n=9 per group). U-calpain expression was normalized to
GAPDH expression and denoted as a pu-calpain /GAPDH ratio. *p<0.05

t}. siRNA9 ©]3} p-calpain® knowdown¥ caspase 39} caspase 7 gene &d

H olrl, 8= 9F u-calpain® knockdowno| MXE AlHe| &S m T caspases
gene WEo] ZHA o} #AEF QL Aozl ZAHSHUT. Caspase 3¢ caspase 7 mRNA HdE-L
real-time PCR £Alo) wa} AHaH AEQ u-calpain siRNAAA A3 =tk Transfected
HA Fe AEXET v uPgeS u AT E AES 4719 u-calpain siRNAO|A] caaspase 39 3}
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Normalized fold expression

Aol Vet (Figure 30). §-AFSHl, CAPN1-siRNA1Z CAPNI1-siRNA4o|A] EzAH A

caspase 7] mRNA @& A o B2 7447 e tH(Figure. 4-31).

12 M Caspase 3

Figure 4-30. Real-time RT-PCR of caspase 3 mRNA expression in double-stranded 21-mer

n-calpain siRNA treated samples (n=9 per group). Caspase 3 expression was normalized to
GAPDH expression and denoted as a caspase 3/GAPDH ratio. *p<0.05

Normalized fold expression

B Caspase 7

Figure 4-31. Real-time RT-PCR of caspase 7 mRNA expression in double-stranded 21-mer

n-calpain siRNA treated samples (n=9 per group). Caspase 7 expression was normalized to
GAPDH expression and denoted as a caspase 7/GAPDH ratio. *p<0.05
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2}. caspase 9 siRNA-transfected A3 2] Real-time RT-PCR +4

T e B8 E siRNA A FolA caspase 9 gene L o] dAste 259 8L 3}Q5H
ok AlE 49 transfection =79 FH A3} $9, transfection =29 &3 0|83 Z} siRNAY]
A3 5, FA real-time PCRS 2+ 4709 siRNA A @l s 4HE FHA 2@ o
A FES Hrkskrl QA8 o) &= ATk Figure 32¢1 uebd vReh o], CARDI-siRNA17}
CARD9-siRNA2E EM2=HAAE A gbe AEEH} vaPE o FHA2 T3 Hgol 242k 40 +
3% 9} 49+ 2% (mean * SEM)7}A] ZA&stlth. #HAH9] knockdowne ERAHEF AZ7}
transfection ©]F 48413t Ft WG EHUE Wl AFHEHAFS Loblith

12
® Caspase 9
0.8 -
0.6

0.4

Normalized fold expression

0.2

0 | | 1
Untransfected CARD9-siRNA1 CARD9-siRINA2

Figure 4-32. Real-time RT-PCR of caspase 9 mRNA expression in double-stranded 21-mer
caspase9 siRNA treated samples (n=9 per group). Caspase 9 expression was normalized to
GAPDH expression and denoted as a caspase 9/GAPDH ratio. *p<0.05

o}, siRNA9 ]38}t caspase 99 knowdown¥ caspase 7% caspase 3 gene W&

e

2= eF caspase 99 knocdowno| AM|EAPEC] FeFS FtlW caspases AR BH
S719] Aol ATEHAE Aozt 7HESEHTt. Caspase 3% caspase 79 mRNA @&
real-time PCR 4o wa} HZl® AL caspase 99 siRNAJA FHEHTh A2 E AX
o] & 709 caspase 9 siRNAOA] caspase 79 8}3FxHE transfected A &8 AlEo vl
H ZA¥= Figure 339 YeERH AT dFx 9, CARD9-siRNA1# CARD9-siRNA2¢} transfected
® AAAEE caspase 321 mRNA expressiondl Al 712 H Yt} (Figure 4-34).

flo
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L2 4

m Caspase”

0.8 4

0.6 1

0.4 +

Normalized fold expression

Untransfected CARDY9-siRNA1 CARDY9-siRINA2

Figure 4-33. Real-time RT-PCR of Caspase 7 mRNA expression in double-stranded
21-mer caspase 9 siRNA treated samples (n=9 per group). Caspase 7 expression was
normalized to GAPDH expression and denoted as a Caspase 7/GAPDH ratio. *p<0.05

16 -
B Caspase3
14 -

1.2 1

0.6 -

0.4

Normalized fold expression

Untransfected CARDY-siRNA1 CARD9-siRINA2

Figure 4-34. Real-time RT-PCR of Caspase 3 mRNA expression in double-stranded
21-mer caspase 9 siRNA treated samples (n=9 per group). Caspase 3 expression was
normalized to GAPDH expression and denoted as a Caspase 3/GAPDH ratio. *p<0.05
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o] A=, JAME =df vSe AFHo R -9 Jongissimus dorsi =S4 Aol T}
AAAEZY 2 (n vitro)ol Al veEhd 5S4 HEE AEAC et SAET £ 6 |
D3] VEFSTE (Allen, 1987). gt ofvzl, o) wjiFAMEE, HEH AZA wiYs E8E 2
Af Aze AGMAE Ay dvbAd SH3 A GdME FAld ZesteH ol & EH A
(Allen et al, 1985; Dodson and Allen, 1987; Dodson et al, 1987). L&}, oA 3] in vitrodll
A E0] ARgste Al2F el i 8% =AFolH, HB I AXA BF dAEe] A

23to] 4YST F5F AEE ARE Foh7] A3 A AzelA olgEHE Ae Fols

L X
THE ARz Z2e od® AEEC sl A% dveld o9HE Alxe FAFHoR
izl HAd 5 9l | AF=7] W&olthHRhoads et
al., 2009).

RNAi= 7HEA d#Eol = FAAAY 2 #4499 7IsE5s %A #8F + U=
gk FRE ol Utk ZEfA olek o], ¢= 4o M EANA p-calpain® caspase Al
B xlolo] ZAo] A|QtE caspase 39 caspase 79 HHE FAAI)E m-calpain®] °o}d u
—calpain @3¢ & 7H4 RNAs-mediated knowdowng ©]-&3t3th dolA AF3 F

A BalEas Al2Fe] B2 Vaisid et al. (2000) ©J§ PC12 ME 9] 3= HoZin

=
=
=.
&
o
2
X
X,
5=
gk
o,
to
s
otk
)
N
o2,
[0

T Al Pifieiro et al (2007)¢] HEIAIAME taxol°] calpaine] ¥ d¥ & F UUH
caspase 3-independent AU Zo] 23k NIH3T3 A EEo] AFAIES FEst¥ttay 21y

37}
caspase 39 AL JAFTE= Liu et al. (2009)2] A Aol AA3ATE u-calpaint
caspaseAtol o] Tz 7l A|2Ele] S A HItUEL ofF BWHSHA He A A
@2tk em Rami (2003)8] AFolA %= calpain B/d2 olPlx caspaseEth ABHAY F3E
Aolg}l 715Ut (Rami, 2003). 98] AFddA, EF7F H siRNAG 93 u—calpain® A7}
caspase-3/7 mRNAS] &L vl FAALF S FASHUIL o= calpain &) |9

2d Ao A caspases® upstream= =31 ot Liu 5 (2009)¢] H o] <stH

o} 39 A= caspases cascadeo ¥ TS T calpain©] u-calpain® A7} caspase

u-calpain® &4 caspase?] upstreameo]il Yo AF3 AL caspase-dependent gk

ol AIF-7HA] caspase-independent®] apoptotic A 22l ZEA| A F Q3 IS st A

PAF w3l o] 7MdS A A3}, AT apoptotic BE S FHESE o]E ZEA Q45 HE

g 7SS obF & L AR @t AHE] HHgF A dasit. B AT Aol A
o]

caspase, 53] caspase 9% caspse 72 XA E L] FAtbd

- 157 -



ER AAFY. o] = caspase 9 T Bl oA @dto] ZAZ AZolth HT 2 W Aol
7V Al AMRe] ©]2F caspase HFHEA ARY ZAE dehle Bt Frtska U
(McNeish et al., 2003; Bello et al., 2004; Scoltock and Cidlowski, 2004, Chipuk and Green,
2005; Kroemer and Martin, 2005; Schamberger et al., 2005; Pifieiro et al., 2007; Eguchi et
al., 2009;). Caspase= {utygeoz 7|&E FZo wal T EF=2 vdHth 71 amino-termianl

prodomaing zkil Q= 7HAIQ caspases (caspase-2, -8, -9)¢} #S prodomainsE 2= HH3-
7] caspases (caspase-3, -6, —7) (Cohen, 1997; Nicholson, 1999; Shi, 2002). -+-&]¢] A3 oA+

kl

ol A caspase 9 mRNA X do] & =& AAIX ity 35 Foldeozw F713 9
HE ARREo] 28 AE IAHFQ caspased] o] 3k AFEHUT). caspases’t =5
4 AE FAe o] o oo} RS WS sford vt vt

27} &hAl Y apoptosisSt FHHEE M Eo| 4 F 7FA F8 cross-talking B E27F U}
(a) mitochondrion-initiated A2 (Z/F F2), () AX TWH =5 T84 H=Z (9F &=2)
(Ashkenazi and Dixit, 1998; Green and Reed, 1998; Slee et al, 2000; Strasser et al., 2000).
AaY ATFo A caspase 9 SAA o} G4 AT Gl B A caspase 99} caspase 39 &4
o] 43U (McNeish et al., 2003). o] A+ZAxe} B AH A7 = caspase-dependend 73 &
o] AdE AAH;EH (Kischkel et al., 1995; Medema et al., 1997; Shi, 2001): A EAIEZ o]
o} A= Apoptotic A1& 9} mitochondrion—initiated FE2= T8 @z 7]2& &7
o &3 E st

A HA R apoptosome?] Apaf-1 (apoptotic protease-activating factor-1)g %<& & mlE

L

fr

caspases

=g o} H cytochrome ¢ 3iH}-S X335} ™ caspase-3, caspase-6 L@l caspase-79F &
L caspases & wH$-7]9] 4313 v caspase-99] EA3}o] o] 2T} o] A A caspase
9 B9 knockdowng AAAEANA caspase 7 B FAE FE59 L McNeish et al
(2003)9] ZA¥ol= 7 Aottt 259 AT 23 JAE caspase 9 43l $ caspase 3
S HAAFIL ol TE ME wiY A" B8 ¥hE7] caspse A ol & F
o] 758ttt st th o 71NA caspase 95 caspase NAI 1A E ZRSFUI caspse TS
caspase W& 7| d g5t ofmt MM E ks FTFEAUTH

ShR| gk B Ao A YAAIEANA caspase 9 BHE knockdowne caspase 3 @3S 7}
2 fFE39 1, olrl fIAMEE =2 FE (30 nM)9 transfection agent/siRNA complex©]
=EF2HYH 2EH2E ol 2 apoptosis®] F27F TAIE Aotk & JhA7]/4HE-7]
caspase$t ZZHoFA7L 28 AGAMEANA caspase-39] HEE FAHSAL 7hsdol oH3
doldth, FHetH, e AZAIES & 2K AGME FAE B nEEZsE et FEE A

f35te] dolwtttn A st

Fl
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AZAME S fHHer zZzads @ AEAER wnEZESEl §2E FIAY Es
TNF-receptorga A2 £87|5 F3 dold 4 At (Rossi and Gaidano, 2003). &2 <l
AlE 413 A2 nEZEgol2 HE 9 cytochrome ¢ didtel o8] =%t E7ZHQ

&3 < cytochrome ¢, APAF-1 (apoptosis—activating factor-1) Z#] i caspase 95 F&
caspase WHg-7] 2 caspase 79 EA3te] AFQl apoptosome &2 EHTH A XAIE S 24
 (hypoplasia) == <47 & (hypotrophy)e €49 fTo ol2= A=z Q=9 7}
g = = ddolth Wang et al. (2002)2] €5 ZI}= caspase 9 BA3E AAGIE AL
28t J A ZAES A2 AADES] AZE s acd JFAES 2 o At
st Y AAHE ZASY, 8= p-calpain® caspase 99 ¥ 3 AYL FIFFHor =&

Mo FAEQ Hgo =77t E/EAE RE2E =5 AS-S9 apoptotic AE 5 7t
T3l e AHolgk AltstH Tt

o5 AE A T AZAE AR AP

k)

438 oz AT ATEL o AT @

nge g B Ao AA}EL u-calpain@} caspase Al2=F Abol9] corss-talke] AN
A kst A caspase 3% caspase 7 HHE A FEE 93 u-calpain AL knockdowna
=y} GEY, caspase 9 B43e] ¥3 A L3 caspase 7 AL TAh AlFHoH AXE
AFEL 2789 MAAME ket RS HA2E B3 doAUsS AAGYET o Fa3% A
2, n-calpain> <% AE AAEd A @@ FAl B AHY JsE AL IS Ao|th
E3F p-calpain B= caspase 97 22 T3 §HIAE YL A 28 =9 X A

A b5 23 Y FE e AR

¥
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5. Troglitazone, PPARY?] Z&o] A4 2§ YA XY 4tz 83, g 230 A
Ad ZAd vX= JTF

7l A4z5Y Eed ZSAX Qg

48 hr-100x 72 hr-100x

1}. Cell Counting Kit-8 (CCK-8) assay ¢t AH A AXF A Aloleo] A4#AFAA

Cell Counting Kit-8 assayZ °]&3ld AAE 2 SAHSH(TY 239 13 Id7 B4

3% 450 nmellAl SHT HHAH AE 5 FH7

@

K-8 Hla Z¥} y=0.2543 +0.4955 x
2=0.997 AFA#AS B (Figure 36). A ES] AEF8HLE CCK-8 (Dojindo Laboratories,
Kumamoto, Japan)2 ©]-&3te A5ttt CCK-82 W73t nonradioactive colorimetric 4
o2 AMEY Frtek AE FA4AA AL AHAEY FE dollr] fsi o]&FHoh
WST-8(2-(2-methoxy-4-nitrophenyl)-

Hd

w

(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,  monosodium  salt)< Al

F

‘cﬂ
dehydrogenases©ll 93] AX ] Ao &= oA Farizt AiER JESH 7
STk ANE E2ebde] ¢ dolgE A o APHoz wese 2 AnA 9
AAE 9} CCK-8 absorbency Abole]l A& d#o] &S UF3HT

ol
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0 0.25 0.5 0.75 1 1.25 1.5
Cells counts (x10%)

Figure 4-36. CCK-8 absorbency values at 450 nm were recorded and plotted against their
counterparts in directly counted satellite cells. There was a linear correlation between the
cell numbers directly counted and the CCK-8 absorbency, y=0.2543 +0.4955 x, r2=0.997.

FF5o2HH isolated® 173 E 2] 5
ol AFde oK AxY FAiHE 7|22 F83 AolE UENE AGMAE
59 FAgANA EAAHA o]t AdAFES ¥rHY (Rouger et al. 2004; Velleman et al
2000). L3 Velleman 5 (2000) X3+ 919 M Eq A &bzt Eatellx] 437 A48 & of o
#E Aols Eusgnt.
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2. A4 T8 AAAMENA troglitazone? FF
5 uM, 10 uM 223 50 uM FE9] troglitazone’} 4 =5 AT it mAE o
skol] o8l AAstAUTE. Figure 4-37% troglitazone©] &4 Z{AAME Fatd mze F3Fs

VER T 1-5¢9 B 4 25 A ZAA wldE AlExe] AEZFH s troglitazone®]
JFo fol o] glAtt Troglitazone (TGZ)-E thiazolidinedicese] k&< dZFo=m JF o}
g =0ko 7 peroxisome proliferator-activated receptors (PPARs) &4do) <8 =83},

Rig

- 161 -



[e]

—_

Type I B=Ho XN5E 2
& olt}y (Masubuchi, 2006). 3 ATl TGZ7E HE AlTujoke]l B Ao JFL
FAES AT ATzt AA o1& AL, 4k DNA &4, 2hstd 2Ed 2 AZAER o
Foll #d e AES TS B fHAEY] ZEE WSttt (Vansant et al, 2006).

o|
¢

" TGZ= SolAld oz =4 vl AFozREH Y

I ARMAT ey T AETA TGZ AT AAs =dFo|vh 20-100 tM 9 TGZ
= MG-63 AlZ9 Z4FE A= SA7F E¥tH(Haydon et al, 2002). 2831 5 uM¥}
50 uMe] TGZ= MG-63 AZe] FFol TS nIXA] LA AZ AE F71F 25T A
X AFY FI7HE ofbd BEesEs Bavk )vh 283 Magenta et al. (2008 1 == 100
UM TGZE in vitrodlA LMM3 AXe] AE=EE Zdadity Buside 2 dAFdAse &
429 AX AZEFHE TGZe &de vehtR] okt olzle] Fa% olf e fEAde o
goll FAARJ] FE tiAbet GFET AEALClY] ' B FE gl #Ete o|F 7+ Aol
fZolth o B ATE 53 4o ZHMEY bl TGZe o] B2+ thAbel ok
Adrol Fasirt,

Hd

i T 01 day

O2 days

%‘ 120 7] ta3 days

= 1 1171 B4 days

g 10 7 VE T % S days
s 80 | %g
3 -~
'E 60 ] %g
zZ -
.:E 40 ZE
= =
= 2] 7 / E
s -
i =

Control Sl 10 nM 50 uld

Concentration

Figure 4-40. Effects of on the prolife ration of cultured brindle Korean -cattle muscle
satellite cells. Satellite cells were treated with various concentrations (5 uM, 10 uM, 50
uM) of troglitazone for indicated times (1 -5 day). Cell viability was assessed by the
CCK-8 method as described in text. Data are mean * SEM values obtained from eight

culture wells per experiment, determined in three independent experiments.
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o}, Troglitazone induced satellite cells undergo adipogenic differentiation

SYHE w2 93 AT B3ler Eglo]ZF@ M e E mobhilization £4S Adipolysis
129 =7 =740 s WMt Figure 4-38& FYAE F3 0]
TGZ & s= §v3ate folstA F7tst= 235 VYEFAT post-§F 7€ & 5 uM,
10 pM, 50 pMe] TGZE AT AL oK 842 SYAEL 27 Hluste 73z
338, 383, 508 nmol/mL 7SIt AEZUW AA F3H AT, A4 AHETEe]
post-confluence 7€ &<t 2 2% Horse Serum™ 5 uM, 10 uM, 50 uM trosiglitazone®| 7}
DMEM Hjgdle] e =% 53t Fig. 4-6(0il red O Ao iAol vhepd vioh o],
A T8 AAMEE troglitazone AP HUL, BES thE wlx] (DMEM medium with 2%
HS)oll =2=HAY thxF 259 AE vustis o AW SHddA e F717F vrEkst
o 22 g dAFEAME YE adipogenic WA= <5 AT X ute] ZHo JTE
FA BusolFHth(Hu et al, 1995 Kook et al, 2006; Singh et al., 2007). o]&d °]f=2, &

AT A = =25 HAAEY AHAMEE FE3F troglitazoneS A3 T2 33sF EZQl
M E-E adipogenic 3+83<Ql FTEE FASIHTE o] AFoA, @& FEo TGZ (5 uM) E=

o
i

o
2

Assay kitE ©o|&

=L T 50 uM)E 4 o5 AAMEY AEZAAES =¥y B A7 A= TGZ7)
in vitrool Al 29 28 M ETY AHAMEZE AR FHFH 44 T F Yes
At
)
ge ;
.E, = . T‘
g - [
is
E =
-
» S ' - 1
Comiral &l 18 pRE 50 plE
Camressiers i

Figure 4-38. Adult Korean brindle cattle muscle satellite cells differentiate into adipocytes
after being treated with various concentrations (5 pyM, 10 uM, 50 uM) of troglitazone.

Glycerol accumulation was determined 7 days post—confluence.
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Figure 4-39. Adult Korean brindle cattle muscle satellite cells stained by Oil-Red O after
treatment with different concentrations of troglitazone (5 uM, 10 uM, and 50 uM) for
post-confluence 7 days. (a) Control; (b) 5 uM; (¢) 10 puM; and (d) 50 nM.

n}.

r
el

‘%lkl%o

o 84

a0l 2% JAAMEANAY ARME npA FAR Td

ﬁ_t

02 329 TGZE A3 g4 &8 XA EE post-confluence 5, 7€, 154 =<t )
U= AW Total RNAE Zt7] FE2HAL & FAX =F9 AL real-time PCRo <3|
FRAEAT. TGZ= #ae 25 SAZAMZTAA ALAE HAAF AR ZHES F7HZTH
Figure 4-40°1A1 YEbd AAEH, FABP4 FdAe] €2 5 uM, 10 M, 283 50 uM
troglitazone”} F7FE  post-conflucence 5A A o] A thzTo H|3] Z+zk oF 2.58, 2.60,
a3 2448 F7hch

J83l FABP4 A9 6L 5 uM, 10 uM, 2822 50 uM troglitazone’} A7FE
post—conflucence 79 A o] &L thxo vs] 2zt 2F 2.85, 4.05, 283l 4.758 =7
w3 FABP4 Aol wdHe 5 pM, 10 pM, Z3]3 50 uM troglitazoneZ7} A7FE
post—conflucence 1585 ¢] A g]& tjx7o B8] 2zt 168, 258 281l 2.808 =7}sFit).
- AFSHAl, CEBPA A AFe] @A (Figure 4-42)3 PPARG A X} (Figure 4-43) T3 o 2ol
& fFoxez F7Mstgnh o FTrE2E H2, CAPNI 42 (Bos taurus micromolar
calcium—dependent neutral protease large subunit)®] 2H-E thzxTol v WSIHES o 5 uM,
10 uM, 23322 50 uM troglitazone®l =%% post-conflucence 783 15¢ A ToNA 94
o2 F7telth (Flgure 4-41). 4 ® 22 AFEd 7I€® A5 Ho KA F&3
054 27127 Jd' AAAE AFECA FotAlE, AFAHE D8 28 ol Btk
(Wada et al., 2002; Asakura et al, 2001). < in vitro AFENA A8 F (o, =HA, &, <
7, FA)EERE FE23 AHAEZIE adipogenic®] Aot UERE F e FES FAHEC A
t} (De et al, 2006; Kook et al., 2006; Singh et al., 2007; Yada et al., 2006). 8} gk o] &7+

AM BE & A TAste BA= T H7HEA Fdvh ol 2594 =714



T A myogenicT AHHZ AtololA 2 mEaHo| sty o] TS = W z
AL vE F de FAoITh H3F o] FAl HFo] =& ] AWAE F7F dAAA o}
dA] AT Foltd (Coppi et al., 2006).

g9 dAFME, TGZE HFad § AFAZIAM AT DAL AxF TH9 F7HE
ol@} CAPNI #3xte] wdx F7slh. CAPNIS 2§ AL Axe B4 A2 #HF
AE FEI FAZ et (Moyen et al, 2004; Nishimura et al., 2008; Liu et al., 2010;
Brulé et al., 2010). & E°], Moyen et al. (2001)2 Z& AT C.Cx AlEoA CAPNI
FAAe] BEE F myogenic?] FEol Fa (59%)3H T YT EZE AT CAPNI
e 258 A ri7iAE, 28 28 74 84 FAZ ZEE F Jukal AAEkET
(MRFs). o7]olA 92 = CAPN]l #FZHA+= myogenicd A WA|Ee] tf 2 g3 Alo|o] #
P2 FEAATE HES AP o] 7L AAAE AR Eilsle B¢ 54 ¥
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Figure 4-43. Real-time RT-PCR of FABP4 gene mRNA expression in brindle Hanwoo
muscle satellite cells which were treated with different concentrations of troglitazone (5 1
M, 10 uM, and 50 pM) for post-confluence 5 days, 7 days and 15 days. Control group
expression was termed 1.0 and relative expression of treatment group was calculated. Each
RT-PCR was amplified in five replicate and ratio results expressed as the mean =
standard error mean (SEM). Gene expression was normalized to GAPDH expression and
denoted as a gene /GAPDH ratio. **p<0.01
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Figure 4-44. Real-time RT-PCR of CAPNI1l gene mRNA expression in brindle Hanwoo
muscle satellite cells which were treated with different concentrations of troglitazone (5 1
M, 10 uM, and 50 pM) for post-confluence 5 days, 7 days and 15 days. Control group
expression was termed 1.0 and relative expression of treatment group was calculated. Each
RT-PCR was amplified in five replicate and ratio results expressed as the mean =
standard error mean (SEM). Gene expression was normalized to GAPDH expression and
denoted as a gene /GAPDH ratio. *p<0.05, **p<0.01
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Figure 4-45. Real-time RT-PCR of CEBPA gene mRNA expression in brindle Hanwoo
muscle satellite cells which were treated with different concentrations of troglitazone (10 1
M and 50 uM) for post-confluence 5 days, 7 days and 15 days. Control group expression
was termed 1.0 and relative expression of treatment group was calculated. Each RT-PCR
was amplified in five replicate and ratio results expressed as the mean * standard error
mean (SEM). Gene expression was normalized to GAPDH expression and denoted as a
gene /GAPDH ratio. *p<0.05, **p<0.01

- 168 -



PPARG gene expression

0O Control

33 @5 uM
= 3.0 =10 pM
a e
; m50 pM
o 2.5
=
W
M 2.0 - )
=
Q
R ;
d
@
.E
= L0 ° I I
g
S 0.5

0.0 , |

5 days 7 days 15 days

Figure 4-46. Real-time RT-PCR of PPARG gene mRNA expression in brindle Hanwoo
muscle satellite cells which were treated with different concentrations of troglitazone (5 1

M, 10 uM and 50 uM) for post-confluence 5 days, 7 days and 15 days. Control group

expression was termed 1.0 and relative expression

RT-PCR was amplified in five replicate and ratio results expressed as the mean =

standard error mean (SEM). Gene expression was normalized to GAPDH expression and

denoted as a gene
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3711, 3810, 4722 = v A=z uha o)
4. ZKAERF S 53 gy AAFE g
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Table 5—12. FEE A, S5 AFa] HAALH
AP 50 -
o ;}%]_ - A4 - 57 - A e
° T4 By L(%) T4 =t “(:‘7‘0) T4 s “(f%)
(05%?) 7 3 42.9 P 1 50 9 4 444
o o
27550 1 1
A% 2 4 4 100 4 100
A% 4 12 2 16.7 12 16.7
A=4 99 51 515 14 50 113 58  51.3
7 @Ax: 5 81 40 49.4 17 41.2 98 47 48
%1 2 9 77.8 11 7 63.6
5% 9 1 1
523 8 4 50 44 15 341 52 19 36.5
BC 99 1 100 1 1 100
CIB-1 11 10  90.9 2 2 100 13 12 92.3
CBC-1 1 1 100 1 1 100
24 229 116 507 91 39 429 320 155 484
((iﬁ:})f) 2 2 100 2 2 100
258 10 6 60 1 11 6 545
P, 3 1 333 3 1 333
A%, 1 1 100 1 1 100
A= 2 27 20 741 3 2 66.7 30 22 73.3
A% 3 3 2 667 3 2 667
A% 4 55 23 41.8 55 23 41.8
AE4 23 22 957 2 2 100 95 24 96
Ara
A% 5 30 13 43.3 30 13 43.3
sx1 1 1 100 5 4 80 6 5 833
5% 9 30 22 733 30 22 73.3
sz 3 93 15 65.2 23 15  65.2
BC 99 1 100 1 1 100
CIB-1 4 4 100 2 2 100 6 6 100
CBC-1 1 1 100 1 1 100
Jorea, 1 1 100 1 1 100
24 161 97 60.2 67 48 716 228 145 636
) 390 213 54.6 158 87 1145 548 300 547
FRES Fo, T9o) Azdvzde A DT A4, 59T9E viwes Bl
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Table 5—13.

FHd g

287.4£12.11 237 412

213

4

INin

286.1£10.99 236 336

73

of
ol

412
340

236
285.7x7.70 233

287+11.85

286
2708

A

* 2000~2006

3

136] YRy Q. QA 717he

-
it

e
B}

ol
2§

Nk

=

=

29

1

Rig

2 3

=

[e))

A3} 285.7~287

1

Rig

ERSEE

o

T

e

o
ﬂo
A

pr—

3

__o.__l

<
g

2008

2007

2006

}_\Pr
T

A

i

29.6
29.6
66.7
66.7
30.1

69
69
71

233
233
236

39.9
39.9
50
50
41.6

83
83
21
21
104

208
208
42
42
250
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58.3
51.5
52.2
52.2

59
59

52

12
113
113

7Y
7Y

27




2009 2010 A
= A}L&-X N N - - - -
=3 A qeka }\%g_ &5 A ek }\%3‘_ ag PR }\‘IQI‘E a5
33 (%) T3¢ » F3F (%)
7} 48 31 64.6 19 12 63.2 79 50 63.3
A AFAx 149 91 61.1 69 60 87 760 355 46.7
AA 197 122 61.9 88 72 81.8 839 405 48.3
7} 10 7 70 9 8 88.9 19 15 78.9
9 dAF4a 34 14 41.2 135 106 78.5 214 143 66.8
2 44 21 47.7 144 114 79.2 233 158 67.8
A 241 143 59.3 232 186 80.2 1072 563 52.5
DRSS
SezamE
2006 2007 2008 2009 2010
HTae
2 ML Y SELHT 2(58)
160
144
140
120 114
100
= 80
g [~} P
<) 12 44 =
10
i 21 21
20
i 2
0 - T

2009 2010
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ZAAATLAN FAY Ave Hash T tate] AR UAsYe
A= 839 E AFEF o, 405707 fFEFAHATSR
UElom, T9lAE AT 2337 ARG, 15877

in}
f
v
'z
b
o
2
u
P
i
rih
[y
e
2
)
it
ox
olr
£
fol
It
g

* m
i
i
k1
i
2
ok
=
__>.4_2
o
of
A
o

=
o}, TR WA, dAadS For Qlste] Iy S sk Add tiste] A
= AR J3 w2 AFS H AR ARHY, A7 A e, Ha

5ol e st ArFagdd td d77F | Beol JaAFHolof & Aoz AlREHH

2005 2006 2007
55 AEA sma Solx]  Ewre TG T ETE FAT  FoIA Sokiay
o] 2] s (%) o] 2] s (%) o] 2] s (%)
&7}

A T 6 3 50 3 3 100 7 4 57.1
27 6 3 50 3 3 100 7 4 57.1
lr:7}‘

T i
27

A 6 3 50 3 3 100 7 4 57.1

X 2008 2009 2010 A

A o oW me R R PR A oW PiE Gam oW B

oRl & o] @ oRl D oRl (W

7} 21 18 85.7 59 4 6.8 8 1 12.5 88 23 26.1

i Ats 16 8 50 25 7 28 18 1 5.6 75 26 347
27 37 26 70.3 84 11 131 26 2 7.7 163 49  30.1
=7} 4 3 75 7 1 14.3 11 1 9.1 22 5 22.7

%: AFAa 1 0 2 0 3 0 0
27 5 3 60 7 1 14.3 13 1 7.7 25 5 20
4A 42 29 69 91 12 13.2 39 3 7.7 188 54 287
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Table 5-16. 2, 99 SPAH 44

Ao o, WAE 9093 A% 6714 A% 12493A%
(o]
B 2 5 F @z ¥ ®Bd F @z 7 AT
A & +EFWA £ +EFURA 4 +EFER  $ +3FEA
7¢ 3 T 40 25.6£3.35 31 81.8+13 19  148.7£33.74 13 273.2+£54.12
L = ¢ 40 23.8+£2.73 31 73£13.57 19 112.3%19.97 14 206.4£40.13
3 F 30 24.1£1.79 8 76.5+9.98 12 138.3%£55.35 2 228%3.45
= = 4 34 22.9£2.58 8 70.2£14.67 21 131.7+£45.86 3 231.4£34.62
= = T 16 22.7£2.23 6 57.3%£11.7 9 120.5+£23.49
o
o 4 24 22.8+£1.62 11 77.7+£25.49 6 125.3+£25.24 1 130
¥
%
s o 4 113 24.7+3.89 113 80.9%£12.9 113 157.0+17.94 113 366.7£31.3
=) e

T A592 FUARS AR CEH FEAFAAL )

Aot 599 sEHAA 27 dbe YAAITl BTH2ZE 22.9kgoll A 25.6kgo| e
AL, 5= YAAFH 671 A Sl
A ztzy 22.7kg, 125.3kge 2 VENsT) 3 O st Adedel H ke, &4

™, 67 E A Fo] 112.3kgoll A 148.7kge. 2 =7 o| T
A H
£ Sand gadd 435l Mok Aoz ehter}, A5 Aol Aoz o

—_

He dao] TAREAE § B FHE o|8% AP RAS Arsiolol T olth. 4FEA

of that £AL glsted 009, 6742, 1270 Qo] thste] e Ro] RAL B

ol
2
d
op

v

o

o8l A= _ [ =S
6ARE n A% = ofAs + - SATBAL S NEARL L (190 - (o159 - pan)

o) A = o) 7 X =
12A9% wA AF—AREAE + A LR AT AR EAE)
«(365 - (619 5L — AL Y))
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Table 5—17.

=
T

No
AT

32.6 458.8 98.1 6.9 1.2 68.8

11

+

65.8
67.1

85.5 11.4 5.4
81 10.8 2.5

395.1
338.3

23 29.5
4 87.1

A

4

INin

36.5 407.6 88.7 10.1 3.9 66.8

38

T

,mo

16 30.9 369.7 78.4 11 4.5 65.9

A

354.3 78.8 11 4.8 66.3

59.2

o
ol

366.6 78.5 11 4.6 65.9

36.6

20

T

,mo

66.5

4.1

10.4

393.4 85.1

36.5
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T 747} 395.1kg, 85.5cr, 11.4m, 542 vFERGo o,
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o, A flA ! EIAS H] 7 k1R
2] 523} 212 A 2761 $-A0 2517
2] 53} 202 w1 () 176 o5 546
2 54} 253 (k) 164 F 27
2] 553} 190 w5 11 = 1) 22
2l 563} 202
g 57} 193
g 58} 191
2l 593} 196
) 39x} 183
0 4037} 182
Fu 41z} 174
Fu 423} 176
Fu 443} 192
0 457} 190
) 463} 204
o) 473} 172
total 3112 3112 3112
Table 5—-19. FdE TP 7|=AE
& 7 N Means+STD. Min Max
6719w A= 3112 166.18426.75 74.3 260.5
12094 A= 3112 347.54+38.54 212.1 487.4
1809w A= 1473 491.26+42.48 356.3 648.3
24MQE A= 1472 641.76+58.85 416.7 837.7
Tl 1472 718.11£18.53 665 776
L= e 1472 362.19+36.88 220 488
SAEE A 1472 80.42+8.78 57 121
A 1472 9.77+3.8 3 35
LY A 1472 3.3241.62 1 9
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2=

s
=

I
SAGHEA, SAE], U R ) b

Aol o8 AE= FFUHHGAA WA, ol2E¢d FI

AS package(Ver 9.1)& o]&3ste] GLMEA oz BALRA

AW A WA omadel B3 4L st YR

il

=)
oft
lo
fu
w

yljk U+HYS —|_H]—|_Nk—|_e“k

o714,

HYS,  mm w599 a9 (=224, ..., 3472

el']'k D Ao e Afoln}

Table 5-20. 4% Aol et LAHEA
H| 73 A 670 E® AlS 1270 % AlE 1870 & Als 2445 Az
FE A 232307.268" 1499126.81" 130305.28™ 363950.86"
o] m g 1402.88™ 1581.60™ 4998.79" 14734.17™

H] A dd 1303.30™ 2144.17" 8780.76" 13334.88™
Error 1977243.49 2914167.34 2520656.94 467963.50

"p<0.05, "ip<0.01, ™ : Not Significant at 0.05 level of significance
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, 18715, 2471 LA Fo o B4R

AR AQ 670 H, 127043
Hojew, o]Rkd-e gl HFLUH S

A Z Contemporary Groupel] thsle] TLE9] §o]AdL

1>

thshel fol4el vhehtA ergith.

Table 5-21. =A|g o] g E4EA
R =A% SAE A FA YA A
3o AR 172155.59" 14402.71" 2430.08" 187.69"
o] R erg 6924.09"™ 435.80™ 56.90™ 4.04™
HAEd 3425.0" 98.89" 26.61" 10.57™
Error 1816434.53 97117.81 18740.08 3660.10

"p<0.05, "ip<0.01, ™ : Not Significant at 0.05 level of significance

o=, MARE hahae

JFL PAA g AL ¢ 5 A

Table 5-22. 473% Aol ha v A w3t
H] A 67w AF 127049 AF 1870 % AF 24N d= AT
2 166.44£2.078 347.5£2.523 495.22°%+3.601 649.1£4.918
oks 165.36%£2.309 345.47+2.803 489.66"+3.856 642.13+5.266
Z=711] 160.1£5.351 342.98+6.496 488.71%°+8.746 644.39+11.944
=4 166.1£5.783 350.85%+7.021 489.1°+11.303 640.78+15.436

H Ao 670, 12704, 24708 A FTdAM = FoH

18705 AFAA S0 dFZHT fFoHor 2 AAE T
]_

2470 el FHY Aol

Qe Ao 7 Hol 18/¥#E A= o
U JRAE zlo]l = Qlate] wAE Ao w

NEERS1=N
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Table 5—23. Z37F @Al 3t o] TH-¢-2] &3}

127049 AF 1870 % AF 24N d= AT

o] KL AY 67w AF
o] 164.39+1.891 345.86+2.295 488.26+£3.471 637.88"+4.74
Bl () 167.22%£2.674 348.77+3.246 494.33+5.53 650.51°+£7.552
S (9h) 164.74%£2.679 344.91+3.253 492.64+4.809 641.53"+6.567
i S 161.65£7.92 347.26+9.615 487.46+£13.063 646.49°+17.84

S =

Aol T ALY AFL B4 A3 6/0Y, 12709, 1ML AANE #9
o=

A9l Apol7h WASA ghgkort, 247N LH AL WE(H) ZEAAT FHLRT o7
7 UERgth ol2rh SREANT s AT5He Folol: mEAS Holr} gt AL
& % vt
Table 5-24. EAF A Bt wARAS el &7
17 A Al Sl A SAYEA S A
S 367.36+3.058 80.81£0.707 9.57%0.311 3.21°4£0.137
oF3 363.86+3.275 80.54£0.757 9.49£0.333 3.17%°40.147
Z=711] 366.95+7.427 79.26£1.717 8.85%0.754 3.06%°40.333
=4 362.6719.598 79.3£2.219 10.45£0.975 2.37°+0.431

H] 7ol wAEE A kT, F7E, Su)sh mgd A
ZuAelq f40] foHon A Uehigoy o Fdd gEadE S H Holglel )
5% A%e Rt MABEOR skl Bl LARE AFL FAAIE Ao T
B WE Sl gor FHE FEol BAlE A EoloL glolol W Aow
AR ET
Table 5-25. EA Aol et oA &7

o] &LAY TAF SAleE A A A THAY =

A 360.33%£2.947 79.39°£0.681 9.831+0.299 3.08+0.132
w7 () 367.641+4.696 80.53+£1.086 9.781+0.477 3.13+0.211
S5 (y) 364.92+4.084 81.09°+0.944 10.35£0.415 3.11+0.183
my ST 367.96£11.093 78.9"+2.565 8.4£1.127 2.5%£0.498
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0.056

*

AF
0.062°

AlF

*%

—0.010

AlF

*

0.040°

A&

dE Ak PR AT F Aol

Table 5—26. H|

0.010

0.028

0.042

0.028

oF
B

=l

—0.052"

0.031

*%

—0.098

—0.048

—0.065"

—0.006
234 A 9FE T

L —

-0.184""
[e)

S}

S

*%

0.075"
'p<0.01

"p<0.05."
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A, 399 sHHAE AHTANA Ha, Z5, 3ol st AAAIFTS 22 249
kg, 22.7kg, 24,7kgol o, 90Y H A Fo| A= Z+2}+ 80.7kg, 57.3kg, 80.9kgo| ¥z, 67HHH A F
ol A= Z+z} 144.7kg, 120.5kg, 157kge. 2 v}E}ar, 127149 Z{]%Oﬂlﬂ-‘i 267.1kg, 130kg, 366.7
keo 2 yepth TE AR dHdA= & st tha 5 BAFXNE Bon, 127145
AFdAe S97F 130kgo 2 2 olf= ¢did 3t ATz TT7]' 172 ZARSEA] wH&

A7E 2o

A, 59 EAFZHRA 27 249 ZsPlLE S 36.57dH oz ZU AR A
3.98 BHYa, 599 Zspidy e 366719 H ez ZUAMET} 4,622 390 thaflA] o =
< ZHAREE Bt FF A, S e =AAHHE o ZAbSte kot BAE =
ARt 27 S A -9 Blu HEVL Vb 3o ® AL ET

H AL G0 3 5HAY ZAtolA &4, F7He], Sl thste 7L S A

A7} 24z} 166.44ke, 160.1kg, 166.1ksz JePF o, 12/ H A A& 22+ 347.5kg, 342.98kg,
350.85kg = L ERG T, 187143 o A= Zhzt 495.22kg, 488.71ke, 489.1kgo] o™, 2470E 3 ol A]
= 649.1kg, 644.39kg, 640.78kgo. 2 z} 7l H o) thek v ALHSHEEZ FolHQl Ao]E HolR
2uth =AE Ao tha A= =AFolA 22t 367.36kg, 366.95kg, 362.67kgol Mo,
SAGH AN A 242} 80.81cn, 79.26¢cm, 79.3cr o 2 VERG T, TR T A= Zhz} 3.21, 3.06,
B72 A3 R4 {F A2 AolE BHYot thE FA dsiAs fAH AolE
HolA] ¢fo} SH|FRAG7 SART FEAFANA FSHA Hold AHE HolA eyt
o] Bt 2o th3t S HA Al A A, wim(bh), SR (b)) tite] 671EH AF
A= Z+z} 164.39kg, 167.22ke, 164.74kgz JERG T, 1270198 A=A zZ+zb 345.86ke,
348.77kg, 344.91kgol o m, 18714 # Aol A z}z} 488.26ke, 494.33ke, 492.64kgo 2 =A ]
R, 24704 H A S 2zt 637.88ke, 650.51keg, 641.53kgo. 2 Ay WME A Fo]Hog
W (Rho] A vEbgoy 2 FAdMs FAA] Aolg KHolA] gttt TAFEH A}
N M= =AFo) A 2z}t 360.33ke, 367.64kg, 364.92kgo 2 JEIG T, SATH AN A 79.39cr,
80.53crf, 81.09cn 2 g7} SR (¥ A TR FoH oz A vesten, 2AYE
oAM= Zhzk 3.08, 3.13, 3.112 YEET o|® 8 Za[UE-Go thet sHHFAA EH -2

23
H Aol & AolE HolA] ghol FH8 e TFolv Aga AdA 23 tgk 1

N}

Rl

1 Z0}3), 2003. A10x} 8934 A}
2. ZAFEZ AR, 20103 109~129 2= Sz 0429
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4
J

L. gAY 71257 F4A=
su | A9 | asx L 23 AvHs | oums | gE | gede | &3 | 9w | 33
1 BALhE | dAT7A 194409016 993002 o 1999-06-28 Ha | F3H | 2006
2 BU= | AFAa 194409030 203001 963002 o 2000-11-24 Ha | F3H | 2006
3 BUE | AFa 194408897 253001 993002 223201 o 2006-01-24 Ha | F3Hr | 2006
4 A= | AFAa 188540046 263001 993002 223201 5 2006-02-05 Ha | F3 | 2006
5 BUE | AFAa 194408651 263011 993003 223201 5 2006-05-22 Ha | F3H | 2006
6 BUE | AFAa 201172377 273004 203001 243206 5 2007-04-29 Ha | F3HE | 2006
7 A% | AFAa 943001 & 1990102 HAa Zk 2006
8 BALee | dAT7A 963001 o 1996-06—05 Ha EAls 2006
BAeE | dAT7A 963002 o 1996-06—05 Ha Als 2006
A% | AFAa 194408972 973001 & 1997-01-15 HA Zk 2006
A= | AFAa 194408989 973002 943001 < 19970605 A4 o 2006
A% | AFAa 973003 & 1997-05-31 HAa Zk 2006
BUE | AFa 194409009 993001 973003 < 1999-06-20 A4 o 2006
A% | AFAa 194409023 993003 & 1999-07-19 HAa Zk 2006
A% | AFAa 213201 973001 T 2001-05-04 HAa Zk 2006
BU= | AFa 194409047 223001 993003 < 2020226 A4 o 2006
BUE | AFa 194409054 223002 973001 < 2002-04—21 A4 T 2006
BU= | AFAa 201738719 243201 993001 T 004—02-09 A4 T 2006
BU= | AFAa 201738726 243202 983001 5 2004-04—06 Ha Als 2006
BU= | AFAa 201738733 243204 993003 T 04414 A4 o 2006
A% | AFAa 201738740 243205 963002 T 2004-04—-20 HA ok 2006
A% | AFAa 201738771 243206 993004 T 2004-04—26 HA Zk 2006
BUE | AFa 194408903 253002 223001 223201 Sy 060225 A4 ot 2006
A= | AFa 194408910 253003 973004 223201 Sy 060227 A4 g 2006
BU= | AFa 201738757 253205 233002 223201 5 2006-03-05 Ha b 2006
BU= | AFa 194408934 253006 223002 223201 o 2006-03-08 Ha b 2006
A= | AFa 194408941 253007 993001 223201 Sy 2006-03-11 A4 T 2006
BU= | AFAa 194408958 253008 963002 223201 Sy 20060321 A o 2006
BUE | AFAa 194408965 253009 983001 223201 Sy 060326 A4 o 2006
BUE | AFAa 201738764 253210 973001 223201 5 2006-04-11 A CAls 2006
BUE | AFAa 194408842 253011 973002 223201 Sy 060524 A4 T 2006
BUE | AFAa 188540435 263004 983001 223201 5 2006-03-13 Ha Als 2006
BUE | AFAa 188540558 263007 243003 223201 Sy 2060325 A4 T 2006
BUE | AFAa 194408156 263008 973001 223201 5 2006-03-30 Ha b 2006
BUE | AFAa 194408484 263010 223001 223201 5 2006-05—05 Ha b 2006
BU= | AFAa 201171073 273000 253008 243205 5 20070209 Ha ok 2006
BUE | AFAa 201171424 273002 993001 243205 5 2007-03-30 Ha ok 2006
BUE | AT 194408996 983001 963002 o 19980607 Ha ) 2006
BUE | AFAa 194408873 233001 983001 o 2003-03—-01 Ha & 2006
BUE | AFAa 194409061 233002 993003 o 2003-03-20 Ha ) 2006
BUE | AFAa 194408830 243003 973001 o 2004-04—07 Ha ) 2006
BUE | AFAa 194408927 253004 233001 223201 o 2006-03-02 Ha ) 2006
BU= | AFa 188540299 263002 233002 223201 o 2006-02-26 Ha ) 2006
BUE | AFAa 188540381 263003 203001 223201 5 2006-03-08 Ha ) 2006
A= | AFa 188540497 263005 993004 223201 o 2006-03-20 Ha ) 2006
BUE | AFAa 194408071 263006 233001 223201 o 2006-03-25 Ha ) 2006
BUE | AFAa 194408200 263009 993001 223201 5 2006-04—04 Ha ) 2006
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A9 | A o e ougz | ohids | AW | AdEY gz | 353
pA I AT 194408781 263012 223002 223201 < 2006—07-08 A 2006
pAS I AT 194408811 263013 253004 223201 < 2006—12-04 Iy 2006
pAS I AT 194408828 263014 253001 223201 < 2006—12-06 Iy 2006
pAS I AT 194408835 263015 253007 < 2006—12-31 Iy 2006
pA I AT 201171400 273001 233001 243205 + 20070327 LIy 2006
pAS I AT 201171639 272000 983001 243205 < 2007-04-19 Iy 2006
pAS I AT 201172384 272001 203001 243206 < 20070503 Rty 2007
pAR I AT 201171875 273003 243003 243206 - 20070514 Rty 2007
pAS I AT 201159941 283000 253001 243206 F 2008—03—-11 Rty 2007
pAR I AT 201172148 282000 233001 243206 < 2008—03-01 LIy 2007
pA I AT 2006093066 282001 253009 243205 < 2008-04-19 Iy 2007
pA I ATA 201159996 283001 263002 243206 = 2008—03-18 A 2007
pAR I AT 2005949090 283007 223001 243205 - 2008—04-25 e 2007
= AT 2006093234 282003 993003 243205 <+ 2008-06—12 oFsuk 2008
= A4 2006067836 282009 263005 243205 <+ 2008-11-19 okt 2008
pAR I ATA 2037327016 292001 253006 243205 < 2000-03-04 okt 2008
pAS I ATA 2006093138 283002 253011 243205 F 2008—05—02 Rty 2008
pAS I AT 2006093242 283004 253007 243205 - 2008—06—22 Rl 2008
pAS I AT 2006093259 282004 973001 243205 < 2008—07-10 Rl 2008
pAS I AT 2006093267 282005 223002 243205 < 20080712 Rl 2008
pAS I AT 2006067625 282006 243003 243205 < 2008—09-19 Rl 2008
pAR I ATA 2006067705 282007 253008 243205 < 2008—10-04 Rty 2008
pAS I AT 2006067756 283006 263007 243205 F 2008—10-23 Rl 2008
pAR I AT 2037327024 293001 263002 263008 F 2009-03-19 Rl 2008
pAR I AT 2037327049 293002 253001 263008 + 2009-03-29 Rl 2008
pA I AT 2037327057 292003 263014 263008 < 2000-04-04 Rl 2008
pA I AT 2006093187 283003 253004 243205 - 2008—05—09 A 2008
pAR I AT 2006093200 282002 983001 243205 < 2008—05—09 Iy 2008
AR ATFA 282008 203001 243205 < 2008-10-25 A 2008
pAR I AT 2037327032 292002 253011 263008 < 2009-03-28 A 2008
pAR I AT 2037327129 293003 263015 263008 + 2000-04-16 A 2008
pAR I AT 2037327081 293004 253004 263004 - 2000-04—22 A 2008
pAR I AT 2037327090 292004 253009 263004 < 20000423 Iy 2008
pA I AT 2006093275 283005 993001 243205 - 2008—07-16 e 2008
pAS I AT 2037328732 2103001 223002 263008 - 20100212 okt 2009
pA I AT 2037328804 2102001 263013 263008 < 20100223 okt 2009
ARSI AT 2037328781 293008 993001 263008 + 2009-10-03 Rty 2009
AR I AT 2037328757 2103002 253006 263008 = 20100222 Rl 2009
ARSI AT 2037329820 2103004 253008 263008 - 20100226 Rl 2009
pAS I AT 2037330004 2102002 253002 263008 < 2010-03-12 Rl 2009
pAS I AT 2050132926 2103005 263002 263008 F 2010-03-26 Rl 2009
pAS I AT 2050132688 2102005 993003 263008 < 20100407 Rl 2009
pAR I ATA 2037327188 293005 263006 263004 = 2009-05-31 Iy 2009
pAR I AT 2037328685 293006 983001 263008 - 2000-09-14 Iy 2009
pAR I AT 2037328636 293009 203001 263008 - 2009-12-09 Iy 2009
pAR I AT 2037329811 2103003 263005 263008 F 20100225 A 2009
pAR I AT 2050132879 2102003 253004 263004 < 20100318 Iy 2009
pAR I AT 2050132653 2102004 263015 263008 < 2010-04-04 LIy 2009
pAS I AT 2037328773 293007 233001 263008 = 20000927 o] 2009
pAS I AT 2037214135 2103007 282002 263008 - 20100817 okt 2010
pAS I AT 2037214014 2102009 253001 263004 < 20100614 Rl 2010
AR AT 2037214022 2102010 263007 263008 < 2010-06—20 Rl 2010
pA I AT 2037214209 2103008 243003 263008 + 20100822 Rl 2010
pA I AT 2037213425 2102011 282004 263008 < 20100823 Rty 2010
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k| e = = =Ty
«d A9 A& A N g5 k-3 s | A4 Addd g QA7
102 | A9%= | 474 2037213601 2102012 282000 263008 o 2010-09-07 b 2010
103 | A9%= | 474 2057463908 2103009 253011 263008 5 2010-09-18 b 2010
104 | A9%= | d74 2057477046 2103009 993001 263008 5 2010-11-16 b 2010
105 | A9= | I+ 2050132782 2102006 263014 263008 <+ 2010-05—05 24 2010
106 | 49= | I+ 2050132799 2102007 253009 263008 <+ 2010-05-19 24 2010
107 | A9= | 9+ 2050132803 2102008 263006 263004 o+ 20100525 =4 2010
108 | 9= | I+ 2037214055 2103006 253007 263008 = 2010-07-13 =4 2010
109 | A9= | I+ 2057477038 2102014 983001 263008 i 2010-10-23 24 2010
110 | 49= | I+ 2057477054 2102015 282003 263008 i 2010-11-16 24 2010
111 | 9= | 9+ 2057477062 2102016 203001 263008 <+ 2010-11-24 24 2010
112 | 49= | 9+ 2057477079 11201 282005 283001 <+ 2011-01-09 24 2010
113 | 49= | 9+ 2061550432 11202 253006 283001 <+ 2011-02-17 24 2010
114 | A9= | 9+ 2061550465 11301 223002 283001 5 2011-02-22 24 2010
115 | 49= | 9+ 2061550473 11302 263013 283001 = 20110223 24 2010
116 | 49= | I+ 2061550607 11203 253004 283001 <+ 2011-03-03 24 2010
117 | A9= | 9+ 2061550738 11303 263002 283001 = 2011-03-12 =4 2010
118 | 9= | I+ 2061550779 11204 233001 283001 i 2011-03-14 =4 2010
119 | 49= | d+x 2063854909 11304 263005 283001 5 2011-03-30 24 2010
120 | 9= | 9+ 2063854925 11305 263015 283001 5 2011-03-31 24 2010
121 | 9= | 9+ 2063854992 11306 263014 283001 5 2011-04—07 24 2010
122 | 9= | 9+ 2057463810 2102013 272001 263008 <+ 20100907 A4 2010
123 | &5 | 71&44 199402500 s 2001-03-01 2007
124 | &5 | 71844 2039079761 oF 2002-08—01 2007
125 | &5 | 71&44 2004364943 oF 2002-10-01 2007
126 | &5 | 71&4H 179384383 &= 2003-06-24 2007
127 | &5 | 7€ 191175846 < 2005-04—03 2007
128 | &5 | 7I&AH 191175983 < 2005-04—03 2007
129 | &5 | 714 135497031 < 2005-04—07 2007
130 | &5 | 71&4H 190786029 = 20050704 2007
131 | &5 | 71&44 2004361129 oF 2006-10-01 2007
132 | &5 | 7l 184920422 < 2006-04—06 2007
133 | &5 | 7IeAH 191893559 < 2006-04—07 2007
134 | &5 | 714 191893566 < 2006-04—07 2007
135 | &5 | 71&44 198218850 = 2006-04—07 2007
136 | &5 | 7IsAH 203464418 < 2006-04—07 2007
137 | &5 | 71eAH 198218843 < 2006-05—01 2007
138 | &5 | 7IeAH 2004360370 < 2006-07—01 2007
139 | &5 | 71&4H 2004363151 4 2006—07—01 2007
140 | &5 | 71sAH 2004363160 < 2006-07—01 2007
141 | &5 | 71sAH 2004363397 < 2006-07—01 2007
142 | &5 | 71sAH 2004364620 < 2006-07—01 2007
143 | &5 | 7l 2004364638 < 2006-07—01 2007
144 | &5 | 71&44 2004364935 4 2006—07—01 2007
145 | &5 | 71sAH 2004364951 < 2006-07—01 2007
146 | &5 | 7l=AH 2004364960 < 2006-07—-01 2007
147 | &5 | 71&4H 2004365001 4 2006—07—01 2007
148 | &5 | 71&4H 2039079114 oF 20070313 2007
149 | &5 | 71&44 2001487030 oF 2007-03-21 2007
150 | &5 | 714 2004364646 < 20070327 2007
151 | &5 | 71&44 2007355415 4+ 2007412 2007
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e | A9 | AR Uy e e | gaey Rk
=5 | 7IeAdd 2004363014 o} 2007-10-01 2007
o | 7leAE 2004363022 =S 2A08—03-01 2008
5T | 7IeAdd 2001487048 ES 20080317 2008
o | ZleAE 2004363039 =S A08-04—01 2008
o | ZleAE 2004363047 =S A08—05-01 2008
o | ZleAE 2004363573 =S A08—06-01 2008
o | Zl=AE 2004363581 =S A08—06-01 2008
o | ZleAE 2004363740 ot A08—06-01 2008
o | ZleAE 2004360941 ot A08—07—01 2008
o | ZleAE 2004363604 ot A08—07—01 2008
e | ZleAE 2039079122 ot A08—07-23 2008
o | ZleAE 2004360950 =S 2080801 2008
o | ZleAE 2004363590 ot 2080801 2008
=5 | 7IeAdd 2004361104 ES 2008-09-01 2008
=5 | 7Iedd 2004361090 o} 2008-10-01 2008
=5 | 7IeAdd 2039079737 ES 2008-10-21 2008
5T | 7l 2039079745 ES 2008-10-27 2008
o | ZleAE 2039079753 ot 2008-10-30 2008
=5 | 7IeAdd 2004361112 o} 2009-01-15 2009
5T | 7Iedd 2004360976 o} 2009-01-21 2009
o | ZleAE 2039079139 =S 2A09—-08-22 2009
o | ZleAE 2039081589 =S A09-05-29 2009
5T | 7IeAd 2039080459 o} 2009-06—19 2009
o | Zl=AE 2039080750 =S A00-07-25 2009
5w | 7lEAH 2039080686 | 2009-08-17 2009
=5 | 7IeAdd 2039081732 ES 2009-09-03 2009
=5 | 7IeAdd 2039081628 ES 2009-09—-10 2009
=5 | 7IeAdd 2039081757 o} 2009-09—11 2009
o | ZleAE 2039084614 ot W10-04-25 2010
=5 | 7IeAdd 2039083121 ES 2010-06—13 2010
=5 | 7IeAdd 2039083814 o} 2010-06-16 2010
5w | 7lE4H 2039082098 ek | 2000-07-21 2010
5w | 7lE4H 2039082102 | 20100723 2010
R 7} 2004353792 oF | 27120 B 2007
R 7} 2004353776 = | 20071121 BN 2007
R s 2004353694 oF | 2071118 Sl 2007
R 7} 2004363135 2= | o711 Sl 2007
T 7} 2004353725 = | oo07-11-23 Sl 2007
R s 2004353805 = | oo07-11-24 Sl 2007
R 7} 2004353733 oF | 2or11-% Sl 2007
R 7t 2004353750 oF | o718 Sl 2007
R 7} 2004353686 oF | 2m711-30 Sl 2007
R s 2004353768 oF | 2o7r1-30 Sl 2007
TS s 2004353741 2= | 20071206 Sl 2007
R 7} 2004363127 2= | 2007-12-00 Sl 2007
R s 2004353678 = | 20071211 Sl 2007
R s 2004353709 = | 20071212 Sl 2007
R s 2004353717 ob | 271214 Sl 2007
R 7} 2004353784 ob | 2071220 Sl 2007
Eaa E7) U118(03333) o) 2007
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A9 u{"j]: A
o = i ‘:gi 011:!]\:8:5—_ (18- S
g2 HYs | g4 | Aded . .
sz U-109(8939) FF | 9= 2‘/?]%;
o} 7
e U-79(7139) i A 2007
o}
e ul1(7204) s Ha 2007
o}
e u22(7209) s Ha 2007
o}
e u26(0691) i e
: o : 2007
=g u29 Ha 2007
o}
P u3(7224) a e 2007
o}
P U-40(8938) - Ha 2007
o}
P U-51(8929) = B 2007
o}
P U-68(7166) — B 2007
o}
P U-70(0423) — B 2007
o}
P U-82(7430) — B 2007
o}
P U-83(8293) - B 2007
o}
e u9(7227) a e ES 2007
o}
P U-61(8927) - A 2007
T+
P U—63(8926 “ A
T ) eq_x_
" 2007
%%‘EL ul02 o‘j éli 2007
o}
e u47(8290) i = ES 2007
o}
e u55(1491) i e ES 2007
o}
e u57(9435) i 1 ES
: o : 2007
=g u75 A
- 2004361008 of 2007
SET 2004360 s 2007
827 il
X 2004363063 B A A& | &4 | 2008
5T 2004363 T AR | e | S | 2008
o) -
*5T 2004363098 = 0080202 | A | 2008
119 5 —
ST 2004363 T Aseor | Ak ] e 2008
143 o —
S5T 2004363055 p AE006 | HE | = 2008
5T - 2008-02-08 | Ha | zwk
- 2004363080 of 20080 v 2008
SET 2004363 P | Ae | et 2008
071 o —
ST I 2008-02-11 | #A& | Zwb
= 2004363102 s ; = | 2008
gz 12 Ha Suk
2004363485 4 | om0 | 2 i
= z] A ~
257 004363178 oF A& | EW | 2008
o= 004363186 il 080416 | Ha 5 ul
P N ot 2008
— 2004363194 d| 2080426 | AR 5
Eo 200436346 F il M 2008
9 (e}
SET 2004363 - e 2008
565 5 —
SET 2004363 3 S 2008
209 o —
P b | a0 | A | B
— 2004363549 of B0 . i 2008
g2 2 HAa b
- 2004363477 2 200804 v 2008
T <l ks s
— 2004363410 of 200804 . i 2008
Ee 2004363532 P S N 2008
P F | msoe | FHa | &
— 2004363557 of 0801 - b 2008
Ee 2004363452 Py S N 2008
- | mso | FHa | s
- 2004363508 of 200804 v 2008
SET 2004363 o ax | er 2008
436 5 —
*5T 2004363516 —: 008-05-01 | Ha | = 3008
e T 008-05-01 | HA | 3z
- 2004363612 2 200805 . v 2008
SET 2004363 R L A 2008
731 & —
g2 b | 2058 | Az | EW
- 2004363493 o | oms—s - 2008
SET 2004363 © | ax | et 2008
217 o —
e o 2008-05—05 £ B Fuk 2008
P — 4363444 o | ams-os-or | A= | mwr | 20
04363401 2 i 08
o= T 2008-05-07 E sk
2004363428 o} 20085 - = 2008
— 11| Ha | &9 | 2008
i 2008—06—17 PPN ~
i 2008
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& | A9 Uy e SEkE CENE EEE! gz | 353
307 | 2% 4360249 + | ws-06- auk | 2008
308 | 2% 2004361418 + | 2ms-06-30 auk | 2008
309 | 2% 2004361969 + | 280630 auk | 2008
310 | &2% 2004363758 + | 280630 auk | 2008
311 | &2% 4360216 + | 208072 auk | 2008
312 | &2% 2004360835 ob | 20080814 auk | 2008
313 | &2% 2004360819 + | 2ws—os-16 auk | 2008
314 | &27 4364531 4364531 ot | 20080819 zuk | 2008
315 | 2% 2004360860 ot | 20080820 zuk | 2008
316 | 2% 2004360851 | 2ms—s21 zuk | 2008
317 | &2% 2004360084 = | o822 zuk | 2008
318 | &2% 2004360843 ot | 2000825 zuk | 2008
319 | 2% 2004360992 ot | 20080828 zuk | 2008
320 | &2 4361016 ot | 20080013 zuk | 2008
321 | &2% 4364540 o | 20080914 zuk | 2008
322 | &2 4361049 ot | 200s—00-18 zuk | 2008
323 | 2% 4360917 | 208019 auk | 2008
324 | &2% 4364189 = | 208002 auk | 2008
325 | &2% 4364172 ot | 2081001 auk | 2008
326 | &2% 2015496765 ot | 20080900 2008
327 | &2 e | 20080920 2008
328 | &2% 2015496749 | 2ws-0-2 2008
329 | &2 2015496636 | 2080030 2008
330 | 2% 15996620 ot | 20081019 2008
331 | &2% 15496610 o | aos—10-24 2008
332 | &2% 2144 o 2008
333 | 2% 5901 o 2008
334 | &2% 5902 o 2008
335 | 22 8510(u89) o 2008
336 | =% 5918 o 2008
337 | 2% 8055(U121) o 2008
338 | &7 R 2008
339 | 2% 011-141-615 2008
340 | 27 L 2008
341 | 27 Lt 2008
342 | 27 1561?1451*)837( 2008
343 | 2% 202- 901 044( o 2008
344 | &27 5967 o 2008
345 | &2% 6430 o 2008
346 | &2% 723841 o 2008
347 | 227 6429(u71) o 2008
348 | 227 7237(U46) o 2008
349 | 2% 3218 o 2008
350 | &2 3597 o 2008
351 | &2% 5674 o 2008
352 | 2% 723563 o 2008
353 | 2% 117962(U20) o 2008
354 | &27 117967(U21) o 2008
355 | 2% 117969(U7) o 2008
356 | 2% 117972(U10) o 2008
357 | 22w 5127(U24) o 2008
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& | AG | e KU n AgE | ohi@z | 4 | gdea | &% | 9= | 53
358 | &9 57) 5642(ul50) & FHa 2008
359 | &9 57) 6134(ul4) & HAa 2008
360 | &5 7} 6378(ul28) Sy A 2008
361 | &5 7} U111(8504) Sy A 2008
362 | &5 E7h U43(8289) & A4 2008
363 | &5 57 U90 & A4 2008
364 | &5 E7h 8933 & A 2008
365 | & 57t 002 0320 7902 & Ha 2008
366 | &5 7} 3006 & A4 2008
367 | &5 7} 4588 o Ha 2008
368 | &5 7} 5437 o Ha 2008
369 | &5 7} 7974 o A 2008
370 | &5 7} 117958(U13) & A 2008
371 | &5 7} 3764(ul56) Sy A 2008
372 | & 57} 5796(ul54) & B 2008
373 | & 57} 6379(u2) & s 2008
374 | &£5T 7} 7-04486(U54) Sy A 2008
375 | & 57} 7378(U53) & HAa 2008
376 | &5 &7k 0690(u31) < Hx 2008
377 | &5 7} U126(5148) Sy A 2008
378 | &5 7t U145(3757) & A4 2008
379 | €852 | 7 003~ 137~670( ) Az 2008
380 | &5 =7} 008-497-156 o Ha 2008
381 | ¢3¢ | 7 011- 141 666( il A 2008
382 | &5 =7} 011-141-974 o Ha 2008
383 | g5 | 7 028985 111 il s 2008
384 | &5 =7} 3742 o Ha 2008
385 | &5 7} 4678 o Ha 2008
386 | &5 7} U135(4165) Sy A 2008
387 | &5 7} 1532 o Ha 2008
388 | &5 7} 3217 o Ha 2008
389 | &5 7} 3219 o Ha 2008
390 | &5 7} 4587 o Ha 2008
391 | &5 7} 5441 o Ha 2008
392 | &5 7} 5672 o Ha 2008
393 | &5 7} 6497 o Ha 2008
394 | &5 7} U106(8509) Sy A 2008
395 | &5 7} U155(0768) Sy A 2008
396 | &5 57t U65(7644) & HAa 2008
397 | &5 7} 6499 o Ha 2008
398 | &5 7} 5785(ul52) & A 2008
399 | &5 57} 6025(U30) & HAa 2008
400 | &5 71 6027(u73) Sy A 2008
401 | &5 71 8078 o Ha 2008
402 | &5 7} 723556 oF Ha 2008
403 | &5 7} 6153(ul19) Sy A 2008
404 | 5T 7} 6156(ul04) & A 2008
405 | & 57} 6158(u72) & HAa 2008
406 | 5T 7} 6160(U100) Sy A 2008
407 | 5T 7} 989(0854) & A 2008
408 | &5 7} 6279 o Ha 2008
409 | &5 7} 002-652—246 o 2 2008
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e | A9 it 32 0
410 | g% 195-074-320( oF 2008
411 | 27 5923(723429) o 2008
412 | e27 5931(723427) o 2008
413 | &27 4789 of 2008
414 | &27 8937 of 2008
415 | &2% 6377(u23) o 2008
416 | &2% 127 o 2008
117 | &2 5675 o 2008
418 | &2 6142 o 2008
119 | &2% 6960 of 2008
120 | &2 7-14345 of 2008
121 | &2% 016-034-835 of 2008
122 | e2% 028985 - 015( o} 2008
123 | e2% 156~ 945-845( o} 2008
124 | &27 201-654—408 of 2008
125 | &2% 3372 o 2008
126 | &2% 4790 of 2008
127 | &2 5438 of 2008
128 | &= 6371(u108) o 2008
129 | =7 6372(u123) o 2008
430 | &= 8939(u109) o 2008
431 | g% 028985 179( o} 2008
132 | e=w 028’822)’187( 2008
433 | e2% 156-945-811( o} 2008
134 | &2% 8929 oF 2008
435 | &2% 0423(U70) o 2008
436 | &2% 0691(U26) o 2008
137 | &2 117959(U11) o 2008
438 | &= 117965(U29) o 2008
139 | &2% 8293(U83) o 2008
140 | &2% 8938(U40) o 2008
141 | &27 6066 o 2008
12 | &27 6201 o 2008
13 | &27 6225 o 2008
14 | £27 6225 o 2008
145 | &27 6229 o 2008
146 | &2% 6231 o 2008
147 | &27 6292 o 2008
148 | &27 6382 o 2008
149 | &27 4362335 o 2008
150 | &= 1769 o 2008
451 | &2 3481 o 2008
152 | &2 4679 o 2008
153 | &2% 5396 o 2008
154 | &27 6391 o 2008
455 | &2% U-136(5798) o 2008
156 | &2 U-153(5760) o 2008
157 | &2% 3472 of 2008
158 | &2% 5447 of 2008
159 | &2% 6064 o 2008
160 | &2% 8290(ud7) o 2008




& | A9 | s KUy 1 Avgs | oums | gE | gede | &3 | 9w | 353
461 =TT =7t 39079018 T 2009-03—22 Ha ] 2009
462 T =7t 39079155 T 2009-03-26 Ha = 2009
463 T =7t 39080274 <+ 2009-04-17 Ha = 2009
464 T =7t 39080346 T 2009-04-25 Ha = 2009
465 =TT =7t 39080848 <+ 2009-05—01 Ha = 2009
466 T =7t 39080830 F 2009-05—01 Ha = 2009
467 T =7t 39081597 <+ 2009-05—28 Ha = 2009
468 T =7t 39081853 <+ 2009-06—07 Ha ] 2009
469 =T =7t 39081505 <+ 2009-06-15 Ha ] 2009
470 T =7t 39080619 <+ 2009-07-02 A ] 2009
471 =TT =7t 39080805 <+ 2009-07-21 Ha ] 2009
472 =TT =7t 39081183 <+ 2009-08-14 Ha =4 2009
473 T =7t 39081271 T 2009-08-31 Ha =4 2009
474 ST 57k 39079882 T 2009-01-16 Ha Sk 2009
475 ST s7F 39079665 & 20000122 Ha Sk 2009
476 =TT 57 39079657 & 2000-01-23 Ha Sk 2009
477 Rt 57 39079219 T 2000-01-27 Ha Sk 2009
478 ST 57 39079673 & 20000202 Ha Sk 2009
479 ST 57 39079227 & 20000202 Ha Sk 2009
480 ST 57 39079649 & 2000-02-04 Ha Sk 2009
481 ST 57 39079690 T 2000-02-04 Ha Sk 2009
482 ST 57k 39079681 T 2009-02-06 Ha Sk 2009
483 Rt 57 39079392 & 20000222 Ha Sk 2009
484 R 57 39079962 o 2009-03—22 Ha Sk 2009
485 ST 57 39079384 o 2009-03—23 Ha Sk 2009
486 ST 57 39079091 o 2009-03-24 Ha Sk 2009
487 Rt 57 39080266 5 2009-03—28 Ha Sk 2009
488 ST s7F 39080196 5 2009-04—01 Ha Sk 2009
489 ST s7F 39080081 5 2009-04-01 Ha Sk 2009
490 ST 57k 39080188 o 2009-04—02 Ha Sk 2009
491 ST 57k 39080073 5 2009-04—05 Ha Sk 2009
492 R 57 39080258 5 2009-04—07 Ha Sk 2009
493 SRt 57 39080049 o 2009-04—07 Ha Sk 2009
494 SRt 57 39080952 o 2009-04—22 Ha Sk 2009
495 ST 57 39080821 5 2009-05—01 Ha Sk 2009
496 ST 57 39080813 5 2009-06—02 Ha Sk 2009
497 ST 57 39080311 o 2009-06—02 Ha Sk 2009
498 5T 57 39081907 5 2009-06—25 Ha Sk 2009
499 SRt 57 39081417 5 2009-06—27 Ha Sk 2009
500 =S 57 39081521 5 2009-05—28 Ha Sk 2009
501 SRt 57 39081601 5 2009-05—29 Ha Sk 2009
502 SRt 57 39081829 5 2009-05—29 Ha Sk 2009
503 5T 57 39081433 o 2009-05-30 Ha Sk 2009
504 5T 57 39081476 5 2009-05-30 Ha Sk 2009
505 ST 57 39081484 5 2009-06—01 Ha Sk 2009
506 SRt 57 39081812 o 2009-06—01 Ha Sk 2009
507 ST 57 39081564 5 2009-06—03 Ha Sk 2009
508 e 57 39081923 5 2009-06—03 Ha Sk 2009
509 ST 57 39081468 5 2009-06—06 Ha Sk 2009
510 ST 57 39081861 o 2000-06—11 Ha Sk 2009
511 SRt 57 39080506 o 2000-06-17 Ha Sk 2009
512 SRt 57 39081870 5 2000-06-17 Ha Sk 2009
513 SRt 57 39080784 5 2009-07-01 Ha Sk 2009
514 SRt 57 39080598 5 2009-07-05 Ha Sk 2009

- 221 -




A
i Ly AA
—I—E =
P g3 ouhE | elmims | ¥9
Y g 2 2
s=7 39080776 49 | &% | 9u | T53
g2 39080563 - 2009-07-08 e - Kiald
g=3 39080643 ¢ | 2090717 ;: = 2009
g=3 39080539 | 200017 ;: = 2009
1A S
= 39081062 | 0719 | A %H& 2009
g=2 39081126 S | 2090815 ;: %H& 2009
s= 39081175 ¢ | 209-08-18 ;: = 2009
s S
g2 39081138 ia 2009-08-18 22 = 2009
s S
s= 39081255 kil 2009-08-20 22 %H& 2009
g=3 39081191 S| 2090821 ;: =% 2009
o= 39081263 - 2009-08—22 ;: %H& 2009
o= 39081206 kil 2009-08—23 ;: = 2009
o= 39080679 - 2009-08—23 ;: %H& 2009
o= 39081247 kil 2009-08—24 ;: = 2009
gz 39081394 - 2009-08—25 ;: = 2009
g2 39081222 T 2090827 ;: = 2009
o= 39081214 - 2009-08-30 ;: = 2009
P 39081298 | 2009-09-01 ;: = 2009
*5 39081351 [ owws | G B e | e
- — A Sk
P 39081636 | 2009-09-10 | HA - 2009
s S
P 39081708 - 2000-09-17 | HA& %H& 2009
g=3 39081716 kil 2009-10-05 ;i %H& 2009
P 39081644 o | 2091120 ;: S
5T 39079938 | A6 ;: —
£y =2
Eo 39079704 T | 20W-01-18 | FHa - 2009
P 201154951 Py A 2009
- o L — 2009-01-18 A2 5
s= 39079796 T 2000-01-19 | HA 009
B ~ 39079632 + | awom | ax 2009
o 11154978 o} -~ 2009
000-02-13 | HA&
g2 39080032 - 2009-02-20 EADN 2009
=
g2 39079317 kil 2009-03-15 2 2009
— or £ 2
5T 39079497 S R -
= 39080016 | 000318 | A 2009
o= 39080024 kil 2009-03-20 ;: 2009
— or £ 2
5T 39080170 ks 2009-08-24 2 o
s= 39080207 - 2000-03-25 22 2009
— or £ 2
5T 39080379 ks 2009-08-29 S o
sz 39080387 * 2009-03-31 2 2009
=
s=q 39080395 kil 2009-04-04 22 2009
=
e 39080514 & 2009-04—05 Ha 2009
=
s= 39080354 kil 2009-04-22 22 2009
— or £ 2
5T 39081548 ks 2000-04-25 S s
s= 39081845 - 2000-05-27 22 2009
gz 39081425 kil 2009-06-03 ;: 2009
gz 39081450 kil 2009-06-03 ;: 2009
— or £ 2
i3 = 39081492 = A00-06-06 | Fa 2009
= 0
&3 = 39080571 — 00-06-10 | Ha 2009
P 39080580 T A5 | FHA —
g= 39080602 - 009-07-06 | #Hx 2009
— or £ 2
&5 39080635 - 090713 | A& -
o= 39080792 * 2009-07-17 2 2009
= 39 o} e 200
s 20173 080547 o 2000-07-18 | Hzi i
- 2304 = | 207 — 2009
o L —18 A2
39081087 G | aoorm | 2009
o) il 2009
# A000-08-16 | H&
2009
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569 | &5 7} 39081095 < 2009-08-16 P 2009
570 | &5 7} 39081118 < 20090817 A 2009
571 | &5 7} 39081079 < 2009-08-18 R 2009
572 | &5 =7} 39081100 5 2009-08-20 HAa 2009
573 | &5 7} 39081154 < 2009-08—21 R 2009
574 | &5 &7} 39081142 5 2009-08-23 HAa 2009
575 | &9 &7} 39081749 5 2009-08-26 HAa 2009
576 | &5 &7} 39081327 5 2009-08-26 HAx 2009
577 | &5 =7} 39081409 5 2009-08-29 HAx 2009
578 | &5 =7} 39081693 o 2009-09-22 HAa 2009
579 | &5 &7} 39082696 o 2009-09-23 Ha 2009
580 | &5 =7} 39081677 o 2009-09-27 Ha 2009
581 | &5 =7} 39081804 5 2009-09-30 Ha 2009
582 | &5 7} 39082731 T 2009-10-10 R 2009
583 | &5 7} 2006015581 & 2009-12-01 A 2009
584 | &ET 7} 2006015590 - 2009-12-04 A 2009
585 | &5 =7} 2006015604 5 2009-12-07 HAa 2009
586 | &5 =7} 2047773213 5 2009-12-08 HAa 2009
587 | &5 7t 5902 < P 2009
588 | &5 7t 7946 < A 2009
589 | &5 7t 8510 < A 2009
590 | &5 =7} 11141787 & A4 2009
591 | &5 =7t 189537328 & A4 2009
592 | &9 =7t 0141(133) & FHa 2009
593 | &5 7t 104 < A4 2009
594 | &5 7t 6430 < A4 2009
595 | &5 7t 6432 < P 2009
596 | £ET 7t 6469 < P 2009
597 | &5 7t 7237 < A 2009
598 | &5 =7} 10591200 & P 2009
599 | &5 =7} 14142856 & P 2009
600 | &5 =7t 7257(u44) & FHa 2009
601 | &5 &7} 2651366 & A4 2009
602 | &5 &7} 2678053 o HAa 2009
603 | & =7t 6378(U128) & HAa 2009
604 | &5 7t 8934 < R 2009
605 | &5 | w7t 002 0330 7961 % Ak 2009
606 | &5 7} 3764 & I 2009
607 | &5 7Y 4588 < A 2009
608 | &5 7Y 5796 < A 2009
609 | &5 =7} 10591023 & A 2009
610 | &5 =7t 201656716 & A4 2009
611 | &5 =7t 3757(U145) & HA 2009
612 | &5 7t 4167 < A4 2009
613 | &5 7t 6323 < A4 2009
614 | &5 7} 7971 & A4 2009
615 | &5 =7} 2678088 & A4 2009
616 | &5 =7} 3142634 2] A4 2009
617 | & =7t 3767(U137) & s 2009
618 | &5 =7} 8511(7907) & A4 2009
619 | &5 7} 4165 & A4 2009
620 | &5 7t 4678 < A4 2009
621 | &5 7t 6276 < A4 2009
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i 7582 < P 2009
i 7582 < A 2009
T 7587 < A 2009
5T 6424 & P 2009
i 6459 < A 2009
T 7943 < A4 2009
T 2908 < A4 2009
T 2909 < I 2009
i 3217 < A 2009
5T 4587 & I 2009
5T 6004 & A4 2009
i 7990 < A4 2009
=TT 7796287 kil A 2009
5T 7947(4587) Sy A2

ot Ha 2009
5T 2651374 < A4 2009
5T 8497164 < I 2009
5T 10591082 < A4 2009
5T 10591099 < A 2009
5T 10591154 o Ha 2009
5T 11146775 < A4 2009
5T 14142897 < A 2009
5T 16034290 oF A 2009
5T 16080996 < A4 2009
5T 201654460 2] A4 2009
i 6202 < A4 2009
5T 10591015 < A4 2009
it 201656778 o A 2009
ST 6154 < A4 2009
i 5224 < A4 2009
5T 5763 & A4 2009
i 5929 < A4 2009
T 7677 & s 2009
i 7914 < A4 2009
ST 6030 < A4 2009
5T 6035 & A4 2009
%EE 4456416 < A4 2009
it 195074312 & HAa 2009
gz 0106022)18(§4i o Az 2009
R 115 oF -

o Ha 2009
i 247 < A4 2009
i 2046 < A4 2009
i 2160 < A4 2009
i 2419 < A4 2009
T 6167 < A4 2009
i 7317 < A4 2009
i 7319 < A4 2009
i 7456 < A4 2009
i 7520 < A4 2009
T 4789 < A4 2009
T 6377 < A4 2009
5T 8937 & A4 2009
5T 4363707 < A4 2009
5T 201565773 o %

ot A4 2009
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675 | &5 7t 5675 < P 2009
676 | T =7t 0858(98) & FHa 2009
677 | T =7t 9113(113) & FHa 2009
678 | &5 7t 3483 < R 2009
679 | &5 7t 7981 < P 2009
680 | &5 =7} 4363661 < A 2009
681 | &5 =7} 11141800 < A4 2009
682 | &5 E7h 7978(8) & s 2009
683 | &5 =7} 7991(8501) & A4 2009
684 | &5 7t 4162 < A4 2009
685 | &5 7t 5138 < A4 2009
686 | &5 7t 5438 < A 2009
687 | &5 7t 5737 < A4 2009
688 | &5 7t 6434 < A4 2009
689 | &5 7t 6478 < A4 2009
690 | &5 7t 5131 < A4 2009
691 | &5 7t 6164 < A4 2009
692 | &5 7t 7210 < A4 2009
693 | &5 7t 8079 < A4 2009
694 | & =7t 8932(U60) & s 2009
695 | &5 7t 6201 < A4 2009
696 | &5 7t 6225 < A4 2009
697 | &5 7t 6231 < A4 2009
698 | &5 7t 6384 < A4 2009
699 | &5 7t 6188 < A4 2009
700 | 5T 7t 6387 < A4 2009
701 | &5 7t 6413 < A4 2009
702 | & 57} 7918(7586) & s 2009
703 | &5 =7} 3132737 o Ha 2009
704 | ST 7t 630 < A4 2009
705 | &5 7t 630 < A4 2009
706 | £ 7t 5126 < A4 2009
707 | &5 7t 5676 < A4 2009
708 | &5 7t 6389 < A4 2009
709 | &5 7t 6415 < A 2009
710 | & =7t 8926(U63) & s 2009
711 | & =7t 8927(U61) & s 2009
712 | 5T 7t 851 < A4 2009
713 | &5 7t 851 < A4 2009
714 | 5T 7t 5447 < A4 2009
715 | &5 7t 6080 < A4 2009
716 | &5 7t 9116 < A4 2009
717 | &5 =7} 39085004 5 2010-04—04 Ha = 2010
718 | &5 =7} 39084698 o 2010-04-20 Ha = 2010
719 | &5 =7} 39082524 o 2010-05-04 Ha = 2010
720 | &5 =7} 39082508 5 2010-05-08 Ha = 2010
721 | &5 =7} 39083130 5 2010-05-31 Ha = 2010
722 | &9 =7} 39083030 o 2010-06-08 Ha = 2010
723 | & =7} 39083855 5 2010-06-17 Ha = 2010
724 | &5 =7} 39083960 5 2010-06-22 Ha = 2010
725 | 5T 7t 39083228 + 2010-01-01 A4 o 2010
726 | &L 7t 39083236 + 2010-01-01 A4 o 2010
727 | 5T 7t 39082811 + 2010-01-06 A4 o 2010
728 | &5 7t 39082838 + 2010-01-14 A4 o 2010
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729 Rt 57 39083390 5 2010-01-14 Ha Sk 2010
730 Rt 57 39083349 o 2010-01-23 Ha Sk 2010
731 SRt 57 39083873 o 2010-01-25 Ha Sk 2010
732 SRt 57k 39084190 o 2010-02-15 Ha Sk 2010
733 SRt s7F 39084085 5 2010-03-02 Ha Sk 2010
734 SRt 57 39084077 o 2010-03-09 Ha Sk 2010
735 Rt 57 39082959 o 2010-03-10 Ha Sk 2010
736 R s7F 39084028 o 2010-03-21 Ha Sk 2010
737 SRt 57 39084036 o 2010-03-21 Ha Sk 2010
738 SRt 57 39084052 o 2010-03-21 Ha Sk 2010
739 ST 57 39084010 5 2010-03—22 Ha Sk 2010
740 ST 57 39084876 5 2010-03—28 Ha Sk 2010
741 SRt 57 39084841 o 2010-03-30 Ha Sk 2010
742 ST 57k 39084997 o 2010-04—01 Ha Sk 2010
743 ST s7F 39084892 5 2010-04—03 Ha Sk 2010
744 =TT 57 39084884 o 2010-04—03 Ha Sk 2010
745 Rt 57 39084905 5 2010-04—05 Ha Sk 2010
746 ST 57 39084817 5 2010-04—06 Ha Sk 2010
747 ST 57 39084727 5 2010-04-16 Ha Sk 2010
748 ST 57 39084663 5 2010-04-18 Ha Sk 2010
749 ST 57 2039084850 5 2010-04—20 Ha Sk 2010
750 Rt 57 39082436 o 2010-05—05 Ha Sk 2010
751 ST 57 39083113 5 2010-06—07 Ha Sk 2010
752 =TT 57 39084743 5 2010-05—08 Ha Sk 2010
753 ST 57k 39082590 5 2010-05-12 Ha Sk 2010
754 ST 57k 39083189 o 2010-06—05 Ha Sk 2010
755 Rt 57 39083847 5 2010-06-11 Ha Sk 2010
756 5T 57 39083986 o 2010-06-12 Ha Sk 2010
757 ST 57 39083871 o 2010-06-13 Ha Sk 2010
758 ST 57 39180880 o 2010-06-14 Ha Sk 2010
759 ST 57 39082071 5 2010-07-05 Ha Sk 2010
760 o s7F 39084331 o 2010-07—29 Ha Sk 2010
761 ST 57 39084340 o 2010-07—29 Ha Sk 2010
762 Rt 57 2039082397 5 2010-09-08 Ha Sk 2010
763 Rt 57 39082688 5 2010—11-21 Ha Sk 2010
764 Rt s 39082637 o 2010-11-26 Ha Sk 2010
765 s 57 39083244 5 2010—12—28 Ha Sk 2010
766 ST 57k 39083285 5 2010-01-01 Ha 2010
767 Rt 57 39083324 5 2010-01-02 Ha 2010
768 o 57 39083404 N 2010-01-04 Ha 2010
769 Rt 57 2047773221 5 2010-01-11 Ha 2010
770 SRt 57 39083381 5 2010-01-13 Ha 2010
771 SRt 57 2047773248 5 2010-01-15 Ha 2010
772 Rt 57 39083316 5 2010-01-20 Ha 2010
773 SRt 57t 2047773256 o 2010-01-21 Ha 2010
774 5T 57 39083357 o 2010-01-22 Ha 2010
775 ST 57 2047773264 o 2010-01-25 Ha 2010
776 ST s7F 39082820 o 2010-01-27 Ha 2010
777 SRt 57 39084964 o 2010-02-19 Ha 2010
778 ST 57 39084044 o 2010-02—21 Ha 2010
779 Rt 57 39084181 5 2010-02—23 Ha 2010
780 Rt 57 39084930 5 2010-02—28 Ha 2010
781 Rt 57 39084108 5 2010-03-02 Ha 2010
782 T =7t 39084093 <+ 2010-03-08 S 2010
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4 | AY o 4] 4e | gaee 53
783 T 39084116 T 2010-03-10 2010
784 T 39084948 & 2010-03-16 2010
785 T 39084204 & 2010-03-25 2010
786 it 39084778 & 2010-04—05 2010
787 T 39084702 T 2010-04—07 2010
788 T 39084680 & 2010-04-10 2010
789 T 39082209 & 2010-04-11 2010
790 T 39084647 T 2010-04-12 2010
791 T 39084639 T 2010-04-13 2010
792 T 39084671 T 2010-04-18 2010
793 T 2039084655 T 2010-04—20 2010
794 T 39084622 T 2010-04—20 2010
795 T 39084809 T 2010-04-30 2010
796 T 39084735 & 2010-05—01 2010
797 T 39084760 & 2010-05—03 2010
798 T 39082565 & 2010-05—04 2010
799 T 39082516 & 2010-05—05 2010
800 T 39082452 & 2010-06—07 2010
801 T 39082469 & 2010-06—07 2010
802 T 39082493 T 2010-05—08 2010
803 T 39082557 & 2010-05—08 2010
804 T 39082485 & 2010-05—08 2010
805 T 39082410 & 2010-05—09 2010
806 T 39082604 T 2010-05—09 2010
807 T 39082444 & 2010-05-10 2010
808 T 39083033 T 2010-05-10 2010
809 T 39083105 & 2010-05-15 2010
810 T 39082573 T 2010-05-17 2010
811 T 39083017 T 2010-05-19 2010
812 T 39082581 & 2010-05—20 2010
813 T 39083164 & 2010-05—24 2010
814 T 39083201 T 2010-06—02 2010
815 T 39083076 & 2010-06—05 2010
816 T 39083156 & 2010-06—07 2010
817 T 39083822 & 2010-06—08 2010
818 T 39083863 & 2010-06-13 2010
819 T 39082055 & 2010-06-15 2010
820 T 39083927 & 2010-06-16 2010
821 T 39083839 T 2010-06-16 2010
822 T 39082063 & 2010-06-18 2010
823 T 39083951 & 2010-06-19 2010
824 T 39082186 T 2010-07-02 2010
825 T 39082039 & 2010-07-17 2010
826 T 39084323 & 2010-07-20 2010
827 T 39084399 & 2010-07-24 2010
828 T 39082143 T 2010-07-26 2010
829 T 39082160 & 2010-07—27 2010
830 T 39082135 & 2010-07—29 2010
831 T 39082151 & 2010-07—29 2010
832 T 39082127 & 2010-07-30 2010
833 T 39084307 T 2010-08—03 2010
834 T 39082233 T 2010-08—07 2010
835 T 39084270 T 2010-08—09 2010
836 T 39084237 T 2010-08—09 2010




5 3 g 5 . 5ot

ok U e AvEs | oz | 49 | gaed | &% | 9w | FUH
*eT 39084229 4 2010-08—11 H4 2010
*eT 39084403 oF 2010-08—13 H4 2010
*eT 39084212 oF 2010-08—14 H4 2010
S5 39082268 4 2010-08-16 H4 2010
*eT 39082241 4 2010-08-18 H4 2010
*eT 39082284 = 2010-08—24 A 2010
*eT 39082313 o} 2010-08-25 A 2010
*oT 39082276 = 2010-08-27 A 2010
*oT 39082292 s 2010-08-30 A 2010
*eT 39083437 = 2010-08-30 A 2010
*eT 39082356 o} 2010-09-05 A 2010
T 39083445 I 2010-09-10 B 2010
T 39083429 I 2010-09-12 B 2010
T 39083488 < 2010-09-14 e ES 2010
T 39083412 I 2010-09-15 e ES 2010
T 39083461 I 2010-09-17 e 2010
*eT 2039083540 o} 2010-09-20 A 2010
T 7591 < Ha 2010
i 7677 <+ A 2010
T 6264 < Ha 2010
T 9113 < Ha 2010
T 6063 < Ha 2010
ZET 000197349838 FH3 2 606 <+ 1997-01-01 Ha ok 2006
ZET 002039517010 FH3 2 632 <+ 1997-01-01 Ha ok 2006
ZET 000150264837 FH3 2 306 <+ 2001-04—01 Ha ok 2006
ZET 000134204239 FE:H 2 307 <+ 2001-06-01 Ha ok 2006
ZET 000175546976 FH3 2 508 <+ 2001-10-01 Ha ok 2006
ZET 000189131120 FHE 2 646 <+ 2002—01-01 Ha ok 2006
ZET 000175546709 FH3 2 358 <+ 2002—06-01 Ha ok 2006
ZFRE 000185157537 FEH 4 505 o 2003-01-01 A& Sk 2006
ZFRE 000185094306 FE3 4 558 o 2003-04—01 A Sk 2006
ZFRE 000181611897 S22 698 o 2003-05—01 A Sk 2006
ZFRE 002002911481 FEH 4 599 o 20040101 A Sk 2006
ZFRE 000202165088 FEH A 469 o 20040207 A Sk 2006
ZFRE 000196458463 FEHA 411 o 20040307 A Sk 2006
ZFRE 000181640545 FEH 4 503 o 2004-04—29 A Sk 2006
ZET 002026719400 FH3 2 602 <+ 2004—05-10 Ha ok 2006
ZET 002013235536 FH3EH 2 700 <+ 2004—05-13 Ha ok 2006
ZFRE 002008823064 FEH 4 501 o 2004—-05-20 A Sk 2006
ZFRE 000197435166 24 510 o 20040602 A Sk 2006
ZFRE 000186378986 FEH A 455 o 20040723 A Sk 2006
ZFRE 000175654718 FEHL 417 o 2005-01-01 A Sk 2006
ZFRE 000197435081 FEH 4 301 o 2005-01-27 A Sk 2006
ZET 002004834203 FHE A 313 <+ 2006—05-10 Ha ok 2006
ZFRE 000202165071 FEF 4 556 o 2006-02—-03 A Sk 2006
ZFRE 000175654534 S22 360 o 2006-07-06 A Sk 2006
ZFRE 002013236035 FEH A 302 o 2006-08—-04 A Sk 2006
ZFRE 000202588283 FEH A 352 o 2006-09-22 A Sk 2006
ZFRE 000175654664 FEHL 418 o 2006-10-05 A Sk 2006
ZET 000202588474 FH3 A 518 <+ 2006-11-01 Ha ok 2006
ZET 002013438857 FH3 2 408 <+ 20070221 Ha ok 2006
ZET 002013438865 FH3 2 609 <+ 20070221 Ha ok 2006
ZFRE 002013438832 FEH 4 403 o 20070301 A Sk 2006
ZET 002013438816 FHEH 2 409 <+ 20070313 Ha ok 2006
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1061 | 5% | d+x 000132427388 34 & 1997-11-05 HAa ik 2006
1062 | 5% | dA+x 000132426801 3 5 & 19980629 HA Zk 2006
1063 | 5% | d+x 000132424057 HT 2 T 1999-01-01 HAa ok 2006
1064 | 5= | dA+x 000171995464 H dF1 & 2000-05—11 HA Zk 2006
1065 | 5% | dAFx 000175654923 A 141 & 2002-01-15 HA Zk 2006
1066 | 5% | AFx 000171843598 26 & 2002-03-07 HA ok 2006
1067 | 5= | dAFx 000181150563 7 A= & 2002-03-25 HAa Zk 2006
1068 | 5% | dA+x 000134204487 7 7l & 2002-04—15 HAa Zk 2006
1069 | 5= | dA+x 000175654411 3 A2 & 2002-04—15 HAa Zk 2006
1070 | 5= | dA+x 000172150831 A Bl & 2002-05-06 HAa ok 2006
1071 | 5% | d+x 000175654930 A 142 & 2002-06-13 HAa Zk 2006
1072 | 5= | d+a 000171995471 FH 952 & 2002-06-20 HAa Zk 2006
1073 | 5= | dFx 000132425168 37 & 2002-09-22 HAa Zk 2006
1074 | 5= | dFx 000132426413 7 8 & 2002-10-22 Ha Zk 2006
1075 | 5% | dAFa 000159532631 H &1 & 20021213 HAa Zk 2006
1076 | 5% | AFx 000172439196 39 & 2003-03-08 Ha Zk 2006
1077 | $5= | A& 000172430950 3 1-6 1(?1}) i 008-06-07 | HA |z 2006
1078 | 5% | dAFa 000180798414 #H AA1 & 2003-09-20 Ha Zk 2006
1079 | 8= | dA+A 000182190667 10 < 2004-01-03 Ha | W 2006
1080 | 5% | dAFa 000175654428 # old1 & 2004-01-05 HAa Zk 2006
1081 | 5% | d+a 000171995488 H 91 & 2004-01-06 HAa ok 2006
1082 | 5% | dAFa 000171994566 HT4 T 2004-04—10 Ha Zk 2006
1083 | 5% | dA+a 000175655005 7 11 & 2004-04—28 HAa ik 2006
1084 | 5= | dAFa 000175654916 7 AA2 & 2004-09-10 FHa Zk 2006
1085 | 5% | dAFa 002014142821 FH 943 & 2005-03-18 HAa Zk 2006
1086 | 5% | AFa 000186379976 7 %1 & 2005-04—09 HAa ik 2006
1087 | 5% | dAFa 000198218119 H 941 & 2005-04—25 Ha Zk 2006
1088 | EH= | dAr& 000171995402 #1-8 1(?1}) o | 050830 | Ha |z 2006
1089 | 5= | dAFa 000171995419 7 6-2 6 & 2005-10-03 HAa ik 2006
1090 | 5= | dAFx 002010591187 FH A2 & 2006-01-08 FHa ik 2006
1091 | 5= | d+x 000175654565 7 162-6 & 2006-03-08 HAa Zk 2006
1092 | 5= | dA+x 000175654527 A Be1-2 AR L1 FE 2 + 2006-04—05 HAa Zk 2006
1093 | 5% | dAFx 000175654541 7 9-1 # 9 FE 4 + 2006-06-04 HAa Zk 2006
1094 | 5= | dAFx 000175654510 Z 1-6-1 3 1-6 FE 4 T 2006-06-06 HAa Zk 2006
1095 | 5% | dAFa 000175654558 # 06-1 7 A= FE 4 < 2006-06-26 e Zk 2006
1096 | 5% | AFx 000175654572 7 9F1-1 H dF1 FE 2 < 2006-08—01 HAa Zk 2006
1097 | 5= | dAFx 000175654626 F12 & 2006-08-26 HAa ik 2006
1098 | 5% | dAFx 000175654626 5 7-2 5 87)( 4 HT 4 Sy 2006-08—26 HAa Zk 2006
1099 | 5= | dA+x 000175654602 7 dF2-1 HaF2 FE 2 T 2006-09-03 HAa Zk 2006
1100 | 5= | dA+x 000175654602 #HE5 HaF2 T 2006-09-03 HAa Zk 2006
1101 | 5= | d+x 000175654619 #H 7h=1-2 #H 7= FE 2 T 2006-09-10 HAa Ry 2006
1102 | 5= | d+x 000175654862 H AA2-1 FAA2 FE 2 T 2007-01-02 HAa Zk 2006
1103 | 5% | d+x 000175654831 270%]34:(;671 3 A2 FE 2 T 2007-03-19 HAa Zk 2006
1104 | 5= | d+x 000175654886 H 141-3 A 141 & 3 T 2007-03-24 HAa Zk 2006
1105 | $5= | 974 000175654855 A 1-9 1(§x}) AT 2 - 0000329 | Az | = 2006
1106 | 5= | A+x 000132424730 Z 2 & 1996-06-24 A A 2006
1107 | 5= | d+x 000182190186 3 6-11 =6 & 2003-08-10 A A 2006
1108 | 5% | dA+a 000171995150 = 04-11 & 2004-09-08 4 A 2006
1109 | 5= | d+x 5 6-7 =6 5% 2 T 2006-08—13 4 A 2006
1110 | 5= | d+x 000175654664 3 5-2 # 5 FE 2 < 2006-10-02 HAa A 2006
1111 | 5= | d+x 3 6-1-4 3 6-1 5% 2 < 2006-11-26 4 A 2006
1112 | 5= | d+x 000175654763 3 4-6 4 FE 2 + 2006-12-17 HAa A 2006
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1113 | 5% | d+x 000175654671 7 FE1-2 T 2007-01-03 HAa A 2006
1114 | 5= | d+x 000175654824 H 142-3 & 2007-01-22 HA A 2006
1115 | 5% | d+x 000175654220 H &d1-2 T 2007-03-28 HA A 2006
1116 | 5= | d+x 000132427974 51 T 199%5-08-18 R =2 2006
1117 | 5= | d+x 000132425720 =6 & 1997-04—07 R =2 2006
1118 | 5% | d+x 000132426405 5 3-1 =3 & 1998-02-14 R =2 2006
1119 | 5= | d+x 000132427437 = 6-1 =6 & 1999-04-16 R =2 2006
1120 | 5= | d+x 000132427990 5 2-2 = < 2000-04-24 R =2 2006
1121 | 5= | d+x 000132427982 5Z 2 T 2001-02-26 2 =2 2006
1122 | 5% | d+x 000132206002 5 2-3 = < 2001-04—01 a2 =2 2006
1123 | 5% | d+x 5 6-1-2 3 6-1 & 2002-05-24 R =2 2006
1124 | 5= | d+x 000171994528 3 6-12 =6 & 2003-08-10 2 =4 2006
1125 | 5% | d+x 000182190506 E6-1-13 3 6-1 & 2003-08-18 a2 =2 2006
1126 | 5% | d+x 000182190315 3 6-13 =6 & 2003-08-18 a2 =4 2006
1127 | 5% | d+x 000171995228 3047 & 20040806 a2 =4 2006
1128 | 5% | d+x 000171995129 3 04-8 & 20040806 4 =2 2006
1129 | 5= | d+x 000171995204 3 04-9 & 2004-09-07 4 =4 2006
1130 | 5% | d+a 000171995136 2 6-5 = < 20040914 ol =2 2006
1131 | 5= | d+x 000171995273 3 05-1 & 2005-03-19 o =2 2006
1132 | 5% | d+a 000175654404 %3 T 2005-03-26 4 =2 2006
1133 | 5% | d+a 000171995235 H n42-2 HaA & 2005-09-17 HAa =2 2006
1134 | 8= | dA+4 000171995235 ﬁégﬁ) o 2006-09-17 Ha | = 2006
1135 | 5% | d+a 000171995426 5 2-3-1 5 2-3 & 2005-09-19 ol =2 2006
1136 | 5% | d+x 000175654589 3 3-1-6 3 3-1 =% & 2006-07—-14 B =2 2006
1137 | $5= | 9424 000175654633 5 04-11-1 04%11 By i 06-10-24 | F& | A 2006
1138 | 5% | d+a 000175654640 5 2-8 =z 2 5% 2 T 2006-11-13 ol =2 2006
1139 | 5% | d+a 000175654657 5 2-2-3 52-2 =% 2 < 2007-01-01 ol =4 2006
1140 | 5= | d+a 000175654718 3 6-2-1 36-2 FE 2 < 2007-05-18 HAa Zk 2007
1141 | 5= | d+x 000175654800 A 11-1 1 FE 4 < 2008-02-08 HAa Zk 2007
1142 | 5= | d+x 000175654909 5 2-3-2 A 141 FE 2 T 2007-07-23 HAa A 2007
1143 | 355 | @& | oooizsesarss | # mAz-z-1 | AR gz | oo | aw-s13 | @& | =a | 2007
1144 | 5= | d+x 000175654763 Z 04-8-1 Z04-8 5% 2 T 2007-12-22 A =2 2007
1145 | 5= | d+a 000175654787 5 2-2-4 5 2-2 =% 2 < 2007-12-28 4 =2 2007
1146 | 5= | d+x 000175654794 3 3-1-7 3 3-1 5F1 < 2008-03-13 ol =2 2007
1147 | 5= | d+x 000175654985 7 &<l1-3 e FE 4 + 2008-08—17 HAa ik 2008
1148 | 5% | d+a 000175654220 7l olH1-2 # old1 3 2122 + 2008-08-19 HAa ik 2008
1149 | #5= | a34 # 2008-1 HaF2 FE 2 + 2008-09-16 HAa ik 2008
1150 | 5= | dA+x 002037397246 3 084 HAF2 FE 2 T 2008-09-22 HAa Zk 2008
1151 | 5% | d+x 002037397676 A 1-8-1 3 1-8 74 + 2008—11-01 HAa Zk 2008
1152 | 5% | d+a 002006066559 3 dF1-2 #H dF1 74 < 2000-01-05 HAa ik 2008
1153 | 5% | d+x 002006066534 A Be1-3 HRL1 FE 4 < 2000-01-09 HAa Zk 2008
1154 | 5= | d+x 000175654275 # 09-2 HaAd2 FE 4 < 2000-04—17 HAa ik 2008
1155 | 5% | d+x 000175654992 H A=x2 3 A2 74 < 2008-07-18 HAa A 2008
1156 | 5% | dA+x 002037397211 F 2008-2 10 FHE 4 < 2008-09-18 HAa A 2008
1157 | 5% | d+x 002037397254 # 2008-3 d2 FE 4 + 2008-09-19 HAa A 2008
1158 | 5= | A& 000037397334 3 8-3 é T4 o 2080028 | Az | 24 2008
1159 | 5= | d+x 002037397367 # 2008-5 FE 4 + 2008-10-13 HAa A 2008
1160 | %= | A7+ 002006066542 F YH3-2 & 2000-01-01 | H& | B 2008
1161 | $5H= | A4 002037397797 7 6-2-2 AT 5 ] 2000117 | HA2 | 24 2008
1162 | 5% | dA+x 000175654244 Z 05-1-1 5% 3 < 2000-01-28 ol A 2008
1163 | 5% | dA+x 000175654183 Z 04-7-1 5% 2 T 2000-04-30 4 A 2008
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1164 | 285 | a3 | oooos7aorees | H mAz-z-2 | #0827 | sz o | ams-o9-01 | Ha | =4 | 2008
1165 | 5% | dA+x 000037397318 E 04-8-2 Z04-8 5% 3 T 2008-09-02 R =2 2008
1166 | 5= | d+4 002050540914 = 8-3 ﬁégﬁ) 5% 3 <+ 20080923 2 ] 2008
1167 | 5% | d+x 002037397748 5 6-8 =6 5% 2 T 2000-01-25 R =2 2008
1168 | 5% | d+x 000175654145 Z 04-9-1 £04-9 5% 2 T 2000-02-02 R =4 2008
1169 | %= | A2 | 000175654237 | 3 6-1-13-3 ”326*31*1 2% 9 & | o5 | B | A 2008
1170 | 5= | d+x 000175654268 Z 04-11-2 Z04-11 5% 2 < 2009-03-08 a2 =2 2008
1171 | 5= | d+x 000175654251 # 09-1 A 141 FE 4 + 2000-03—-14 HAa =2 2008
1172 | 5= | d+x 000175654435 # 09-3 HaAd2 FHE 4 + 2009-05-02 HAa Zk 2009
1173 | 5= | d+x 000175654152 H 11-2 F11 FHE 4 + 2000-05-21 HAa ok 2009
1174 | 5= | d+x 7 dd2-2 H A2 & 2009-06-08 HAa Zk 2009
1175 | 5% | d+x # 09-7 AR L1 FE 2 < 2009-07-01 HAa Zk 2009
1176 | 5% | d+x 000175654206 H dF1-1-1 HEF1 &€ 5 + 2009-08-19 HAa Zk 2009
1177 | 5= | d+x 002050540906 H AAL-2 #H AA1 &€ 5 < 2000-09-22 HAa Zk 2009
1178 | 5% | d+a 000175654459 124&%—3‘%%& F12 #HE 5 Sy 2009-05-21 B A 2009
1179 | 5= | d+x 000175654466 # 09-4 3 1-6 FE 2 < 2000-06-26 HAa A 2009
1180 | 5% | dA+x 000175654442 # 09-5 3 1-6 FE 2 T 2000-06-27 HAa A 2009
1181 | 5% | d+x # 10-2 # 10 74 & 2010-01-01 HAa A 2009
1182 | 5% | d+a 002053664538 # 2010-1 7 %1 FHE 4 & 2010-01-04 HAa A 2009
1183 | 5% | dA+a 002053664546 # 2010-2 7 %1 FE 4 & 2010-01-04 HAa A 2009
1184 | 5% | dA+a 002057579413 Z 04-11-3 Z04-11 5% 3 T 2010-02-23 ol A 2009
1185 | 5% | dA+a 002057580073 = 6-9 =6 5% 2 & 2010-03-02 ol A 2009
1186 | 5= | d74 002057580090 E 2-2—-4-1 zji 4 5% 3 <+ 20100318 pE g 2009
1187 | 5= | d+44 000175654633 Z 04-11-1-1 04;%1,1 5% 3 5 2009-05—07 pE ] 2009
1188 | 5% | dA+x 002050540939 & 2-3-1-1 2532,1 5% 3 T 2009-06-10 o =2 2009
1189 | 8% | AFA 000175654190 % 09-6 H1A2 A% 2 & 2009-06-28 A | =2 2009
1190 | $5H= | A4 000175654176 3 dF2-2 H92 AT 4 o 2000717 | Hx | 54 2009
1191 | 5= | d+x 002050540883 5 2-2-5 5 2-2 5% 2 < 2009-08-10 o =4 2009
1192 | 5= | d+a 002050540891 3 3-1-8 3 3-1 5% 2 < 2009-09-10 ol =2 2009
1193 | 5% | d+x Z 6-12-1 3 6-12 5% 2 < 2000-09-26 ol =2 2009
1194 | 5= | d+x A Be1-4 A Bl & 5 T 2010-01-02 HAa =2 2009
1195 | $5= | A& 5 8-4 ﬁ;%ﬂ%) 5% 2 o 00-01-02 | F& | 54 2009
1196 | 5= | d+x 002057579593 Z 6-11-1 3 6-11 %3 & 2010-02-09 o =2 2009
1197 | 5= | d+x 002057579501 E 04-7-2 Z 04-7 =% 2 T 2010-04—29 4 =2 2009
1198 | 5= | d+a 002057579497 H T%¥1-3 7 %1 74 T 2010-05-02 HAa Zk 2010
1199 | 5= | d+a 002057579528  11-3 F11 34 & 2010-05-07 HAa ik 2010
1200 | 5= | dAFx 057579464 # 2010-3 HAA1 FHE 4 & 2010-05-12 HAa Zk 2010
1201 | 5% | d+x 00205759156 7 d42-3 H A2 74 & 2010-06-26 HAa ik 2010
1202 | 5= | dFx 7 FE1-4 H 91 FE 5 & 2010-06-27 HAa ik 2010
1203 | 395 | A4 3 8-4 TR koread=l g | o715 | @ | Ew | 2010
1204 | 5= | A4 7 6-2-3 #6-2 AT 5 i 0100826 | Hx | = 2010
1205 | 5% | dFa 002037328781 274109308 T 2009-10-03 HAa ok 2010
1206 | 5% | AFx 002057580065 Z 2010-4 3 1-8 FE 5 T 2010-05—28 HAa A 2010
1207 | 5= | dFa # 1-6-2 3 1-6 34 T 2010-06-13 HAa A 2010
1208 | 5= | A& 5 6-1-13-4 67{%13 5% 2 - 000724 | F& | B3 2010
1209 | 5= | A4 00205774926 Z dF1-1-2 o %71 HE4 - 2010-08-13 A 33 2010
1210 | %% | 474 00205759188 3 dd1-3 3 94l &4 o 00-06-15 | HA | F4 2010
1211 | 5= | 444 047117%72,@ 04;?1,1 %3 ok 20100804 pE ] 2010
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i | A9 | A Uy e ohigz | 4 | AuEY | & 53
FuE | @ 04-11i—2-® 253 | 4 | w00 | B2 | 54 | 2000
FE=| 4 5 2-3-1-2 5% 2 i) 000-08-25 | F& | A4 2010

2. o|® B nFTAL J2F7 FAA=E
¥ | s A vk = A er of el phL e bIEE | ok | 530
1 001469 KOR000134952945 2000—-08—-16 <+ KOR000150161364 KPN267 ZH 2006
2 011051 KOR000143212215 2001-02—-15 <+ KOR000155730263 KPN218 ZH 2006
3 011165 KOR000143212736 2001-03-13 <+ KOR000134952606 KPN212 ZH 2006
4 011656 KOR000143213338 2001-09-20 <+ KOR000120687118 KPN252 ul w (9h) 2006
5 021808 KOR000167888534 2001-10—-15 <+ KOR000106960439 KPN200 ul = (9h) 2006
6 041007 KOR000176327826 2004-02-06 <+ KOR000164692073 KPN324 ul w (9h) 2006
7 041123 KOR000176326645 2004-03—-02 <+ KOR000143213429 KPN387 ul = (9h) 2006
8 041504 KOR000176329271 2004—-08-06 <+ KOR000143212835 KPN330 ul w (9h) 2006
9 041526 KOR000176328694 2004—-08—-12 <+ KOR000150166463 KPN354 ul = (9h) 2006
10 051556 KOR000195283905 2005-08-19 <+ KOR000150166463 KPN504 s () 2006
11 061031 KOR000195285916 2006—-02—-14 <+ KOR000143210433 KPN499 ul w (9h) 2006
12 061038 KOR000195287132 2006—02—15 <+ KOR000150169673 KPN485 ul = (9h) 2006
13 061046 KOR000195286586 2006—-02—-16 <+ KOR000155731609 KPN494 ul w (9h) 2006
14 061083 KOR000195287118 2006—02—-22 <+ KOR000165056485 KPN456 ul = (9h) 2006
15 061126 KOR000195286012 2006—-03—-11 <+ KOR000120685401 KPN487 ul w (9h) 2006
16 061139 KOR000195286685 2006—-03—-29 <+ KOR000120689049 KPN369 ul w (9h) 2006
17 061510 KOR000195288023 2006—08—11 <+ KOR000176327116 KPN413 Z 7] 2006
18 061523 KOR000195287606 2006—-08—-15 <+ KOR000143210904 KPN499 ZH 2006
19 061534 KOR000195287811 2006—08—-17 <+ KOR000175840609 KPN479 ZH 2006
20 061536 KOR000195287705 2006—-08—-19 <+ KOR000176327635 KPN460 Z 7] 2006
21 061550 KOR000195288054 2006—08—-22 <+ KOR000167888534 KPN487 ul = (9h) 2006
22 061560 KOR000195287569 2006—08—24 <+ KOR000143129337 KPN431 ZH 2006
23 061567 KOR000195287828 2006—-08—-27 <+ KOR000174596057 KPN504 ul w (9h) 2006
24 061568 KOR000195287637 2006—08—-27 <+ KOR000155733556 KPN499 ZH 2006
25 061570 KOR000195287989 2006—-08—-28 <+ KOR000150169756 KPN538 Z 7] 2006
26 061597 KOR000195288719 2006—09—-04 <+ KOR000163423628 KPN452 Z 7] 2006
27 061603 KOR000195288542 2006—09-07 <+ KOR000143211374 KPN521 ZH 2006
28 061617 KOR000195288672 2006—09—-17 <+ KOR000174596064 KPN431 Z 7] 2006
29 061635 KOR000195289242 2006—09—-25 <+ KOR000174596682 KPN479 Z 7] 2006
30 061637 KOR000195289099 2006—09—-25 <+ KOR000132680580 KPN457 ul w (9h) 2006
31 063801 KOR000192493109 2006—04—-16 <+ KPN487 Sz () 2006
32 063802 KOR000192493116 2006—-04—24 <+ KPN487 s () 2006
33 063803 KOR000173654192 2006—12—-21 <+ KPN487 Sz () 2006
34 063804 KOR000174994372 2006—-08—-15 <+ KPN487 s () 2006
35 063805 KOR000188351659 2006—-03—-09 <+ KPN487 s () 2006
36 063806 KOR000199761744 2006—07—-18 <+ Sz () 2006
37 063807 KOR000199759284 2006—-07-20 <+ KPN487 s () 2006
38 063808 KOR000192492409 2006—02—-01 <+ KPN487 Sz () 2006
39 063809 KOR000195630075 2006—-02—-13 <+ KPN487 s () 2006
40 75621 KOR000150161364 1997-03-11 <+ KOR000120680881 KPN253 ZH 2006
41 85533 KOR000155732144 1998-02—-17 <+ KOR000132680019 KPN147 ul = (9h) 2006
42 98021 KOR000139908167 1997-12-25 <+ KOR000163104989 KPN146 ZH 2006
43 996539 KOR000143211738 1999-08-13 <+ KOR000120680203 KPN136 ZH 2006
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110 092557 KOR002029424670 2009—08—23 % | KOR000195287989 | KPN556 AAF 2009
111 092560 KOR002029424766 2009—08—24 % | KOR002008358812 | KPN608 S 2009
112 092567 KOR002029424934 2009—08—25 % | KOR000174994372 | KPN593 w2 (4 2009
113 092588 KOR002029425316 2009—08—29 2 | KOR000195287569 | KPN622 (4 2009
114 092603 KOR002029425523 2009—08—30 2 | KOR000201734698 | KPN610 AAF 2009
115 092605 KOR002029425540 2009—08—31 % | KOR000199761744 | KPN593 AAF 2009
116 092641 KOR002045204563 2009—09—07 2 | KOR000201735084 | KPN619 S 2009
117 092674 KOR002045205175 2009—09—22 % | KOR000195288542 | KPN493 S 2009
118 092689 KOR002045205360 2009—09—29 2 | KOR000143213338 | KPN413 A 2009
119 101080 KOR002049976047 2010-02—26 oF | KOR000195286586 | KPN626 AAF 2009
120 101115 KOR002049976740 2010-03—03 oF | KOR000139908167 | KPN658 AAF 2009
121 101160 KOR002049977687 2010-03—16 oF | KOR000195287118 | KPN517 AAF 2009
122 101180 KOR002049978116 2010-03—27 oF | KOR000176329271 | KPN631 AAF 2009
123 102135 KOR002049977324 2010-03—09 % | KOR000195285916 | KPN517 A 2009
124 102161 KOR002049977759 2010-03—18 % | KOR000195287132 | KPN606 A 2009
125 102175 KOR002049978001 2010—03—24 % | KOR000195289242 | KPN653 S 2009
126 102182 KOR002049978173 2010-03—29 2 | KOR000195288474 | KPN642 AAF 2009
127 101509 KOR002056204185 2010-08—10 oF | KOR000195287705 | KPN792 AAF 2010
128 101528 KOR002056204415 2010-08—15 oF | KOR002008358100 | KPN705 A 2010
129 101551 KOR002056204827 2010-08—19 oF | KOR000195287811 | KPN627 AAF 2010
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135 102507 KOR002056204101 2010—08—09 % | KOR000195288054 | KPN390 A 2010
136 102540 KOR002056205090 2010—08—21 % | KOR000143213338 | KPN699 AAF 2010
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138 102545 KOR002056205231 2010—08—21 % | KOR000176328694 | KPN844 AAF 2010
139 102576 KOR002057700253 2010-08—26 % | KOR000195288542 | KPN677 AAF 2010
140 102582 KOR002057700411 2010-08—28 % | KOR002008358757 | KPN627 A 2010
141 102584 KOR002057700438 2010-08—28 % | KOR000201735084 | KPN825 AAF 2010
142 102663 KOR002057701990 2010-10—20 2 | KOR000195287606 AAF 2010
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