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SUMMARY

Two experiments were conducted to analyze molecular genetic
differences between Korean native cattle and Cheju native cattle
and also determine relationships to other cattle breeds using
PCR-RFLP analysis of mtDNA D-loop region. Cattle breeds
sampled were Korean native cattle, Cheju native black cattle,
Cheju native yellow cattle, Aberdeen Angus, Charolais, Hereford
and Holstein. Seventy DNA samples from 7 breeds (10
samples/breed) were examined at 29 sites restricted by 10
enzymes, of which 8 enzymes showed polymorphism when the
D-loop region was digested; 8 enzymes were Mspl, Rsal,
BstX I, Hsp920, Mbol, Haelll, Avall and HincO, and two
enzymes Hhal and BamHI, showing no polvmorphism.
Differences in restriction patterns were found between Cheju
native black cattle and Korean native cattle. Thirteen
polymorphic sites were used to construct a phyvlogenetic tree,
where Korean native cattle was more closely clustered with
Cheju native yellow cattle than the other breeds.

PCR-RFLP (MspI or BsrfFI and Acil) analysis of MSIH
receptor gene was carried out to confirm the genotvpes and
frequency showed differences in MSH receptor genotvpes among
Kore:n native cattle, Cheju native black cattle, Cheju native
vellow cattle and Holstein. A Dominant allele EP, which is
considered to be a typical allele for black coat color in some

breeds, was not observed in Cheju native black cattle, showing



that black coat color of Cheju native black cattle is genetically
different from that of other breeds, such as Holstein,

Norwegian and Icelandic cattle.



A HEZ2 B (Vertebrata), %7 (Mammalia), $ A

E (Artiodactyla), ¥v3F(Ruminantia), ¥ Bovinae), $2(Bos)°

&3ty adn $39 $4(Bos)e 9T (taurine group), Hrok$

N

A<
s

ng

=2
T

e
M

at(bibovine group), ©SF$-t(bison group) R FF(bubaline
group)?] 4719 Fo.2 B FIHY, T (taurine group)L A H
HESB taurus)® A=EFS(B. indicus)® i€t @
(Korean native cattle, Bos taurus Coreanae)®] 7|92 43 od
of ¥ -%(Bos taurus)®t JA=A8(Bos zebu)7t w3tslo] F=

F, €2, 9F TE& AA ko HAAHAE AoE FAHH
ANE(F &, 1981; ¢, 1996). A=A W3- (Cheju native cattle)™=

TH WFoE FH AYgHHo oW HY 54 AFe
o] HE53 &40 A AHE3te] EAUE AN 2MAFAN S
‘%, Cheju native black cattle; A= 2l 3-$ Cheju native vellow
cattle) S 2F% RO E FAHJSE Ao= *§451L}

H BAAEETS 423 B0 DNA FFoA F(species)?
Uakel AZEFEHA A7 @43 sl gl 53] vEEs
Zlo} DNA(MtDNA)E 3 DNA Bt} d71x38e 3 &x7) wa
I (Brown & 1979; Cann &, 1987), 3 DNAS W8 v =
0hE PAREE s 540 Eia(Hutchison %, 1974)%0] <l
FE HES B2 EFFEAA FU 2 Z9F Aol9 fH4EH
HAE dFsted vig F8% =7E 89 (Brown %, 1980;
Cann % 1987; Ballinger &, 1992; Torroni %, 1994; Wills %,
1995). £33 2o Wstet BFE A8 mtDNAS s A7 g
A7AEel o3 FyHJAH(Watanabe 5, 1989; Amano =,

«
Ao o

fd



1994; Loftus &, 1994a; Loftus &, 1994b), €9 mtDNA t}3 A
of et A= dHHez FaHo] F(Chung 5, 1995 4 %,
1996; Kikkawa &, 1995), 53] &9 mtDNA tdgdYd 48
T ATHHAY JdFE Kikkawa 5(1995)9] @HZHQA B o
oo = ZtolH 7] o g},

so) RAe FEe 54 THNE FL AU Pl
o
T

Hoolele] wol Wy wh QrH(A, 1963; o &, 1970; ¥ %,
1971). H+ 28 v EE g2

MSIT receptor fZzte] A3lo] hal H 15 AcHRobbins %,
1993; Valverde &, 1995, Klungland &, 1995; Joerg %, 1996;
Marklund =, 1996).

kA 2 oediE Ees AFEH(ES, 99 494 54L

#3slel  mtDNA - D-loop region® MSH -receptor%: 7} z}
PCR-RFLP AF&-38}o F3 =},



. A7)

1. & OJEEE2|0} DNA (mtDNA) 913

4 mtDNA2] A J7]4 &l Anderson 5(1982)e] 2j3 =i
€ olF @& &gxztEo] & mtDNAY polymorphism #23 #2}H
Aty AT g BHE &7 AF3AT

2ol A 2] mtDNA polymorphismo] #3% -+ Laipis 5(1982)
o] Holstein & EAWlA A7IAME ®¥olo] W& Hae M ATE
2ol 9% AL HE&oer B, ol MAI} =
ko] H71AM g ®lelE Hol= mtDNAY vidAg #ME& #F
A {FAH Fx Aol FHLE EE FY Uss F3
3 e d72 JYPHAY. Amano 5(1994)3 Tanaka
5(1995)2 mtDNA o34 F4& B3  A(cattle)?t water
buffalo® swamp typed} river typezte 22 #A FAH F
Z zolE B g vl Ut} 53] F TR/ Bos F(species), = B.
indicus(thumped)®t B. taurus(humpless)ol] ™ &7} &3 2
s ¥}l =1] Watanabe %(1989)2 European cattle(B. taurus)
Zebu cattle(B. indicus) €82 oA X+ Native Philippine cattle
o g mtDNA 93A EAdA F33 2o|& Rol= F 719
mtDNA  tvpe2 2 WFo{X 1, Philippine cattle® F type&
European cattle®} Zebu cattle &N AHZ FHIAJLE Aoz
FA% v Q. 283 Loftus (1994)2 European cattle(B.
taurus), African cattle(B. taurus$} B. indicus)® Asian cattle(B.
indicus)®l 13 & 3 mtDNA<C RFLP ¥X& %3lo ol%

A
g
22209 §4H BAS APAYEY ols FEsE F A

]

N
'S
F

A
:

H

(o]
A&

flo 4%



2 ¢ lineage, & African-European type# Asian type©] ‘}E}L}
i, e IFFEEREH FAHY vEEZ=ol W& (rates of
mitochondrial evolution)S A3 Ay} o] % lineage: 575,000 ~
1,150,003 Aol yroid Aoz FAH3A

Kikkawa %(1995)& ¥ -%(Korean native cattle)9 Japanese
black cattle®t %7 European cattle(B. taurus), Zebu cattle(B.
indicus) X Bali cattle(B. juvanicus)®] mtDNAc°| ¥ RFLP ¥
Ao A zbzhe]l Al 21F S EA T haplotyped 7HAI JL&E B
St 3, FA" Al 2§99 cytochrome b &4 Ake] )3t G
& vlag A3 oprjol 99 2 G 3WyhdHe] £ )9
lineage, 3. Bali cattle(B. javanicus)® European+ZebuZ %o %
3., 21 % European cattle®} Zebu cattle aFo] 1Wehddn 5o
37t dojur] Mol Yo H e Aoz Busn

28 HZ mtDNA €714 gt A9 PCR 71€9 e
2 D-loop region¥} cytochrome b 5 mtDNA EA X9 o]
PCR-RFLP &4 R |71 gl g £Ao] &3] o]Fojx|n
Jed EREEY YEZ=gol genomeWl D-loop regione
tRNA"Z (RNA™ fdx atole] 9xstm ow & D-loop
region®] Z7]& 911 bpdl Hoz = A}(Anderson 5, 198l
1982). At#e] v|EE=g o}l D-loop regiond g7] XAHLL v E
Z=2lo} genomed] ThE YA REoAH B A B wE
Aog HIHYor(Aquadro & Greenberg, 1982; Cann %,
1984), 2= D-loop region® 7] Wol= A HA mtDNAMA X1t
€ 2 2o 10wy £ Ae: BuEch(Ron %, 1993).

Suzuki &(1993)2 A% o}x# 7} N'Dama(Bos taurus =&)<}
&% obZYst Zebu T 5719 HdelA  D-loop regiong]
PCR-RFLP £4& ¢ A3 Al8d 12 £79 ATEL: F 579



rJ

ZolA gy @Gl Yoy, FF9 EAAHA IS
28 5 ¢SS Rudgot. 28 Loftus 5(1994)2 6F 9
European(taurine) ¥%, 3% Indian(zebu) F3F 18|31 4F9
African(3 zebu, 1 taurine) EFE9l4 D-loop region® H€7|A <&
2Ae A7 FAYAY 2E European HF 3 African FFE
3ttt 9] lineage©l, 18] 1L Indian FFELS £ 2 lineaged| &
= v SE53 A2HQA F Y lineages® WAL Yt
o omae o ged, elze UwAez TERIm s
taurin-zebu®] olEWHIE= XA ¥ AI}ATE EF o] F
lineages< 200,000 ~ 1,000,000d & EHHASES FHIA=T
o] A= 8000 ~ 10,0008 49 @Y Z3}(single domestication)®l
9l&) Bos taurus$} Bos indicus7} frElE At AME S FRlste
Ang  Z2d ddMd FHY =EHAHA =3(two independent
domestications)®] FA= AAlE ®F Yot

H mtDNAY 97 ®#olst AAFE 2 A7 dAAe g

o

rlo o

dbx

a3 Azds Rusa 9=d(Brown 5, 1989 Ron %, 1993; Holt
1990), Schutz %(1993)& D-loop region®] &% €7 xgo =z
?_“5‘}01 5 A &g T FHAd Aolvt &S Hud)

ol
o Aol A mtDNA dFAe] tigk A= Chung 5(1995)°]
Holstein®} 3$-¢ mtDNA RFLP d7olA 3 579 ATdAL
Ao gydAdE Hadtda, A 5(1996)°] D-loop region®
PCR-RFLP £ #3 ATolAM 14 T/ AQEL T 2 FF
o] AlgtgieA oy PAde] YeDdSS B,

—_—

>



2. MSH Receptor(MSHR) ®X X} o1

XFEEY EAL F 7R 9 M4 Z phaeomelanin(red/yellow)
3} eumelanin(brown/black)e] £ ¥o] wat AAF=d o5 A
A 4GS F2 2719 &9, & Extention(E)# Agouti(A) F<
ols] & ZH=}H( Robbins 5, 1993; Jackson, 1993).

vh- 2ol A E #9+= MSHR(Melanocyte-Stimulating Hormone
Receptor)E encodedtir, ob--2oA Yelhts o) £F9 E 1Y
= MSH receptor®] 7|%& ¥ A7) point mutationol] 7]31%c}
I B33 vh(Robbins &, 1993). 281 Lu $(1994)& A %29
°] Agouti. protein® MSH receptor® competitive antagonist &=
MSH$®F 21 receptor®tel 2%-& Wajgozmn LA Wy #od
e BiaE v 3 Jackson(1993, 1994)& ©nld-r9o] A
(black)¥ 3 M (vellow)e] 242 E 299 MSH receptor®t A %
919] Agouti proteinell ¢l&] AR HTE BAAEEH vl A2
EiFi=

Valverde &(1995)& Abge] MSH receptor # At HAlol A A}
%ol MSH receptor= M4 Edd9 zdol glojy te L%
=3 oAt 2 o add # vt Yz, F 9719 MSH
receptor - AAFE] @7] Wole} 2 B HRAY WITE wTEY
th. g Z1E MSHR receptor fr A @7] ol  poor tianing
response$tE FHA P B 1o}

Jahnnson %(1994)2 @ollx MSH receptore]l W3 PCR-RFLP
A A} chestnut EZ43 MSH receptord] 0y dde
cosegregation® S H T3P, Marklund 5(1996) = MSH
receptor®  A7IAE ¥4 A} DY  missense mutation©]

chestnut 543 FAFH D ¢ &S B sy}

dlo



2] MSH receptor ##Hz dAFoAE FA4E& vEHE
dominant alleled] E°, SdAIAML = AL Yehde
frameshift mutation? e 223 o 712 ZA4& YeldE E'Y
A7 A allelee] B i E A tHKlungland %, 1995). Mspl AlgiEz L
% o] &% PCR-RFLP 4 Az F2EQle A4 A2 MSH
receptor A A EAH G719 deletiondl 71913t ZMa A
wAle g Fo] 7hsdtttes RuE At (Joerg 5;1996). ¥
7 Werth $(1996)& A4 MSH receptor &zt thgk Msp I
A E el g RFLPY W= F4L dd F4& st od
o] MSH receptor frAzE 49 184 G o] EAgcta B3
& .



m As 2 4y

1. SAIX2

mtDNA D-loop region ¥4l FTAlgl ol Alg= 7FE 705
oM AMHAHANeH 3¢ Angus 2 Charolais T£9] e A8
= FAVedTA gqA3FEALYG AFE A HAFYFA A

xﬂ%ﬂ%fﬂw T 4z 1054 8= 1, Hereford =28 =

OP

1 gl A BE *}#Q . %‘%01]*1 AAG AT FAH 7E
% % Hol¥= 1078 AW e A FEse g gy

e ol ol A AALAT. L) MSHR 44 #48
A EzEl 10%F, @9 1T, AFANSS 155 20 A%
B9 779 gl ARI} Aol olgH ek

i

S
& % o

2. Total DNAZ2| &2] ¥ HH

29 total DNAS #2 ¥ A+ Miller 5(1988)9] ¥ & ¢
2 Wgste] AT A9 FAAAAAM 10 mle] FHE 3
% 50 ml HHol Wi NHLCI lysis buffer (0.15 M NHCL 10 mM
KHCOsz; 10 mM Na:EDTA)E 2] #H7bsto] 1500xgoll A 108 =
G HEY F AFAE AASAD, o FAHL 2 33 wrEaq
th 2 % 3 ml9 extraction buffer (04 M NaCl; 10 mM Tris

=

_10_



HCI, pH 80; 2 mM NaEDTAYE ¥ &3 §F 200 uo] 10%
SDS$F 50 w2l proteinase K& #H7Fste] 50TColA 3 7 12412 %
st g 7L Fol REE 27 38 AE Hiol A
th. 21 ¥ Algol 5349 phenol (pH 80)& &F H7Iso 30%
FQF EE F 4TeA 4000xg2 108 5 ARHE AT A
Zoe A FH3t] phenolichloroform (1:1)& &%F Y1 tAl 10&
Fb EE ¥, 108 S 4000xglA dHEHE 3o AFAE
lgjtt. 18] 1 phenolichloroform®.2 ¢ 2 ~ 33] A X extraction
A A&, AFE N thA] chloroformiisoamyl alcohol (24:1)& &
Fwa TS F A dAEYE T g HEHeE
AE oereS 28] H7Ist -70Tel 20 ol 2#udt F ¢
2000 ~ 3,000xgol A YAEZ 3 DNA pelletS LAt DNA A
28 70% EtOHE 21 7FEA 94 &3t 434S Hen

A% == A9AZAZ] & TE buffer (10 mM Tris-HCl, pH
80; 1 mM EDTA) total DNAE >3t ¥e¥ DNAE 1.0%
agarose geldl A71¥EFE& 3o FAdAY ZeE BRFEA
(260/280 nm)el A OD#& FAsA TEE SH3ATL

3. Primer &4 % &4

1) mtDNA D-loop region Primer
2 mtDNAY D-loop region® S %3}7] 93le] Anderson %
(1982)¢] Aol Bug H7|AE3 Ishida 5(1994)0] Lol A o] &
3t primerg FE3] 15677HFA 4108 Alolel 1072 bp ¥HE
ZZ43t= primerg ¥Addte AR O d7IMEE e 2

.41
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Forward primer : 5'-ACA CCA GTC TTG TAA ACC AG-3’
Reverse primer @ 5'-TCA TCT AGG CAT TTT CAG TG-3'

2) MSHR 42} Primer
2 A¥e o] 8% primerz ToAA BIHE primer® Fzx3d} o]
A 2at o 471482 thS 3t 2rh(Kreigesmann 5, 1995).
Forward primer : 5'-CAT GTA CTG CTT CAT CTG CTG CC-3'
Reverse primer : 5'-GAG GTT GAA GTT CTT GAA GAT GCA G-%

4. PCROj| 2|8t D-loop region % MSHR ®ZXXxle| X

mtDNA D-loop regiong S %317] 93l PCR y¥r&He ¢f
100 ng®] template DNA, primer 2} 20 pmol, dNTPs 2z} 50 pM,
10X reaction buffer Z12]3 2 units Taq polymeraseE & 33}
#ZF volumeo] 50 w7l HE2 3193 o] £AL & Edtale] &
@2 mineral oil€ % 3 Thermal cycler(Perkin Elmer Co. yoll 4wk
S A7} PCRE WA 94TolA 587+ denaturation® 21 Al &) an
94C 1, 60T 1+F, 72T 1584 30 cycles®& F3sdxr 1 &
72Tl A 583 extensiong A A% ¥ FF )

Z18J3 MSHR fdzke] $%2 AM49 primerg A
D-loop region?] FZofjAe} &
al, YHEAIZE WA 94Col| A 587t denaturationS A Al3Hil 94T
oA 45%, 58T lA 45%, 72TCoA 184 % 30 cycle 533 %,
72Col M 5% &< extentiong AA T F wkES FA 3}

g0l By F 15% agarose gelolA A 7|gd %oz PCR AHE
< #Je Ak

9]
Mgl 24 2UOE FEAY

L S



5. PCR 4HE2| RFLP 4

F 10 79 ATF&EAMspl, Haelll, Mbol, Rsal, BstX],
HincO, Avall, Hsp921, BamHI, ¥ Hhal )7} D-loop region®]
RFLP 4o o]&=%lt}t. PCR product 25 wol ZF AFEAA 5
~ 10 units¥} reaction buffer® #H7}3td HE voleo] 5 W HESH
aho] 12 7 24A17F 37T oA vjgete] Adsitt

283 MSHR #4dze] RFLP #&6e] #4112  Klungland %
(1995)9] WY& Fzstel AA=J & B9 E alleled 7HE
T UEE Acil AFELE o] &3, E & e alleles 7'¥3}7]
A&l Mspl FE BsrRIATFEALE o] &33T AFAA
ojgh AstAGE 49 AP ZHAAN FRHHIJ

ZZ % D-loop region® MSHR #F#4zE Agagsrz Adgd &
0‘01 2 DNA ©#E 8.0% polyacryamide gelel #7149 %& 3o
7 silver staining& A Aldtd RFLPE #4385t}

i

[T

6. & mtDNA RFLP# 0|88t EFZ |RH A 24

2 &= o DNA Wel| D-loop region® PCR-RFLP #A
datag ol &8st FAlE FFNY FHH #AAE GDA(Lewis and
Zaykin, 1996) program¥® RESTML(Felsenstein, 1996) programe
Ab-&3te] Neiber-joining, UPGMA®} Maximum likelyhood tree®
A EH A

_13_



V. 23 9 2%

1. & D-loop region2| PCR-RFLP X HBRZX3E 2 8M

1) & D-loop region® PCR-RFLP &4

v EZ=2 ot DNA9 D-loop regiong PCR& A7} Fig. 1
of AAF St & D-loop region® PCR &< 10 £9 Astas
2 A 23 4 AdErLE] EAG 97 AAREYo] o9& W
we) o AVl AR vE ERAA AdEs du A4S g
WAth(Fig. 2). AH8d 10709 A@&EA F Hhal = restriction
sitef 27| 4S5E& Hol F9 3 BamHIS 1719 Adyg=E oA
sto] 2709] 9 & 5259 547 bp WE=E Vel o] S 9] A=
Anderson 5(1982)° 9la] B ug @AM FelA E=E Axter 7
3L, Susuki $(1993)ell 9J3] # A€ Massi Zebu 10F & 15oA]
Rug  BamHI A& 2ol 93 D-loop region® tigdsge M
Aol M= vehbA agtem gheet ExeldFol A BamHI A
FaZCA ddFE Yebdtks A 519960 B9} dxdy
o},

A9 7079 & mtDNA9 D-loop region 2o o] &35 10%
o] AF¥EA F Mspl, Haelll, MboI, Rsal, Hincll, BstXI,
Avall'® HspR2O 9 8FF AFasclA tpadd e #23 5 99
tHFig. 3-1 73). ¥2l%¥l DNA W= 37| wgel wgd
€(Anderson %, 1982)& Fzste] FAd z AFda sy HGR9
o &, 98 98 27 9 B¥PS 2ok A Table 13
2t MspI, Haell, Mbo I, HincIl, BstXI 2 Avall A& & A
M= 24zt 2709 typeol @33t Rsal HaA 4719 typeo]

_14_



1 23 45878

Fig. 1. Agarose gel electrophoresis of the PCR products of
bovine D-loop region. Lanes: 1, size marker (A/HindIll & EcoR
[); 2, Korean native cattle; 3, Cheju native black cattle; 4,
Cheju native yellow cattle; 5, Chaolais; 6, Aberdeen angus; 7,

[lereford; 8, Holstein
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1100~ &

570~

300~ §

230
180~

40—~
35—~

Fig. 2. Restriction cleavage patterns of bovine D-loop region of
Korean native cattle digested with 10 restriction enzymes
(Electrophoresis on 8% polyacryvlamide gel). Lanes: 1, Mspl: 2,
Rsal: 3, BstX1; 4, Hsp92I; 5, Hhal; 6, HincO; 7, Mbo I ; &,
Haelll; 9, Avall; 10, BamH I .
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Table 1. The number of cleavage sites and restriction fragment
patterns of the 1072bp D-loop region restricted with 10

restriction enzymes

. No. of .
Enzyvme  Type . Fragment size(bp)
cleavage site

Avall A 1 626 446
B 0 1,072

BamH 1 A 1 525 547

BstX 1 A 1 556 516
B 0 1,072

Haelll A 4 546 249 145 63 59 10%*
B 3 546 308 63 59 10%

IThal A 0 1,072

Hinc 11 A 1 997 75
B 0 1,072

Fisp92 1 A 4 388 353 189 124 18
B 5 353 239 189 149 124 18+
C 5 38 353 132 124 57 18+
D 5 310 239 189 149 43 18
E 6 388 221 189 132 124 18«

Mbo [ A ) 547 473 Y
B 3 547 252 230 52

Msp 1 A 2 542 300 230
B 3 542 252 230 48

Rsa | A 6 654 291 40 35 26 19x 7=
B 5 654 291 54 40 26 7%
C 5 654 291 40 35 33 19
D 5 654 331 35 26 19x 7%

* This fragment was not detected on the photographs, but its presence was
confirmed by comparison with other cleavage patterns for the enzyme and

mtDNA sequence(Anderson et al, 1982)

_17_



Msp I Hae I Mbo I

A B A B A B
L Y o . 1
. _
542 s70— | H 373 = -
, ¥ 473 B i Fogeens
/;I 370 g ﬁ;\»n § w
200 310~|  wd '
252 | 250~ | Naal
230~ |

1451 o % o 103 - W’

52 —» R AN
B0=e | o8 % ¢

Iig. 3-1. RFLP of D-loop region restricted with Msp 1, Iaelll
and Mbo I . Polymorphisms are denoted by the capital letters at

the top of lanes and fragment sizes (bp) are shown at left
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Bst XI Ava II Hinc I

A B A B A B
i 1072 N W
1072 =~ 1072 - | s H 997 =~
556 — 6826 — ’
5168 —~ 446 - !

72 —-~ R

IFig. 3-2. PFLP of D-loop region restricted with BstX 1, Avall
and HincIl. Polvmorphisms are denoted by the capital letters at

the top of lanes and fragment sizes (bp) are shown at left
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Rsa 1
Hsp 9211

A B C D
A B C D E -

388+ | il ’ !

353 =~ | A 331 -
239 - | od o | 291 =~
189 — | Ve lued -’

4 Tt L
122 | b o’ et e

ek &;MJ 654 —~

S7
54 —~

35 ¢

o2

26 -

Fig. 3-3. PFLP of D-loop region restricted with Hsp920 and Rsal .
Polymorphisms are denoted by the capital letters at the top of

lanes and fragment sizes (bp) are shown at left
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FAHAd=d 2xd F714EE #3123 Rsal AFELE HPA
654, 291, 40, 352} 26bp W= o] E AL primer Bt} A&
19¢F 7Tbpel W=7} EA3E Aoz FAHD, o W=
polyacrylamide gel 7|9 & 2 silver staining® 2+ o] <t
HAARE Feld Wwee Ar)d o #AHATt. 123 Hsp92l
Nx= F 5709 typeol &3t M B dEPEE vgFa Q)
A Th

PCR-RFLP #41o] o]&d 107§ Agasr=z ¥E F 297 %
Aol A D-loop region® cleavage site®] AR 7} A E ¢ =),
o] 2970 cleavage site % 137§9] site?} polymorphic site® ZA}H
131, 1078 polymorphic site®] ¢ 71 &<l Act. koA AFsH
Isp92I ol A Yebd 370¢] polymorphic site:= R &sA 8 4
= %l Ron $(1993) & 2ERlA D-loop region?] ¢ 7]A
4 4 234 1709 97] insertion®} 177§2] base substitutions&
Husdded 2 F 2709 polymorphic site, & 16,042 &) 9+ 169
HA H719 g H97F 22} Rsal 3 Hsp92O o o& £ 23
oA QUL 1 ]9 polymorphic sited 2 B Ao AlL&3
AdErZe #4d9 = AT £F Schutz $(1993)0] & 2€}9l
FolX maternal lineage clusters A& s o]€¥9 D-loop
region?] 1670¢] polymorphic site & 169 At 16,049 % (Mbo I )
715 Addstae A + At ¥ d79M PCR-RFLP #
A& D-loop region® F7IME A& % dT7(Ron 5, 1993,
Loftus %; 1994, Bradley %; 1996) Z 3o n)3] t}dlde &4 w9l
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Bt 2l

FEM N-J tree?t UPGMA tree ¥ RESTML program®
Maximum Likelihood Methods-& ©]€3te] polymorphic sited] ¢
a Ztdd #FEW phylogenetic tree= Fig. 4-13} Fig. 4-2¢] #)A]
S FAE AFTEAAY 2ol o J1A EFE LW &S
st AFARR7E Mg e FAEAS Jehdnh Cho $
(1994)2 PCR-RAPD ®AelA &9 T2 fFdB3A7 7}
e Aoz Budtdoy, o] AgdA = dojxr=el T AE
A} 7Hd FABA AEE Ul 2dn AFARELE o
4 tvpe EFolAGG viAAAR G99} ZJ]TZHEH%TQ}L‘ ok
Zpol 7t vrebitth. o] AR HFANEZLE ¢ L AF Ao}
= o0E f44 Aolg AUn U e dAsEm, @
(1968)0] AZ& FAte] 23 X'HTXH‘ZH% b 1y FEY e
V&3 @A Fael o9& FAHAE Aol FAT fio o
o W &FE AGAE T, TF L AR AYgr F
M AFHE FFEE F7F TAFAE o A4 A7 2,
ez Alg @ 18 i mtDNA°| & PCR-RFLPE #e %4
o MAE W Al FaAR 5 o] AFSANH Ao 9o
Mool AR {83 wyon AEE polymorphisme] B A of 1=
GA7E Ao FrIME BA ol o ATs wr=a] "Q st
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Fig. 4-1. Phylogenetic tree constructed from 17 different
polymorphic types. A; N-J method, B; UPGMA method.
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Fig. 4-2. The phylogenetic tree constructed from polymorphic
types(Maximum Likelihood Method)



2. & MSH receptor XX} PCR-RFLP &4
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Klungland %(1995)& MSH receptor A 2Fe] 99H & o}u]x=Ak9)
A d-& vHE missense mutationd] 91§ E locusel A2l EP allele
H BsAY. A" EE MAEL o] FUHA AdEAVE A
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Iig. 5. Agarose gel electrophoresis of the PCR products of the
bovine MSH receptor gene. Lanes: 1, size marker; 2. 3. PCR

products.



e/e E/e E/E

Iig. 6. RILP of the bovine extension locus alleles E = and

PCR-amplified DNA digested with Msp1 (or BsrF 1 ).



E/E EYE? EYE

Fig. 7. RFLP of the bovine extension locus alleles E” and E .

PCR-amplified DNA digested with Aci I (CCGG)
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FEFAME 28 7tsAE WA 4 u g E/-A A
AM ZAME AHse FR FHAE dFd A A7 de
at, 3 o] MSH receptor S 2ol A9  }& mutationo] &
Xﬂé’}%xlc’ﬂ g A7t :g&g Re g Jwadrt aga Ao gl
o} Z A& et EY alleleo] AFAHELNA AH el
%ol AFAYWES2 S Exelglolt} Klungland E(1995)9]
ol B iy Nowegian cattles} Icelandic cattle®] 32 Al &)=
& allele 32 vheE 24 By fAxeY A5 o] o&] = u)
= es FAAG dA B A3 $£02 MSH receptor’}
TAAH BAJMARA JaFH, FF FE L Ao ojA o
# 7k "WolE Wwd 5 A g AF7E A Fo Qv
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