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Table 1

Distribution of coat color variants of the native cattle

in Korean mainland, Cheju =sland and other places

Ldcalities
(～_N)

Classlf-icat1○n○fc○a七co1○r

Varlan七s

MAINLAND

-●

Kyong-/-g1 303

RedStrlpeBlackBエー1ndle Spot

294621 1

Chungch○ngpuk 70 70000 0

Chungch○ngnam 29斗 292101 2

Ch○11apuk 135 0000 0

Cb○11anam 362 362.000 0

Ky○ngsangnam 922 919030 1

Kyongsangpuk 130 0000 0

Kangwong 叫叫 Ll3100 0

.T○ta1○fMAINLAND
226o 22叫5852 也

KZ] (99.3)(0.叫)(o.2)(0.i) (0.2)

K○J'aelsland 288 2白8ooo 0

(罪) (100.0)(0.0)(0.0)(0.?) (0.0).

T○kJ'Oklslands 32 30200 0

(罪) (93i8)(6.2)(0.0)(0.0) (0.0)

MARKETS

Seoul Lt96 叫87叫1斗 0

Pusan 97 93310 0

TotalofMARKETS 593 58o72L1 0

(罪) (97.8)(1.2)(0.3)(0.7) (0.0)

CheD'ulsland 506 3叫7866310 L18

旧】 (68.6)(17.0)(12.5)(2.0) (9.0)



でable 2

Distribution of coat color variants in the cattle of Indonesia (f'ield observation)

Pュace(N) Classificationofcoatcolorvariants

(a).(b)(c)(a)(e)(I)

BlackDarkBrown-Gray-Bali-Bali

brownYellowWhiteliketype

Spot/

(a+b+c)

suMATRA生

1Aceh(2L10) 292215831bo 2/209

2Padang(230)

JAWA旦

3Jakarta-Bogor(29)

271710878oo

oo821■00

lil/152

2/8

斗Bekasi-Cikampek(81) 061956oo 2/25

5Ketannungan-Purwoker.to(66) 232Lt3700 1/29

6purw○keエーtO-J○kjakarta(21) 1011900 1/2

7Klaten-S○1○Balapan(72) oo86斗oo 1/8

8sragen-Mandium(291) 011327700 2/1叫

9Sk○m○Ⅰー○-KeⅠーt○S○nO(225) 06721200 2/13

10Jombang-Surabaya(88) 0268ooo 1/8

llSurabaya-Prong(37) 0113500 1/2

12Pandakan-Malang(103) 512269叫2 3/28

13MADURA旦(618) 3..061Jl1米o 2/617

1叫BALI旦(308)

15L｡mb｡k旦(71)

0000#308

000076叫



(Table 2.
continued)

place(N) (a)(b)(c)(d)(e)(f) Spot/

(a+b+c)

16suMBA旦(134) 00113300 0/1

17TIMOR旦(74)

suLAWESⅠ旦

18Malino-UJ'ungPandang(勺8)

ooooo7L1

20000Ll6 2/2

19Maros-ParepaTe(78) 00LL1073 0/～

20Parepare-Rantepao(61) ooo1*60

21Menado(12L1)

KALIMANTAN旦

22Ba11kpapan(26)

16203157*#

01131*11

15/67

0/1叫

23BanJ'armaSin(36) 0013500 0/1

i: A small number of such a.nimals were occasionally observed in a population of

the locality, but Ve‡-e not included ln the data because エーandom-saⅢpllng

observation was
lnOt made■･in the -.pot)ulation.

j>
:
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Table 3
.

Distr7ibution of coat color variants in the cattle

of Malaysia

States(N) Classlrlcat1○n○fc○atc○1○r

spdも生

(%)
variants

BlackDarkB‡ー○Wn†-Gray-

br○wnYe11○wWbユte

Selangor(て1)

Negeri(274)

15313斗 1.

(_i.斗)(7,0)(斗3.7)(斗7.9) (2.7)

19191921川 5

Sembユ1an

Perak(95)

Kedah(155)

Pahang(99)

Trengganu(Lt61)

Ⅹelantan(517)

Total(1672)

(6.9)(_6.9)(70.1)(_16.1) (2.2)

小一o2863 0

(Ll.2)(0.0)(29,5)(66.3) (0.0)

131388斗1 2

(.8,也)(8,叫).(_56,8)(_26.5) (1.8)

686322 1

(6.1)(8.1)(63.6)(_22.2) (1.3)

1575822620 叫

し3Ll.i)(_12.6)(叫9.0)(斗.3) (0.9)

78斗o39Ll5 10

(15.1)(7.7)(76,2)(1.0) (2.0)

a: Spotted animals in coat colors other than Gray-White･
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Table 牛.

Observation of the white patch on the hind-

quarter' ○王､ the cattle in an area of

Trengganu State of Malaysia

Pattern

(N) Coatcolorvariants

BlackDarkBr○wn-Gray-

brownYe11○wWhlte

Normal 196 5132113

Whltepatch 8

(3.9%

斗13L>

Total 20叫 553311611
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Table 冒.

DIstrlbutlon of- coat color vaエー1ants ln the cattle of-

Thailand

provinces(N)

Classlficat1○n○fc○atc○1○ⅠーVaⅠーiants

Black,ロaエーkBⅠー○Wn-Gray-
brownYellowWhite

spot(罪)隻

chiengⅠーa1(206) 16J2613斗30 13(7.ち)
"(33LO) 16152斗158 1斗(5.i)

chiengmai(L12) 31830 0

‖(59) 1015斗3 1

Lampoon(107) 95斗8斗5 斗(6.5)

''(3叫) 121120 1

Lampang(194) 921117斗7 5(3.L!)

ーー(81) 1329む8 2

ワak(69) 3.218斗6 3

ーー(122) 1一0斗576 3

pisnd1○k(1■9) 00-127 0.

petchab○○n(225) 1叫1515937 9(叫.8)

Nak○rnSawan(52) 叫31827 5

"iii 000L1

chalnat(123) 1斗r68斗19 5(斗.8.)

T'(50) 233510 1

Kanchanabur1(68) 215357 17(28.'9)

pr,achlnbuエー1(22) 5211斗 0

singhaburi(1斗1) 715655L1 7(8.o)

Lopbur,i(28) 11197 斗

Anth○ng(76) 斗8586 也(5.T)

saエーabuエー1(7) oo3斗 0

tー(16) o385 叫

Ayudhaya(31) 133123 5

ーー(128) 1叫6756 8(ll.1)

NakazmPath○m(171) 322310511 叫1(25.6)

"(91) 2196o1 33(36.7)

Bangkok(19) 32122 也

Rajbur1〔139) 30266122 30(25.6)

‖(130) 2013925 2叫(19.?)

petchaburiし139) 29276122 29(2斗.8)

tー(130) 331斗6815 21(18.3)

ch○1bur1(8) 1151 2

Ray○ng(1) 1000 0

N○ngkha1,Ud○n皿 9548'8J 3(斗.8)
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(Table (. continued)

BlackDarkBT○Wn--Gray-

brownYellowWhite

spot(%)生

Kh○nkaen(352) 17211斗2172 ll(6.1)

ーー(33) 128-22 0

Mahasarakham(90) 1142550 0.

R○1-Et(197) 337114斗3 2(1.3)

ロb○1(261) 3811171斗1 6(2.7)

surln(88) 18叫56-10 2(2.6)

Brirum(79) 163519 1(1.也)

Nak○rn(500) 斗723279151 20(5.7)

Rajslma(77) 375215 2(3.2)

chantaburi(17) 30104 1

prachuap(155) 232叫7929 22(17.5)

ーt(171) 36161109 ll(6.8)

chump○n(7) 1150 2

ーー(6) 2130 0

Ran○ng(_8) 202..斗 0

pangNga(9) 203■斗 0

puket(8) 2051 0

Erab1(25) 9115.0 2

Trang(85) 15135Ll;3 7(8.5)

7'(Ll18) 13028256斗 28(6.8)

patalung(279) 81351621 20(7.2)

s○ngkhla(538) 129562斗9斗 27(5.1)

ー'(297) 7斗2619斗3 5(1..7)

satu1(258)

T○ta1(斗509)
(2578)

73321512 ll(斗.3)

a: spotted animals in coa七 colors otheI' than

Gray-White ･

(N): Data in 1971, iBi: Data in 1972･
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Table i .

Distribution of coat color variants in the cattle of

the PhlllpplneS

Pr○Vlnce(N)

Class-1f-1catlon○fc○atc○1○エーVarlants

BlackDarkBr○wn-Gray-.

brownYe11○wWhite

spot生

Luzon
■■■-■■■■■■■■-

1.Kalinga-.(56)
Apaya○

2.Xagayan(ユ9)

1L15352 5

20512 0

3.Ⅰsabela(109) 233767 3

斗.NueVa(_12叫)
Ⅴユzcaya

5.NueVa■(■糾)
Eclja

ーー(67)

5964斗6 3

斗3L1037

22392叫

2

1

6.Bulaean(128) 91斗1005 5

ーー(128) 7510115 9

7.Rlza1(_87) 118599 9

ーー(9) 2052 0

8.Laguna(86) 71?652 13

‖(168) 148旦1397 13

9.Ba七angas(句1) 692斗2 8

ーー(118) 1567819 8

10.Mindor,○(_20) 25130 0

ll.Negr○s(16)
○ccldent.

5叫70 1

12.Cebu(187) 32171317 7

13.Palawan(斗2) 85272 18

Mindanao

1叫.cotabat○(122) 斗11斗265 10

15.DaVa○(叫9) 28■2118 5

a; Spotted animals ln coat colors other than Gray-Whlte･

b: One animal was bI-1ndled.

(N): Data ln 1971, (N): Data ln 1975.
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でable 7
.

Coat color variants in the Taiwan native

cattle (Taiwan Yellow cattle)

(N)

Classlficati○n○f-c○atco1○‡ー

Vaエーiants

BlackDar'kBTOWn-GTay-

br○wnYe11○wWhlte

252旦 145旦177旦29

(%) (0.叫)､(17.9)(70.2)(ll.5)

a: Selected animals for blood collection

and body measurements. They were

regarded as neaエー1y pure natives.

b:工neludes three animals wltb brown

stripe on the ba.ck and six animals

wlth brlndle pattern.

旦: Includes two animals with black line

on the back.
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Fig. 1. A map showing places where coat color

variants of Korean native cattle were observed.
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Fig. 2 . Coat color variants in the Korean

native cattle.

(a) A bull in red-self coat color. This

pattern is the most common in the Korean

native cattle. The animal was f'rom Rang wong

Prefecture.

(b) A bullock in brindle pattern found in

CheJ'u =sland.

(c) A bullock (the clenter) having a brown

stripe on the back at a market ln Seoul City.

I
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(i) (2) (3) (叫)

(Ⅳ) (506) (593) (1225) (1035)

Fig. 3. occurrence of coat color

va.riants(other than red-self) in

Kわrean native cattle.

(1)Cheju 工sland

(2)Markets in Seoul and Pusan

(3)Kyong gi and Kyong sang nan

Prefectures

(ち)other PI-ef'ectures in Korean

malnland

ll-test f･or significant differences

between (i)-(2), (2)-(3) and (3)-(卑):

DF=1, P<0.01.



Flg.午. Geographical dis七r'1bution of coat color var土ants. in the or'dinary

eat七1e ralsed 土n 工ndonesla.

i
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Fig･ 5-
･ coa･t color pattern of the bantengs and

some coat color variants of thel cattle occasiona1'1y

f'ound in the Indonesia.

(a) A banteng bull at Su･rよbaya Zoo, apq (b) a female

banteng and her calf at the same zoo.

(c) Young Madura cattle at a pasar in Madura =sland.

One in the left shows a black line on the back and

the o七her 土n the right white stockings on the legs.

(a) A young Madura cattle having a white patch on

the hindquart~er(at a pasar in Madur･a =s11and).

(e) Vaエーious coat colo工, patter,nS Of the cattle in
.■

Ea･st Java at the pasar of Singosari.

(I) A Bali type of cattle in'Lombok Island having

a brindle pattern.
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(e)
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Fig.ら. Geographical dis七Tibution of coat

color variants in the ordinary Cattle of

Thailand.し
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Fig. 7 . Geographica.i distribution of coat color

variants in 七he ordinary cattle of､ the PhllipplneS.

i.Kalinga-Apayao(1975), 2.Kagayan(_1975), 3.士sabela

(1975),斗.Nueva Vizcaya(1975), 5.Nueva Ecija(1971),

6.Bulacan(1975), 7.Rizal(1971), 8.Laguna(1975),

9･Batangas(.1975), 10,Mindoro(1971), 11･Negros(1975),

12.Cebu(1971), 13.Pa.1awan(1971), 1斗.cotabato(1975),

15.Davao(1975).
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Fig･ 官･ Coat color variants found in Southeast Asia･

(a) A cattle with a black line on tbe' back(Northeast

Thailand).

(b) An American Brahman bull, Tha,i native females and

their offspring (Khon Kaen, Thailand).

(c) A cow in black coat color having white stockings

on the legs(Malayan peninsula, Thailand).

(a) Kedah-Kelahtan cattle kept at Malaysian Animal

Research and Development =nstitute, Selangor, Malaysia.

(e) and (I) A Batangas cattle of the Philippines.

The rare coat color pattern was found in the Batangas

provine.
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Table g .

Amino acid composition of bovine hemoglobin-BA and-BX
Bali

(2斗,斗8 and 72 hエーS. hydTOlyses at 110 0c)

Amln○

acid(N)

βA βⅩBali.

2斗叫872AVer. 2叫叫872AVer.

Asp(16) 16.115.216.616.oo 16.斗16.o15.816.o7

Thy(6) 5.85.85.65.73 6.o5.65.叫5.67

Ser(5) 叫.9斗.5斗.5斗.63 5.lit.5叫.Lt叫.67

Glu(ll) 10.210.311.010.50 ll.斗11.311.Oil.23

PⅠー○(斗) (3.62) (3.70)

Gly(ll) ll.311.511.911.57 12.111.811.叫11.77

Ala(16) 16.516.916.516.63 16.516.516.116.37

Va1(18) 17.斗17.斗17.717.50 17.017.517.617.37

Met(3)

工1e

Leu(17)

2.72.72.72.70

16.717.018.217.30

2.72.L12.62.57

17.217.017.017.07

でyp(2)

Phe(10)

1.72.01.91.87 2.01.91.91.93

(2.05) (1.93)

9.79.910.19.90 9.19.19.39.17

Els(6) 6.36.26.56.33 7.06.97.57.13

Lys(13) 13.613.斗13.5~L13.■50 ll.311.912.Ll12.0斗

Are.(L1) 斗.o卑.o3.93.ら 3.5斗.o3.93.8o

CMCys(i) 0.70.叫o.8o.63 o.70.91.00.87

Trp(2)

(1叫5)

(1.95) (2.03)

(N): I)etermined for BA by Schroeder et al.(1967).

(_): From tryptic peptide analyses･

CMCys: S-carboxymethylcystein.



g之

Table (1
.

Amino acid composition旦of AP-2(β99-1斗5)

Amino acid (N)旦 βA(99-145) βⅩ
Bali(99-145-)

I

Asp

Thy

Glu

Pro

Gly

Ala

Val

Leu

TyT

Phe

日1s

Lys

Arg

(5)

(1)

(叫)

(2)

(3)

(_6)

(8)

(6)

(1)

(4)

(2)

(3)

(2)

斗.91 斗.77

1.07 1.15

叫.1叫 斗.34

1.82 1.98

2.99 3.23

5.8斗 - 6.o4

7,92 7.斗9

5.95 5.78

0.89 1.01

3.86 3.81

2.12 2.2斗

3.12 3.28

2.07 2.01

a: =n terms of residues per peptide. Ser,

Met, Iie, S-carboxymethylcystein a･nd Trp

were not detected.

b: Theoretical number for BA according to

schroeder et al.(1967).
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Table 10.

Amino acid composition旦of tryptic peptides from β-chains of bovine

Hb A of- Her}efor,d bI-eed and Hb X of the Ball cattle

で-1 T-2 T-3abTL3b 叫30-36叫37-39 T-5 T-6 T-7 T-8

a.a.(T寸)皇AX (N)AX Ⅳ)AX(MA皇 (N)AX(～)AX (N)AX (N)AX (NーAX (NーAX

AspO.110.10.

TTv(1)0.930.93
Ser■

Glu(2)1.891.90

0.060.07
(i)0.910.7L1

o.o6o.o8

(1)i.191.07(i)i.30

0.070.30
(2)i.992.OL1(2)i.87

(1)1.oラl.01

(1)1.121.09

(～)3.893.76

(1)1.OIL.10
(2)1.711.72
(1)1.191.22

0.09

(1)1.091.0石

(1)1.001.00

Prq

GlyO.10 (1)1.091.16 (3)3.002.98(3)2.94

(1)1.1句o.86

0.070.170.10

(2)1.821.98o.o70.09

那:呂qSS:粒
0.12

0.08o.o6
(1)0.830.89

(1)0.9≠1.03旦

(1)0.850.96
(1)1.361.28 0.09

(1)1.021.01

■

(1)0.98o.99

Ala(i)1.081.08 (3)3.023.08 (1)1.031.10(1)0.98 (2)2.202.12 (1)1.071.03

Va10.170.17
トbt(1)1.101.09
Ⅰ1e

ku(1)1.201.18
Tyr

pl冶0.08o.o9
HlsO.110.ll

w8(1)0.810.83

Arcw!e-

Tip

(1)1.111.22

o.o≠o.1勺旦
(1)0.9LIO.81

(1)0.950.98

(1)1.O♂l.0♂

(3)2.763.00(2)i.9Ll
0.09

(1)1.181.06(1)1.07

o.2L1

旦ニ生

((圭))粥享o.81(1)3:毒79

(i)0.86o.96

(1)0.38o.49

(1)0.991.09

(3)2.762.72

(1~)0.971.05

0.06

(1)0.870.9q
(1)0.970.98

で-9 ℡-10 ℡-ll T-12 T_1qaT_lob T_15TL15132-138巳T_15139-1峠 T-16

a.a.(N)AX (N)AX (N)AX (N)AX (NーAX(NーAX

_(N)AX(N)AX(～)AX
(N)AX

ASP(2)2.142.17 (2)1.951.78

(2)2.102.ll

(1)0.951.02

(1)1.081.09 (2)2.2q1.99 (i)i.081.10(1)i.031.06 (i)i.051.13(i)i.130.10

■

(1)1.000.96

(1)1.001.(川

一n甘

ser(2)i.781.75

(1)0.98o.98
(1)i.010.98 o.08

(1)i.031.08

(3)2.972.89
0.070.10

GluO.230.20 (1)1.071.08 (1)1.071.10 0.140.610.09
Prq

Gly(1)1.211.1う (1)1.151.ll

(1)0.8oo.9う

0.17

(1)0.830.93
(1)1.031.050.16o.12

ほ;主..o,芸冨:T6((12))-.;:997.(,)2..51.,.
P.22

A1＼0.110.08 (2)2.lil-2.27

(2)1.922.02

o.06 o.o7(i)1.151.16
va1(i)0.970.96

Met(1)0.820.72

(1)1.071.ll 0.13(i)1.091.OL1 (3)2.892.89(3)2.290.18

Ⅰ1e

Leo(1)1.031.02 (i)0.891.03 0.06o.o8(1)0.901.01 (1)1.1Ll1.070.13(1)0.920.99

Tyr'

P旭(1)1.091.02 (1)0.921.0う (1)1.121.00 (1)i.OJ10.99(2)2.011.87 o.13O.b6

H18 (1)0.870.89 (1)0.790.87 0.ll (1)1.081.05(1)1.081.15

tua(1)0.960.92 (1)0.991.09 (1)1.071.07 (1)1.020.9L1 (1)0.86o.86(1)1.000.96 o.110.08

漁
Tit)

(1)0.叫o.J16
o.o6 (1)0.810.95(i)0.96o.96

a

b

C

=n terms of'residues per peptide. Values less than O105 were omitted･

(N) shows theoretlcal numbers for 6A according to Schroeder et al･(1967)･

Further purification was not perf'ormed because of the low yields due to

paI-tュal cleavage.

旦: Values estimated by spectrophotometric ana]-yses according to Edelhoch(1967)･

e: S-Carboxymethylcysteln･
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Fig. ? . The electr'ophoregTam Shows Hbb-A,

Hbb-AX, Hbb-BX, Hbb-AB, Hbb-AX, Hbb-A, Hbb-B,

Ebb-Ⅹ and Ebb-A fI-Om the lef-t side. Samples

were analyzed by 七he slmpllf-土ed methods of-

chernoff and Pettit(196斗). =t is indicated

that Hbb-X is also caused by a different

β-chain from those of Ebb-A and
-B.
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Fig. LO. separation of globins of hemoglobin

xBali of the Bali cattle
into the a- and B-

chains, using CM-cellulose column chromato-

graphy･ The arrow shows the starting point of

the gradient.
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Fig. /I . (A) Separation of tryptic peptides f'rom SICarboxy-

methylated βA(20 mg) on an Amlnex A-5 column(0･8
Ⅹ 17･O cm)

with a linear gradient from 0.2 M pyridine-acetic acid(pH

3･1) to 2･O M pyridine-acet.ic acid(pH 5･0) at 50Oc･

Fraction, 5m1. Flow rate, 32ml/h. (B) Sepaらation of those

or the βⅩ
Bali(20

mg) on七he same･column as in (A)･
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Fig. ll. (a`) Elution prof-ile of the acid-treated S-carboxy-

me七hylated βⅩ
Bali(206

mg) on a Sephadex G←50 column(3.0 Ⅹ

1斗3.0 cm) in 10% foI-mic acid. (b) Second elution pattern

of peak ===(AP-12) from the same column as in (a). The AP-2

was proved to be the β(99-1斗5). The fraction shaded was

pooled.
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Fig･ 13･ separation of tryptic peptides of AP-2 of BX
Bali

(10 mg)
on an Amlnex A-5 column(0.7 Ⅹ 8,o cm).

See Fig. Jt f'or further methods.
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Fig.仲. Comparison of the amino acid sequences of bovine

hemoglobin βA, βB and βⅩ
Bali･

Residues
underlih.ed

were

sequenced in the previous works on bovine hemoglobln β

variants by Schroeder et a1.(1967) and Schroeder et all

(1972), and those with arrows were done in the present

s七udy･
A vertical ar工'OW lndlcates the posltlon wher'e

acidic cleavage
took place, yielding the AP-2(β99-1Lt5)･
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Fig. /{. The most likely evoluti(〕nary path of bovine

hemoglobin a-chain variants. BA and BB were cited from

schroeder et al,(1967), βC
Rhodesia

and βD
Zambia

fmm

Schroedeエー et al.(1972), It was consldeI-ed that the

differentiation between BA group(A, C and D) and BX
Bali

group(Ⅹ Ball and B.) bad occurred before the cattle

domestication was lnltlated.

The amino acid substitution underlined in the figure

requires at least two base changes at the codon.
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Table LI

Hbb phenotypes- and the gene frequencies in the bantengs

(塾banteng) kept at Surabaya zoo and Ragunan(Jakarta)

zoo of工ndonesia ln 1981

(N) AABAXBBXX EbbAHbbBHbbX

Surabaya(3')
Z○○

Ragunan(3)
zoo

Total(6)

001002

100011

101013

105

213

318

o.碑o,22.00.00.72,7 .250ー083.667

a: Expected values f'rom Hardy-WeinbergTs low.

>
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Tabl■e ll
.

Hbb phenotypes and the gene frequencies in the populations

of- the Bali caセセ1e

P

a: Expected values f-ron Hardy-Welnberg㌧ low.
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Table lう.

●■ l■

Hbb phenotypes, the expected frequencies and the gene frequencies

of the various cattle raised in =ndonesia

P○pulat1○ns(yeaⅠー)(N) AABAXBBXX HbbAHbbBHbbX

Ballcattle(ー7叫,(239) 363斗3Lto153
.096.109.795

.615.15斗.231

.656.128.217

.685.185.130

.583.222.19Ll

.613.238.150

.糾o.187.173

.652.31Ll.034

.543.叫57.000

.918.o7L1.008

ー77,78,ー81) 2.25.036.52.8L11.叫■151.i

Ball-like(ー75,(13) 613111

ー76,ー77) LI.92.53.70.30.90.7

Maduracattle(T77,(90) 3815272LILl

ー78) 38.715.125.61.55.0斗.2

Acehcattle(ー78)(27)

Padangnat1Ve(ー78)(18)

Jawaloca1&(Lto)

1.196o10

12.76.9Ll.8o.91.30.5

73Ll211
6.lil.7叫.10.91.6o.7

16125232

Maduracattle(T81) 15.Oil.67.叫2.32.90.9

Jawaloca1(ー75,(75) 311519532

ー76,ー77,ー78) 30.717.916.62.6Lt.92.3

F111a10ngole(ー75,(102) 斗o斗9叫630

ー76,ー77,ー78,ー81) LL3.Lt叫1.8斗.らlo.12.20.i

Ong○1elnSumbaⅠ.(35) 72L10叫oo

(ー81) 10.317.～-7.3-

Gr7aticattle(ー75,(61) 528oo10

ー76,ー77)

(to-ta1)(700)

51.斗8.30.90..30.10.0

レJ
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Table ILL
.

Geno七ypes and gene ∫requencles at nine polymoI-phlc

loci in the =ndonesian cattle and bantengs

(a) Hbb locus( hemoglobin a-･chain)

Population (i)BB (2)BS (3)B= (叫)MA (5)OS (6)FO (7)ちA

(N) (68) (37) (7) (4o) (35) (21) (6)

AA 1 1

AB

16 7 11

12 2叫 9

AX l1 5 2 5

BB 2 2 叫

BX 13 5 1 3

XX LI3 2年 斗 2

1 1

A 0.0956 o.o9h6 o.1斗29 0.6125 0.5斗29 0.7619 0.2500

a 0.0956 0.1216 o.o71LI 0.2375 0.L4571 0.2143 0.0833

Ⅹ o.8o88 o.7838 o.7857 0.1500 0.0238 o.6667

日 0.3276 0.3619 0.3572 0.5459 0.包963 0.3730 0.斗861

(i)BB: Bali cattle from Bali island, (2)BS: Bali cattle

f-ron South Sulawesi, (3)B=:. Bali cattle kept at =.?.B.

(勾)MA: Madura cattle at a marl{et of Surabaya, (5)OS:

or;J=C)1e breed I-ron Sumba island, (6)FO: Filial 0ngole

from East Java, (7)BA.･ bantengs kept at Ragunan(Jakar.ta)

and Surabaya zoos.

H: eI:PeCted bet;erozygosity at the locus.

(b) Alb locus(serum albumln)
Population (i)BB (2)BS (3)BI (Lt)MA (5)OS (6)FO (7)BA

(N) (68) (37) (7) (4o) (35) (21) (5)

3 1 1

10 9 7

AC 7 3 1 6 1

BB 1 l斗 25 11

BC 2 1 6

CC 58 33 5 ･1

A O･0515 0･05叫1 0.10714 o･2750 0･1571 0.2381 0･1000

B 0.0294 o.o135 0.071L1 0.5500 0.8L129 0.7143

c o.9191 0.932勺 o.8571 0.1750 0.0476 o.9000

H 0.1517 0.2388 o.2552 0.5913 0.26LL8 o.L1308 o.18oo
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(Table 14 continued)

(c) Tf locus(serum transferTin)
(6)FO (7)BApopulatlon (2)BS (3)B工 (也)MA (5)OS

(35) (21)(N) (37_)
I(7)

(4o)

AA

AD

AE

DD

DE

EE

6 2

8 1

32 叫 29 5 8 2

5 3 10 12 9 3

叫

A 0.0250 0.2000 0･1190

D 0.932叫 o.7857 0.8500 0.叫ooo O･糾29 0･7000

E 0.0676 o･2143 0･1250
.0･4ooo

o･2381
.10･3000

H 0.1261 0.3368 o.2613 0･64oo o･5158 o･4200

(a) Ptf' 2 locus(serum post transferTin)

population (i)BB (2)BS (3)B工 (斗)MA (5)OS (6)FO (7)BA

(N) (22) (37) (7) (斗o) (35) (21) (5)

>
FF 21

FS

SS 1

7 1 3

11 11 6 2

28 2叫 15

F 0.95斗5 0.9865 i.0000 0.1625 0.1571 0.1429 0.8ooo

s o.(川55 0.O135 0.0000 0.8375 0.8Lt29 0.8571 0.2000

H 0.0869 0.0266 o.0000 0.2722 0.26L18 o.2斗50 0.3200

(e) cA locus(cell carbonlc anhydrase)

Population (i)BB (2)BS (3)B= (叫)MA (5)OS (6)FO (7)BA

(N) (67) (37) (7) (叫o) (35) (23) (5)

SS 2

SA 5

AA 6o

2 12 26 6

2 17 Ll 11 1

3 11 5 6 4

S 0.0672 0.OLIO5 0.L1286 o.5125 0.8ooo o.5000 0.1000

A 0.9328 o.9595 0.571叫 o.4875 0.2000 0.5000 0.9000

H 0.125Lt o.o777 0.4898 o.叫997 0.3200 0.5000 0.18oo
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(Table )LL continued)

(I) Dia-I locus(cell NADH-diaphorase I )

Population (i)BB (2)BS (3)B= (Ll)MA (5)OS (6)FO (7)BA

(N) (67) (37) (7) (4o) (35) (22) (5)

FF

FS

SS 67

31 30 19

1 1 7 1 3

36 6 2 斗

F 0.O135 0.071叫 0.8625 0.8714 o.9318

s 1.0000 0.9865 0.9286 o.1375 0.1286 0.0682 1.0000

H 0.0000 0.0266 o.1326 o.2372 0.22叫1 0.1271 0.0000

(g) Am-I locus(serum amylase =)

population (i)BB (2)BS (3)BI (ち)MA (5)OS (6)FO (7)BA

(N) (68) (37) (7) (勾o) (35) (21) (5)

[コ

BB

BC 3

cc 65

22 32 17

1 2 16 3 4

3b 5 2

B 0.0221 0.O135 0.1429 0.7500 0.9571 0.90斗8 o.2000

c o.9779 0.9865 0.8571 0.2500 0.0429 0･0952 0･8odo

H 0.〔川32 0.0266 o.2叫50 0.3750 0.0821 0･1723 013200

(h) Cp locus(serum ceruloplasmln)

popu1'ation (i)BB (2)BS (3)B= (斗)MA (5)OS (6)FO (7)BA

(N) (53) (29) (7) (39) (32) (21) (5)

FF 6

FS 3

ss 4叫

3 20 23 13

1 1 6 6 4

25 6 13 3 4

F 0.1年15 0.1207 0.071叫 o.5897 0.8125 0.71Li3 0.3000

s o.8585 0.8793 0.9286 o.叫103 0.1875 0.2857 0.7000

H 0.2430 0.2123 0.1326 o.叫839 0.30L17 0.叫o82 0.4200

(1) Alp locus(seエーum alkaline phosphatase)

Popu1'ation (i)BB (2)BS (3)B= (叫)MA (5)OS (6)FO (7)BA

(N) (68) (37) (7) (Ilo) (35) (21) (5)

AA, Ao 8 Ll 1 1 7 2

oo 60 33 6 39 28 19 5

A 0.06o7 0..0556 10.0742 0.O126 o.1056 0.0488

o o.9393 0.91川叫 o.9258
･o.9874

o.89上川 0.9512 i.0000

H 0.11叫o o.1050 0.1374 o.0249 0.1889 0.0928 o.oooo
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Table け.

Allellc frequencies at hemoglobin-β locus(Hわb)

in the cattle of eastern Asia and estimated

proportion of genes derived from three distinct

types of cattle,主･旦･,
Indian zebu, Bali cattle

and Northern-type cattle

Ebb allele

Breed or Population (N)

HbbA HbbB HbbX

Proportion of genes

or19inated
from

Northern- Indian Bali

type 2:ebu cattle

(PNor) (PInd) (PBal)

F!

European

(i) Holsteina)

Japanese

(2) nishimab)

(3) Japanese Blacka)

(4) Tokaraa)

(5) Japane5e BrownC)

Korean native

(6) PusanC)

(7) Seould)

(a) cheju Zslandd)

Ta ivan

(9) Taiwan YellowC)

(10) Taiwan mixedb)

philippine nativee)

(ll) Lu2:On

(12) Cebu

(13) Palavan and 也indoro =s.

Thai nat.ivef)

(14) Northeast district

(15) North district

(16) South district

west nalaysiang)

(17)

(18)

(19)

(19(‖ 1.

(37) 1. 0. 0.

(250) 0.990 0.O10 0.

(25) 0.94O 0.060 0.

(178) 0.910 0.087 0.003

(97) 0.912* 0.072 0.O15

(162) 0.898 0.096 0.006

(89) 0.736 0.247 0.O17

(132) 0.557 0.337 0.LOG

(132) 0.568 0.371 0.060

(94) 0.548 0.282 0.170

(31) 0.597 0.258 0.145

(22】 0.500 0.250 0.250

(34) 0.721 0.191 0.088

(28) 0.625 0.321 0.054

(52) 0.750 0.135 0.115

Kedah-Eelantan, vest area (45) 0.778 0.111 0.ill

Kedah-Kelantan, east area (44) 0.727 0.216 0.057

Local Indian Dairy

工ndonesian

(20) Aceb, S皿atrab)

(21) Padang, Sunatrab)

(22) Java localb･
h)

(23)ぬaura, the islandb･
h)

(24) Bali-like, East Java
也)

(25) Bali. the islandb,
也)

(26) Filial 0ngole
b, 也)

(27) Grati, East Jawah)

(15) 0.533

(27) 0.685

(18) 0.583

(75) 0.640

(90) 0.656

(13) 0.615

(127) 0.094

(81) 0.623

(61) 0.918

0.467 0.

0.185 0.130

0.222 0.194

0.187 0.173

0.128 0.217

0.154 0.231

0.114 0.791

0.340 0.037

0.074 0.008

0. 0.

1. 0.

0.974 0_026

0.846 0.154

0.774 0.223

0_799 0.185

0.748 0.246

0.350 0_633

0.030

-0.012

0.

0.

0.

0.003

0.015

0_006

0.017

0.106

0.060

0.107 0.723 0.170

0.193 0.662 0.145

0.109 0.641 0.250

0.422

0.123

0.539

0.604

0.389

-0.197

0.396

0.236

0.348

0.456

0.374

-0.084

0.091

0.802

0.490 0.888

0.823 0.054

0.346 0.115

0.285 0.111

0.554 0.057

1.197 0.

0.474 0.1二;0

0.569 0.194

0.479 0.173

0.328 0_217

0.395 0.231

0.292 0.791

0.872 0.037

0.190 0.008

★王 A single rare variant was pooled. a): NAM=KAWA(1972), b)= Present data, c)= ABE et

al･(1968). a)= NA也IKAWA and ABE(1970), e): NAM=KAWA et a1.(1978). f): NAn=KAWA and

且湖0(1974). g): NAn=KAWA et al.(1976), and h)= NAnIKAWA and w7DODO(1978).
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Fig. /i. Distribution of hemoglobin-β(Hbb) a11ele･s in

the cattle of eastern Asia. Data on =ndo-Pakistanese

and Ceylonese bI-eeds or cattle were cited and compiled

∫ron Hesselholt e七 al.(1965), Sen et al.(1966),

MangalraJ' et a1.(1968),
Buvanendran and NugaTa(1968),

灯alk e七 al.(1969), Fayed et al.(1970), Khanna et al.

(1970), DwaI-aknath and Joshl(1971), and Slngh and

Khanna(1973). Respective sample sizes were large enough

so that distributions are indicated in circles of equal

SIZe.
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Fig. 17 . Estimated amounts of' gene flow to the

cattle populations of Sbuthea畠t Asia, based on the

hypothesis thaL[, three way hybr'idization had occurred

f'or establishing the present-day cattle populations

in this area(for detailed explanation see the text

and Table lF).



けi

Fig･ J3 ･ GeogTaPhical distribution of the alleles
.A

controlling hemoglobin β-chains in the doTleStic cattle

of･ the Old world. The map is drawn based on the

phillips-(1961) which describes the world distribution

of･七hree maJ･or types of cattle,主･旦･,
European humpless

cattle, zebu(oT
humped cattle) and the intermediate

type(from the corhpilation by Namikawa, 198o)･

(Numb-e, z･n the jgu,e) Name of populaiionor
breed, Number

of animals analysed

(i) Mishima, 37 (2) Japanese Black, 250 (3) Japanese Brown (Kochi)･ 178 (4) Tokara･

25 (5) Korean native (Pusan), 97 (6) Korean native (Seoul), 162 (7) Che3'u lsland native, 89

(8) Taiwan Yellow, 132 (9) Philippine native (Luzon)･ 94 (10) Philippine native (Cebu),

31 (ll) Philippine native (Palawan and Mindoro), 22 (12) Thai native (north area)I 28 (13)

Thai native (northeast area), 34. (14) Thai native (south area),
52 (15) Kedah-Kelantan Malaysia･

west), 45 (15･) Kedah-Kelantah(Malaysia, east),
44 (16) Kumauni, 170 and 233 (17) Ongole･

64 (18) Desi, 100 (19) Kangayam,22 (20) Sinhala･ 58 (21) Khi11ari･ 328 (22) Rath･ 278

(23) Malvi, 302 (24) Danji, 333 (25) Afgan, 55 (26) Nagori, 50 (27) Hariana･ 102 and

371 (28) Gil,404 (29) Kankrej, 343 (30) Sahiwal, 75 and 85 (31) Red Sindhi･ 45 (32)

Tharparkar, 173 and 98 (33) Zubutype･ 99 (34) Damascus･ 116 (35) Cyprus･ 133 (36)

oksh, 23 (37) Egyptian, 114 (38) Ukrainian Whiteheaded, 21 (39) Grey lskur, 275 (40)

Rhodope Shorthorn, 80 (41) Grey Steppe･ 150 (42) Istrian, 244 (43) Hungarian Grey･ 6838

(44) Bohemian Red Spotted, 50 (45) Aosta Red Pied, 421 (･46) Swiss Brown･ 231 and 137

(47) BrownAlpine, 1956 (48) German Black Pied, 2634 (49) Friesian･ 35 (50) Red Danish,

1132 (51)Charolais,500 (52) Shorthorn,33 and 50 (53) Montb占1iarde, 107 (54) Normande,29

(55) AberdeenAngus, 172 and
100 (56) Hereford･ 179 I

100 and 28 (57) Ayrshire･ 42

aTld 38 (58) Icelandic, 971 (59) Kerry, 25 (60) Guernsey･ 73.I 34 and
33 (61) Jersey,

182 and467 (62) Algerian Hill, 80 (63) ZebuArabe, 173 (64) Ngahda･ 33 (65) Sudan

zebu,
52 (66) East African zeb〕, 101 (67) Shorthorned zebu (Uganda), 76 (68) North Malawi

zebu,
57 (69) Ankole, 70 (70) Malawi zebu (Central)I 55 (71) Malagasy zebu, 199 (72)

Angoni, 62 (73) Nguni, 300 (74) Lesotho-Nguni･ 100 (75) Africander, 1428 (76) Tuli･

199 (77) Mashona, 124 (78) Caprivi-Sanga, 97 (79) Sango･ 248 (80)Angola-Cunene･ 140

(81) Ovomvo, 200 (82) Barotse, 21 (83) Nkone,156 (84) Angola-Quilenques･ 90 (85) Angola-

G"uaiaan,i;,5三34(9'.8,6)MTu:nu?ua:
11o87 '?,71',ZveyTi;eSoFuudlaann･i,6749

`8a8n'｡Z9e.bu

ち(o9r20,rOie2d42B.ro'r8o9,'22dam(a9W3;
Azaouak, 172 (94) N'Darna, 50 and 63 (95) N'Dama, 20 (96) N'Dama･ 51 (97) Zebu

Gobra･(13.51)

,'a9:'a
:.icnanlis5h,･

40an｡(9295) Aceh

(SuTla.t27'ha2三｡ra,46

a'三3o'44Padang
'SuTla.t;;'占all?,62

and65.
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Table /ム.

▼
■

●

Source and numbers of'cattle examined by blood grouping method and
=

electrophore弓eS

Population Sampling place Abbr. Hbb-type Alb-type Tf-type Nine blood

group systems

口olsteln bI-eed

Grat]_ breed

MIshlma cattle

Tokar'a native

Korean native

Jap. Black breed

Jap. Brown breed

Korean natlve

Korean na七1ve

Taiwan Yellow

Taiwan mixed

Phlllpp. native

Phlllpp. native

Phlllpp. native

Padang native

Thal native

Thal natlve

Thai na七1ve

Kedah-Kelantan

Aceh cattle

Kedah-Kelantan

Madura cattle

Java local

Flllal Ongole

Local工ndlan Dalry

American Brahman

Ball Cattle

Japan

East Java, Indonesla

MIshlma I., Japan

Tol(ara =s., Japan

Cheju I., Korea

Japan

Kohchl, Japan

Pusan, Korea

Seoul, Korea

Taiwan

Taiwan

Luzon, Phlllpplnes

(1)Hob

(2)GRA

(3)MI

(上l)TO

(5)KC

(6)JBL

(7)JBR

(8)KP

(9)KS

(10)T^Y

(ll)TAN

(12)PL

Palawan and Mindoro =B. (13)PPM

Cebu I., Philippines (lil)PC

SumatI-a, Indonesla (15)PAD

North District, Tha11and (16)TN

South District, Thailand (17)TS

Northeast District, Thailand (18)TNE

east area or West Malaysla

SumatI-a, Indonesla

west area or West Malaysia

Madura. I. , Indone81a

Java,工ndonesla

Indonesia

We'st Malaysia

Thailand

Ball, Indonesla

(19)MA芭

(20)AC

(21)MAW

(22)MAD

(23)J工JO

(2LI)FON

(25)LID

(26)AB

(27)BAL

1

2

1

1

1

1

1

90

61

3'7

25

89

5(〕

78

9-7

6.?

32

32

9]1

22

31

18

28

52

3LJ

上川

27

LIB

90

75

81

15

10

27

190

61

37

25

89

250

178

97

161

128

132

97

22

32

18

28

52

3Ll

l川

27

叫5

90

)IO

tl1

15

10

llLl

190

61

171

25

89

2LJ6

178

97

161

123

131

97

22

32

18

2り

52

34

上川

27

LI5

89

上10

LL1

15

10

113

200-63う

LIO

171

2LI

89

121

178

97

160

121

97

L19

22

32

17

LI6

5LL

33

Ltl1

26

LI5

上川

23

26

15

9

56-59
Oq

OO
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Table lr7 .

Genetic data used for the analyses of geometric distance

and prlnclpal components

HbbAHbbBIlbbXHbbOth AlbAAlbBAlbC TfATfDITfD2TfETfO亡h

(1)ROT. 1.0.0.0. 1.0.0. 0.4130.2110.3630.0110.003

(2)(;RA 0.9180.0740.0080. 0.8850.1150. 0.2750.4250.1750.125O.

(3い1Ⅰ 1.0.0.0. 1.0.0. 0.2840.6890.0.0270.

(4)TO 0.9400.0600.0. 1.0.0. 0.2600.6800.0200.0400.

(5)KC 0.7360.2470.0170. 0.9940.0060. 0.1960.3140.2460.2240.

(6)JBL 0.9900.0100.0. 0.9980.0020. 0.3310.3130.3210.0350.

(7)JBR 0.9100.0870.0030. 1.0.0. 0.2020.2810.4470.0670.003

(8)KP 0.9020.0720.0150.010 0.9850.0150. 0.3040.2420.2530.1960.005

(9)KS 0.8980.0960.0060. 0.9910.0090. 0.2260.2230.3260.2010.021

妻…ll;;…AA岩
0.5570.3370.1060. 0.1790.8120.007 0.1630.0570.5640.1670.049

0.5680.3710.0600. 0.1970_8030. 0.1030.0990.6030.1950.

112)PL 0.5480.2820.1700. 0.1910.7890.021 0.1240.0460.6800.1490.

妻…王43,';≡"
0.5000.2500.2500. 0.0910.8640.045 0.0230.0.8640.1140.

0.5970.2580.1450. 0.2810.7190. 0.0780.0310.7030.1880.

(15)PAD 0.う830.2220.1940. 0.1390.8b10. 0.1940.0.5830.2220.

(16)TN 0.6250.3210.05与0. 0.0180.9820. 0.0.0.5630.4380.

(17)TS 0.7500.1350.1150. 0.1.0, 0.0.0290.5670.4040.

(18)TNE 0.7210.1910.0880. 0.0880.9120. 0,-0290.0440.6320.29ム0.

(19)MAE 0.7270.2160.0570. 0.0450.9550. C.1020.0.4770.4200.

(20)AC 0.6850.1850.1300. 0.0370.9630. 0..1480.0190.6300.2040.

(21)MAW 0.7780.1110.1110. 0.0110.9890. 0.0890.0330.4780.4000.

(22)MAD 0.6560.1280.2170. 0.2940.7000.005 0.0450.1690.6570.1290.

(23)JⅠ.0 0.6400.1870.1730. 0.2750.6880.038 0.1380.2250.4130.2250.

(24)FO打 0.6230.3400.0370. 0.1710.8290. 0.1460.1220.4270.3050.

(25)LⅠD 0.5330.4670.0. 0.0330.9670. 0.1000.0330.4330.4330.

(26)AB 0.7500.2500.0. 0.1500.8500. 0.1000.0.1000.8000.

(27)BAL 0.0940.1140.7910. 0.0130.9870. 0.0040.7390.2120.0440.

AA2十人A2-AZ●+AZ,- 88+BB-BG+BG-BK+BK-8Ⅰ2+B12-

(i)nOL 0.2620.7380.i. 0.0550.9450.385~0.6150.0450.9550.0480.952

(2)GRA 0.1630.8370.0130.987 0.2420.7580.1060.8940.0250.9750.1490.851

(3)MⅠ i.0.0.4080.592 0.1400.8600.2580.7420.0620.9380.1460.85ん

(4)TO 0.6220.3780.0870.913 0.3880.6120.592.0.4080.1340.8660.3550.645

(5)KC 0.7880.2120.2360.764 0.4920.5080.4810.5190.1860.8140.3130.687

(6)J8L 0.8180.1820.2450.755 0.3080.6920.5020.4980.0650.9350.1190.881

(7)JBR 0.6260.3740.1320.868 0.0700.9300.3910.6090.2890.7110.2820.718

(8)KP 0.7320.2680.1210.879 0.1440.8560.350Jo.6500.2890.7110.3580.642

(9)KS 0.8230.1770.2210.779 0.4140.5860.3720.6280.2880.7120.3150.685

(10)TAT 0.5020.4980.logo.891 0.1230.8770.4180.5820.1570.8430.2390.761

(ll)TA‖ 0.4920.5O80.1030.897 0.3820.6180.4440.5560.0750.9250.3040.696

(12)PL 0.5050.4950.1550.845 0.2310.7690.3150.6850.0420.9580.1920.808

(13)PPM 0.5230.4770.0710.929 0.2930.7070.2610.7390.0230.9770.2930.707

(14)PC 0.4140.586.0.0650.935
JO.2090.7910.2090.7910.1.0.3630.637

(15)PAD 0.3140.6860.0610.939 0.7570.2430.4580.5420.3580.6420.1600.840

(16)TN 0.3770.6230.1930.807 0.4030.5970.2480.7520.0670.9330.2780.722

(17)TS 0.3920.6080.2770.723 0.3160.6840.1610.8390.0380.9620.0970.903

(18)T河E 0.4500.5500.1470.853 0.3310.6690.1830.8170.1.0.3040.696

(19)M^E 0.3430.6570.0350.965 0.2610.7390.1740.8260.0230.977■0.O590.941

(20)AC 0.4120.5880.1010.899 0.3500.6500.293り.7070.1230.8770.1010.899

(21)MAW 0.4840.5160.2850.715 0.2110.7890.118■0.8820.0220.9780.0570.943

(22)MAD 0.4360.5640.2460.754 0.3970.6030.2170.7830.0830.9170.2770.723

(23)∫lo 0.2780.7220.1400.860 0.2480.7520.1150.8850.0220.9780.1400.860

(24)FON 0.3800.6200.1450.855 0.4120.5880.2660.7340.0590.9410.2660.734

(25)LⅠD 0.3170.6830.1440.856 0.6350.3650.1440.8560.1.0.0690.931

(26)AB 0.6670.3330.4230.577 0.5290.4710.LIDO.8820.1180.8820.3340.666

(27)BAL 0.3760.6240.0430.957 0.2080.7920.0980.9020.0170.9830.3110.689
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(._Table J7. continued)

BO1+SOL-BQ+BQ-BY2+8Y2-8D'+BD'-BE2'+BE2'-B工'+nⅠ'-

(i)HOL 0.1500.8500.0050.9950.4030.5970.0380.9620.3480.6520.0200.980

(2)GRA 0.0250.9750.0130.9870.3480.6520.0250.9750.0130.9870_ユ340.866

(3)MI 0.3920.6080.0う70.9330.3680.6320.0670.9330.0670.9330.106O.894

(4)TO 0.0870.9130.26ん0.7360.5920.4080.1590.8410.1580.8420.3230.677

(5)KC 0.3820.6180.0940.9060.4390.5610.0640.9360.1860.8140.1390.861

(6)JBL 0.0730.9270.3200.68()0.4780.5220.4040.5960.1000.9000.1280.872

(7)J8R 0.1960.8040.0280.9720.6410.3590.0200.9800.0430.9570.203().797

(8)KP o.3910.6090.logo.8910.3340.6660.0640.9360.1630.8370.127O.873

(9)KS 0.3980.6020.1230.8770.4080.5920.1130.8870.1750.8250.1090.891

(10)TAT 0.2670.7330.2670.7330.278O.7220.0380.9620.2500.7500.1190.881

(ll)TAN 0.3110.6890.3500.6500.4170.5830.0370.9630.2010.7990.1630.B37

(12)PⅠ. 0.2720.7280.2050.7950.3300.6700.0740.9260.1920.8080.021り.979

(13)PPM 0.5230.4770.2610.7390.2930.7070.0470.9530.1210.8790.0470.953

(14)PC 0.2500.7500.3150.6850.3630.6370.0160.9840.1340.8660.■0160.984

(15)PAD 0.1260.8740.1960.8040.4060.5940.0920.9080.1260.8740.3140.686

(16)TN 0.3090.6910.2200.7800.5340.4660.1280.8720.2060.7940.2060.794

(17)TS 0.1390.8610.1720.8280.3470.6530.2670.7330.3340.6660.1610.839

(18)TNE 0.3970.6030.2820.7180.5080.4920.1470.8530.2030.7970.0620.938

(19いⅠAE 0.0470.9530.1470.8530.3600.6400.2610.7390.2170.7830.1880.812

(20)AC 0.0390.9610.1910.8090.4810.5190.1910.8090.1450.8550.1910.8O9

(21)MAW 0.0450.9550.2400.7600.3500.6500.2400.7600.2700.7300.2550.7ち5

(22)MAD 0.2770.7230.2170.7830.3780.6220.0590.9410.0470.9530.2020.798

(23)JⅠ.0 0.1400.8600.0670.9330.4100.5900.1150.8850.1.0.1与00.860

(24)FON 0.2160.7840.2160.7840.3500.6500.0590.9410.0390.9610.2400.760

(25)LⅠD 0.2250.7750.1440.8560.6350.3650.1840.8160.184O.8160.1060.894

(26)A8 0.5290.4710.5290.47iO.3340.6660.i.0.1830.817O.1.

(27)8AL 0.2640.7360.1870.8130.2440.7560.1560.8440.0520.9480.0340.966

BJ'+BJ,- cc1+cC1-cR+cR- FV℡FVVFV JJ1+JJト

0.0740.926

0.0250.975

0.1630.837

0.1340.866

0.1930.807

0.1920.808

0.2930.707

0.2540.746

0.19ー)0.810

0.2560.744

0.2890.711

0.1430.857

0.2020.798

0.1710.829

0.0300.970

0.2680.722

0.3470.653

0.3970.603

0.0950.905

0.0590.941

0.1570.843

0.2460.754

0.0440.956

0.0590.941

0.1840.816

0.2540.746

0.3620.638

(1)HOL 0.1330.867 0.2460.7540.0110.989 0.8810.1190.

(2)GR^ 0.0380.962 0.5000.5000.0780.922 o.2580.2'580.483

(3)HⅠ 0.0250.975 0.2450.7550.0150.985 0.8680.1320.

(4)TO 0.0650.935 0.4600.5400.0210.979 0.4230.4230.155

(5)KC 0.0940.906 0.2810.7190.0940.906 0.3730.5200.107

(6)Jt!L 0.1000.900 0.26.70.7330.1. 0.4640.3280.208

(7)JBR 0.1130.887 0.2000.8000.1. 0.2850.3600.355

(8)KP 0.1390.861 0.2820.7180.0690.931 0.4630.2270.310

(9)KS 0.1670.833 0.3880.6120.0480.952 0.3480.2430.409

(10)TAT 0.0860.914 0.5940.4060.03SO.962 0.4700.5640.066

(ll)TAN 0.0750.925 0.6070.3930.0260.974 0.3270.4630.211

(12)PL 0.1920.808 0.7980.2020.1430.857 0.2860.4290.285

(13)PPM 0.2020.798 1.0.0.0710.929 0.3970.3970.206

(14)PC 0.2710.729 1.0.0.0480.952 0.1160.6050.279

(15)PAD 0.0300.970 0.5150.4850.0300.970 0.7570.0930.150

(16)TN 0.1530.847 0.7930.2070.0790.921 0.2060.2340.560

(17)TS 0.1770.823 0.7280.2720.0970.903 0.1290.3200.552

(18)TNE 0.1470.853 0.8270.1730.0790.921 0.2610.2820.456

(19)MAR 0.0710.929 0.7870.2130.1. 0.2930.2930.414

(20)AC 0.1010.899 0.8040.1960.0390.961 0.3210.2930.386

(21)MAW 0.1310.869 1.0.0.0450.955 0.3500.3680.282

(22)MAD 0.1210.879 0.7870.2130.0830.917 0.1470.0350.818

(23)JLO 0.0910.909 0.7050.2950.0910.909 0.4100.0440.545

(24)FON 0.1450.855 0.5610.4390.1230.877 0.4120.1680.420

(25)LⅠD 0.6350.365 0.3680.6320.0690.931 0.4840.2700.246

(26)AB 0.3340.666 0.2540.7460.1830.817 0.3340.1840.482

(27)BAL 0.1070.893 0.6320.3680.i. 0.0520.0090.939
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LTable I7.
continuedl

LL+LL- soul+soul-suU2+suU2-SUU,+SUU,- zZ+zZ- R,R,+R.A,-

(1)HOL 0.2340.766 0.0030.9970.0160.9840.0170.983 0.1710.829 0.0270.973

(2)GRA 0.1490.851 0.0130.9870.1.0.0250.975 0.3110.689 O.0250.975

_(3)M工
0.0890.911 0.0100.9900.4080.5920.4900.510 0.0670.933 0.1.

(i)TO 0.2640.736 0.2640.7360.6460.3540.1840.816 0.5920.408 0.1.

(5)KC 0.0400.960 0.2890.7110.5760.4240.2280.772 0.4190.581 0.0280.972

(6)JBL 0.0760.924 0.0960.9040.1820.8180.0640.936 0.5940.406 0.0210.979

(7)JBR 0.0060.994 0.1130.8870.4390.5610.3770.623 0.610~0.390 0.0110.989

(8)KP 0.0310.969 0.2330.7670.5030.4970.3120.688 0.5240.476 0.0160.984

(9)KS 0.0280.972 0.1980.8020.5460.4540.2800.720 0.5060.494 0.0130.987

(10)TAT 0.6980.302 0.1770.8230.2560.7440.1420.858 0.8ユ80.182 0.0420.958

(ll)TA}t 0.6340.366 0.1320.8680.4260.5740.2330.767 0.8240.176 0.0690.931

(12)PL 0.6220.378 0.1190.8810.3000.7000.0960.904 0.7530.247 0.0310.969

(13)PPM 0.6310.369 0.0710.9290.2930.7070.0950.905 0.7870.213 0.1470.853

(14)PC O.2930.707 0.1520.8480.4700.5300.1160.884 0.7500.250 0.0160.984

(15)PAD 0.5150.485 0.0610.9390.3140.6860.3140.686 0.5800.420 0.1260.874

(16)TN 0.5830.417 0.1790.8210.3920.6080.1760.824 0.5340.466 0.1930.807

(17)TS 0.7640.236 0.1080.8920.4730.5270.1950.805 0.3760.624 0.2070.793

(18)THE 0.7540.246 0.1120.8880.3040.6960.1830.817 0.6990.302 0.1650.835

(19)HAE 0.7390.261 0.3430.6570.3090.6910.1210.879 0.6310.369 0.5480.452

(20)AC 0.6600.340 0.3500.6500.5200.4800.2400.760 0.4810.519 0.1230.877

I(21)}!AT.I 1.0. 0.18ム0.8160.2850.7150.1840.816 0.7420.258 0.4230.577

㌔(22)MAD
1.0. 0.0350.9650.0830.9170.0710.929 0.7870.213 0.2310.769

(23)JL〔) 0.6390.361 0.0220.9780.0910.909..0.0910.909 1.0. 0.2480.752

(24)FORT 0.8040.196 0.0390.9610.1010.8990.0590.941 0.7230.277 0.3500.650

(25)LIT) 0.6350.365 0.1840.8160ー.2250.7750.1060.894 1.0. 0.3680.632

(26)AB 0.6670.333 0.1.0.1180.8820.1180.882 1.0. 0.2540.746

-(27)BAL 1.0. 0.i.0.0-260.9740.0340.966 0.6320.368 0.1.

■



■

▼

■

Table )a.

Genetic distances between eveI-y Pal-r of cattle populations,

calculated by the two geometric distances･ i･e･･ DF(upper right

of the diagonal) and DA(lower left of the diagonal)

(see the text for detailed explanations)

8) (9)(10)(ll)(12)(13)(1LI)(15)(16)(17)(18)(19)(20)(21)(22)(23)(2u(25)(26)(27)
P KS TAT TAN PL PPM PC PAD TN TS TNE MAE AC MAW MADJLD FO対 LID AB BAL

38o

298
勺33

387
∫-I25

381

386

383

39L1

256

275

2LI)I

256

279

332

256

259

229

272

295

28()

189

23う

227

332

338
■0

L[16

378
LIO3

39LI

332

35上1

38上1

332

325

261

2LI7

2う0

2L-I1

295

336
256

29〔)

233

316
332

30LJ

2LI7

252

220

237
0

小62

366 292 318 378

29)1 20L1 252 358
qo2 376 387仙9

3L18 3LJL1 312 362

338 3上18 317 352

318 302 299 3LI1

327 323 313 371

333 330 308 363

312 323 29q 3ql

19LI 209 170 236
181 211 166 231

222

2L17

27LL

2う1

199

2LIO

216

203
238

22う

270

200

196
0

150

181
219

192

153

197

163

17LI

189

189

118
131

0

181

161 170

208

228
221

203

206

193

181

198

215

1L17

0

].53

201

23勺

385

175
207

257

157

19L1

155

222

3LI1 387

290 338

386 LI26

252 339

277 375

293 323

296 370

282 356
261 3上19

193 206

16L1 22L1

16o 179

199 197
203 221

177 273
127 183
1LIO :川6

153 167

120 116
0 175 213

218 o 19L1

272223 0

232 28]. 191

208 198 201

257 22L1 321

339 313 298

387 386 277

310 367 332 307 371 351 375 3上16

285 332 291 298 3】7 298 322 282

358 393 375 365 3fi8 387 397 h26

297 333 282 275 2ti5 3LLO 309 322

2糾325 292 299 275 320 305 35LI

28o 322 3O7 30LI 318 321 312 320

287 336 286 297 2()2 336 305 35LL

268 30q 267 296 2E3o 318 291 3q1
267 307 273 282 250 298 272 337

107 1L15 170 203 181 221 165 211

118 1L[5 157 188 137 202 137 218
o o97 116 211 1LI6 18上1 126 181

106 o 1302ho171222127218

129168 o 26LI 188229167230

20勺221259 0 2]ユ25h 2q2230
189 206 2LI1 22LI 0 119 096 161
2L17 265 301 288 114 o 133 1LI5

15616222q 2LI3125129 0 162

22LI 2L17 290 2h5 176 197 167 0

163 194 226 168 1t11 16Ll 15)1 1LI7
221 218 283 308 222 205 185 150

216 232 27叫318 23叫2L･n 193 283

205 239 278 232 2上17 285 233 2Ll1

187 229 282 208 20む2LJ2 182 169

236 235 317 2う7 217 287 2q2 206

291 301 38o 352 272 307 26o 310

371J 387叫3勾Ll19 3上I93L16 326 391

1川

23

63

LL2

35

75

53

53
山2

85

0

06
上12

7L1
08

83

Lj3
62

5t1
86

5LI
Ilo

30

00

ll

71

76

(Ll) (5) (6) (7) (
TO KC JBLJBR K

(1) (2) (3)
HOL GR丸M=

o 167 218 287 278 218 2L13 2q5 273 307 3

191 0 258264 2732262h82L16 256313 3
210 306 o 269214 218222188 207 362 3

272 2382LI9 0 167177 1911871752732

291258250183 0 176173107 0852652

218230222163150 0 1糾18517128o2

28o 2L19 278 18LJ 167 132 0 113 1t11 267 2

26o 231 2LIO 17LI 1:川125 099 0 069 2LI9 2

28L1 2232q817810212h llq O6q o 27LI 2

LI57勺385叫8 372 370 382 370378 392 0 0

q79勺31 547 358 36o 38LI 336 367 368 o72
L158 399 5L17 373 381 376 36q 386 373 llLl 1

513 L168 599 E126仙1句25 428 L138勺37 151 1

叫2 376 532 3q1 35LI 370 339 361 3上I8192 1

366 373 LI89 375 L105 390 392 379 381 210 2

51LI 41叫583 h28 qo7仙o 397 392 37L1 222 1

515叫17 576叩1 LI30 L171 L132勺3叫叫12 269 2

526 43叫6ol L13LI叫o L13Lt387 Llll L100 1糾1

らll L127 635叫叫L175 q67 q55 L161仙L1 255 2

q50 377 55q 379 386勺20 392 379 355 210 1

568 50LI 630 h66 LI92 h67 q78上181上J62 250 2

5LI3 L15L1 631 LJ95 501叫62 i(53 LJ7LI上156 2L18 2

i(L16356 581叫1叫63 Lt30上I36 L136 LI22 2LIO 2

q63 384 590 L13斗叫7 427勾36 L128 q13 198 2

520 q87 622叫68 LI62 t150上[72 q5上l咋3 219 2

558 Lt88 575 q87叫52叫9 L156わ3勺L136 279 2

612 500 675 528 608 561 5叫567 571 3叫3

OL

RA

工

0

.C
BL

f沢

P

S

IAY

-AM

■L

PM

■C

AD

N

rS

■NE

)HO

)GR

)M工

)TO
)KC

)JI〕

)J王〕
)KP

)TAY

)でA‖

)PL

)PPM
)PC

)PAD

)TN

)TS

)THE

)MAE

)AC

)MAW

‡X?tD
)FON

)uD

)AB

)BAL

(1

(2

(3

(Ll
(5

(6

(10

(ll

(12

(13

(lil

(15

(16

(17

(18

(19

(20
(21

(22

(23

(2勺

(25
(26

(27

~ゝ

E弓

トノ
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Table ll .

principal component scores for twenty-seven cattle populations

Princ onent8

Z2 z3 Z7 Z8 Z9

(1

(2

(3

日

(5

(6

(7

(8

(9

(10

(ll

(12

(13

(1LJ

(15

)TO

)KC

)JBL

)JBR

)KP
1:S

TAY

TAN

PL

(16)TllJ

(17)でS

(18)THE

(19)ト1AE

(20)AC

(21)MAW
(22 )r･7AD

(23
(2LI

(25

(26

(27

)∫lo

)FOrJ

1.095

0.69

1.62

1.08
1.22

1

1

1

.1叫
i21

.20

9
1

6

6

3
8

9
7

-0.559

-o.812
-o.LIOO

-o.298

-0.739

-o.789

_o.812

-o.878

-0.613
-1.121

_o.88o

-0.609

-o､689

-o.8o2

-0.553

-1.037

1.739 -0.～
i.87h -o.3
i.03LI -0.1

0.672 -0.JI

o.358 -o.2

0.921 -0.0

5

5
2

3
つ
L

9

5
5
1l

5

7
8

9
8

5
1

5

8

0.53
0.1Ll

-0.

-0.

-0.
0.

-0.

-0

1LI

05
07

1)I

13
20

1

-0.0

0.叫17 -0.307 -0
0.754 10.L川1 -0

0.53

0.75

9
8

2

0.650 -0.

0.872 -0.
0.

1.

697

0.770

0.918

1.219

1.355

1.086

0.565

0.398

1.7糾

0

-0.

723

376
L120

5
2

6

8

67

83

3う

7L1

71

-0
0

-0

1

1

3

3

5
0

9

7

1

9
6

9

9
1

0.00

1

7

3
8

3

8

5

7
Ll

-0.219
0.)12Lt

0.15LL
O.210

0.031 -0

0

0.

0.

0.

03

28

99

23

9
3
6

0.

2

7

90

36
88

8Ll

-0.90

o.85

0.89

-0.15
o.5LI

0.5JI

o.66

o.81

o.6o
0.52

o.8LI

0.77

0.85

0.9q
1.12

0.57
0.LJI

0.02

0.53
0.33

0.33

o.16

0.55

0.88

0.62

0.83

0.L17
0.上12

3

9
LI

5

5

9
2

9
LJ

7
9

3
0

3
6

1

6
LI

1

8

3

3
L1

9

5

0.3
0.1

0.叫

55

35

-0.3
-0.2

_0.0

3

9

9
6

3
9

2

0.270 -0.251 -0.089 -0.L129

0.375

o.628
0.f'o5

0.･JO6

o.1L16

0.173

-0.072
0.02上l

-0.393
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-0.212

-0.
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-0.

-0.

-0
0

0

-0
0.1I32 -0.0)1LI
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o.2上Il
_0.16o _o

oo8
LI23

叫36

386

3h8

218
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02
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OLJ

08

-o.o3LI -0.190 -0.勺7

-o.116 -o.5叫6 -o

-0.273 -0.262 -0
3

-0.330 -0.173 -0.(川2 -0
o.532 -0.235 0.02h -o.25叫 -o

0.206■
-o.197 -0

0.OILI _0.200 -0

Ll

1

1

5

2

3

0.53
0.20

o.2叫

0.3LJ

0.25

0.65

0.ll

2

6
1

7

ち
8

1

5
8
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8

6

3
8
0

7

7
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Table 10

Eigenvalues for the first eight pr'incipal components computed fr'om f'requency data of

59 genes elasslfled at twelve loci ln the cattle populatlons
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Table 之l.

principal component SCOreS Obtained within

North and wlthln South populatlons

Principal components

zI Z2 Z3 Z卑 Z5

Vithin 9 populations from the north

(1)HOL

(2)GRA

(3)M=

(!i)TO

(5)ⅩC

(6)JBL

(7)JBR

(8)KP

(9)KS

(10)TAT

(ll)TAN

(12)PL

(13)rpm

(14)pc

(1う)PAD

(16)でⅣ

(17)T畠

(18)でⅣE

(19)MAE

(20)AC

(21)MAW

(22)MAD

(23)JLO

(2Ll)FON

(2う)L工D

(26)AB

(27)8AL

1.899
-0.793 -0.038

i.8斗3 -0.1年1 0.18o

0.625 -1.639 -0.115

0.卑33 -0.079 -0.556

0.2年7 -0.年5年 o.o52

o.8o中 一o.372 -0.519

0.585 -0.281 0.391

0.叫67 -0.536 0.377

o.296
-o.叫27

0.258

0.382 -0.039

-0.331
0.711

-o.142
0.593

-0.239 0.177

-o.oo8
o.169

o.583 0.773

0.329 0.532

~0.192 0.323

O.117 0.叫3上l

Within 18 populations from the south

ー0.022

0.021

-0.079

-o.o6L1

0.2叫5

-0.153

-0.079

-0.127

-0.267

-0.(川5

0.2斗2

-0.162

-o.859

-0.632

-0.516

-o.289

_o.81む

-1.569

o.471 0.卑26

0.361 0.413

o.654 o.383

o.733 0.565

0.786 o.663

0.113 -0.207

o.575 -0.098

o_824 -o.句o6

o.626 o.14o

o.687 -0.66o

o.828 -o.327

o.792 -0.558

o.71中
一o.o38

o.45句 -o.106

o.2叫 -0.182

-o.叫o6 -0.291

10.622
0.253

i.192 0.1Lt7

-o.196 -o.896

-o.203 -0.65中

一o.o61 -0.9斗1

0.029 -1.006

o.106
-o.968

-i.O15 -0.5斗5

0.076
-0.句52

0.253 -0.318

o.233 -0.6叫

0.079
-i.0年o

-o.243 -0.634

0.359 -1.075

-o.o85 -0.925

-o.312 -i_斗o9

-o.278 -0.995

-0.022 -0.997

0.392 -0.539

-0.375 -0.56o
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Fig. /1 . A map of East and Southeast Asia showing the

distribution of cattle populations investigated.

Blank circles indicate an introduced European breed or

a population gI-aded up to European breeds, and solid

circles indicate zebu breeds introduced from =ndii.

For the numbeI-S ln the rlgure refer to Table/£.
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(1)HOL---

(2)BRA---

(5)Mトー--

(q)TO-I---

(6)｣BL---

(7)｣BR----

(5)KC-----

(8)KP----

(9) KS----

(10)TAY--一一

(ユユ)TATLl-～--

(12)PL-----

(ユ5)PPTL･11--1-

(ユLl)PC----

(16)TN----

(18)THE---I

(ユ7)TS----

(2.3)AC-----

(19)㌣1AE----

(2ユ)MAW---I

(22)MAD一---

(2q)FON----

(25)JLO----

(15)PAD---

(25)LID----

(26)AB-----

(27)Bj).L----

0
.】 .2 .3 .4

Genetic Distance(DF)

Fig･ 20･ Dendrogram from DF matrix in

Table lg, constI-uCted by WPGM of Sokal

and Sneath(1963).
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(1)HOL---

(2)GRA----

(5)Jlトーーーー

(勾)TO---I-

(5)KC1---I

(6)｣BL----

(7)｣BR--I-

(8)KP--一--

(9)KS--一--

(10)TAY----

(ll)TA円----

(ユ2)Pトーーーー

(15)PPM--I-

(ユq)PC一--一-

(15)PAD----

(ユ6)TN---I-

(17)TS-----

(18)TTIJE---

(ユ9)MAE一-一-

(20)AC一--一-

(2ユ)MAW一---

(22)MA工)----

(25)｣LO--一-

(2q)Fo門-I-

(25)LID一丁--

(26)AB----

(27)BAL----

.l .2 .3 .4

GenetJ･c Distance(古A)

.5 .6

Fig･王L ･ Dendrogram from DA matrix in Table )g,

constructed by the same method as Fig.之o.
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2了

一l
llt
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Fig･ 22･･ Cattle populations plotted on the first and

se~cーondprlnclpal components. FエーOm 1 to 9 aI,e

European, Korean and Japanese populations, and from

10 to 27 are Southeast Asian populations. The former

group ls called --North populatlons-- and the latter

--south populatlons-- 1n the text. On the f､irst

component, a clear-cut genetic dlfrerentlatlon can

be recognized between the two groups･
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Fig. 23. North populations plotted on the first

and second prlnclpal components.

i Holstein, 2 GTati, 3 Mishima, LI Tokara

native, 5 Korean
native(Cheju =.), 6 Japanese

Black, 7 Japanese Brown, 8 Korean native(Pusarl_),

9 Korean native(Seoul).
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Fig. 2+. South populations plotted on the first and

second pエー1nclpal components.

27 Bali cattle, 22and23 Java of' Indonesia,

2斗,25 and 26 zebu type cattle, ll-21 Thai,

●

Philippine, Ta.iwan, Malaysian a.nd Sumatran na.tives.
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Fig. 15-. South populations plotted on the first

and third principal components. The third

component accounts for the genetic differentiation

between Taiwan-Philippine(10,ll-12,13,14) and

Malaysian-Sumatran(19,21-15,20) native populations.
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