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ME: A ALEHE 425 oF 10,000~15,0009 o] A AA He A
wEPHA  oRYA(Bos promogenius)7t  7FESIEe]  f{Estle A=
FAE =Y, 37 Fo] Q= 4 (Bos indicus)?t &°] Q= 4 (Bos taurus) T
WA FRE UE & Utk Bos raurus © &5t U Ae dESHE
WAl A57F dFE JASE 7] "ol BA AR

ZAPE EF Lo oY fHH A= #

Aol = evtet & Z1dat HAEe] g B 2 o]
204171 o] oA ARSEE A WE 1aet IIAo|A Fo olF

$AsA o2 Basi g st

W AN EIFE ZAAYW A& w4 DNAE FE3 £
FTHaAAHTSS Foll FJEZE=g o DNA D-loop A&
5

O
=
ZAHE-S ligationdr ¥ Escherichia coli A|Z2 W2 FAHeotar, ol&

F&% wEZCSor DNANGS @9, 92 52 33
GenBankeld @& % 243449 SAHGT WA ATRAS
Aot =d Maximum Composite Likelilhood 22 29 7F (544
AYE  Abstal, Neighbor—Joining % Maximum likelihood %H-&

olgste] AE4E At

S

ZA

v}

P

A3 @ 3Z: GenBankol] S5=2H Ad F A% oA &lgh

-
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At 7P GARE A2 AER oA HAHE Bos taurus(AF022924.1)
ojal = £(AY337535.D)F Eo & 7l 9t A9 LoME mi¢
=2 7448 fFAME B & AT HAH EE &+ Bos taurus Reference
Sequence(BRS)} H]w 3] ¥ wf 5% oG 3LofA (16138, 106, 169, 221,
587+C, 2536A, 9682C, 13310C) xzfolE H+=dl o|2ZFE o] A9
SIER2 15 Bos taurus T3Foe=E AAT £ Q9. HAAA A
nEZEgol DNA AdS 7|& HilE Foprol Z=9] 4 A 4u
HAste] O™ AFTE HEW Neighbor—Joining @ Maximum likelihood

W mRolA HaE S HoFE AAHeR os auruse 27 F

FQ0]: u]EZEg ol DNA D-loop, $+9, XA A, Bos taurus

sk ®:2014-21098
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. & BEZEZSF DNA 7IEAEBRO)T FAAH EE &

nEZEdor AgH|

5a. Maximum Composite Likelihood A4S o]gsto] 415 A=A

ZAAH & B @9 719 WEEEelol DNA A

5b. Maximum Composite Likelihood A4AHH-E o]8sto] H3F A&

nEZE=Eor DNA ZF & (Ad) 3t 712
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1. Bos taurus ©] Phylogenetic Tree (Achilli 5, 2009)
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2a. 3EEALAH-SE FF D-loop primer DNA SE4H=

2b. FHEAAH S-S B3 coding region primer DNA
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4. AN FFH 4 woN FEIF nEFE=E o DNA D-loop %
coding region 5844

5. Bos taurus 9] Phylogenetic Tree (Achilli 5, 2009)9A4 22 1%
Ty FEs oo St 25

6. Aol AHH F= & RIEZEEoF DNA A E9] #3917

7a. Neighbor-Joining Method2 2439t She-¢F HAIH 2 E HAAT)
4 Phylogenetic Tree (Circular)

7b. Neighbor—Joining Method2 2%t $H9-9} A EE ZAAH
4 Phylogenetic Tree (Radiation)

8a. Maximum Likelyhood Method Z ZAJ3t 3H¢-oF HAH EE

ZAAY 4 Phylogenetic Tree (Circular)

il

8b. Maximum Likelyhood Method 2 2143t 3H¢et HAA =

XA A& Phylogenetic Tree (Radiation)
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a4

Oa.

Neighbor—Joining Method =

Phylogenetic Tree (Circular)

9b. Neighbor—Joining Method =

Phylogenetic Tree (Radiation)

A

ZFAJoF

| R

10a. Maximum Likelihood Method= ZMAd3stH

Phylogenetic Tree (Circular)

10b. Maximum Likelihood Method=® ZFAJSH

Phylogenetic Tree (Radiation)
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A $27F AReSt Q= 4% oF 10,000~15,000 & A oprlof, 47,
ofme|zt B8 5 AA ZF Aol WA +23H oFYA(Bos promogenius)
T 457 71=3lste] AHEAY ZAow F451aL g th(Mannen 2], 1998).

=9 A AARLCR &Ae 5ol = A(Bos indicus) T =0] g A (Bos

A
taurus) 5 7FA 52 UsE 4 Y+=d(Mannen £], 1998), o] =

rlF

st QETiET ofmesl FdopAor W WER Fz pmsi: w,
Zol g At #Y ofmas}l opAloh SAN AgHT Urklai

SRR 29 2007)!. kA o] 20 A|7] o] st=

Ndez, FFozA kel dijt Zigel A™Hsh] od x|

o
o
AAEZC B AL 27t A gao ey FAstke] ofgle] AL B

FEozAMOf bl et E2 20417101 -t Aoz, I ol ko] &

[} f
AR AE A2 BT ofg2i fEL ohith £ 7L ZHAY 4 #E AR
2 ot APst7] wiigel I Almg i ke +EE a7t glew, ol 20

HE &' PEstel BoIS]R seeh



)

Aoz ZEAZY] "ottt (EF, 2007). ol o= SRt A
HARHFH I Epiiidis, 1928)0] oot Sejvu=t EF 24 9
L2e 71.8% Fou 1970 ddi $HFTIRMHAEE, 1974 Azode
gaA g 271 96.4%= @ Aol A9 stz FAEA HUH. olzt
e 2s] B 20 Al7] olddle eyl & H nodet 2 Ae 7
27F SSld Aoz FAHH A e B
A1 A ut o w-%- o v Ciril 21 554 5 /156 7) oLt LA
VIRHFEI@ RS RE) & ZA=de A= I8 AP 7]159]

Hol|7|& (A=A, 2009; AAY 5, 2014).

T AE AT de FHE wEol F= ARREHSIARE Adi
S019t4 = deoxyribonucleic acid(DNA)E ARg3F AF7F ol ALEil
At @A & DNA & ©]8, Random Amplified Polymorphic DNA
(RAPD) ¥4, micro-satellite 4ol lEZE2]oF DNA 248 &=
Foll ATEAS st YEul(HFS,2007) ©] F uEZEEo DNA & 9
DNA of H]5l] EdWo]&o] &1l (Haag-Liautard, 2008) ®A-F% (maternal
transmission Ste= BAol ol fATA Aol FastA
g2 Hth(Brown, 1979). Anderson 5(1982)2 16,338bp o Edl= 4

HEZEajcl DNA A58 BAss ¥ Agom Agsiasy oF we

filo

A7AE0] HFF A9 28 oz st @MY BEL =

A &ste] B 1arh(Xuan 5, 2010: A%EE, 2015).

A7 QoW o] dg §AAFEY A7AAE AWHET 5 gl
A(Bos taurus)® 7S¢ ©HEZEZol SIERIFC] tiFEE THolH

SHEgEo® TI-TS7HAZ Ws 4 AtH(Troys, 2001; Achillis, 2008,
20095 AlsE, 2015). PlEZEEoF AME P2 FsAHelA 7P =71
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izl o AHelA B raurus®] ZFESPF AAEAS 7Hedol wHAl
etth(Edwardss, 2004). ®H Z Qe &8 indicus)®l 7Soll=
JNEtfFolA  7H=3tEAetal  Sh=d 2 199 mEZE=got
SFERIF &ota stEggoz 197} 2oz yHk(Lais, 2006). ©]
T 595 139 ax Y2 ZF FoolA 71E3tE o] sHo=z SHEESlS

Aoz zAEe] Fgolde Tyt @Al 2% YRAWIME 1
=z

olglgt AFE Tl X WEZEol DNA AEHEE EAotd

a9 A% Ag= F o AsHeR #ske Aol Thsdtth

Seuete] Ao @9t B taurus AT A0t A4 FAET B

R B indicus R Fotul2|l7t aohs AHiAo® FAHEZE HejAl=

Zoz HIEA(EelE 5, 2002; Kim &, 2003; Kim &, 2010). skx]qt

ol ouZMAY @A jheo] =jtd o] wigRl Aom I
9l

AT A=A ZotR7] mle dSt

oo Wizt Aol {U ooz 8-9 AW et A Aof BIF Kim
5(2005)2] A77F =l ol aareh FEAGIAM ¢

WE AR to] mEZE=glo} DNA D-loop A4& A5t o8 7]&
Bug dAdf & DNAS Hlweh dtolrt. o] HuoA gele A
& DNAE A sigAFelA o= AE e Faet M

FASIHE AE Aolid] ok AFE nuet @A WEF A &

12
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A=
Adolle AT 20099 A=At de] o d=xAtd FEZE oF

Azeol Zu 2 A

—_

DNAEAS fsl "aAlZl 582 AREste] w Eds Zotd & 20:7

VE ZAfst] BHO 0 HS AAskHoh. Z=tdl WE 5.4% Sodium
hypochloriteol] 2027t & A|ATt th, BdSFTE 53] HHE A2 5o
Sodium hypochloriteE A|#3FL 99.8% Ethanol AREs] Wil $+ES
AAT & Hatd SR A 12417 AXA| 2

Nzel e 2 89

AxAZ1 W= SPEX 6750 Freezer / Mill (SPEX SamplePrep, Metuchen,
NDE AFE3H Eaet & 0.5g2 Eol 10 ml9] lysis buffer(EDTA 50 mM,
pH 8.0; 1 mg /mL of proteinase K; SDS 1%; 0.1 M DTDE ¥ &

567 C A 48417F g-aliatATt.
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DNA &

DNAFZof+= lysis buffer(10 mD¥} F%°] phenol / chloroform / isoamyl
alcohol  (25:24:1)= ARESte]  &sfid) WFe] dWds A7t <,
chloroform / isoamyl alcohol (24:1)2& phenol& AASIATE. DNAQ
222t AAol= QIAmp PCR purification kit (Qiagen, Hilden, Germany)&
AHEot A, 23 DNA+= NanoDropTM ND-1000 Spectrophotometer

(Thermo Fisher Scientific, MA, USA)S ©]-85}o] AH2Fg =A o4t

ofy

8 A AHHH-S-(Polymerase Chain Reaction)

A §27 ADe Fe) Aokl FRHEAAAFEOCRE Aarsie
1X AmpliTaq Gold® 360 Master Mix (Life Technologies, USA)¢}t Z+2}F 10
pmol®] primer’d, 40 ng®] HAAH EE 4 DNAE A0SR C™ Bos taurus
mitochondria D-loop primer 244%¢] AX 9 PCR Z72 3 29 & 39

77k Qoksl gt

2E5 DNAOA 14 SA2ES A% 98 25% Agarose Gel
(Invitrogen, USA)ES ARgs] A7]9%3%t & ethidium bromide(EtBr) &
1087 @45} 7} primer Z710] R WES Fehiol QlAquick Gel

Extraction Kit (Qiagen, Hilden, Germany)E& Alg8ste] SE2H A4S

16



A

(Transformation)
4& pGEM®-T Easy Vector (Promega Corporation,
Z1 % Escherichia coliHIT

gAE =H &
USA)E Ar&ste] 16A1%F (ligation, 2%) RH-A|
Axdgkste] 1 AHfA] (LB Agar

Competent Cells, RBC, Taiwan)A|Z =z FZA
HE, 12417 vieFotit. vijefe] £
12A17F

20ml, Ampicillin, X-GAL/IPTG)]
colonyE HAMIZ|(LB Broth 5ml, Ampicillin)flA]

T Az
Aokttt
deoz 1083

[¥eH colony7t =°i%+= AAElz] FEE 2000g9]

H
w25to] pellets QR HiFAS AAT &, QIAprep® Miniprep

Q] A]

kit(Qiagen, Hilden, Germany)& AF85t%] plasmidE F&5Itt

DNA Sequencing
23t plasmidE SP6 Universal primer, BigDye terminator v3.1 sequencing
kit @} 3730x] automated sequencer (Applied Biosystems, Foster City, CA)E
o]-85to] Sanger Sequencing 5F% 1 (Macrogen Inc, Seoul, Korea), ©]& &3l

AAA ZE 429 nlEZC=glo} DNA D-loop A ¥ &Hlsgit

17



DNA A¥ 24

At nEZC ol SHERIES 23T e MES ZFF97|IM4E (revised

Cambridge Reference Sequence)™ H|WSIY] F72 wHolE zlolWl &
phylogenetic tree 919 EZHZIAYE fx[olA E&ste] HHol9 =

watgezs S & tH(Torroni 5, 1993). & A t7A|=

BEEFA7IND(Bos taurus Reference Sequence)E 7HAIL Qlod, FYgt
PHom SHERIE 240l 7Festt. o dFodMde AAMAM SEH

4 woll A golgt mEZ=go} DNA D-loop A9 Anderson(1982)9]
Bos taurus Reference Sequence(BRS)®} H|wWsteY 11 SHERI1ES
Attt T3 National Center for Biotechnology Information(NCBI) o] A]
Al-85t= Basic Local Alighnment Analysis Search Tool(BLAST,
http://blast.ncbi.nlm.nih.gov/)E  ©]8ste]  GenBankel] &SFH CE

L Agel fade AFUT FAO oE &

Phylogenetic Analysis

Ade Fo FH mEZE=ZoF DNA D-loop Ag& HIFC= Slof
AsEAs AlZstir. 240 ARgE mEZE=ZoF DNA A4 k¢
55704, A& 4 19704, = 4 1637§A4] & BRSE ARESIAAL o] 2] B.
indicus 37§42} B. primigenius A 9-& outgroupl = SFATHAlEE, 2015).
35t n[EZE=gloF DNA D-loop AE2 MEGA6 Z27139] ClustalW
Wf71Z]E Foll Aot th(Thompson &, 1994). HEH AME F HA

Feet A EE ZAAY A& AME 7Fe] Phylogenetic distances

H

©
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http://blast.ncbi.nlm.nih.gov/

| T, BoAotolA H 230709 AME F Y
21 A FHH AES 1ESI o] HIE S 2 Phylogenetic distanceS
Attt Phylogenetic  distance  Al4tellE=  Maximum  Composite
Likelihood¥S ArEstH o  AA  ZF2  Subsitutions to Include
(d:Transitions + Transversions), Rates among Site (Uniform rates), Pattern

among Lineages (Same; Homogeneous), Gaps/Missing Data Treatment

(Complete Deletion) 2, Bootstrap> 10008] A AJ5te] &1t

48" AME=s ol8ste] AT (Phylogenetic Tree)E AH/dsti=t
MEGAG6 Tree Explorer ©] Neighbor—Joining (N]) ¥ Maximum Likelihood
(ML) ®WHS  o]gstdth(Hall, 2013). Phylogenetic distance Al4F}
72 dd el AAH EE 49 AeS, A EE 4E
IS FoAlotel A +HH A AleTE A4 AT NJ Tree &
2Hgst7] A Jukes—Cantor 7A2E Al4tste] 24 ARES A Fo] Z+z}

AsTE 287lo At Felste S AR, ML Tree o H¢
MEGA6 Models ©] Find Best—Fit Subsitution Model(ML) @&5-& ©]-85}o
7P L2 Tree Model = 215ttt NJ B Tree Model 2 Maximum

Composite Likelihood 2 Z8¥5t9=d A% ZH-S Substitutions to Include

10

(d:Transitions + Transversions), Rates among Site (Uniform rates),
Gaps/Missing Data Treatment (Complete Deletion) 2 o}o] Z1d§s}i Tt
ML Tree += Hasegawa—Kishino—Yano model = AFg3sto] 2HAJstom
A% 3H& Rates among Site (Gamma Distributed), No. of Discrete Gamma
Categories (5), Gaps/Missing Data Treatment (Complete deletion), HL
Heuristic Method (Nearest—Neighbor—Interchange), Initial Tree for ML

19



(Make initial tree auromatically; Default — NJ/BioN]), Branch Swap Filter
(Very Strong)= Sto] Z13¥5Ho] Tt

AsTE 18 1 Bootstrap ¥HE S5 HW NJ Tree 9 7% 100-
2000 Afolof Al AAsHH, 90%°1/de] Bootstrap #= AlF=7F ETHL
websh= B 25% olste] Axte AEdd RS 4 gloky ftrh(Hall,
2011). ML 9] A= olet g dutx oz 100 3] HX9] Bootstrap Tt
Adgst=t, ol NJ ¥yt Bl of Jtzos Ahte] wjle @ AJ7to]
e A& AU ZolthHall, 2011). £ AFolAE ML 9 3¢
500 3]€] Bootstrap =, NJ 2] 4% 1000 2]9] Bootstrap & A5} o,
Bootstrap A3} 4 50% w|F2 Cut off S}t

20



A WE A2 AAM FHANAN s5E FA 9 SaAqSY A
FA A
AZHE AEHS
(244d : AD.)
1A 1395~1420
1 1B 1400~1430
1C 1410~1435
21A 1430~1455
21 21B 1435~1460
21C 1445~1470

2 2} AelA 3hEY MBS A3l dr
2 el AES AAT 9 ulFA-

m il
JlN'
0_1.4
_0|L
38
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rE
fol
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(2

FTHBAAHTS(PCR) O AHEH primer FH
Annealing | Length
Primer | position Sequence (5" to  3)
Temp.(C) (bp)
T-1 | Forward | CGG CAC AAT CGA AAA CAAT 61 116

Reverse TCT TCC TTG AGT CTT AGG GAG GTT

T-2 Forward | CAA CCC CCA AAG CTG AAGTT 61 118

Reverse TGT GTT GAG TTA TTG GGA TTT TTG A

T-3 Forward | GTT CCA TAA ATA CAA AGA GCC TTA TCA 61 129

Reverse GGT CTG TGT ATG GGC GTG TT

T-4 | Forward | TCA ACA CAG AAT TTG CAC CCT A 61 100

Reverse ACC CCT TGC GTA GGT AAT TCA

T-5 | Forward | AAC ACG CCC ATA CAC AGA CC 61 115

Reverse GCA TGG GGC ATA TAA TTT AAT GTA CT

T-5-1 | Forward | ACC TAC GCA AGG GGT AAT GT 58 171

Reverse TCA AGA ATG AAT TTG ACA TAA TGT ACT

T-5-2 | Forward | CCC CAT GCA TAT AAG CAA GTA CA 58 138

Reverse AGC TCG TGA TCT AAT GGT AAG GAA

T-5-3 Forward | CAT TAT GTC AAA TTC ATT CTT GAT AG 58 100

Reverse TAG CGG GTT GCT GGT TTC

T-6 | Forward | TCCTTA CCA TTA GAT CAC GAG CTT 61 104

Reverse GAC CCC CAC GGT TTA TGG

T-7 | Forward | AAA CCA GCA ACC CGC TAG G 61 109

Reverse GGC CCT GAA GAA AGA ACC AG

T-8 Forward | GTG GGG GTC GCT ATC CAA T 62 137

Reverse | ATG TGT GAG CAT GGG CTG AT

22

&8t



T-9 | Forward | AAA ACG GTC CAT TCT TTC CTC TT 62 135

Reverse GCC ATA GCT GAG TCC AAG CA

T-9-1 | Forward | TAA TCA GCC CAT GCT CAC AC 58 115

Reverse CAA TAG ATG CTC CGG GTC AG

T-10 | Forward | TTA TTT TGG GGG ATG CTT GG 62 100

Reverse TTA TGC TGG TGC TCA AGA TGC

T-11 | Forward | CCT GAC CCG GAG CAT CTATT 62 100

Reverse ATT TAT GTC CTG TGA CCA TTG ACT G

T-12 | Forward | GAG CAC CAG CAT AAT GAT AAG CA 62 109

Reverse GGT GGT AGA TAT TTA AGG GGG AAA

T12-1 | Forward | ACA GTC AAT GGT CAC AGG ACA 58 137

Reverse TTG AGT ATT GAA AGC GTG AAA AA

T-13 | Forward | TCC CCC TTA AAT ATC TAC CAC CAC 62 122

Reverse GGG GCCTGC GTT TAT ATATTG

T-14 | Forward | TTT TTC ACG CTT TCA ATA CTC AAT TT 62 108

Reverse TTT TCA GTG CCT TGC TTT GG

12158 | Forward | AAA ATT GGT GCA ACT CCA AA 62 134

Reverse CGT AGA GTG GGT AGT TGG AAG G

587 | Forward | CAC ACC CTG TAG CTC ACG A 62 129

Reverse GTG GCT GGC ACG AGA TTT

2536 | Forward | AGG CGG GAA TGC ACA AAT 55 123

Reverse CCC CAA CCG AAA CTA CCA

9682 Forward | TCT GCT TCT TCC GCC AAT 62 105

Reverse GGA AAA GTC AGA CTA CGT CTA CGA

13310 | Forward | GGA ATA CCC TTC CTC ACA GG 62 133

Reverse TAC GGG TGC TGT AAA TAG CTG

23
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Temperature (C) | Time (min)
1| Pre—Denaturation 94 10
2 Denaturation 94 0.5
: iz 7 2-4 jq' ;(—1_%
3 Annealing (Z2) #Hx 0.5 42 3 é
4 Extension 72 0.5
5 Post—extention 72 10
24



AN =ZE =AM & w4 DNA & F2% & F 18 49

primer & ©]&ste] n]EZE=z2lof DNA D-loop A

S22 w2 20| oh7] fsll F 549 primer & ©]-83519 coding region
%

A7 EHelE F7t= s SHEAAHNE F AV YES &9

A7195NA 2lE FRaLAMRS AES FE5to] pGEM®-T Easy
Vectorg ©|-§, FAgE APsi=dl oloA dojxl 2+ & DNA
AMEZRE (Y 3) FF5 A D(consensus sequence)s ZAASIATHIH 4).
ol A& HEZEZol DNA BRS A¥ (15773-16338, 1-351, 587+C,
25364, 9682C, 133100)3% H|wo}H & 8 oA Ho|rt WA ETHAE 4).
ZHoz unEZCZol DNA D-loop ¥ coding region &£4-& Fdl
ZAANY BAE EE 4 W 3% slERIES T33 o= 24ES

tsog HAA EE 4 v|EEZE ol DNA D-loop A¥-& National
Center for Biotechnology Information (NCBI)©|A A|-&5t= Basic Local
Alighnment Analysis Search Tool(BLAST, http://blast.ncbi.nlm.nih.gov/)<
o]g5to] GenBanke] TEH ©E ANIEF} HUHEE AHASIATH
BAAT o AFolH Wold ZAAY 4 WEZEl DNA Age
Azol waE 4 g 29l AdT gz dAOE Be slshr


http://blast.ncbi.nlm.nih.gov/

GenBanke| =8 Ad F olfl AdoA At MIAF 7P FARE
]_

52A9L 3 AR P2 13} 7

GenBank AMA¥ w®lug AvE HW  HAAHNH SEH &
nEZC2lol DNASH AR MEE 2% B raurus B|EZEE]oF DNA
Pt o 712 BYE B taurus AET SHS] dASkE ASe
glolon], eA~EgotolA BHiHE B taurus(AF022924.1) 7} & 918719]
A T 2XoA AolEg Ho I F P fHHe=
7¥7k3 3L (Coverage=100%;  Identity=99%), 1 th-50=2 oA HIH
H(AY337535.1,
QA E2]oHAF022916,
FWIHtH(AF034443.1, Coverage=100%; Identity=99%), %=(EU281536.1,
Coverage=100%; Identity=99%), FHFJQO014659.1, Coverage=100%;:
Identity=99%), +AM=(AF389181.1, Coverage=100%; Identity=99%)%

TRt Aol A Bl B raurus7t =2 A4 fAMS HolFiHh

Coverage=100%; Identity=99%) =1}

Coverage=100%; Identity=99%),

== GenBankolA 4t @] ¢ mEZE2]of DNA 97|44
5570A1et ol AtolA EEd FAHE EE 4 mEZE=ZoF DNA
A71MEE MEGA6 ClustalWz AEstr zF d7]14<E 7Fe] Maximum
Composite Likelihood #=]& A4FSEATHESa). A EE A9t dd
She-ote] §AAZE 14704178 0.003, 137HA17F 0.0059] A 3hS Holes
T 890l 7R S UEUII e, 0.010 o/ ALE Hol= WA=
WA EAIstE 5 A ¢ WolA= 424 A7 gstAl vetv=

26



(o]

=22 A ot dE, = 9 ke & "EZEEoF DNA®ZIME
24071 A1eF BAE EE A mEZEZoF DNA 97|44s i A 9E=
1&8kote] Maximum Composite Likelihood AzlE  Al4toHThH(A5b).

AAH EE £9] 3¢ 4B £(0.003), e9(0.004) o ¥ FAMIS ES

e BlustH FHA ARt Hdo| wEb S4% ZolE HoFSlE=d,
eu dE AAY FAM & et ufe PR ARE HoFs Ak
AAT  Guangfeng(0.047), Wenling(0.048), Dabieshan(0.048)53 o]

AR
ZAAD BAAE 2ok A4 A7 | F=aE AT (TH 6).

npzjeko 2 MEGA6 Tree Explorer & ©]8, Neighbor—Joining(N]) %

Maximum Likelihood( ML) Ho] 7]%3sto] dof +-$9} AT HAA £,

Sotrlot &aoF AAHE 4 AFFE A7 Azt WA NJ Tree & 187]
Aol Jukes—Cantor AHE AXtetA=H Asa 2Adol Aottt wmet
7158t ZF (0.023)2 AthHall, 2013). AE54E= 22t radiation ¥}
circular o2 FAIFG 4 JA=U(@"E 7 ~ 9 10) EHoh AEA =2

ATE A7] $J5te] condensed tree AFFL >50%2 SHTH

NJ % ML ¥ HEF AFEA dAie H% e HoAFded
outgroup ¢l B. indicus 9 A RE AN B taurus = F310]
TEEAL et HAHE EE 49 AFSFE EA gHEEY A= I
TFEEZ] 4 FYstd, A EE &k /34 AYrt
0.010 ool L& A7} 22 HAehE olF+= Eee HAAFUArH(1d

7, 2% 8). FoFAoF AHY & AT A AA FEE BHE A F



X,

dor UHedH, AAd EE 49 9 e, 42 4 H dF F=
a7 b ek &otd, U] S A0l B tohE A &ole Ba

E 4 A= o7ldde S 7 A HF Holx] ot S 49
7% Diqing, Nandan (34]4), Enshi (€54]), Zhaotong (=24), Yanjiang
(894), Rikaze, Longlin, Changbaidifang, Mongoliad, Tibet, Yanbian(E]#l),

=

)

Kazakh 5o] AAA & 49 &2 Ao &%
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(x4

A H|EZCglo} DNA 7]1&A < (BRS)T

BAE 2E & nEZEEol Ade|

Holo] 9]%] 7144 (BRS) AAH 4
16138 T C
106 T C
D-loop
169 A G
221 C CC (insert)
587 C CC (insert)
Coding 2536 C A
region 9682 G C
13310 A C
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(¥ 5a) Maximum Composite Likelihood AATH-E o]-&oto] 3t A HAITH

Aot e ek fhe] nlEZEoF DNA 72
Distance
Cheonggye_D-157
HanWoo_AF499238 0.003
HanWoo_AF499239 0.003
HanWoo_AF499240 0.003
HanWoo_AF499241 0.005
HanWoo_AF499242 0.005
HanWoo_AF499243 0.006
HanWoo_AF499244 0.007
HanWoo_AF499245 0.010
HanWoo_AF499246 0.007
HanWoo_AF499247 0.007
HanWoo_AF499248 0.003
HanWoo_AF499249 0.003
HanWoo_AF499250 0.003
HanWoo_AF499251 0.005
HanWoo_AF499252 0.005
HanWoo_AF499253 0.006
HanWoo_AF499254 0.006
HanWoo_AF499255 0.003
HanWoo_AF499256 0.005
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0.005
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0.005
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0.003
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0.003

HanWoo_AF499262

0.003

HanWoo_AF499263

0.011

HanWoo_AF499264

0.010

HanWoo_AY337520

0.010

HanWoo_AY337521

0.009

HanWoo_AY337522

0.006

HanWoo_AY337523

0.011
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0.005

HanWoo_AY337525

0.007
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0.009
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0.024
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0.005
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0.005
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0.006
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0.003
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0.005
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0.006
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0.005

HanWoo_AY337535

0.003
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HanWoo_AY337536

0.006

HanWoo_AY337537

0.008

HanWoo_AY337538

0.003

HanWoo_AY337539

0.007

HanWoo_AY337540

0.006

HanWoo_AY337541

0.006

HanWoo_AY337542

0.009

HanWoo_AY337543

0.013

HanWoo_AY337544

0.003

HanWoo_AY337545

0.008

HanWoo_AY337546

0.007

HanWoo_DQ124371

0.005
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(2™ 1) Bos taurus ©] Phylogenetic Tree (Achilli 5, 2009)

Bison bison / Bos grunniens

@173 @221.1d @249 @5743 @7356 @8494 @10331
@14825 @15627 @1605: 55 & 659 further
335k

248 518 737 1869 2953 2977 2988 2990 3051 3071 93 206232233
3874 3985 4000 4562 4730 4769 4871 5285 6379 6460 7358 7830 7851 761816 1158
8210 8308 9038 9602 10039 10066 10137 10322 10849 11068 12178 1474 1492
12433 12513 12672 12924 13275 13437 13554 13584 13689 13882 13909 1600d 1677
14129 14138 14255 14411 14416 14897 15146 15308 15326 1559315605 1524 1860A 2016
15629 15751 16082 16049 16058 16074 @16127 16138 16247 @16250 2099 2989 3136
3145 3241 3379
m 137 ky 3829 3931 3976
T 1 | I 4328 4442 4733
4937 5531 5783
*16057 |!°G4I 1612116137 234+T 780 5917 5998 6115T
8296 2979 3439 3600 5614 67727330 — s o
7514 8188 %8494 9005 9978 10331 pad
190 7304 7361 8045
11134 11419 11842 12234 12469 12622, s 8168 8285 8466
12684 12801 12900 13056A 14825 6118 6475 8503 8571 8749
15579 15617 15627 15818 e Tade 8984 9068 9245
. 9176 9659 9581 9767 9891
16127 16200+A 16248 16250 *@16255 16301 Skl fhend 030G 10153 10288
11755 12045 10445 10590 10621
PQT 71 ky 13154 13260 11035 11200 11266
1 ) \ 13458 13506 11329 11407 11803
190 222 14000 14624 12135 12377 129237
106 166 @169 *73 *221+C *249 3011128 14906 14951 13008 13104 15200
300 3550 #5743 5890 6436 57356 1481 2171 15065 15900 13433 13564 13677
10691G 15951 16085 16122 16264 2585 3379 16076 16135 13692 13908A 14066
48 k 4252 16231 14120 14315 14503
34 4293 14606 14358 15105
; lu QT o e @ 4676 15287 15563 15741
| ' 5156
5501 8370C 11000 To18 8318 5681
12468 12675 12750 107174 10921 5899 16119
14036 15134 15953G “'1“::‘17@ 6160 16130 16143d 16147
1 8815627 7952 201 2 16196 16229
16 k Lot 2157 @13 @1520416300
T Yy 15 ky 8236 21.1c 4628
13008 poor s
10126
16436 1457 b1 4361 @s614
T1'2'3 13 ky fo1 11468 pres 8520
12016 2001 9805
16113 16255 hried 8767 10884
6202 G 12738 9480 11200
67 8405 3ol 092 1749
13128 13089
2214C uon 13717 14531
12158 *169 15873 14051 14841
1 15714h 14487
[T3a| |T3b| e @ m
1
. . Je0st !
18510 16058
16042 esbel ‘18074
16093 9682C 16231
16302 13310C
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200
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12158

(2" 2b)
3t coding region primer DNA

NC; Negative Control
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NC 13310 NC

36

9682

NC



(19 3) - SQIH A FF5AE

HAHUA 2E3 4 WO =T A2l DIE2=2]0t D-loop sewmence
(15773-16338, 1-352)

Consensus
T2

T2(5)

15773 15845
CTATTTAAACTATTCCCTGAACACTATTAATATAGTTCCATALATACALAGEGLCT TATCAGTATTAAATTTA

15835 18915

Consensus
T3

TATTAAATTTATCAAMAAT COCAAT AACT CAACACAGAATTTGCACCCTAACCAAATAT TACARACA CCACTAGCT AACAT

Consensus
TACTT
T4.2)
T4(3)
T4(4)
T4(5)

Consensus
7

15885 15341
ACCHARTATTACAAACACCACTAGCTALCATAACACGCOCATACACAGACTA CAGAL

15937 155096
CAGLATGAAT TACCTACGCAAGGEET AATGTACAT AL CATTAATGT AATARAGACATAATATGTATAT

T8i8)

Consensus

15969 16057
CATAACATTAATGTAATARAGECATAATATGTATATAGTACATT AAATTATATGECCCATGCATATALGCAAGT ACATGACCTCTATAG

16065 16041

CAGTACATAMTACATATAATTATTGACT GTACAT

16047 16136
GAOCTCTATAGCAGTACAT AATACATATAATTAT TG CTGTACATAGTACAT TATGTCAAMTTCATT CTTGATAGTATATCTATTATATA

16163 16222

ATTACCATGECACGGAAACH GO CDCGL TABGCABRA TOCTCTTCICGTCOSa0
O SR PP PRI

Consensus
TaTT
TH2)

16199 16267
AGEGATCCCTCTTCTCGCT COGGRECCA T AAACCGT GREEGTCECT A TCCAL TRAATT T TACCAGECAT

37



T3}
T 4)
THE)

Consensus
TE

16253 16327
AATTTTA CE‘.“\GG%ATCTGBT TCTTTCTTCAGGEICATCTCATCT ARAACGRT CCATTCT TTECTCTT AL TALGA

16325 11
CATCTOGATGGACT AATGECTA

Consensus
TE(T]
T8 2)
T8(3)
TE(4)
TEE)

Consensus
TS

T9(5)

Consensus

16319 1 73
AATAAGACATCT COATGEACT ARTGECT AATCAGCCCATGOT CACACATAACTGET GCT GTCATACATTTGGTATT TTTTTATTTTGEGHEGA

TH1(3)

Consensus
T

3 104
TAACTGTGCTGTCATACATTTGGETATTTTTTTATTTTGEGGE TECTTEGEACT CAGCT A TRRCCGTCALAGEIC

g2 13
CTCAGCT ATGGOCGTCAAA GRCCCCGACCCGRGAGCAT CTA TTGT AGCTGGACT TAACT

125 173

TAGCTGEGACTTAACTGCAT CTT GAGCACCAGCAT AATGAT AAGCGT GGACATT A

171 231
GEACATTACAGTCAAT GGT CACAGRACATAAATTATATTATATATCCCCCOCTTCATAL A4

200 291
AAATTATATTATATATCOCCOCCTTCATAAAAATTTCCOCCTTAAATATCTACCACCACTTTTAACAGACTTT TCCCTAGATACTTATTTAAA

2589 33
TTTAACAGACTTTTOCCTAGATACTTATTTAAATTTT TCACGCTTT CAATACT ChA TTTAGCACTCCAAACARAGT

319 352
GCACTCCAAACARAGT CAATATATALACGCAGED
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AAHoA E25H A MolA =& DNAY coding region sequence
(687+C, 25364, 9682C, 12158, 13310C HO| 2= 2 FI AlIF)

567 558
Consensus CGOCTTGCTTAACCACACCCOCA CGGGA AL CAGCAGTGACAAAAATT AAGCCATALACGA AMGT TTGACT AAGTTATATTAAT TAGGGTT GGT

2509 7595
Consensus A GACGAGAAGACCCTA TGRAGCTTTAACT AACCAACCCAAAGAGAATAGATTTAACCAT TAAGGAAT AACAACAATCTCCATGAGT

9637 9699
Consensus TAAAATTTCATTTTACTTCTAACCACCACTTCGGCT TTGAAGCCGCT GCCTGATACTGACATT
BRS 9582(2)
ERS 9682(3)
BRS 9632(4)
BRS 9682(5)

12101 12192
Consensus TAAAAGTAATAAACATATTCTCCTCACTCT CACTAGTTACTTTACTCTTACTAACTATACCCATTATAATAATAAGCTTTAACACCTAC
ERS 12188(2) ..
BRS 12158(3) ..
BRS 12158(4) .. ..

13272 13363
Consensus ATTCTACTCCAAAGACCTAATCATCGAA GCCGCCAACACGTCTTATACCAACGCCTGAGCCCTTCTAATAACATT AATTGCCACCTCTTTCA
BRS WSSID(Z) .
BRS 133]0(5) ..
ERS 13310(4)
BRS 13310(5)
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g 4
AAAANA TZH A& wo| A =& nEZE2oF DNA D-loop ¥

coding region 5-5A14

D-loop

gZ%AAAC TATTCCCTGA ACACTATTAA TATAGTTCCA TAAATACAAA GAGCCTTATC AGTATTAAAT
%i?"éAAAAA TCCCAATAAC TCAACACAGA ATTTGCACCC TAACCAAATA TTACAAACAC CACTAGCTAA
éi%lxiCACGC CCATACACAG ACCACAGAAT GAATTACCTA CGCAAGGGGT AATGTACATA ACATTAATGT
/ii’?“iiAGACA TAATATGTAT ATAGTACATT AAATTATATG CCCCATGCAT ATAAGCAAGT ACATGACCTC
"}i%skéCAGTA CATAATACAT ATAATTATTG ACTGTACATA GTACATTATG TCAAATTCAT TCTTGATAGT
iglléé’rATTA TATATCCCTT ACCATTAGAT CACGAGCTTA ATTACCATGC CGCGTGAAAC CAGCAACCCG
é%l%(g}éCAGGG ATCCCICTTC TCGCTCCGGG CCCATAAACC GTGGGGGTCG CTATCCAATG AATTTTACCA
(1}(6}%/6\;CTGGT TCTTTCTTCA GGGCCATCTC ATCTAAAACG GTCCATTCTT TCCTCTTAAA TAAGACATCT
16333

CGATGG

/LCTAATGGCT AATCAGCCCA TGCTCACACA TAACTGTGCT GTCATACATT TGGTATTTTT TTATTTTGGG
Z}(l}ATGCITGG ACTCAGCTAT GGCCGTCAAA GGCCCCGACC CGGAGCATCT ATTGTAGCTG GACTTAACTG
éi"}“CTTGAGC ACCAGCATAA TGATAAGCGT GGACATTACA GTCAATGGTC ACAGGACATA AATTATATTA
%11%'}‘ATCCCCC CCTTCATAAA AATTTCCCCC TTAAATATCT ACCACCACTT TTAACAGACT TTTCCCTAGA
281

TACTTATTTA AA CAC GCTTTCAATA CTCAATTTAG CACTCCAAAC AAAGTCAATA TATAAACGCA GG
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Coding region

567

CGCCTTGCTT AACCACACCC CCACGGGAAA CAGCAGTGAC AAAAATTAAG CCATAAACGA AAGTTTGACT
637

AAGTTATATT AATTAGGGTT GGT

2509

AAGACGAGAA GACCCTATGG AGCTTTAACT AACCAACCCA AAGAGAATAG ATTTAACCAT TAAGGAATAA
2579

CAACAATCTC CATGAGT

9637
TAAAATTTCA TTTTACTTCT AACCACCACT TCGGCTTTGA AGCCGCTGCC TGATACTGAC ATT

12101

TAAAAGTAAT AAACATATTC TCCTCACTCT CACTAGTTAC TTTACTCTTA CTAACTATAC CCATTATAAT
12171

AATAAGCTTT AACACCTAC

13272

ATTCTACTCC AAAGACCTAA TCATCGAAGC CGCCAACACG TCTTATACCA ACGCCTGAGC CCTTCTAATA
13342

ACATTAATTG CCACCICTTTCA
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(a4 5)

Bos taurus 2] Phylogenetic Tree (Achilli

= 2009) A
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(2™ 6) Aol AH8d & mEZEZoF DNAMES] 4914

5
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(2™ 8a) Maximum Likelihood Method 2 2}
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Phylogenetic Tree.
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(14 9b)

Neighbor Joining Method 2 243t Phylogenetic Tree.
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Phylogenetic Tree.
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Maximum Likelihood Method 2 2}/d3t Phylogenetic Tree.
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Abstract

Although genetic information of Bos taurus has been successfully elucidated
by a number of studies, there were very few researches on the ancient DNA
of the cattle, especially made upon the historical cases that were raised in
South Korea. In this study, we tried to analyze the mitochondrial DNA D-loop
and coding region sequences of 15" century cattle bone obtained from
Cheonggyecheon ruins of Joseon period. The consensus sequence was
determined by the alignment of individual clone sequences. Consensus
mitotype of the Cheonggyecheon cattle was 16138C, 106C, 109C, 221+C,
587+C, 2536A, 9682C, 13310C (Haplogroup=T3). Comparing the current
result with the sequences available in GenBank, Cheonggyecheon cattle
mtDNA was similar to modern Bos taurus raised in South Korea, Japan,
China (of northern provinces) and a few even in Europe, America and
Oceania. Phylogenetic analysis also revealed that Cheonggyecheon B. taurus
was genetically different from the cattle raised in and around Southern
Chinese provinces. Although more studies on aDNA are still needed for
enriching our genetic knowledge about the history of genus Bos, this report
can be an important stepping stone for our future studies on the cattle of

historical societies in East Asia.
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Jpu

No. | organism Location Max | Total | Query | Accession
score | score | cover
1 Bos taurus Austria 1685 | 1685 | 100% | AF022924.1
2 Bos taurus Korea 1679 | 1679 | 100% | AY337535.1
3 Bos taurus Austria 1679 | 1679 | 100% | AF022916.1
4 Bos taurus Canada 1679 | 1679 | 100% | AF034443.1
5 Bos taurus Canada 1679 | 1679 | 100% | AF034438.1
6 Bos taurus Austria 1679 | 1679 | 100% U92242.1
7 Bos taurus China 1677 | 1677 | 100% | EU281536.1
8 Bos taurus Austria 1677 | 1677 | 100% | AF022918.1
9 Bos raurus | - ban Creole 1676 | 1676 | 99% | JQ070359.1
10 | Bos taurus | Cuban Creole | 1676 | 1676 | 99% | JQO014659.1
11 Bos taurus China 1674 | 1674 | 100% | EU281508
12 | Bos taurus | New Zealand | 1674 | 1674 | 100% | AF389187.1
13 | Bos taurus Austria 1674 | 1674 | 100% | AF022921.1
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14 Bos taurus Austria 1674 | 1674 | 100% | AF022920,1
15 | Bos taurus Austria 1674 | 1674 | 100% | AF022919.1
16 | Bos taurus Canada 1674 | 1674 | 100% | AF034445.1
17 | Bos taurus Canada 1674 | 1674 | 100% | AF034442.1
18 | Bos taurus Austria 1674 | 1674 | 100% U92238.1

19 | Bos taurus Austria 1674 | 1674 | 100% U92235.1

20 | Bos taurus China 1672 | 1672 | 100% | EU281538.1
21 Bos taurus China 1672 | 1672 | 100% | EU281529.1
22 | Bos taurus China 1672 | 1672 | 100% | EU281511.1
23 | Bos taurus China 1672 | 1672 | 99% | EU281505.1
24 | Bos taurus China 1672 | 1672 | 100% | EU281403.1
25 | Bos taurus China 1672 | 1672 | 100% | EU281391.1
26 | Bos taurus China 1672 | 1672 | 100% | EU281382.1
27 | Bos taurus China 1672 | 1672 | 100% | EU281379.1
28 | Bos taurus Korea 1672 | 1672 | 100% | AY337544.1
29 | Bos taurus Korea 1672 | 1672 | 100% | AY337531.1
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30 | Bos taurus Austria 1672 | 1672 | 100% | AF022922.1
31 | Bos taurus Ireland 1672 | 1672 | 99% L27719.1

32 | Bos taurus China 1670 | 1670 | 99% | EU281530.1
33 | Bos taurus China 1670 | 1670 | 99% | EU281349.1
34 | Bos taurus Austria 1670 | 1670 | 100% U92232.1

35 Bison Russia 1668 | 1668 | 100% | HQ437666.1

bonasus
36 | Bos taurus China 1668 | 1668 | 99% | EU281509.1
37 | Bos taurus China 1668 | 1668 | 99% | EU281507.1
38 | Bos taurus China 1668 | 1668 | 99% | EU281506.1
39 | Bos taurus China 1668 | 1668 | 99% | EU281450.1
40 | Bos taurus China 1668 | 1668 | 99% | EU281371.1
41 | Bos taurus China 1668 | 1668 | 99% | EU281348.1
42 | Bos taurus Korea 1668 | 1668 | 100% | AY337536.1
43 | Bos taurus Korea 1668 | 1668 | 100% | AY337534.1
44 | Bos taurus Korea 1668 | 1668 | 100% | AY337522.1
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45 | Bos taurus | New Zealand | 1668 | 1668 | 100% | AF389179.1

46 | Bos taurus Canada 1668 | 1668 | 100% | AF034446.1

47 | Bos taurus | New Zealand | 1668 | 1668 | 100% | AF034444.1

48 | Bos taurus Austria 1668 | 1668 | 100% U92239.1

49 | Bos taurus Austria 1668 | 1668 | 100% U92236.1

50 | Bos taurus Austria 1668 | 1668 | 100% U92230.1
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