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ABSTRACT

Ancient DNA was extracted from cattle and wild boar bones and compared with the
sequences of extant cattle and pig breeds in a phylogenetic analysis. The animal bones
were collected from four archaeological sites on Jeju Island which were estimated to date
from between A.D. 0 to A.D. 900. The extracted DNA was used as template for PCR
amplification of the mtDNA control region. We determined the nucleotide sequences of
the mitochondrial DNA (mtDNA) control region using cloning and sequencing, and
obtained the complete sequence from the cattle bones and a partial sequence (305 bp)
from the wild boar remains. In addition, we determined the nucleotide sequences of Jeju
native black cattle, Korean cattle, and Korean wild boar. The ancient sequences of the
mtDNA control region were compared with previously reported sequences. The cattle
bones were compared with 12 Asian, 8 European, and 3 African breeds. The wild boar
bones were compared with 10 Asian breeds (including 3 wild boars) and 8 European
breeds (including 2 wild boars). In the phylogenetic analysis, the four cattle bones
formed a monophyletic group with Jeju native black cattle. However, the pattern of
sequence variation and reports from the archaeological sites suggest that a few wild
cattle that possessed a distinct maternal lineage existed on Jeju Island. The bones of the
eight wild boars were more closely related to the Meishan pig and to Korean and
Japanese wild boars than to any other pig breeds, including the Jeju native black. This
relationship suggests that in the past two maternal lineages existed on Jeju Island, wild
and domestic forms. Our results will contribute to further studies on the origin of Jeju

native cattle and pigs and the existence of local wild cattle and wild boar.

Key word : ancient DNA, archaeological, cattle, control region, mitochondrial DNA,

monophyletic, origin, phylogenetic, wild boar
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Hoss et al., 1996). ©] ¥ o]f=2 3+ M| 3Z ]l single-copy= =5} 3 DNAK.T}H=
W copy® A5 v EZ =20} DNA (mtDNA)2] 4 o] 2o A
82 Aol ] AbEE AL QT

VEZEE ol DNAE Sol4 o BIAf4d gElS Kol il (Giles et al., 1980;
Kavar et al., 1999), A 25 & Alo] WA sl #] ko, sl DNAK T} 108] o] A w2
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et al., 2002).
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Figure 1. Four archaeological sites where the ancient animal remains in this study were
excavated. (A)-(D) indicate the positions of Kumsung, Kwakji, Gonae and Kimnyung

site in Jeju Island, respectively.



Table 1. Characteristics of the animal remains used in this study

Species Specimens Archaeological sites Age (suspected)

Bos spp. Humerus Gonae A.D. 700-800
Radius-1 Kwakji (IV) A.D. 800-900
Radius-2 Kwakji (IV") A.D. 800-900
Tooth Kwakji (II') A.D. 0-200

Sus spp.  Tooth (mandible)-I Kwakji (II') A.D. 0-200
Tooth-1 Kumsung AD. 0
Tooth (mandible)-2 Kumsung AD. 0
Tooth-3 Kumsung AD. 0
Tooth (mandible)-4 Kumsung AD. 0
Tooth (mandible)-5 Kumsung AD. 0
Tooth-A Kimnyung A.D. 0-500
Tooth-B Kimnyung A.D. 0-500

"Il and IV indicate the positions in Kwakji archaeological site where animal remains were found.



Figure 2. Photographs of the ancient cattle remains. Humerus fragment from Gonae (A);

radius fragment (B), (C) and a tooth from Kwakji (D).



Figure 3. Photographs of the ancient wild boar remains. (A) mandible from Kwakji;
(B)-(F) teeth and mandibles from Kumsung; (G) and (H) teeth and mandibles from

Kimnyung.
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Table 2. Oligonucleotide sequences of the primers used in this study

Species  Names Sequences References

Bos spp. BD-1F 5-GACAGGTCTTTGTAGTACAT-3' This study
BD-1R" 5-GTAATTCATTCTGTGGTCTGTG-3'  This study
BD-2F 5-CACAGACCACAGAATGAATTAC-3' This study
BD-2R" 5-GCCCGGAGCGAGAAGAGGGA-3' This study
BD-3F 5-TCCCTCTTCTCGCTCCGGGC-3' This study
BD-3R" 5-CATTATGCTCCTGCTCAAGATGC-3' This study
BD-4F  5-GCATCTTGAGCACCAGCATAATG-3' This study
BD-4R" 5-ATGTGTTTATGGAGTTGGGA--3'  This study

Sus spp. SD-1F
SD-1R

5'-CAGTCAACATGCATATCACC-3' Watanobe et al., 2001

5'-ATGGCTGAGTCCAAGCATCC-3' Watanobe et al., 2001

*The primers were designed on the basis of nucleotice sequences of the control region of bovine mtDNA

(Anderson et al., 1982).
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1 2 3 4 123456738

(A) (B)
Figure 4. Agarose gel electrophoresis patterns of total DNA isolated from the ancient
animal remains. (A) ancient DNA from four cattle remains; (B) ancient DNA from eight

wild boar remains.
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M1 1 2 3 4 M2123 45 67 8

@A) (B)
Figure 5. Agarose gel electrophoresis patterns of the amplified fragments of the mtDNA
control region from the ancient animal remains. (A), four amplified fragments (297, 296,
298 and 294 bp) from the cattle remains; (B), eight amplified fragments (305 bp) from
the wild boar remains. M1 and M2 are the DNA size-markers, GeneRuler DNA Ladder
Mix and GeneRuler 1 kb DNA Ladder.
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Table 3. Comparison of the sequences of the mtDNA control region from the cattle

remains and other cattle breeds

Length  Accession

Species Breeds References Continents
(bp) No.
Bos spp. Humerus (ANC-1) 890 AY?298746 This study
Radius-1 (ANC-2) 890 AY298747 This study
Radius-2 (ANC-2) 891 This study
Tooth (ANC-4) 887 This study
B. taurus Jeju native black-1 (Jnb-1) 889 AY298748 This study Asia

Jeju native black-2 (Jnb-2) 888 AF409046 Kim et al. (2003)
Jeju native black-3 (Jnb-3) 888 AF409047 Kim et al. (2003)
Jeju native black-4 (Jnb-4) 891 AF409048 Kim et al. (2003)
Jeju native brown-1 (Jnb-1) 888 AF409050 Kim et al. (2003)
Jeju native brown-2 (Jnb-2) 889 AF409051 Kim et al. (2003)

Korean cattle-1 (KC-1) 888 AY298749 This study
Korean cattle-2 (KC-2) 889 AF409055 Kim et al. (2003)
Korean cattle-3 (KC-3) 889 AF409056 Kim et al. (2003)
Korean cattle-4 (KC-4) 889 AF409057 Kim et al. (2003)
Japanese black-1 (Jb-1) 888 U87903 Mannen et al. (1998)
Japanese black-2 (Jb-2) 889 U87904 Mannen et al. (1998)
Holstein (Hol) 888 J01394 Anderson et al. (1982)  Europe
Limosine (Lim) 889 AF034446 S(Téfﬂlﬁi}i‘h?&q“i“
Charolais (Cha) 888 L27716 Loftus et al. (1994)
Friesian (Fri) 889 L27719 Loftus et al. (1994)
Hereford (Her) 889 L27724 Loftus et al. (1994)
Simmental (Sim) 888 L27734 Loftus et al. (1994)
Jersey (Jer) 888 L27726 Loftus et al. (1994)
Aberdeen Angus (Ang) 890 L27713 Loftus et al. (1994)
Butana (But) 889 L27714 Loftus et al. (1994) Africa
Kenana (Ken) 889 L27728 Loftus et al. (1994)
N'Dama (Dda) 888 L27730 Loftus et al. (1994)
B. indicus Hariana (Har) 889 L27722 Loftus et al. (1994) India
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HA A A 4+5 EUZ neighbor-joining (NJ) tree (Fig. 8)} A= ol A Z}z}
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11111111111111211111111111111111111111111111111111111111111111111

5555555555555666666666666666666666666666666666666666666666666666

8889999999999000000000000000001111111111111111112222222222333333 11111112222222222233
Breed 1452555789999022444455557888890001111222233344590222445689000012 700667890222334446900
TeCdS 896413913247882602780578424563249367912670783746058978501401298148256694966111237895601

Hol AACCTCGTAAAATAGCATGACTGCTGCTGGGCTTTGTGTTCTTTATAGY CAACCTCCTACGTTAAG CTAAATAT* ** TTTCTATGC

Figure 6. Sequence variation in the control region observed in cattle remains and modern
cattle breeds. The nucleotide position corresponds to the complete mtDNA sequence
described by Anderson et al. (1982). The dashes indicate nucleotide identity to the
Holstein (Hol), and asterisks denote gaps.
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Table 4. Comparison of the partial sequences of the mtDNA control region from the wild

boar remains and other pig breeds

Species Breeds Accession No. References Continents
Sus spp. Tooth (mandibula)-M (T-M) This study
Tooth-1 (T-1) This study
Tooth (mandibula)-2 (T-2) This study
Tooth-3 (T-3) This study
Tooth (mandibula)-4 (T-4) This study
Tooth (mandibula)-5 (T-5) This study
Tooth-A (T-A) This study
Tooth-B (T-B) This study
S. scrofa Jeju native black-1 (JN-1) AF276935  Kimet al. (2002) Asia
Jeju native black-2 (JN-2) AF276934  Kim et al. (2002)
Korean wild boar (Kwb) This study
Okinawa (Oki) AB015092 - Okumura et al. (1996)
Japanese wild boar (Jwb) AB015086  Okumura et al. (1996)
Wanhua (Wan) AF276932  Kim et al. (2002)
Putian (Put) AF276931  Kim et al. (2002)
Jinghua (Jin) AF276930  Kim ef al. (2002) Europe
Meishan (Mei) AY230821  Yue (unpublished)
Landrace (Lan) NC 000845 Lin et al. (1999)
Duroc (Dur) AY232881  Ovilo et al. (2003)
Swedish (Swe) AJ002189 Ursing and Arnason (1998)
Euorpean wild boar-1 (Ewb-1) ABO15095  Okumura et al. (1996)
Europeam wild boar-2 (Ewb-2)  AB015094  Okumura et al. (1996)
Large white (Lwh) AY232883  Ovilo et al. (2003)
Berkshire (Ber) AF276936  Kim et al. (2002)
Pietrain (Pei) AY230820  Yue (unpublished)
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233333333333333444444455555555555555
900112344488899244445801124456666777
416583323434709502342115642770588356

Breeds
Landrace ACCGCCGCAGCCACTTAGACCTACAAATTTGG TAG
buroc  ----- R oo
Swedish oo T oo
European wild boar-1 (R R R G--------- C-*-G
Eur opean wi | d boar-2 G---T------------ G--------- C-*-G
Large white GT--T------- T---c---- G----- C-*-G
Berkshire GT--T------- T------- CG-------- *-G
Pietrain -------- R oo
Wanhua GT--T------- LR *- G
Puti an GT--T------- Tomm e *CG
Ji nghua GT--T------- T----------- G----- *-G
Mei shan SeT--T------ - T----GGT----------- *o--
Cki nawa GT--T------- L *-G
Japanese wi |l d boar GT--T------- T------ T-G--G-C-*-G
Jeju native bl ack-1 G- TA-T- -=m ==, R e 1 *- G
Jeju native bl ack-2 G T-~5F- -2 -2 L e B *- G
Korean wild boar G T--T---k-ot T--blee T-G----- C-*-G
T-M GT--T----- T T---G------ *-G
T-1 GT--T------- T---m-- To-¥emeee e GG
T-5 GT--T------- T-C---Temmmm-- *oo koG
T-3 GT--TA------ TC----- T---eee- - *-G
T-4 GT--TA------ TC----- Tomeme - - .G
T-2 GT-GI-T-C--T------ T-G---*-C-G G
T-A GT--T----T--T---*--T-G--- - - CT-*-G
T-B GT--T------- T---*e-T---G----- *x LG

Figure 7. Sequence variation in the partial control region from wild boar remains and
modern pig breeds. The nucleotide position corresponds to the complete mtDNA
sequences described by Lin et al. (1999). Nucleotide identity and deletions are indicated

using dashes and asterisks, respectively.
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Table 5. Genetic distances of the control region for the cattle remains and modern cattle
breeds. The numbers below the diagonal are the divergence values corrected for multiple
substitutions using the two-parameter model (Kimura, 1980). The abbreviations are

given in Table 3

Breeds 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Hol -
2. ANC-1 0.009 -
3. ANC-2 0.005 0.010 -
4. ANC-3 0.007 0.012 0.009 -
5. ANC-4 0.005 0.007 0.006 0.009 -
6. Jnb-1 0.002 0.006 0.003 0.005 0.003 -
7. Jnb-2 0.004 0.011 0.007 0.010 0.008 0.004 -
8. Jnb-3 0.001 0.007 0.004 0.006 0.004 0.001 0.003 -
9. Jnb-4 0.002 0.006 0.003 0.005 0.003 0.000 0.004 0.001 -
10. Jnw-1 0.002 0.009 0.005 0.007 0.005 0.002 0.004 0.001 0.002 -
11. Jnw-2 0.002 0.009 0.005 0.007 0.005 0.002 0.004  0.001 '0.002 0.000 -

12. KC-1 0.007 0.014 0.011 0.013 0.011 0.007 0.010 0.006 0.007 0.007 0.007 -

13. KC-2 0.003 0.010 0.006 0.009 0.006 0.003 0.005 0.002 0.003 0.003 0.003 0.009 -

14. KC-3 0.004 0.011 0.007 0.010 0.008 0.004 0.000 0.003 0.004 0.004 0.004 0.010 0.005 -
15. KC-4 0.002 0.009 0.005 0.007 0.005 0.002 0.004 0.001 0.002 0.000 0.000 0.007 0.003 0.004

16. Jbl 0.003 0.010 0.006 0.009 0.006 0.003 0.005 0.002 0.003 0.003 0.003 0.006 0.004 0.005
17. Jb2 0.006 0.013 0.010 0.012 0.010 0.006 0.002 0.005 0.006 0.006 0.006 0.012 0.007 0.002
18. Agu 0.003 0.012 0.009 0.011 0.009 0.005 0.007 0.004 0.005 0.005 0.005 0.009 0.006 0.007
19. Fri 0.001 0.010 0.006 0.009 0.006 0.003 0.005 0.002 0.003 0.003 0.003 0.009 0.004 0.005
20. Cha 0.001 0.007 0.004 0.006 0.004 0.001 0.003 0.000 0.001 0.001 0.001 0.006 0.002 0.003
21. Sim 0.001 0.010 0.006 0.009 0.006 0.003 0.005 0.002 0.003 0.003 0.003 0.009 0.004 0.005
22. Lim 0.002 0.011 0.007 0.010 0.008 0.004 0.006 0.003 0.004 0.004 0.004 0.010 0.005 0.006
23. Her 0.000 0.009 0.005 0.007 0.005 0.002 0.004 0.001 0.002 0.002 0.002 0.007 0.003 0.004
24. Jer 0.007 0.015 0.013 0.015 0.013 0.010 0.010 0.009 0.010 0.010 0.010 0.015 0.009 0.010
25. Nda 0.007 0.014 0.011 0.013 0.009 0.007 0.010 0.006 0.007 0.007 0.007 0.013 0.009 0.010
25. Ken 0.007 0.014 0.011 0.013 0.009 0.007 0.010 0.006 0.007 0.007 0.007 0.013 0.009 0.010
27. But 0.006 0.013 0.010 0.012 0.008 0.006 0.009 0.005 0.006 0.006 0.006 0.012 0.007 0.009
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Table 5. (Continued)

Breeds 15 16 17 18 19 20 21 22 23 24 25 26 27
1. Hol
2. ANC-1
3. ANC-2
4. ANC-3
5. ANC-+4
6. Jnb-1
7. Jnb-2
8. Jnb-3
9. Jnb-4
10. Jnw-1
11. Jaw-2
12. KC-1
13. KC-2
14. KC-3
15. KC-4 -
16. Jbl 0.003 -
17. Jb2 0.006 0.007 -
18. Agu 0.005 0.004 0.010 -
19. Fri 0.003 0.004 0.007 0.004 -
20. Cha 0.001 0.002 0.005 0.004 0.002 -
21. Sim 0.003 0.004 0.007 0.004 0.002 0.002 -
22. Lim 0.004 0.005 0.009 0.005 0.003 0.003 0.003 -
23. Her 0.002 0.003 0.006 0.003 0.001 0.001 0.001 0.002 -
24. Jer 0.010 0.011 0.012 0.011 0.009 0.009 0.006 0.010 0.007 -
25. Nda 0.007 0.009 0.012 0.011 0.009 0.006 0.009 0.010 0.007 0.015 -
25. Ken 0.007 0.009 0.012 0.011 0.009 0.006 0.009 0.010 0.007 0.015 0.000 -
27. But 0.006 0.007 0.011 0.010 0.007 0.005 0.007 0.009 0.006 0.014 0.003 0.003 -
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Jersey
7 Outgroup (Hariana)

—— Butana
l N’Dama
Kenana

—— Simmental

Holstein
—— Friesian
Limosine
Hereford

Aberdeen Angus
Korean cattle-1

Japanese black-1
Korean cattle-2

ANC-1
—___ ANC-4

Jeju native black-1
ANC-2

ANC-3

Jeju native black-4
Charolais
Jeju native black-2

! Korean cattle-3
Japanese black-2

Jeju native black-3
Korean cattle-4
| Jeju native brown-1

Jeju native brown-2

0.005

Figure 8. A neighbor-joining tree constructed from the sequences of the cattle remains
and the extant cattle breeds. The tree was generated using genetic distances calculated by

Kimura's 2-parameter method. Hariana was used as the outgroup.
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Outgroup (Hariana)
Jersey
Friesian
Limosine
Hereford
Holstein
Aberdeen Angus
Simmental
oo Jeju native black-2
M1: Japanese black-2
Korean cattle-3
— ANC-1
70— ANC-3
ANC-4
—— ANC-2
Korean cattle-4

80

Korean cattle-2

[_60) Jeju native brown-2
Jeju native brown-1

" 200 100[ Japanese black-1
10 Korean cattle-1
— Butana
lof— Kenana
N’Dama

10— Jeju native black-4

L— Jeju native black-1
sof— Jeju native black-3
L Charolais

100

60,

Figure 9. A strict consensus tree derived from the sequences of the cattle remains and the
extant cattle breeds. This tree was constructed using the SEQBOOT, DNAPARS, and
CONSENSUS programs in the PHYLIP package. Bootstrap values (1,000 replicates) are

shown above the nodes on the strict consensus tree. Hariana was used as the outgroup.
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Table 6. Genetic distances of the control region for the wild boar remains and modern
pig breeds. The numbers below the diagonal are the divergence values corrected for
multiple substitutions using the two-parameter model (Kimura, 1980). The abbreviations

are given in Table 4

Breeds 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.Lan -

2.Iwh 0.023 -

3. Ber 0.023 0.006 -

4. Dur 0.003 0.019 0.019 -

5. Swe 0.003 0.019 0.019 0.000 -

6.Ewb-1  0.013 0.016 0.023 0.016 0.016 -

7.Ewb2  0.016 0.013 0.019 0.013 0.013 0.003 -

8 Kwb 0.026 0.003 0.009 0.023 0.023 0.019 0.016 -

9.IN-1 0.019 0.009 0.009 0.016 0.016 0.019 0.016 0.013 -

10.JN2  0.019 0.009 0.009 0.016 0.016 0.019 0.016 0.013 0.006 -

11. Mei 0.019 0.023 0.023 0.016 0.016/ 0.026-,0.023 0.019° 0.019  0.019 -

12. Jin 0.019 0.009 0.009 0.016 0.016 0.019 0.016 0.013 0.006 0.006 0.019 -

13. Pie 0.003 0.026 0.026 0.006 0.006 0.016 0.019 0.030 0.023 0.023 0.023 0.023 -

14 Wan  0.016 0.006 0.006 0.013 0.013 0.016 0.013 0.009 0.003 0.003 0.016 0.003 0.019 -
15. Put 0.019 0.009 0.009 0.016 0.016 0.019 0.016 0.013 0.006 0.006 0.019 0.006 0.023 0.003
16.Rwb  0.026 0.016 0.023 0.023 0.023 0.013 0.009 0.019 0.019 0.019 0.026 0.019 0.030 0.016
17. Jwb 0.030 0.006 0.013 0.026 0.026 0.023 0.019 0.003 0.016 0.016 0.023 0.016 0.033 0.013
18. Oki 0.016 0.006 0.006 0.013 0.013 0.016 0.013 0.009 0.003 0.003 0.016 0.003 0.019 0.000
19.T-M  0.023 0.013 0.013 0.019 0.019 0.023 0.019 0.009 0.009 0.009 0.016 0.009 0.026 0.006
20.T-1 0.019 0.009 0.009 0.016 0.016 0.019 0.016 0.006 0.006 0.006 0.013 0.006 0.023 0.003
21.T2 0.037 0.013 0.020 0.033 0.033 0.030 0.026 0.009 0.023 0.023 0.030 0.023 0.040 0.020
2. T3 0.026 0.016 0.016 0.023 0.023 0.026 0.023 0.013 0.013 0.013 0.019 0.013 0.030 0.009
23.T4 0.026 0.016 0.016 0.023 0.023 0.026 0.023 0.013 0.013 0.013 0.019 0.013 0.030 0.009
24.T-5 0.023 0.013 0.013 0.020 0.020 0.023 0.020 0.010 0.010 0.010 0.016 0.010 0.026 0.006
26.T-A 0.033 0.009 0.016 0.030 0.030 0.026 0.023 0.006 0.020 0.020 0.026 0.020 0.037 0.016
26.T-B 0.023 0.013 0.013 0.020 0.020 0.023 0.020 0.010 0.010 0.010 0.016 0.010 0.026 0.006
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Table 6. (Continued)

Breeds

15

16

17

18

20 21

22

23 24 25

26

1.Lan
2. Lwh
3. Ber
4. Dur
5. Swe
6. Ewb-1
7. Ewb-2
8. Kwb
9. IN-1
10. N2
11. Mei
12.Jin
13. Pie
14. Wan
15. Put
16. Rwb
17. Jwb
18. Oki
19.T-M
20.T-1
21.T2
2.T3
23.T4
24.T-5
26. T-A
26. T-B

0.019
0.016
0.003
0.009
0.006
0.023
0.013
0.013
0.010
0.020
0.010

0.023
0.016
0.023
0.019
0.030
0.026
0.026
0.023
0.026
0.023

0.013
0.013
0.009
0.013
0.016
0.016
0.013
0.009
0.013

0.006
0.003
0.020
0.009
0.009
0.006
0.016
0.006

0.003
0.020
0.009
0.009
0.006
0.016
0.000

0.016 -

0.006 0.023
0.006 0.023
0.003 0.020
0.013 0.016
0.003 0.020

0.000
0.010
0.020
0.010

0.010 -
0.020 0.016 -
0.010 0.006 0.016
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Figure 10. A neighbor-joining tree constructed from the sequences of the wild boar

remains and the extant pig breeds. The tree was generated using genetic distances

calculated by Kimura's 2-parameter method. Phacochoerus aethiopicus (AB046876) was

used as the outgroup.
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Figure 11. A strict consensus tree derived from the sequences of the wild boar remains
and the extant pig breeds. This tree was calculated using the SEQBOOT, DNAPARS,
and CONSENSUS programs in the PHYLIP package. Bootstrap values (1,000

replicates) are shown above the nodes on the strict consensus tree. Phacochoerus

aethiopicus (AB046876) was used as the outgroup.
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