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Comparative genetic analysis between domestic animals and their wild origins
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Abstract: In this study, we analyzed DNA sequence of mitochondrial DNA (mtDNA) control regions on the
130 native domestic pigs and eight wild boars in the mainland South and Southeast Asian countries including
Bhutan, Cambodia, Laos, Myanmar, and Vietnam. Forty-four haplotypes were found in the 138 individuals
analyzed, 41 were in the domestic pigs and four haplotypes were in wild boars. One haplotype was shared by
domestic and wild population in Bhutan. In other case, mtDNA of wild boars did not show close affinity to that
of the domestic pigs in the same location, indicating that the native domestic pigs in these courtiers were not
originated in the present habitat. Phylogenetic analyses of mtDNA haplotypes in the domestic pigs
recapitulated several major mtDNA clusters identified in other studies, but 11 haplotypes were grouped in a
new cluster we named MTSEA. In most case, more than one lineage groups were present in a sampling station,
indicating that the present indigenous domestic pigs in this region may have multiple origins because of gene
flow among the different maternal lineage. The MTSEA haplotypes were present relatively high frequency in
domestic pigs in the mountainous area of mainland Southeast Asia (Cambodia and Laos), and a few found in
Myanmar and Bhutan. The distribution of MTSEA haplotypes are in great conformity with the distribution of
present-day Mon-Khmer language and indicated the existence of yet another independent domestication of
pigs. The D2 haplotypes that distribute high frequency (almost 100 %) throughout the Chinese breeds were
dominant in Bhutan, Myanmar, and Vietnam. These results suggest an existence of human-mediated dispersal
of pigs from north to the southward during the historically expansion of Sino-Tibetan and Tai peoples from
South China. The D3 haplotypes that previously reported in north India were found in domestic and wild
populations in Bhutan. Presence of D3 haplotypes both in a sympatric domestic and wild population is an
important proof of independent domestication event and/or great gene-flow between wild boar and domestic
population in the foot of Himalaya.
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2L, REOHFEFMEOS Ml sd 5 vid, Bk
HERESBLSETWE I LI, EFEEFEOF
BT, BFEEFERErERLET S ETK
EREELRoTWA, FIzE, REVVOELE
ERTHEA -0y 7R, §TICHEELTVWED
T, BIEFWZRALLTHICE, B dsE0h
ERHORTE R Dk, Bk, BITSEEEICR S
IR, BIRTIAEAFIHRSING, 72, BD
FEMO—D2LEZONTWEEY I/ 77 (Equus
przewalskii) DBAFS HMEMAERIZ, 208 HPITAIC
-0y XTHEF STV 2h3 0 1350 (M 8 SHHE
5HH) ZIGHE LTADFETHIESNLDIDTH %,
ZOL, I3EOFO1HIE, MORKELETH L
(Hedric e al., 1999) B, £V a3/ < OEAEHK
(Z 1000 BELL EICEIE L T B A%, BROZ L L LT,
FAEDRIBZ R R EBZEIE ) AENETOR
Brmd{ T Tnwabd, EEZHEMALAZLT
FEB BT 2 IEMLOEEPLETH L,
ML T, ROELRBERTHEL—-F T4/
¥ (Sus scrofa) &, X7 7N HABLTI—O U
POETITILRELF T V7T RKENIZIZEE,
BLUEMPEZECT V7 OBEMIC LK%
SfiL, GLBEBEEEERLHERLTVE, T
i, FHELEOBEER L T EELR T BETIR
(i SN s

Fald, ChETHEDD LV, KERRE - ™
TIVFIBIFAER TS A /DI ba v
)7 DNA (mitDNA) OFRF|zIEBETL, Zo
BTERNICABTENTVE TS LA/ VY DR
BfRB L OEENSIRET L2, 2B, RHE
&, FFRMREIAFK L7, [Mitochondrial diversity
of native pigs in the mainland South and South-east Asian
countries and its relationships between local wild boars |
(Tanaka et al., 2008, Animal Science Journal —p417-434)
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Kfgecik, 7—% v, AVRIT, THX, X
FFAaBIY, Ivrv—00Fohs, 74130
B, 4> sk @irodgs Lz, O
FREGH & BEE, Fig. 1B XU Table 1ITRL7Z, Z
N5 D DNARFHIERFEHESR L V52 H T

LDTHbD, mDNADHF TR OEREICEL I~ b
U — L TEk % & €4 1420 bp @ DNA Wi F % Okumura
5 (2001) 12> TPCRIIE L 720 V72T I4 <
—1%, mitL44 (TCCACCATCAGCACCCAAAG) B &
U mitH45 (TTCAGTGCCTTGCTTTGATA) TH 5,
# 1.4 kb ® PCR EEW %, Micron-PCR (Millipore,
Bedford, MA, USA) % i\ CIRAMEBREIC & ) HFH
L7zo B L7-PCREMEZHAIL LT, mitldd 75
A < —% T, BigDye Terminator Cycle Sequencing
v1.1 Ready Reaction Kit 3 & ¥, 7' /V 3100 DNA ¥
— 4 4 — (312 Applied Biosystems, Foster City, CA,
USA) OFERFHEFINS>T, Y=V AREB
LUOBEERIOFTFEITo7, SNITEY, 748
S UA 7 ¥y 138 KB B #5510 bp DELFI %
BT AL ENTRETH o 7z, BE L2EBIL, ik
&7 57 % mtDNA DFEEEF] (Ursing & Arnason
1998) ICBIT 5 15433 F A 5 15944 FHHITAH L §
%, PrE L7z 138 fEERDBLHIE ClustalW (Thompson
etal. 1994) IZXoTT7IFA XY & Tolz, ZOHE
£, I3SEEOENIZ4FEONT T Y AL TIZHHE
Ehtz, R, EnTuy 4 THOSTEATIIHE
BEBHLPICT R0, TurIuaNy =T
MrBayes 3.1 (Huelsenbeck et al. 2001; Ronquist &
Huelsenbeck 2003) % > T Monte Carlo-Markov
chain (MCMC) 2 & 55T RHEE 2 L7,
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138ED T 5 BLUA J ¥ O miDNA % ##T L
TR, aEEoNTus L T2 HERL, Thoz
Hl (N7 % 471) 5 Ha4 ON7a s 47 44)
Ewt Lz, TNSHOERFIL, AB252783 05
AB252826 £ THOE§HH 5 TDDBIIZEHFHL 2, 44
NTEY A TDH 5 2AFEBEIIEHOBENI RS
L, 50 020 EEIL, FELZ B3EKORTIEE
nNEN—EFE LB I 2ol 72, 7405
G EEoNTOy 4 TERE SR, 42T 05
BafEEoONTO YA THBREEI N, 7Y EA/
vIyOETEEIRTWIANATO S A TIHLEE
A T@H o7z (Table 1),

Fig. 21, ERL/-#M4nTa s 471, 77— N
— XL OB LT Y mDNABTIZEIML, &&F
BANTOZ A TERWTHER LD TREMTH
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Figure 1 Localities of domestic pigs and wild boars analyzed in this study. (a) Map
of mainland South and Southeast Asia. (b)Map of Bhutan; (1)Haa,
(2)Punaka, (3)Tsirang, (4)Mongar, (5)Bumthang districts. (c) Map of
Indochina, Cambodia; (6) Ratanakiri, (7) Mondulkiri, (8) Kampong Cham
provinces. Laos; (9) Xiangkhoang, (10) Borikamxai, (11} Vientiane, {12)
Champasak provinces. Vietnam; (19) Quang Ninh (20) Na Nam
provinces. (d) Map of Myanmar; (13) Kachin state, (14) Sagaing division
(15) Shan state, (16) Bago division, (17)Kayin state, (18) Yangon division.

5, Fig. 210R L7z X912, 4RI L7z 4 FEED
NTOIATIETCTIT L= FIgEEN, Bk
HEROYUBMEILS AT AHI—Ty/N- 7 L—
FIZEENDLDEFELEh ol ADPERL
lradanpngTay 47, 42075 A — (D2,
MTSEA, D3, 7 v KU T A ) ICHimEniz,
D2 7 5 A% —I%, Larson et al. (2005) (2 & o TIEIE
ENfT N =TT, FEDREHDTIBLT, =
KAV EECWETITDA ) T, 13
12100 BHETHAT 5o 72, BRMICHFEED
Ty OB )T LHKRU RIS —EDHEE
TIL L 5H LTw5 (Okumura et al. 2001; Fang &
Andersson, 2006) . SHMOAETH 4Ty 47
DI b2 FEE T TH, D2ICE TN/, EHITHEE
ICBWTIE, 130D T ZIZBWT, 7453 TH D2

IR —ICHEINHEI AL Tz, D213,
EFLECT Ny FEFUHREOTFIZ, 1Z1T100%
DOIEETHAMT 5 (Fang & Andersson, 2006) , =i
W, BB -BT7VTIEBITRERT Y ORED, &
FICHREOHEREAOEHE L2 LERT EER
bhd, THITKHLT, MTSEAZ A% —iX, &
RO Tk NEEONT O s 4 TG RER Y
FAY—=THDLH, Thixnd b REFHITIINE
THEPLHME SN TV, MTSEA X, T4 X
BLUOA VR TOEBMTETEY - 7 A= VRO
B HTARBERACL > THTEINTVWE T
IPOEVWHETERSN, Ixryv—BLU7—
B NESA LT Wiz (Fig. 1, Table 1)o 2D T
EMD, THIZBIT B MTSEA BREEIX, KES
W7 V7 THEMR T ICEHES ) VY OFR
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Table 1 Information on DNA samples of domestic pigs and wild boars used in this study and frequencies of the mtDNA haplotypes
. Locality® No. of Haplotypes Classification of Frequency of mtDNA
Countries (Map positions on Fig. 1) samples (No. of samples) Haplotypes ® group (%)
Domestic pigs D2 MTSEA D3 D2 MTSEA D3
Bhutan Haa ) H14, H15, H16, H44(3) 3 0 3 50.0 0.0 50.0
Punaka 2) 4 H12(2), H13(2) . 4 0 0 1000 0.0 0.0
Tsirang 3 12 H12(4), H43(7), H44 4 0 8 333 0.0 66.7
Mongar ©) 8 HI11, H12(5), H29(2) 6 2 0 750 250 0.0
Total 30 17 2 11 567 6.7 36.7
. H5, H17(2), H23, H30, H31(3),
Cambodia  Ratanakiri 6) 25 4 21 0 16.0 840 0.0
H34(5), H38(12)
. HS8(5), H10(10), H24(3), H31(4),
Mondulkiri @) 24 18 6 0 750 250 0.0
H32, H38
Total 49 22 27 0 449 551 0.0
Laos Xiangkhoang ) H20, H34, H36(2), H37 1 4 0 200 800 0.0
Borikamxai (10) 4 H8, H24, H27, H36 3 1 0 750 250 0.0
Vientiane (11) H24, H35(2), H36 1 3 0 250 750 0.0
Champasak (12) 3 H31(2), H38 0 3 0 0.0 100.0 0.0
Total 16 5 11 0 313 6838 0.0
H1(4), H4, H8(2), H12, H18,
Myanmar  Kachin (13) 12 12 0 0 1000 0.0 0.0
H28(3)
Sagaing (14) \ H6 1 0 0 1000 0.0 0.0
H7(2), H22(3), H26(2), H35,
Shan . 15) 9 7 2 0 778 222 0.0
H39
Bago (16) 4 H3, H25, H33, H35 2 2 0 500 500 0.0
Kayin an 3 H2, H21, H25 0 0 1000 0.0 0.0
Total 29 25 4 0 862 138 0.0
Vietnam Quang Ninh (19) 5 H9(3), H10, H19 5 0 0 1000 0.0 0.0
Na Nam (20) 1 H23 1 0 0 1000 0.0 0.0
Total 6 6 0 0 1000 0.0 0.0
Wild boars
Bhutan Bumthang %) 3 H43(3) 0 0 3 0.0 0.0 100.0
Cambodia  Kampong Cham 8) 2 H42(2) - -
Mondulkiri @ 2 H41(2) - -
Myanmar  Yangon (18) 1 H40 - -

(a) Localities were shown as districts (dzongdey) in Bhutan, provinces in Canbodia, Laos, and Vietnam. In Myanmar: Kachin, Shan, and

Kayin are states; Sagaing, Bago, and Yangon are divisions. (b) See Figure 2 for Classification of Haplotypes.
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mtDNA 2 EF T 54/ v v OREAD, BE
MTSEA BB H| D HEF T A » Y FEB TR
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Who REIIe FoOBEL & IIHMBEIAT %

WMaHDHZ Eh 5, MTSEATI mtDNA % RET 55
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mtDNA X, DAPED) 29 F 204 VP RET
5 mtDNA L EFEOEFEZ D - TBD, 511N T
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YHLROPLmDNAZ I AY — (D6) L R&E%R
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Figure 2.

Bayesian (MCMC) consensus tree of 84 porcine mtDNA control region haplotypes.
The H1 to H44 were haplotypes found in the 138 individuals we analyzed (Fig. 3),
and the other 40 quoted sequences were shown with their GenBank accession
numbers. The digits at the nodes are posterior probabilities (%) based on the
28,000,000 generations (discarded the first 25 % samples). Length of the bar on
the bottom of tree indicates 0.1 expected substitutions per site. The D1 to D6 are
represented mtDNA clusters detected in domestic pig populations (Larson et al.
2005).
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BIZPTTCOMBICTHET S &) FHIc—5 L,
REORBEHHANL Z L THRICBIT 2 NEHOBH
FHLMPIZTELI EERLTWS (Larson et al.,
2007)0 7 —% ¥ THR SN/ H43 & H44 1%, Larson
et al. (2005) &k o THEI N4 ¥ Vo1
VIETINPLRLEDIITAY—IlEENT, D3
7 3AS =, WRATHESNLIEER 7w
(3—m v Dl - FED2) LHREETKE (RIC
LTWwb, &5, SEIDAFTICLY 7—% ITB
WTRFIICESR T Y EAL 7 PV HFE—D
mtDNANT 0% 4 THA3 #3F L Tl &nd,
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L7z 2 EDPHALRII ol D2 Ed s, B
BoE7YTHEOERTIE, F—aynkdmh
ELdRLIBEENERERF-TBY, 74 0HERE
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