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ABSTRACT

Duroc is widely used to improve the meat quality and productivity. To elucidate the phylogenetic relation
and the sequence specificity for the maternal property, the complete sequence of mitochondrial genome was
determined and the population diversity of Duroc was investigated in this study. The length of mtDNA test-
ed is 16,584-bp. There are several insertion/deletion mutations in the control region and coding regions for
tRNA and rRNA, respectively, but not in peptide-coding regions. Four peptide-coding genes(CO //, CO//,
ND3 and ND4) showed incomplete termination codon sequences such as T--, and two(ND2 and NDA4L) did
alternative initiation codons(AIC), respectively. Especially, the initiation codon sequences of ND2 gene were
polymorphic in this population. Polymorphisms were detected in 11-bp duplication motif within control re-
gion as well as ND2 and CYTB. Variation patterns observed from the tests on three mtDNA regions were
linked completely and then two haplotypes obtained from combining the data dividing this population. Duroc
mtDNA is observed at the European pig cluster in the phylogenetic tree, however, the results from the pop-
ulation analyses supported previous opinions. This study suggests that the breed Duroc was mainly originated
from the European pig lineage, and Asian lineage was also used to form the pig breed Duroc as maternal
progenitors.

(Key words : Duroc, Haplotype, Maternal origin, Mitochondrial genome, Sus scrofa)
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Fig. 1. PCR amplification of porcine mtDNA with fourteen primer sets. M is the DNA size

marker 100-bp DNA ladder.
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Table 1. Characteristics of the complete mitochondrial DNA sequences of Duroc breed

Position Size Codon
Gene
From To (bp) initiation termination

D-loop 1 1145 1145

CSB-1 675 700

CSB-2 844 862

CSB-3 895 913
tRNA-Phe 1,146 1,215 70
12S rRNA 1,216 2,177 962
tRNA-Val 2,178 2,245 68
16S rRNA 2,246 3,814 1,569
tRNA-Leu(UUR) 3,815 3,889 75
NADH dehydrogenase subunit 1(ND1) 3,892 4,848 957  ATG TAG
tRNA-Ile 4,847 4,915 69
tRNA-GIn 4,913 4,985 73
tRNA-Met 4,987 5,056 70
NADH dehydrogenase subunit 2(ND2) 5,057 6,100 1,044 ATT TAG
tRNA-Trp 6,099 6,166 68
tRNA-Ala 6,173 6,240 68
tRNA-Asn 6,242 6,316 75
tRNA-Cys 6,349 6,414 66
tRNA-Tyr 6,414 6,479 66
Cytochrome ¢ oxidase subunit 1(COI) 6,481 8,025 1545 ATG TAA
tRNA-Ser(UCN) 8,029 8,099 71
tRNA-Asp 8,105 8,172 68
Cytochrome ¢ oxidase subunit 11(COII) 8,173 8,859 687 ATG T--
tRNA-Lys 8,861 8,927 67
ATP subunit 8(ATP8) 8,929 9,132 204  ATG TAA
ATP subunit 6(ATP6) 9,090 9,770 681 ATG TAA
Cytochrome ¢ oxidase subunit 111(COIII) 9,770 10,552 783 ATG T--
tRNA-Gly 10,554 10,622 69
NADH dehydrogenase subunit 3(ND3) 10,623 10,967 345 ATA T--
tRNA-Arg 10,967 11,038 72
NADH dehydrogenase subunit 4L(NDA4L) 11,039 11,335 297  GTG TAA
NADH dehydrogenase subunit 4(ND4) 11,329 12,705 1,377 ATG T--
tRNA-His 12,707 12,775 69
tRNA-Ser(AGY) 12,776 12,834 59
tRNA-Leu(CUN) 12,835 12,904 70
NADH dehydrogenase subunit 5(ND5) 12,905 14,728 1,824 ATA TAA
NADH dehydrogenase subunit 6(ND6) 14,712 15,239 528 ATG TAA
tRNA-Glu 15,240 15,308 69
Cytochrome b(CYTB) 15,313 16,452 1,140 ATG AGA
tRNA-Thr 16,453 16,520 68
tRNA-Pro 16,521 16,584 64
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Table 2. Genetic distances among 24 mtDNA
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Alop xRt §14 thkado] A4

U= e o dyoy 9 Aq4dns
3 FA3 Folth FHEA A ol
42 AYA4S A E ™, Durocl-Landracel
o] 7} Ya1, Duroc %5 F ME 3+ AFA

<~ Duroc-Landrace, Duroc-Swedish wild boar
o] AYA|FHRuE =% Duroc-ltalian  wild
boarH.th= wroktk(Table 2). ©] Z3}+= Duroc
% ol A9l mDNA 7] ¥eo)7} Landracel}
Swedish wild boare}e] ¢171We]wc} 4l @
= Z S =, Durocl®} Duroc2e] A7} A& T}

719oll A FHE NS AARETE A
ol 4] Swedish wild boar”} DurociEqt o}ujz}
Landrace®} <19 #AIQ1 ZHoZ Hol o]E
FE9 BAE obtE Higol opAHElE| A
Al 71H8E Aow FAEHET B3 o5 T
59 7153 Aoy #F FA oldel &

=
-

[e)

sequences of various pig breeds

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 U
1 Landracel —
2 Swedish wild boar 00011 —
3 Landrace2 0.0019 0.0024 —
4 Durocl 0.0007 0.0012 0.0020 —
5 Duroc? 0.0029 0.0034 0.0039 0.0030 —
6 Italian wild boar 0.0084 0.0084 0.0094 0.0082 0.0096 —
7 Dahuabai 0.0120 0.0124 0.0131 0.0117 0.0117 0.0113 —
8 Ningxiang 0.0118 0.0122 0.0129 0.0115 0.0115 0.0112 0.0003 —
9 Erhualian 0.0120 0.0124 0.0131 0.0117 0.0116 0.0112 0.0007 0.0005 —
10 Zang 0.0122 0.0125 0.0132 0.0117 0.0118 0.0116 0.0011 0.0009 0.0011 —
11 Jiangquhai 0.0118 0.0122 0.0129 0.0115 0.0114 0.0111 0.0009 0.0007 0.0008 0.0010 —
12 Meishan 0.0120 0.0124 0.0131 0.0117 0.0116 0.0113 0.0011 0.0009 0.0010 0.0012 0.0002 —
13 Wannanhua 0.0118 0.0122 0.0129 0.0114 0.0115 0.0110 0.0008 0.0006 0.0008 0.0011 0.0002 0.0004 —
14 Large White 0.0118 0.0122 0.0129 0.0115 0.0115 0.0113 0.0011 0.0009 0.0010 0.0012 0.0003 0.0005 0.0004 —
15 Jinhua 0.0117 0.0121 0.0128 0.0114 0.0113 0.0110 0.0009 0.0008 0.0009 0.0011 0.0002 0.0004 0.0003 0.0004 —
16 Qingping 0.0121 0.0125 0.0132 0.0118 0.0117 0.0114 0.0013 0.0011 0.0013 0.0014 0.0006 0.0006 0.0006 0.0008 0.0005 —
17 Tongcheng 0.0120 0.0124 0.0131 0.0117 0.0116 0.0113 0.0011 0.0009 0.0010 0.0012 0.0003 0.0005 0.0004 0.0005 0.0004 0.0008 —
18 Yushanhei 0.0120 0.0124 0.0131 0.0117 0.0116 0.0113 0.0011 0.0009 0.0010 0.0012 0.0004 0.0006 0.0005 0.0006 0.0005 0.0004 0.0001 —
19 Min 0.0120 0.0124 0.0131 0.0117 0.0117 0.0113 0.0011 0.0009 0.0011 0.0013 0.0004 0.0006 0.0004 0.0006 0.0004 0.0008 0.0006 0.0007 —
20 Rongchang 0.0117 0.0121 0.0128 0.0114 0.0113 0.0112 0.0007 0.0005 0.0006 0.0008 0.0002 0.0004 0.0003 0.0004 0.0003 0.0006 0.0004 0.0005 0.0004 —
21 Xiang 0.0118 0.0122 0.0129 0.0115 0.0115 0.0113 0.0008 0.0006 0.0008 0.0009 0.0004 0.0006 0.0005 0.0006 0.0005 0.0009 0.0006 0.0008 0.0007 0.0003 —
22 Yimenghei 0.0122 0.0125 0.0132 0.0118 0.0118 0.0113 0.0011 0.0009 0.0008 0.0013 0.0008 0.0009 0.0008 0.0009 0.0008 0.0012 0.0009 0.0009 0.0010 0.0007 0.0008 —
23 Wuzhishan 0.0118 0.0122 0.0129 0.0115 0.0115 0.0112 0.0008 0.0006 0.0006 0.0009 0.0007 0.0009 0.0008 0.0009 0.0008 0.0011 0.0009 0.0009 0.0009 0.0005 0.0006 0.0008 —
24 Short-ear 0.01240.0127 0.0134 0.0120 0.0120 0.0116 0.0019 0.0017 0.0017 0.0021 0.0016 0.0018 0.0016 0.0018 0.0017 0.0021 0.0018 0.0018 0.0019 0.0016 0.0017 0.0020 0.0018 —
IWB, Italian wild boar; SWB, Swedish wild boar.
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(1999)¢] HarelA] Landrace:= ATT AdS U}
ERQItH(Table 2). mDNA A A Go] By
2E HA FFolA ND2 A A EES
gelst A7}, Italian wild boarE A9t 47
HEONA ATT, ofrlo} XSS B5F ATA A
d& Blth CYTB frdAtel tidt RFLP 4]

14 Alu | 3} Haelll 9L /MAE AFo]ol
A s Ak o= BEE S I(Fig. 2C
o} D), o] tdAdL ND2 7fAlFES] AIC,
D- loopoll A 11-bp duplication®] =& ¥}= &
g RS UERNSITE Table 32 Hi% 5
dEolA vl e Aelstel mtDNA hap-
lotype-S A3+ Ax}olt).

Al EFEF A HEEL2 F 714 hapotype
2 FEHAJT Large White H{Y- mtYD,
Landrace &2 mtLDRFS YERN AL, Duroc #
e 5 714 haplotypeEo] EF EHsICt
(Table 2). kol thgk mtDNA haplotype2]
2 Aol g2 mDNA ALl tigk AlE i
AdE vlula] B, 53 ofjo} Ald o] =
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e & T U o=

WA F-2J3 mtDNA haplotypeo] o=

Tsp509 | - RFLP of ND2
M2 LR D2 D1

LW

Haelll- RFLP of CYTB
M2 DI D2 LR LW

Fig. 2. Detection of mtDNA polymorphism from pig breeds Duroc, Landrace and Large
White. A, 11-bp duplication patterns; B, Tsp5091 RFLP of ND2 gene; C and D,

RFLP of CYTB gene using by Alul

and Haelll respectively. D, Duroc; LR,

Landrace; LW, Large White. M1 and M2 are the DNA size markers 50-bp and

100-bp DNA ladder, respectively.
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Table 3. mtDNA haplotypes found in pig breeds determined in this study

Gene

Duroc Landrace Large White

Haplotype

D-loop ND2" cyTB?

n % n % n %

mtYD
mtLD

ATA
ATT

AA-HA
AB-HB

Duplicated
Non-duplicated

19
106

15.2
84.8

0
40

0.0
100

76
0

100
0.0

1)

is the sequence of the initiation condon of mitochondrial ND2 gene.

2 enzyme morphs digested with Alu | (AA, AB) and Haelll (HA, HB), respectively.

Shortear
Zang
Wuzhishan
Erhualian
Dahuabai
Ningxiang
Yimenghei
Xiang
Rongchang
Yorkshirel
Jianggquhai
Meishan
Wannanhua
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Fig. 3. Neighbor-joining tree based on genetic distances calculated from nucleotide similarity.
Number above bar indicates genetic distance.
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A3 ltH(Watanabe 5, 1985; Jones, 1998:
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