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ABSTRACT

The study was conducted to select and optimize microsatellite (MS) markers for evaluation of Korean native pig (KNP)
populations in order to provide standard for the classification and breed definition of the indigenous breeds. The study also aimed
to characterize and classify each KNP populations. A total of 648 pigs from 17 pig populations including six KNP, four Chinese
native pig and four commercial pig populations were analyzed with 26 MS markers. KNP populations formed separate cluster
from those of Chinese native pig and introduced pig populations. Expected heterozygosity (He) of KNP populations were
0.48~0.55 except two populations with 0.65. Genetic distances between KNP populations were relatively shorter: 0.12-0.34. Among
six KNP populations, three showed high genetic uniformity, two showed lower uniformity and one showed high level of impurity
and heterozygosity. The results can be used to evaluate and manage animal genetic resources at national scale.

(Key words : Korean native pig, Sus scrofa, Heterozygosity, Microsatellite)
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2007). HAZC HAG]L 1980 e AF AT, 25 FHHA F53 T AUE wibe 2 e ofd HlsA
%, TYZAEA A F2 FAEYL FEFARY & 712FoR AREsle] 1991l A2 European Pig Gene
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A axd F 1) 713e] BAst 33we] WAaNe dExl 9 A
o (W= 1, 98 1, v Dol wheh ek sS4 MS #7426
% (SW268, SWR1848, SWI168, SWrl1008, SW2431, S0004,
S0301, SW2, SW902, SW995, S0111, SWI1682, SW1695,
S0005, SW240, SW830, SW857, S0090, S0101, SW2008,
SW632, SW72, CGA, S0155, S0355, S0228)% Al-g-3le] A
5}t (Roslin - Bioinformatics Group; Rohrer et al., 1994;
Ruyter et al., 1994; Alexander et al., 1996; Rohrer et al.,
1996; NAGRP, 1998; Lopez-Corrales et al., 1999; ISAG/
FAO, 2004; Han et al., 2008). (Table 1)
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Table 1. The Microsatellite markers for pig used in this study

Marker Size Tm Forward Reverse Chr.
SW268 121-149 60 CTGATTCACTTTCATTCGAGAA AGCCCTTCCCTTAATATAACCC 8
SWR1848 87-117 60 AAGGGGAAAATCCCTCAAAG TTTCTATGCAAATTTTTCCGTG 9
SW168 102-116 62 GCACTTTCTTCCCTTACCCC CAGTGTAAAGCATGGAAGATGC 12
SWr1008 201-225 62 ACAGCCACCAACAGTGTTTG GAACTTCCATATGCTGCAAGTG 13
SW2431 151-169 60 CTTCCCAGGATGTTGTCTAAAC CATGGTGCACACTTAGTGGG 17
S0004 164-172 55 GATTATGGACACGGAAGGAT GTCCTATTTCTTGCACAGTC 15
S0301 252-268 55 CCGTCTTACTTAGGATGTTT TGATGTGTTTATGTGTTTGA 4
SW2 88-126 55 TGCCAATGGTGTGGCTATAA CCCTGAAGGCTCAGATGGT 5
SW902 195-214 55 ATCAGTTGGAAATGATGGCC CTTGCCTCAAAGAGTTGTAAGG
SW995 150-164 58 TTAAGCACTTCATGGAGCTTTG CATAATGGAAATACCGGGTCC
S0111 150-178 58 TCAGTTATTTCTGGCTATCATCTC TTGATGTAGACCACCCAGCTAGTG 16
SW1682 148-184 58 GCCAATAAAACTATTCATTTGGG AACGAGCTAGACTTTAAAGGGTG 18
SW1695 171-205 58 ATAAGGGAAATCAGGCTGAGC TCCCAGGAGCTACCATATGC
S0005 200-266 58 TCCTTCCCTCCTGGTAACTA GCACTTCCTGATTCTGGGTA
SW240 92-124 55 AGAAATTAGTGCCTCAAATTGG AAACCATTAAGTCCCTAGCAAA
SW830 176-204 55 AAGTACCATGGAGAGGGAAATG ACATGGTTCCAAAGACCTGTG 10
SW857 141-159 55 TGAGAGGTCAGTTACAGAAGACC GATCCTCCTCCAAATCCCAT 14
S0090 226-248 55 CCAAGACTGCCTTGTAGGTGAATA GCTATCAAGTATTGTACCATTAGG 12
S0101 197-221 60 GAATGCAAAGAGTTCAGTGTAGG GTCTCCCTCACACTTACCGCAG 7
SW2008 86-102 60 CAGGCCAGAGTAGCGTGC CAGTCCTCCCAAAAATAACATG 11
SW632 148-178 58 TGGGTTGAAAGATTTCCCAA GGAGTCAGTACTTTGGCTTGA 7
SW72 97-114 58 ATCAGAACAGTGCGCCGT TTTGAAAATGGGGTGTTTCC 3
CGA 232-330 55 ATAGACATTATGTAAGTTGCTGAT GAACTTTCACATCCCTAAGGTCGT 1
S0155 142-162 55 TGTTCTCTGTTTCTCCTCTGTTTG AAAGTGGAAAGAGTCAATGGCTAT 1
S0355 244-271 55 TCTGGCTCCTACACTCCTTCTTGATG TTGGGTGGGTGCTGAAAAATAGGA 15
S0228 220-246 55 GGCATAGGCTGGCAGCAACA AGCCCACCTCATCTTATCTACACT 6
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2. PCR ¥ Hlo|g &4

w4 o 2 w1 o ZRE genomic DNAS F5& Miller &
(1988)9] WHs oy Wil sttt (Miller et al., 1988).
Nanodrop (Nano Technologies, Willmington, USA)S ©]-&3}4
DNAY s&E& Z438l1, 20ng/uld] DNAE templateZ ©|-8, 7}
MS FA9 S EAF FFEAE gfste] Multiplex PCR
7S ol&ste] FFsIgith PCR O WHEX
DNA, 7} 10pmol ¥33¥A| primer, Accupower-Dye PCR
Premix (Bioneer K-2037, Bioneer, Korea)S Z§3lo] Zuh3-ol
20ulZ &%tk PCR WHS-2 95TolA 5% pre-denaturation, 95
TollA 1+ denaturation, 55C~62Cell4 4537} annealing, 72T
oA 187+ extension IS 353 WS GeneAmp PCR

2
N

NIO 1:
ofs

20ng genomic

system 9700 2 2700 (Applied Biosystems, USA)A 33t
5 72TColA 3027 final extensiong 33}tk PCR A&
HiDi foramide®} Genescan 500 Liz size standard (Applied
Biosystems, USA)E &35l 25971449741 ABI PRISM
3130XL Genetic Analyzer (Applied Biosystems, USA)E ©]&
ako] £AaHe

MS ¥4 ¥ digfidrrEe] A8ket 371 ABI PRISM GeneMapper
ver. 3.7 software (Applied Biosystens, USA)Z o]&ato] ZAAa}L,
©]Z Microsoft Excel U2 A8tk MS A9 §44 ¢
A2 Microsatellite Tool Kit (Microsatellite Tools for Excel)
(Park, 2001)E ol-&ato] o]FH9] #ZA(HO)% ©| &4 (HE)
& AXtsted #4868 44 #d97= DISPAN software
(Ota, 1993)Z o]&3lod Neid] FAAYE FASL (Nei, 1973),
Gst, Ht, Hs ¥ o442 Z(PIC)E F489th A=d {34
AYA S EYZ 34 PHYLIP program package (Felsenstein,
1993)<] Neighbor-Joining (NJ) method (Saitou and Nei, 1987)
& ol&sto] ATTE ASITh Hue] 1A dYAe F4e
Structure software (ver 2.3.3)°ll ©Jgk 415 a5}t (Pritchard
et al., 2000; Falush et al., 2003). WA A4 Ak (cluster F
EE DS 437 $1% Bayes ¥4 (Bayesian analysis)E 3
sto] Z47ke] K (2K~17K) gkoll g 39t F4A| Pr(XK)% %5
AAE AL (burn-in 10,0008], burn-in & MCMC ¥Hs4=
100,0003)), ©1E F3 4 K(K=17)S ZAA3l4, Z clustero] )
& 7} Adke] AAl L5 F48I9IH Burn-in 100,0003], Burn-in
¥ MCMC HHE4E 1,000,0003] 2 AAsto] 242 A

Table 2. Expected and observed heterozygosities observed with 26 microsatellite markers for 17 pig populations

Mean heterozygosity (Hz)

No Populations” Sample size  loci typed No. of Alleles
Observed (Ho) Unbiased (Hg)
1 KNP A 50 26 3.92+1.44 0.458+0.014 0.453+0.046
2 KNP B 36 26 6.31+2.53 0.613+0.016 0.651+0.035
3 KNP C 47 26 3.65+1.29 0.504+0.014 0.496+0.045
4 KNP D 63 26 6.62+2.21 0.624+0.012 0.649+0.032
5 KNP E 45 26 3.81x1.44 0.553+0.015 0.54440.035
6 KNP F 50 26 3.08+1.20 0.475+0.014 0.495+0.037
7 Duroc 50 26 4.65+2.06 0.510+£0.014 0.556+0.040
8 Landrace 50 26 5.81+2.23 0.627+0.014 0.621+0.025
9 Yorkshire 50 26 6.42+2.37 0.707+0.013 0.709+0.029
10 Berkshire A 50 26 5.31+£1.98 0.631+0.013 0.641+0.029
11 Berkshire B 12 26 3.85+1.12 0.657+0.027 0.57940.038
12 Berkshire C” 61 26 5.58+2.72 0.632+0.014 0.631+0.028
13 Berkshire D” 33 26 3.54+1.73 0.506+0.021 0.504+0.055
14 Min 11 26 5.27+1.61 0.692+0.032 0.752+0.028
15 Neijiang 8 26 5.27£1.25 0.679+0.037 0.769+0.025
16 Xiang 16 26 5.46+2.06 0.650+0.024 0.665+0.028
17 Wuzhishan 16 26 4.31+1.49 0.474+0.025 0.540+0.039

" Aliases for population names of Korean native pigs and certain breeds were used in this paper for privacy purposes.

% KNP: Korean native pig; * American Berkshire;

K Japanese Berkshire.
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Table 3. Matrix of DA genetic distances observed among the 17 pig populations

Korean native pig breeds

Commercial breeds Chinese native pigs

A B C D E F DD DL DY BA BB BC BD M N X W

KNPA -

KNPB 0216 —

KNPC 0232 0.176 —

KNPD 0204 0.121 0.132 —

KNPE 0208 0.189 0.222 0.176 —

KNPF 0283 0.261 0.344 0245 0.183 —

DD 0.572 0.384 0.492 0.405 0.521 0.589 -

LL 0.503 0.335 0.509 0.382 0.457 0479 0398 —
YY 0.475 0.297 0482 0326 0.467 0.462 0.364 0.242

BA 0.422 0.283 0.390 0.287 0.372 0.402 0.395 0.356
BB 0.402 0.293 0.411 0310 0.377 0.424 0.422 0.411
BC 0.590 0.463 0.576 0.455 0.574 0.587 0.546 0.527
BD 0.566 0.473 0.531 0.479 0.549 0.562 0.561 0.590
M 0.455 0.323 0.447 0371 0.461 0.474 0.454 0.407
N 0.540 0.455 0.576 0.501 0.577 0.599 0.585 0.454
X 0.647 0.580 0.677 0.589 0.604 0.657 0.698 0.662
\ 0.685 0.648 0.735 0.642 0.707 0.739 0.762 0.749

0.295
0.334
0.433
0.540
0.357
0.437
0.612
0.664

0.149 -

0.305 0.336 —

0.443 0.529 0320 —

0.322 0.384 0.522 0.517 -

0.448 0.522 0.608 0.656 0.400 —

0.665 0.677 0.729 0.782 0.610 0.615 —
0.674 0.704 0.751 0.792 0.584 0.644 0.663 —

Abbreviations: KNPA=KNP A; KNPB=KNP B; KNPC=KNP C; KNPD=KNP D; KNPE=KNP E; KNPF=KNP F; DD=Duroc; LL.=Landrace;
YY=Yorkshire; BA=Berkshire A; BB=Berkshire B; BC=Berkshire C; BD=Berkshire D; M=Min; N=Neijiang; X=Xiang; W=Wuzhishan.
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A (A~F)Y] % 6485FS o= 26709 MS BAE o] &3 of
iz g fdAEs BARITh 2670 MS A9 A A
g 170 Jebd g oigedz, 7d olFAHTE (Hp e #5
olHHEE (Ho)E T8Itk (Table 2). MS tools?] #4235 o]
3ol DISPAN softwareol| ] MS %A Gst, Ht, Hs #3 #
4 DA §47% A2lE A4Fskal (Table 3), PHYLIP softwareS
gsto] AgTE At (Fig. 1).
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=3 WEeA 22 0.779% 0755-;' 7}5} =7 Jehtod, Uyux)
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Fig. 1. Neighbor-joining tree constructed using DA

genetic distance matrix, showing the genetic
relationships among the 17 pig populations.
Abbreviations: KNPA=KNP A; KNPB=KNP B;
KNPC=KNP C; KNPD=KNP D; KNPE=KNP E;
KNPF =KNP F; DD =Duroc; LL=Landrace; YY =
Yorkshire; BA =Berkshire A; BB =Berkshire B;
BC = Berkshire C; BD = Berkshire D; M=Min; N=
Neijiang; X=Xiang,; W=Wuzhishan.
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Al Aezke] 44 Age 0.12~0.34 AEZ vl $- v gl
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MEoz FiEo] Bjou, Fig 2014 Holi= wiel o] BA
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A #dAE Hole FAdo] EFUoRiy fysddte 4
ATl Fetenh A Juo Y feE Zow 4
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< 7 0617 0.622 BT U =2 Ho #s HT
(Table 2). AW, B {He] 49 3¥ Fe 2l 035, 149 &
el2Ho 0272 dAtEo] g B FUAEE Holw, D Hue
m% Zej2d 078, 6¥ ZE2Eo 0152 139 Ze] e
5 o] YERdTh(Table 4). 744 #d%7t 0.8 o3k et
i, 0.1 ool thE Fe|aHdA RHojA|E= %j‘%% b= A 2= 4]
% 3/ (B, D, E)olth %2 34 WHolda v A
TAEE 29 BT DS 9uy|Fe o3 Al Sof <
3t A5491 Huest a7Hh
JE = HAM F J<BAY BB)F FHA F AW
I WAE)el A7t Fde FeaHE EAHJAT T HAas J
& AT 0.12% Wi TS AR sl Hed Thsk
o] Attil AEHARE FaEAY A= FAA} 042 T
Aetolgy|mris £43de] a7)7 2 diA 7]9]
7} AYZyEtt (Table 3, Fig. 1). sHAle=i«] B Ade 7147
ERd F Rdhe] E¢o] oAEH (Table 4), B {2 vl &
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A B C D E F DD DL DY BA BB BC BD MN XW
. _____________________________________§ N |

Korean native pigs Introduced pig breeds Chinese native pigs

Fig. 2. Allocation results of seventeen pig populations to 2~17 clusters.
Populations on horizontal axis are in order of : A=KNP A; B=KNP B; C=KNP C; D=KNP D; E=KNP E; F=KNP
F; DD=Duroc; LL=Landrace; YY=Yorkshire; BA=Berkshire A; BB=Berkshire B; BC=Berkshire C; BD=Berkshire D,
M=Min; N=Neijiang; X=Xiang; W=Wuzhishan. Part of analysis is omitted.
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zheth SEAEEA A 0 SlAESAe T uke nlaskslon), & Aol Al
‘?‘01]‘4:— ‘Jr‘ﬂxl T gl Hje) s W& f 2 st dAH R ddo] Ytk AlEe T AlEA
T ke, ol opuk Fm Al el A A mlugozd, A=A THAE EAHA S
gl gelstarzt soivk. =5k 2670 o]z FAHow Fld

gl

o mX,
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Table 4. Proportion of membership of each pre-defined population in each of the 17 clusters

Pop Inferred Clusters Pop
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Size

1 0.004 0.948 0.006 0.002 0.004 0.006 0.001 0.001 0.002 0.002 0.002 0.002 0.007 0.006 0.003 0.002 0.002 50
2 0.098 0.037 0.346 0.003 0.070 0.011 0.012 0.007 0.012 0.016 0.006 0.002 0.070 0.269 0.038 0.002 0.001 36
3 0.041 0.009 0.007 0.001 0.911 0.004 0.003 0.002 0.002 0.002 0.001 0.001 0.008 0.002 0.002 0.001 0.001 47
4 0.750 0.009 0.017 0.002 0.024 0.020 0.005 0.005 0.005 0.007 0.002 0.003 0.036 0.006 0.105 0.001 0.002 63
5 0.005 0.021 0.010 0.001 0.012 0.147 0.002 0.003 0.004 0.003 0.001 0.001 0.782 0.003 0.002 0.002 0.001 45
6 0.002 0.003 0.002 0.001 0.002 0.974 0.001 0.001 0.001 0.002 0.001 0.001 0.003 0.002 0.001 0.001 0.001 50
7 0.002 0.001 0.002 0.001 0.002 0.001 0.968 0.003 0.002 0.003 0.002 0.001 0.002 0.002 0.005 0.001 0.001 50
8 0.002 0.002 0.003 0.002 0.002 0.004 0.009 0.940 0.015 0.005 0.003 0.001 0.003 0.005 0.003 0.001 0.001 50
9 0.003 0.003 0.004 0.002 0.002 0.003 0.004 0.034 0.923 0.005 0.003 0.002 0.002 0.003 0.004 0.002 0.001 50
10 0.003 0.002 0.002 0.002 0.003 0.002 0.002 0.004 0.003 0.959 0.004 0.004 0.002 0.003 0.004 0.001 0.001 50
11 0.013 0.008 0.011 0.002 0.013 0.006 0.004 0.003 0.004 0.893 0.004 0.003 0.020 0.008 0.007 0.002 0.001 12
12 .0.002 0.002 0.003 0.007 0.002 0.001 0.002 0.002 0.002 0.011 0.002 0.942 0.002 0.002 0.016 0.002 0.001 61
13 0.002 0.002 0.003 0.947 0.002 0.001 0.002 0.001 0.002 0.010 0.002 0.005 0.002 0.002 0.015 0.001 0.001 33
14 0.005 0.004 0.020 0.004 0.005 0.005 0.010 0.006 0.013 0.018 0.816 0.003 0.006 0.020 0.029 0.003 0.032 11
15 0.003 0.003 0.006 0.003 0.003 0.005 0.007 0.018 0.027 0.016 0.855 0.003 0.003 0.004 0.009 0.015 0.020 8
16 0.002 0.001 0.004 0.001 0.001 0.002 0.002 0.002 0.004 0.003 0.018 0.001 0.002 0.014 0.007 0.926 0.009 16

17 0.001 0.001 0.002 0.002 0.001 0.002 0.002 0.005 0.002 0.003 0.009 0.001 0.001 0.002 0.004 0.005 0.954 16

Orders for vertical axis: 1=KNP A; 2=KNP B; 3=KNP C; 4=KNP D; 5=KNP E; 6=KNP F; 7=Duroc; 8=Landrace; 9=Yorkshire; 10=Berkshire A;
11=Berkshire B; 12=Berkshire C; 13=Berkshire D; 14=Min; 15=Neijiang; 16=Xiang; 17=Wuzhishan. Pop: population. Maximum number for each
cluster is highlighted.
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