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Studies on Genetic Diversity and Phylogenetic Relationships of Korean Native Chicken
using the Microsatellite Marker

Joo Hee Seo', Jea-Don Oh', Jun-Heon Lec?, Dongwon Seo® and Hong Sik Kong1

!Genetic Informatics Center, Hankyong National University, Anseong 456-749, Korea
“Department of Animal Science and Biotechnology, Chungam National University, Daejeon 305-764, Korea

ABSTRACT In this study, genotyping was executed by using 27 microsatellite markers for genetic diversity of 469 Korean
Native Chickens [20 population, each population is 24 samples but Hanhyup A line is 13 samples). in total 469 samples were
collected from National Institute of Animal Science (Korean Native Chicken (NR, NY, NG, NL and NW), Ogye (NO),
Leghorn F.K (NF and NK), Black and Brown cormish (NH and NS), Rhode Island Red C, D (NC and ND), Total is 12
populations] and Hanhyup [H line (HH), F line (HF), G line (HG), V line (HV), S line (HS), W line (HW), Y line (HY),
A line (HA), total is 8 populations]. [The allele number were observed 5 (ADL0268) to 20 (MCWO0127) each markers. Observed
heterozygostiy (Hops), expected heterozygosity (Hexp), polymorphism Information Content (PIC) were observed 0.359 to 0.677,
0.668 to 0.881 and 0.646 to 0.869, respectively. Using these markers, the calculated the heterozygote deficit within chicken
line (F;) value each population from mean 0.117. Phylogenetic tree showing the genetic relationship among 20 population using
standard genetic distance calculated from 27 microsatellite markers. genetic distances revealed the closest (0.175) between NC
and ND. on the other hand, Farthest genetic distances (0.710) revealed between NF and HV. STRUCTURE analysis and
Principal Components Analysis (PCA) showed that results of similar phylogenetic tree. The expected probability of identity
values on random individuals (Total population and only Hanhyup line) was estimated at 8.80x10™* and 3.87x10° ',
respectively. In conclusion, This study shows the useful data that be utilized as a basic data of Korean Native Chicken breeding
and development for commercial chicken industry to meet the consumer’s demand.

(Key words : microsatellite marker, Korean Native Chicken, polymorphism, genetic diversity, phylogenetic relationships)
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1. A XM=

£ Aol AHgE FAAEE 3] A8 A5 T

7VaEAHHH, HF, HG, HV, HS, HW, HY, HA)%} =% 34¢
Hetel 7lFe A RES D Qe EFE A 1274, &
ZAE T3 AU 2FF AEY EFES) 3EFF 6459
7V ZZK(NR, NY, NG, NL, NW, NO, NF, NK, NH, NS,
NC, ND)2] <]} wof|A] zﬂﬁﬂo}MJﬂ HA AE(1357)<=
AQlsta, e AleS ZF 2474, F 46975 FAIANER
AF8-3F tH(Table 1).

2. DNA Extraction

TAREZ AE2 SSC A Elsle] 2 TR, 20 uL
o] @A ZS Genomic DNA isolation kit from blood (Ge-
netbio, Korea)Z ©o]-8-3to] 7| ZA} AAslE Wiy wat
Genomic DNAE F&3to] —20Te] E#A3th

3. MS Marker and PCR Amplification

E Ao o] &H 27F2] MS marker= Seo 5(2013)cll
o Hud 150%2] MS markerE EUZ Y314 =
7], FBEAe WY T& il FF NAAE 9 YLk

: Microsatellite MarkerS &-8-3F 3= &

2ok Zxo] © o 9
S5 Y 744 g 2 fa3A B4

Table 1. Description of the 20 chicken breeds used in the
present study

Code Line ;\Ialp(iz
HH Hanhyup H line 24
HF Hanhyup F line 24
HG Hanhyup G line 24
HV Hanhyup V line 24
E;Ep HS Hanhyup S line 24
HW Hanhyup W line 24
HY Hanhyup Y line 24
HA Hanhyup A line 13
Sub-total 181
NR Red Korea Native Chicken 24
NY Yellow Korea Native Chicken 24
NG Gray Korea Native Chicken 24
NL Black Korea Native Chicken 24
NW  White Korea Native Chicken 24
NO Ogye 24
NIAS NF Leghorn F 24
NK Leghorn K 24
NH Black Cornish 24
NS  Brown Cornish 24
NC Rhode Island Red C 24
ND Rhode Island Red D 24
Sub-total 288
Total 469

o8 Alx®] 8ol {83t MS markerg sttt 2H2t
9] MS marker= PCR %—,ﬂ'%ﬁq A71E 123k Primer
o] FAM, VIC, NED, PET®] @3E4E ¥ %%} ﬂ B

THTable 2). PCR(Polymerase Chain Reaction) ¥H2-24-2 DNA
5 ng, primer(10 pmole), 2.5 mM<] dNTP, 10 x Maxima Hot
Start Taq buffer, 25 mM MgCl, Z22]1 1.5 US| Thermo
Scientific Maxima Hot Start Taq DNA polymerase (Thermo
Scientific, USA)= ¥§35}0] & 15 uL= A 23 5, 95Tl
2] 1083} pre-denaturation & 95Cl|l 4] 3037} denaturation,
55T A 30%7} annealing, 72 Coll A 3057} extension= 30
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Table 2. Primer information for 27 selected microsatellite markers in the study

17

No Markers Chr Primer Size Dye
F CTCCACCCCTCTCAGAACTA
1 ADLO0268 1 105~117 PET
R CAACTTCCCATCTACCTACT
F GCTCCATGTGAAGTGGTTTA
2 MCWO111 1 90~118 NED
R ATGTCCACTTGTCAATGATG
F ACTTTATTCTCCAAATTTGGCT
3 MCWO0145 1 178~214 FAM
R AAACACAATGGCAACGGAAAC
F GATCTGCTTCTCTGCCCCATG
4 MCWO0288 2 102~122 FAM
R GGTACTGTCACCAGAATGAGC
F CGCATTTGATGCATAACACATG
5 LEIO141 2 218~244 FAM
R AAGGCAAACTCAGCTGGAACG
F GGCTCCAAAAGCTTGTTCTTAGCT
6 MCW0063 2 128~ 150 FAM
R GAAAACCAGTAAAGCTTCTTAC
F CTTACTTTTCACGACAGAAGC
7 MCW0264 2 225~243 FAM
R AGACTGAGTCACACTCGTAAG
F CATTGGACTGAGATGTCACTGCAG
8 MCW0039 2 128~148 VIC
R ACATTTGTCTAATGGTACTGTTAC
F ATTTCTGCAGCCAACTTGGAG
9 MCWO0087 2 265~289 NED
R CTCAGGCAGTTCTCAAGAACA
F GAGTTCAGCAGGAATGGGATG
10 MCWO0127 3 226~274 VIC
R TGCAATAAGAGAAGGTAAGGTC
F GATCTCACCAGTATGAGCTGC
11 LEI0094 4 232~282 FAM
R TCTCACACTGTAACACAGTGC
F AGTTGGTTTCAGCCATCCAT
12 ADLO0317 4 178 ~204 FAM
R CCCAGAGCACACTGTCACTG
F GTGGACACCCATTTGTACCCTATG
13 MCWO0029 5 131~187 VIC
R CATGCAATTCAGGACCGTGCA
F CCAAATCAGGCAAAACTTCT
14 ADL0292 5 110~140 FAM
R AAATGGCCTAAGGATGAGGA
F TGCTGCTCCTGGRAAATTG
15 ROS0013 5 220~262 NED
R GAAAAGCCATGGAGGAATCA
F ATGTACAGGTTCCAGTGTCCG
16 ROS0019 7 118~150 NED
R CCAGTTCATACAACCTTGAGTTGG
F CTCATTGCAGAGGAAGTTCT
17 ADL0259 9 107~ 147 VIC
R

GTAATGGAGGATGCTCAGGT
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Table 2. Continude

: Microsatellite MarkerS &-8-3F 3= &

2ok Zxo] © o 9
S5 Y 744 g 2 fa3A B4

No Markers Chr Primer Size Dye
F TCCAAGGTTCTCCAGTTC

18 GCTO0016 9 108 ~168 NED
R GGCATAAGGATAGCAACAG
F GATCTCTGCATTACAAGCATG

19 MCWO0228 10 220~248 PET
R TTGCTGACCTGCTCATGCAAG
F TAGCACAACTCAAGCTGTGAG

20 MCWO0104 13 192~232 PET
R AGACTTGCACAGCTGTGTACC
F CATTACAGCTCAGTGTTGGCA

21 ROS0083 13 108 ~130 VIC
R TTGCAAGTGCTCTCCCATC
F CCACTAGAAAAGAACATCCTC

22 MCWO0123 14 80~90 FAM
R GGCTGATGTAAGAAGGGATGA
F TGGACCTCATCAGTCTGACAG

23 MCWO0330 17 252~286 VIC
R AATGTTCTCATAGAGTTCCTGC
F GTAATCTAGAAACCCCATCT

24 ADL0293 17 107 ~127 PET
R ACATACCGCAGTCTTTGTTC
F GGGGAGGAACTCTGGAAATG

25 ADL0304 18 138~162 FAM
R CCTCATGCTTCGTGCTTTTT
F GACCTGGTCCTGACATGGGTG

26 LEI0074 26 132~244 VIC
R GTTTGCTGATTAGCCATCGCG
F CACAATGAAGGATGAATAGTGC

27 LEIO135 28 132~152 NED
R AATTCACAGTTACACCTGAGG

2+ 72T A final-extensions 35k

4. Genotyping

PCR ZZALE2 Zvlo| whe}l Hi-Di™formamide$} Gene-
Scan™-500LI1Z™sizestandard 2 3]4]3}o] Genetic Analyzer
3130XI(Applied Biosystems, USA)E A8-5}°] Fragment ana-
lysisE a5t MS markerd W2t o] A=k =
7]+ GeneMapper ver 4.1(Applied Biosystems, USA)= ©|-&
sl A%k

5 EA 24

MS Toolkit software(Park, 2000)2} Cervus ver 3.0(Marshall
et al, 1998) 2 1AE o] gala] tlU- g7kl F(No. of
allele), 71tHo]d 7 $H-&(expected heterozygosity, Heyy), T

o]& FgE(observed heterozygosity, Huy), TFEA HHA|$

(Polymorphism information content, PIC)E A4+t AL, 3
@ W Z markerd 5SS F-SAHF(F), F(O) 2 Fi(f))
< o] &35te] EASITHFSTAT ver 2.9.3). API-CALC ver
1.0(Ayres and Overall, 2004) 21813 A}-g3lo] SU7) A
22 A4kslg]on], DISPAN(Ota, 1993, Nei, 1983) 3
2a8s Bal 2 kel tiste] 314 A2l Neighbor-
Joining W (Saitou and Nei, 1987)= ©]-83}o] genetic dis-
tances® F3 3}, ©]E A =2 Phylogenetic treeS 2143}
Aok Je Y] 4 e =1sk] A8 ZF marker
H g g{3A} RIS o]83ke] PCA(Principal Components
Analysis) 42 GenAlEx 6.4(Peakall and Smouse, 2006)
ZeadS o]&ste] A48t

A o o

1. Microsatellite Marker2| ctaiAd
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F*(No of alleles), A Fte] #Z0]F 3 F-E(observed he-
[e]

terozygosity, Hus), 710018 3 &-&(expected heterozygosity,

Hexp), TF34d 7 BA|47(Polymorphism information content, PIC),
F-SATHF(F), F(6) B Fi(f))= ~F=3ke] Table 3¢ A|A|
SAth AR ES e 2 27F MS markerS 413 2
3}, 57H(ADL0268)*E] 207H(MCWO0127)7HA] 4 11.7742)]
EFA27T = A Seo 5(2013)S g A 5 Al

o] #5749 4= S8l B8] =2 15T MS marker

Table 3. The statistical analysis of heterozygosity (Hons and Hgyp), polymorphism information content (PIC) and F-statistics value
using selected 27 microsatellite markers among the native chicken lines

Locus No. of allele Hobs Hexp PIC Fy (6 Fy(F) Fy(f)
ADL0268 5 0.515 0.768 0.731 0.272 0.338 0.091
MCWO111 10 0.494 0.735 0.688 0.130 0.333 0.234
MCWO0145 11 0.677 0.838 0.817 0.156 0.199 0.051
MCW0288 9 0.507 0.688 0.646 0.284 0.273 —0.016
LEIO141 14 0.478 0.851 0.833 0.158 0.442 0.337
MCWO0063 11 0.577 0.779 0.749 0.224 0.267 0.055
MCW0264 9 0.567 0.827 0.806 0.271 0.324 0.072
MCW0039 8 0.566 0.746 0.709 0.265 0.251 —0.019
MCWO0087 15 0.565 0.878 0.865 0.176 0.362 0.226
MCWO0127 20 0.594 0.859 0.843 0.173 0.314 0.170
LEI0094 18 0.609 0.843 0.825 0.119 0.282 0.185
ADLO0317 11 0.612 0.831 0.811 0.261 0.274 0.017
MCW0029 15 0.677 0.859 0.845 0.249 0.222 —0.037
ADL0292 11 0.561 0.751 0.714 0.248 0.262 0.019
ROS0013 16 0.590 0.835 0.813 0.182 0.299 0.144
ROS0019 13 0.496 0.699 0.677 0.266 0.300 0.047
ADL0259 14 0.655 0.880 0.868 0.254 0.265 0.014
GCTO0016 12 0.359 0.812 0.788 0.326 0.565 0.355
MCWO0228 12 0.573 0.796 0.769 0.311 0.291 —0.029
MCW0104 17 0.629 0.881 0.869 0.251 0.295 0.059
ROS0083 8 0.560 0.750 0.716 0.260 0.264 0.006
MCWO0123 6 0.451 0.729 0.683 0.382 0.394 0.020
MCW0330 12 0.481 0.746 0.715 0.151 0.361 0.248
ADL0293 10 0.499 0.779 0.746 0.271 0.368 0.133
ADL0304 9 0.508 0.788 0.757 0.232 0.364 0.171
LEI0074 13 0.537 0.846 0.826 0.150 0.370 0.259
LEI0135 7 0.443 0.728 0.681 0.307 0.400 0.135
Total/Mean 316/11.7 0.547 0.797 0.770 0.233 0.321 0.115
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£ Adsle] Ao &85t =], 2L 5 1052 MS marker
(MCWO0145, MCW0063, MCW0264, MCW0087, MCW0029,
ADL0292, ADL0259, GCT0016, MCW0104, ADL0304)7}
ATelA AHEE marker®t YA|3kaL UTh Seo 5(2013)°]
H3g Apdztel B AFAdE vluwd BH ik & 3
o] AT 4 AUt} 53] MCWO0104 735 Seo 5(2013)
11709 Y -FazE BAgh Aoz gjlsglon, & <
Ao M= 17702 AR or Be o FelEdeh 1
A= L o]¢d HFES] MS markerol| = £ <
Azte] dE A7 dild oz Ho] Yepd Aoz
1= AT o= FAIAMER o]-8H FTe] Seo 5(2013)
5A%S As ks ARSSE A, B Al Al
97 B3l FF 3 A4 JATe 2303 20452 A
sk Ao A 711" Ao 2 AFRETE Hye 0.359(GCT0016)
FE 0.677(MCWO01459F MCW0029)7H4] Uebskon &4t
0.547% 2Fol=|Qt} FEEF H,, o PICE MCWO0288lA] 2zt
0.688%} 0.646°.2 71 Sr3kx, MCWO010491~4] Z+2} 0.881
7 0.869% 7 E=A FR1EJATE MCW01452F MCW0029
= 22 1109 15709] i fdAE BAkal 212, Hos,
Hep 1813 PIC 5 ¥4 &2 k& IR1E F ik
ADL0268-> 71 A& {25/ E Bfe Zer &
A= JARE, Hop = 0515, Hep= 0.768 18] 3L PICE 0.731%
Z}zke] atHh ozt e Ao 2 glE Qi) B, MCW-
0111, LEI0O141, POS0091, GCT0016, MCW0330 2] 3. ADL-
0293 107 o’de] dH-F--AAE A3k AR, ADL0268
Ho} 92 Hys 818 4= U9tk o= ADL0268%= 571
NG dd 3 Rima A4 Feola sk e 3
o] gelEgl e, MCWO111, LEIOI141, POS0091, GCT0016,
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EA = 22 ATNA 54 dE-fdAe] 27t 2y
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AEH H B4 A (mean number of alleles, MNA),
Hops, Hexps PIC 12|31 Fy(f) %k ZAlAFSH] Table 40f AA|
stttk Alsd H dESAAS(MNA)E 4852 R1E]
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E(NY)°] 6.63°.%

O

gRl=ReH, 7P AL e FdAE
HFek Al Ul F AE(NF)©] 3.5970= =1k
Hops®l 735 ¢ 05512 IRI=A, e A AlS(HA)°]
071322 7} =¢tor, g1 K AENK)°] 0.358% 7}
e Zloz FEdtk He,ot PIC 32 3 F 7Al1E
(HF)o] Z}z} 0.745, 0.686 2.2 7V =3ka1, 713 @A et
FAECRE gaE K AIENK)°] 22 0465, 04122 &
A=At kel {14 24 deE Yelll= A2 Fi(f)
< NK FehollA 02342 71 =4 YERsken], HH 3] tho]
—0.017% 71 @A YEbgth £49 Hep®t Hass Wl S
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EANAeR 28 A S Holu S EsTt &
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Table 4. mean number of alleles (MNA), Heterozygosity (Howns and Hgy,), and polymorphism information content(PIC) and Fj
(within inbreeding) observed across 27 microsatellite loci for each population

Population MNA Hops Hexp PIC Fi
HH 5.44 0.695 0.684 0.626 —0.017
HF 5.78 0.705 0.745 0.686 0.055
HG 4.70 0.539 0.593 0.531 0.091
HV 4.30 0.453 0.503 0.447 0.102
HS 422 0.548 0.581 0.515 0.057
HW 4.30 0.565 0.600 0.532 0.060
HY 4.59 0.507 0.583 0.523 0.132
HA 5.26 0.713 0.717 0.643 0.007
NR 6.22 0.597 0.721 0.665 0.176
NY 6.63 0.636 0.716 0.660 0.113
NG 5.44 0.561 0.646 0.592 0.134
NL 5.96 0.675 0.734 0.677 0.082
NW 4.93 0.580 0.624 0.562 0.073
NO 4.89 0.550 0.628 0.570 0.126
NF 3.59 0.416 0.478 0.417 0.131
NK 3.78 0.358 0.465 0.412 0.234
NH 4.52 0.501 0.615 0.55 0.188
NS 4.81 0.489 0.623 0.558 0.220
NC 3.63 0.440 0.555 0.481 0.211
ND 3.96 0.493 0.584 0.512 0.159
Total 4.85 0.551 0.620 0.558 0.117

g = AlB(NCe ND) 7te] 7Hg 77k 44 fABAE
7Ha e AR FERlEien, 3y vV AlBHV)E
% ABNFe NK)P] 5714 A7t 242} 0.7109) 0.701
2 ZRlFe] B ApAFeE 7P W Aoz
o} 3] 87 A% el A ArlE gRls] W HHeb
HF 7to] 713 71748 (0. 303)9.51 gel=] e, HVel HY
7ro] o] 7Hg ¥ A(0.583)°.= FRIUTE. e+ <] &7 AlE
el fHA Al HApt geksiAl vEida sl A
2t A Hl=e AU, MR e 28 545 7R
S AT oA 7RIS o= AR E ) Fig 1
T3] B HW, HS 18]3 HY+ A&%¢] 2 o}
o FH4 A7t R AE g1 slen,
E(HG, HV, HA, NF 18]3L HH)S §-83<] 5744
(NHS} NS)#} 77k A& gl 4= it} 3k, &

po

o L o r% to
Ao [0 oy oo fo o

st Aol 570 AlB(NR, NY, NG, NL 18] 32 NW)7+e)]
42 A2le NRZ NY7F 7H 7171810.396) A o2 &9l
Hon, NWek NL 2te] 71 w1 o2 1= Qi) #1
& ABNFS NK)S] F3d4 A= 03752 g oz
7}77}" Ao gelEQet v, U4 AIENHS} NS)7H]

FRAA Art 05112 AlLk=o] 22 Algel A v vlwd w
ﬁi I AT AleH F34 L5 vl B4 ¢
3] STRUCTURE softwareZ ©]-8-3}3it}. Cluster (K)E 2%
E 20704 A ste] A4 385kl A, Cluster(K)7 4, 10
aa 2002 AFE A A4S Fig 209 ?ﬂ]/\] EIsa=s
K=207} 109] 4] Z¥el|A] gjde] 80 Alee dRls 2
I 3709 cluster2 FEEHE AL 31 4= AUt &3
Fig. 29| K=4 ZA¥<} Fig. 19] 275 v|wd] B a3
87N Al 4 5ol F el w4 AReA] FAlsH
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Table 5. DA genetic distance matrix estimated from the frequencies of 27 microsatellite loci among the 20 population of chicken

HH HF HG HV HS HW HY HA NR NY NG NL NW NO NF NK NH NS NC

HF 0303 -

HG 0.536 0.529 -

HV 0.550 0.542 0.404 -

HS 0.534 0.541 0.562 0.560 -

HW 0.477 0.504 0.546 0.579 0.352 -

HY 0.534 0.507 0.550 0.583 0.387 0.399 -

HA 0.409 0.432 0.496 0.532 0.509 0.489 0.507 -

NR 0.472 0.475 0.512 0.553 0.516 0.473 0.507 0.451 -

NY 0.474 0.478 0.502 0.546 0.481 0.454 0.490 0.472 0.396 -

NG 0.569 0.583 0.579 0.579 0.529 0.487 0.540 0.584 0.458 0.416 -

NL 0.535 0.526 0.487 0.502 0.493 0.499 0.528 0.494 0.411 0.447 0.452 -

NW 0.551 0.543 0.555 0.591 0.515 0.472 0.506 0.539 0.493 0.430 0.460 0.498 -

NO 0.556 0.553 0.599 0.620 0.594 0.604 0.631 0.550 0.522 0.481 0.556 0.491 0.552 -

NF 0.616 0.623 0.674 0.710 0.644 0.635 0.687 0.612 0.568 0.600 0.645 0.599 0.644 0.607 -

NK 0.626 0.610 0.671 0.701 0.614 0.631 0.645 0.629 0.570 0.571 0.631 0.592 0.640 0.584 0.375 -

NH 0.471 0.484 0.523 0.540 0.521 0.474 0.540 0.491 0.419 0.474 0.510 0.471 0.513 0.557 0.580 0.601 -

NS 0.539 0.489 0.572 0.601 0.574 0.556 0.584 0.530 0.529 0.501 0.559 0.534 0.572 0.557 0.655 0.619 0.511 -

NC 0.556 0.571 0.643 0.639 0.426 0.410 0.472 0.545 0.563 0.518 0.557 0.541 0.562 0.628 0.677 0.680 0.588 0.603 -
ND 0.568 0.584 0.614 0.619 0.448 0.425 0.492 0.545 0.553 0.513 0.561 0.525 0.544 0.615 0.668 0.659 0.574 0.603 0.175

100 NC
32 L——HD
99 HW
\_i HS
49 = Hy
MY
? T9L| NG
64 Nw
HL
¢ 32 | HG
1661 HU
30 NH
30 NR
63 Ha
%
100 HH
NS
ND
[ NF
160 NK

Fig. 1. Phylogenetic tree showing the genetic relations among 20 population based on DA genetic distance. The number indicate
bootstrap values in percentage after 1,000 re-sampling.



Seo et al. : Studies on Genetic Diversity and Phylogenetic Relationships of Korean Native Chicken using the Microsatellite Marker 23

HH "HF ' HG' HV HS " AW HY BRA MR "oy "G T oL "o T MO NP MK NH T NS

Fig. 2. Construction of genetic structure using individual cluster(K=20,10,4) among the chicken lines.
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Fig. 3. PCA of allele frequencies from 27 MS marker typed in 20 population using the GenAlEx.
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XS es R0 & ATk Table 6. The expected probability values among genotypes of
random individual (PI) for discrimination chicken lines using
4. 2752 Microsatellite Marker2| S7Hx| E5&tE markers
E Ao o] &4 27 MS marker?] 7NA2E 2 AgAlo] No. of marker All Pop. H Pop.
g A"l 28 84S A S sLhA =EEE 1 6.26x10 % 3.01x10° %
(Probability of Identity, PI)= ¥28}o] Table 691 A|A] 5} 5 393x10 " 1.05%10~%
A% = 3 TU/NA =335 313 87 N
o} A 204 ) & ¢ 1A Ed &P} 9 870 Al 3 5 63x10 10 375%10 14
5 YelM e A/ Ed3EP) 4 23, % 2759 MS A L85x10-1 L40x10-"
L8OX 40x
markerS AH8-3190S 7%, ZH2 8.80x10 %1} 3.87x107"

—16 —23
oz ﬂ?_]ﬂoiq‘ 1}59{‘1 .‘E.( 013)__ E_C‘)__%J'_ E%E :-—'Z——J,]— 5 1.11x10 5.40x10
£33 SolE 90, 2roldds Y= Jug fde 6 L17x1077 2.17x107
2 26%9 MS markerE 43l FA/NA EESEPHS 7 9.73x10 > 9.00x10 *2
1.17x10" Y2 B33} 9™ Choi 5(2012)< 3= Ales & 8 8.13x10 26 3.74x10 3¢
&S Ao = 28719 MS markerE EA5te] A A = 9 6.99x10"2° 1.60x10 40
HEEPHE 12110 PO& B3 . et 201

E(PD=1.21x10 f“*“u} Seo 5(2013) 10 6.17x10 7.28x10 %
2 S Al S g e ® g3 FEAFHPIC)7E =2 15
o = maas 8 o 11 5.44x10° % 3.37x10 ¥
2 12702] MS markerE &A1 g A=, 2H7} 7.98x10 %, 1.01

—38 —53
x10 020 elE e B AT 3 ) AL ol 12 5.04x10 1.58x10
oz BAMA 8 5L MS marker 1571 1.94x10°% 13 4.69x10" 7.60x10"
o7 1270 1.58x10 o2 Folxrh AFPd o8 A 14 4.45x10 3.79x10°
Eol| vl & ATE B3l AikE 5L /A E4d FEe] o 15 425107 1.94x10 %
A &dE A F Ay Ro gl gEs dides 16 4.05x10°% 9.73x10" "
3l) o 1<) {‘5_]__ WHI RIS B = JQ‘_ AlQ 2tho
°}f* ™, o =S &l 4871 Aol 17 3.93x10 % 5.06%10 7
zalElo] 9lo] 7013k Aoz AlgHd wehd B dps
513 o BELAlL ) | e 18 3.91x10 % 2.66x10 "
T Anrte] g Hitske BT MY 2 AEA

—59 —83

AEE ol glo} EFH Aol e AHEe BAT P 390410 Ao
Agel A Age fH2 AT 54 B9S S A 20 3.94x10 % 7.95x10 %
A2 g Agakold] A~ Zgo] 7| ZAe R f-8&sH & 21 4.07x10° % 4.57x10°*
g5 Aoz Jgdch 22 436x10 2.76x10 %

23 4.74x107" 1.72x107 1%
Q ©oF
- 24 5.21x10" "™ 1.07x10~ 1%

-77 —109

Microsatellite(MS) marker= 7152 #2124 54 2 A 25 3:91x10 72110
7he] GAATA B 9lo] o o] &5 T 9l BAgA 26 6.74x10°% 5.01x107'"
A GATAZ A4 Aol de] B¥sla gon, e All 27 markers 8.80x10 ¥ 3.87x10 "

A3 HEo] st 2 A= g 8
A 12 A5 o2 27 MS marker2]
}_\3"3]—:]_7_ o] 7lHlo g fx7 EA 2 A&
TR EMN FPoA AL e EFH
A4 wjZdolvt Ao tiek 7| 2A RS AlFstax P A A8} o] zFz} 0.688, 0.646°.2 71 Yrekil, MCWO01047} 0.881,
Atk AT A7 27 MS marker 24 23} HTE 117709 0.869= 71 E=A SRl Jehd Fy(N)#k= B3l &
Py FA27E FlE 0 on,| Hy, ot PICS] 7% MCWO0288 d H ASHH)S 1 W A4 2 A8 =7t 7 4L

All Pop: 20 Population(HH, HF, HG, HV, HS, HW, HY, HA, NR,
NY, NG, NL, NW, NO, NF, NK, NH, NS, NC, ND).
H Pop : 8 Population(HH, HF, HG, HV, HS, HW, HY, HA).
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