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ABSTRACT

Genotype data of eleven microsatellites typed in 713 Hanwoo breed (Korean cattle) animals were used to
estimate the genetic diversities and relationship of nine brand populations distributed in six regional areas.
Size of microsatellite markers decided using GeneMapper Software (v.4.0) after analyze in kinds of ABI
machine of name of 3130 using ABI Stock Markers™ Kkit. Frequencies of microsatellites markers were
used to estimate heterozygosities, gene diversities and genetic distances. Microsatellite markers showed high
polymorphism and 163 alleles were detected from the genotyping of eleven microsatellite markers. Allele
frequency results were resemblant to each other in case of most markers and this between each brand
where several alleles shared the majority mean. Genetic distances between populations were obtained using
Nei’s DA distance method. Expected heterozygosity between each brand population was estimated very
analogously. Average expected heterozygosity (0.765) of whole Hanwoo populations had higher diversities
than other species of Europe, North American continent and spanish breeds. Genetic distances (0.0413)
between ChoneBuk (JS) and ChoneNam (SJ) was nearest than distances between other populations. Genetic
distances between KyongGi (AS, YP) and KyongNam (NH) showed far distance than other populations by
0.0493 and 0.0489 each respectively. ChoneNam (SJ) showed near genetic distance relatively with other
areas' populations. In the UPGMA tree that is made based on DA distance matrix, some brand populations
ramified to area. Because this became evenly genetic because gene flow of Hanwoo was frequent
comparatively between each area by stock bull selection of country unit and their sperms (KPN) supply
system that is done till today. It can be considered that this effect is by transfer of calf between near
geographical areas. Each individuals were not ramified to different group and were spread evenly in
phylogenetic dendrogram about all Hanwoo of each brand.
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Table 1. Characterization of 11 microsatellite loci analyzed in nine Hanwoo brands of six

regional areas

Locus  Offomesome Size range Mo of Mo Gt PC

BM1824 1 180~192 7 0.678 0.672 0.008 0.620
BM2113 2 123~145 9 0.720 0.713 0.009 0.673
ETH10 5 209~223 9 0.751 0.744 0.008 0.703
ETH225 9 136~160 10 0.675 0.671 0.006 0.632
ETH3 19 95~135 12 0.771 0.764 0.008 0.726
INRA23 3 141~288 28 0.805 0.798 0.009 0.773
SPS115 15 244~264 9 0.775 0.768 0.009 0.737
TGLA122 21 134~190 25 0.868 0.862 0.007 0.848
TGLA126 20 107~177 12 0.664 0.660 0.006 0.621
TGLA227 18 70~149 21 0.857 0.845 0.013 0.827
TGLA53 16 149~187 21 0.857 0.850 0.008 0.836
All loci 14.8 0.766 0.759 0.008 0.727

Ht = Expected total heterozygosity; Hs = Expected within-population heterozygosity; Gst = Coefficient of gene
differentiation; PIC = Polymorphism information content value.
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Table 2. Expected, observed heterozygosity (Hz), gene differentiation within population (Fis),
and mean number of alleles (MNA) observed across 11 microsetellite loci in nine
Hanwoo brand population of six regional areas

Pop. Heterozygosity

Areas Brand . Fis MNA + SE.
size Exp Hz + S.E. Obs Hz + SE.
KG AS 42 0.770 = 0.0191 0.712 + 0.0211 0.075* 8.55 + 3.83
YP 43 0.770 + 0.0228 0.753 + 0.0198 0.022** 8.55 + 3.56
KW PG 69 0.773 + 0.0210 0.746 + 0.0158 0.036* 10.55 + 4.13
HS 88 0.756 + 0.0263 0.695 + 0.0148 0.080* 955 + 4.32
CEB JS 119 0.772 + 0.0222 0.729 + 0.0123 0.056* 10.36 £ 5.01
CEN SJ 107 0.766 + 0.0229 0.739 + 0.0128 0.036* 10.00 £+ 4.54
KYB DG 132 0.758 + 0.0247 0.723 + 0.0117 0.047* 11.27 £ 5.02
KYN HD 56 0.760 + 0.0254 0.744 + 0.0176 0.021** 8.73 = 3.80
NH 57 0.759 + 0.0258 0.702 + 0.0183 0.076* 945 + 4.25
Total 713 0.765 + 0.0234 0.727 + 0.0160 0.050* 9.67 = 4.27
KG: KyongGi, KW: KangWon, CEB: CheonBuk, CEN: CheonNam, KYB: KyongBuk, KYN: KyongNam.

*:p<0.01. **:p<0.05. Level of significance: 95% (1,000 Bootstraps).
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Table 3. Allele frequencies at 11 microsatellite markers in nine Hanwoo brands of six
regional areas.

(unit/%)
Population Population
Locus  KG KW CEB CEN KYB KYN  Locus KG KW CEB CEN KYB KYN
AS YP PG HS JS SI] DG HD NH AS YP PG HS JS S] DG HD NH
BM1824 ETH3

180 238 233 435 341 168 327 189 179 263 115 26.19 27.91 30.43 31.8227.7321.96 36.36 34.82 35.96
182 48.8145.35 42.75 48.3049.58 44.39 48.48 43.75 50.88 117 30.95 23.26 24.64 29.5529.8329.44 25.00 20.54 27.19
184 21.4326.74 28.99 30.6829.83 24.30 21.21 24.11 25.44 119 10.71 8.14 9.42 6.25 7.56 9.35 7.58 5.36 6.14
186 4.76 3.49 6.52 5.68 462 561 4.5517.86 7.02 123 17.86 24.42 21.01 16.4817.2321.03 17.42 11.61 1491
190 22.6222.09 15.94 10.8013.87 21.96 21.97 12.50 13.16 125 14.29 16.28 11.59 15.9117.2317.76 12.50 26.79 15.79

BM2113 ETH10

123 357 233 145 0.00 1.68 140 0.76 1.79 1.75 207 1.19 0.00 0.00 2.27 0.84 0.93 0.00 0.89 0.00
125 357 349 580 284 546 280 152 0.89 439 209 0.00 0.00 145 1.14 294 093 0.76 0.00 0.88
129 0.00 1.16 0.72 1.70 1.26 0.93 0.38 0.00 0.00 211 238 0.00 2.90 0.00 0.84 2.34 1.14 0.00 0.88
131 8.33 9.30 10.14 11.9310.92 8.88 8.33 9.82 8.77 215 26.19 29.07 28.99 30.6821.4328.97 34.47 25.89 18.42
133 32.1424.42 26.09 22.1623.53 24.77 21.59 21.43 1491 217 34.52 29.07 37.68 33.5243.2834.11 34.09 30.36 37.72
135 14.29 8.14 17.39 15.9120.59 17.76 17.42 16.07 18.42 219 17.86 24.42 15.94 14.7715.9714.95 15.53 14.29 20.18
137 38.1050.00 36.96 42.0535.71 42.99 48.11 47.32 49.12 221 119 233 0.72 3.98 2.10 1.87 152 536 526
139 0.00 1.16 145 227 0.84 047 152 268 263 223 16.67 15.12 12.32 13.0712.6115.89 12.50 23.21 16.67

ETH225 TGLA227
136 0.00 0.00 3.62 1.14 252 093 038 0.89 088 78 595 465 580 9.09 588 561 341 536 263
138 0.00 233 0.72 0.57 0.84 093 0.76 0.00 0.00 82  7.14 20.93 13.77 20.4523.9518.69 16.29 22.32 22.81
140 44.0547.67 51.45 55.6845.38 53.74 50.76 49.11 57.02 84  4.76 9.30 16.67 11.9311.76 9.35 13.26 12.50 20.18
142 16.6713.95 13.04 7.9513.45 11.68 10.61 1429 9.65 86 833 581 6.52 6.25 8.40 841 9.09 10.71 2.63
144 22.6223.26 14.49 22.7323.95 20.56 22.73 21.43 1842 88 0.00 0.00 0.72 1.14 2.10 1.40 0.38 0.89 0.88
146 11.90 581 7.97 852 840 7.01 9.09 10.71 12.28 94 11.90 22.09 19.57 10.8012.6111.68 18.94 11.61 8.77
148 238 0.00 2.90 1.70 0.84 1.40 1.89 0.89 0.88 96 28.57 17.44 13.77 19.8911.7621.03 12.88 17.86 18.42
156 1.19 6.98 3.62 1.14 294 327 265 268 088 98 000 1.16 145 227 2.10 1.87 152 268 263
160 1.19 0.00 1.45 0.57 1.68 0.47 1.14 0.00 0.00 100 28.57 15.12 18.12 16.4815.9718.69 20.45 13.39 15.79

TGLA126 SPS115
115 833 0.00 290 227 252 0.00 1.89 1.79 1.75 244 41.67 30.23 39.86 42.6137.3934.58 31.82 40.18 32.46
117 48.8151.16 53.62 55.1148.32 49.07 53.79 57.14 50.88 246 9.52 4.65 11.59 2.27 546 5.61 530 5.36 4.39
119 11.9011.63 14.49 15.3411.76 11.21 13.64 9.82 16.67 248 7.14 15.12 10.14 13.0712.6115.89 18.56 4.46 14.91
123 952 814 1159 9.09 9.24 794 720 536 1053 250 9.52 12.79 8.70 17.6110.9213.55 15.15 19.64 15.79
125 20.2420.93 13.04 14.7722.69 26.64 18.94 24.11 18.42 252 22.62 22.09 21.01 17.0520.5916.36 18.94 20.54 23.68
127 119 349 290 2.84 462 374 189 0.00 0.00 256 9.52 13.95 8.70 7.3913.0314.02 9.47 8.93 7.89

TGLAS53 TGLA122
151 0.00 1.16 2.17 1.70 1.68 1.40 152 0.89 0.88 134 7.14 814 9.42 9.66 8.4011.21 8.33 536 5.26
153 476 233 290 2.84 378 3.74 227 446 351 140 16.67 12.79 9.42 13.6415.5513.55 15.15 15.18 15.79
155 119 116 217 057 252 140 0.76 0.00 263 142 476 349 145 511 210 421 417 179 439
157 1.19 1.16 0.00 0.57 042 0.47 0.38 6.25 0.88 144 10.71 12.79 13.77 14.7711.7614.95 12.50 14.29 13.16
159 32.1426.74 32.61 31.2531.51 32.24 29.55 25.89 27.19 146 10.71 10.47 16.67 18.7512.6113.08 17.42 14.29 21.05
161 238 349 580 3.98 294 187 227 982 263 148 000 1.16 0.00 0.57 0.84 0.47 0.00 0.89 0.88
163 4.76 6.98 5.07 6.25 420 3.27 9.09 6.25 0.00 152 28.57 25.58 28.99 13.0725.6321.96 17.80 24.11 22.81
165 0.00 0.00 0.72 1.14 0.84 140 114 000 263 154 7.14 930 6.52 568 7.14 467 568 357 8.77
167 13.1022.09 21.01 18.1814.71 17.76 21.97 17.86 16.67 164 4.76 6.98 3.62 4.55 546 3.74 530 6.25 351
169 595 698 4.35 5.68 882 514 492 446 7.89 168 0.00 1.16 1.45 1.14 0.84 093 0.38 1.79 0.88
171 238 465 3.62 0.00 420 140 189 446 439 176 119 116 0.72 1.14 2.94 234 265 0.89 0.00
173 0.00 0.00 1.45 2.84 294 327 379 179 175 182 595 465 435 7.95 252 561 6.82 10.71 1.75

INRA23

197 238 233 5.07 6.25 462 374 341 179 263
199 595 0.00 290 511 546 234 3.03 357 175
201 0.00 0.00 1.45 1.14 336 0.93 152 2.68 4.39
203 357 465 145 170 1.26 1.87 114 268 1.75
205 34.5236.05 28.99 31.8232.35 34.58 34.47 33.93 21.05
207 20.2420.93 17.39 24.4322.27 19.63 20.45 30.36 27.19
209 4.76 581 3.62 455 3.78 514 227 4.46 4.39
211 952 581 7.25 2271050 6.54 455 3.57 6.14
213 10.7119.77 15.94 21.0214.29 21.96 19.70 16.07 22.81
215 1.19 0.00 290 1.70 1.68 1.40 0.38 0.00 2.63

KG: KyongGi, KW: KangWon, CEB: CheonBuk, CEN: CheonNam, KYB: KyongBuk, KYN: KyongNam.
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Table 4. Nei’s (1983) DA genetic distance(below diagonal) and gene differentiation (Fsr)
between each pair of nine brand populations. Above the diagonal FST values

PG AS YP DG HS JS SJ HD NH
PG - -0.0003 -0.0007 0.0012 0.0009 0.0003 0.0011 0.0044 0.0029
AS 0.0417 - -0.0004 0.0038 0.0037 0.0010 -0.0004 0.0043 0.0067
YP 0.0413  0.0446 - -0.0022 0.0014 0.0010 -0.0026 0.0011 0.0023
DG 0.0227 0.0388  0.0302 - 0.0009 0.0042 0.0011 0.0040 0.0035
HS 0.0321  0.0433  0.0402  0.0232 - 0.0023 0.0005 0.0011 0.0003
JS 0.0221 0.0372 0.0389 0.0249 0.0214 - 0.0009 0.0039 0.0027
SJ 0.0254 0.0337 0.0289 0.0205 0.0191 0.0143 - 0.0032  0.0032
HD 0.0439  0.0433 0.0403 0.0353 0.0288 0.032 0.0295 - 0.0019

NH 0.0413 0.0493 0.0489 0.0408 0.0335 0.0316 0.0318 0.0362 -
KyongGi: AS, YP, KangWon: PG, HS, CheonBuk: JS, CheonNam: SJ, KyongBuk: DG, KyongNam: HD, NH.

Level of significance: 95% (1,000 Bootstraps)
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