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SUMMARY

The DNA analysis kits and markers developed in this study may be used in differentiating a

diversity of species, such as livestock (pigs, chickens, and ducks), companion animals (horses), and

endangered animals (otters), and therefore may be utilized in various research fields.

- Relevant livestock includes pigs, chickens, and ducks. In regard to pigs, the efficiency of each

DNA marker in differentiating a commercial herd was examined in order to prepare for the

introduction of tracing system, and the applicability of microsatellite (MS) markers, for 13

species, and single-nucleotide polymorphism (SNP) markers, for 37 species, was verified for the

domestic pig industry. In addition, 15 MS markers for chickens and 12 MS markers for ducks

were obtained. The DNA analysis kit was developed so that it could be used for the prevention

of disease transmission, and for the quarantine and hygiene industry, using an object tracking

system that uses origin information.

- For species and mixture meat differentiation, the mitochondrial DNA cytochrome B gene

sequences of six species (cows, pigs, chickens, dogs, horses, and ducks) were analyzed, and

species-specific primers were devised; DNA markers were developed and prototypes were

manufactured.

- For horses, a DNA analysis kit for paternity testing and individual identification, consisting of

ten MS markers and two sex differentiation markers, was developed for pedigree management

and genetic research on domestic horses.

- For otters, an endangered species, MS markers for individual identification and sex differentiation

were developed by studying those (Lutra Lutra) living in Jinyang Lake, located in Jinju,

Gyeongsangnam-do, whichis known as the largest habitat for otters in Korea. Analysis of all

their mtDNA sequences (D-loop, CYTB, ND2, and ND4 ) was conducted, there by laying the

foundation for phylogenetic and genetic polymorphism analyses of domestic otters.

Different entities may make use of the DNA markers and analysis kits that were developed based

on the above study results, and for diverse purposes. National research institutes and meat

manufacturers may utilize the kits for the individual identification of major livestock. The DNA

analysis kits for species and mixture meat differentiation may be used to judge whether mixture

meat manufactured with domestic livestock is genuine. Transfer of this technology to regulatory

institutions may increase the reliability of livestock products by strengthening transparency in the



manufacturing process. The DNA analysis kit for horses, a companion animal, may be utilized for

pedigree management and genetic research through a linkage with the Korea Racing Authority

(KRA) and local horse riding clubs. The DNA markers for otters may be utilized by researchers

and research institutes, through technology transfer and education, as the basic material for

endangered species research. This study obtained results that can be employed by diverse

researchers.
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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2







제 장 연구개발수행 내용 및 결과3



Locus Chromosome Annealing temp N
No. of
alleles

Size range(bp) He PIC

S0005 5 60 321 17 203~243 0.869 0.908

SW24 17 58 324 11 96~121 0.725 0.822

SW787 18 60 323 8 150~165 0.724 0.798

SW122 6 58 320 9 110~122 0.716 0.785

SW857 14 58 324 8 144~160 0.667 0.807

SW72 3 58 326 6 101~115 0.666 0.714

SW632 7 58 325 10 159~180 0.655 0.774

S0026 16 58 323 7 92~106 0.650 0.712

S0155 1 58 325 6 150~166 0.585 0.725

S00090 12 58 301 7 240~253 0.568 0.703

SW936 15 58 326 8 80~117 0.518 0.665

S0225 8 58 325 5 170~196 0.477 0.573

SW951 10 58 323 6 125~133 0.316 0.365



No. of MS PI PIhalf-sibs PIsibs PEpu PE

13 MS 2.47×10
-18

6.39 ×10
-13

1.08×10
-8

0.999998 0.999669







No. Locus Chr. N
No. of

Allele
He PIC

Hardy-weinberg

equilibrium(P-value)

1 H3GA0000529 1 1230 2 0.495 0.372 0.00001

2 ALGA0014331 2 1230 2 0.486 0.368 NA1)

3 MARC0058243 3 1232 2 0.499 0.375 NA1)

4 ALGA0022682 4 1233 2 0.500 0.375 0.00001

5 M1GA0007436 5 1233 2 0.473 0.361 NA1)

6 ASGA0097732 6 1233 2 0.485 0.367 NA1)

7 DRGA0007462 7 1233 2 0.500 0.375 0.00001

8 ALGA0115248 8 1230 2 0.487 0.368 0.00003

9 ALGA0118446 9 1233 2 0.465 0.357 0.00001

10 DRGA0010491 10 1232 2 0.484 0.367 NA1)

11 MARC0038626 11 1232 2 0.496 0.373 0.00001

12 ALGA0116573 12 1233 2 0.484 0.367 0.00001

13 MARC0008127 13 1233 2 0.495 0.372 NA1)

14 H3GA0038597 14 1233 2 0.499 0.374 NA1)

15 H3GA0044196 15 1233 2 0.500 0.375 NA1)

16 H3GA0046834 16 1227 2 0.500 0.375 0.0004

17 MARC0017435 17 1214 2 0.500 0.375 0.0013

18 ALGA0096742 18 1232 2 0.499 0.374 NA1)

19 ALGA0005215 1 1233 2 0.500 0.375 NA1)

20 ASGA0011198 2 1231 2 0.449 0.348 NA1)

21 ALGA0117321 3 1233 2 0.479 0.364 0.00001

22 ASGA0018922 4 1233 2 0.495 0.373 0.0001

23 ASGA0054815 5 1233 2 0.499 0.374 0.00001

24 ASGA0027947 6 1232 2 0.479 0.364 NA1)

25 MARC0076000 7 1232 2 0.500 0.375 NA1)

26 ALGA0047611 8 1233 2 0.495 0.372 0.00001

27 ALGA0052832 9 1233 2 0.499 0.375 0.0011

28 MARC0056053 10 1218 2 0.500 0.375 NA1)

29 ALGA0062415 11 1233 2 0.499 0.375 0.0004

30 ASGA0054380 12 1233 2 0.498 0.374 0.00001

31 MARC0019359 13 1233 2 0.495 0.372 NA1)

32 MARC0073645 14 1227 2 0.499 0.374 0.00001

33 DRGA0006163 15 1232 2 0.496 0.373 0.0007

34 ALGA0091999 16 1232 2 0.494 0.372 NA
1)

35 ASGA0076946 17 1232 2 0.499 0.374 NA
1)

36 H3GA0050901 18 1233 2 0.476 0.362 NA1)

37 ASGA0007824 1 1232 2 0.494 0.372 NA1)

Total - - 74 0.492 0.371 -

1)
NA : Not analyzed



No. Locus Chr. N
No. of

Allele
He PIC

Hardy-weinberg

equilibrium(P-value)

1 S0005 5 1114 10 0.795 0.775 0.00001

2 S00090 12 1099 5 0.616 0.550 0.00001

3 S0026 16 1126 6 0.750 0.716 0.00001

4 S0155 1 1126 5 0.565 0.506 0.0009

5 S0225 8 1104 3 0.476 0.390 NA
1)

6 SW122 6 1126 7 0.693 0.640 0.00001

7 SW24 17 1124 5 0.753 0.714 0.00001

8 SW632 7 1126 5 0.570 0.517 0.0001

9 SW72 3 1126 5 0.712 0.666 0.00001

10 SW787 18 1121 5 0.643 0.599 0.00001

11 SW857 14 903 8 0.741 0.706 0.00001

12 SW936 15 1122 5 0.615 0.558 0.0009

13 SW951 10 1122 3 0.383 0.322 NA1)

Total - - 72 0.639 0.589 -

1)
NA : Not analyzed









allocation

(No. fo sample)

ambiguous

(No. fo sample)

nulls

(No. fo sample)

Power

No error 0.93 (420) 0.07 (32) 0.00 (0)

Uniform error=0.02 0.98 (443) 0.02 (9) 0.00 (0)

Correctness under No error 0.95 ± 0.01 0.05 ± 0.01 0.00



MS Name Chromosome Repeat Unit

VHL20 30 (TG)17 UniSTS:506426

HTG04 9 (GT)14 UniSTS:504291

AHT004 24 (AC)28 UniSTS:506068

HMS07 1 (CA)18 UniSTS:503179

HTG06 15 (GT)19 UniSTS:505103

AHT005 8 (GT)16 UniSTS:504179

HMS6 4 (GT)15 GenBank: X74635.1

ASB23 3 (GT)16 UniSTS:503489

ASB2 15 (GA)8 UniSTS:505081

HTG10 21 (GT)16 UniSTS:505756

HTG07 4 (GT)20 UniSTS:503638

HMS3 9 (CA)23 UniSTS:504311

HMS2 10 (CA)16 GenBank: X74631.1

ASB17 2 (CA)24 UniSTS:503259

LEX03 X (TG)20 UniSTS:506652

HMS01 15 (GT)14 UniSTS:505128

Group A Grouup B

VHL20 HTG10

HTG4 HMS2

AHT4 LEX3

HMS7 HMS1

HTG7

HMS3

ASB17





Locus No. of allele N Hets Homs He PIC

AHT4 7 31 24 7 0.774 0.738

ASB17 8 31 27 4 0.871 0.759

HMS1 4 31 19 12 0.613 0.593

HMS2 5 31 25 6 0.806 0.685

HMS3 6 31 22 9 0.71 0.677

HMS7 3 31 8 23 0.258 0.265

HTG10 6 31 21 10 0.677 0.717

HTG4 4 31 23 8 0.742 0.524

HTG7 5 31 17 14 0.548 0.534

LEX3 8 31 22 9 0.71 0.745

VHL20 5 31 19 12 0.613 0.625

MS Name GenBank Accession No. Lable PCR product(bp)

VHL20 UniSTS:506426 FAM 89~107

HTG4 UniSTS:504291 FAM 127~141

AHT4 UniSTS:506068 FAM 138~170

HMS6 GenBank: X74635.1 VIC 154~170

ASB2 UniSTS:505081 VIC 220~252

HTG10 UniSTS:505756 NED 83~105

HTG7 UniSTS:503638 NED 118~130

HMS3 UniSTS:504311 NED 150~174

HMS2 GenBank: X74631.1 NED 218~238



MS Name GenBank Accession No. Lable PCR product(bp)

ASB17 UniSTS:503259 PET 89~131

LEX3 UniSTS:506652 PET 137~176

HMS1 UniSTS:505128 PET 178~190



PCR Primer mix

10X Buffer

dNTP mix

MgCl2

Taq(5U/ )

Template DNA

DMSO

DW up to

6

2

1.5

1.5

0.4 (1-2U)

5-50ng

0.25

15.0



MS Name Chromosome Repeat Unit

ADL0268 1 (GT)12 UniSTS:36879

ADL225 13 (CA)8 UniSTS:29076

MCW0004 3 (CA)28 UniSTS:280071



MS Name Chromosome Repeat Unit

MCW0014 6 (AC)9 UniSTS:280076

MCW0016 3 (CA)16 UniSTS:280077

MCW0034 2 (CA)22 UniSTS:280087

MCW0069 26 (CA)11 UniSTS:280110

MCW0078 5 (CA)7 UniSTS:280115

MCW0081 5 (CA)7 UniSTS:280117

MCW0104 13 (CA)20 UniSTS:280128

MCW0111 1 (CA)7 UniSTS:280134

MCW0145 1 (CA)20(CAAA)6 UniSTS:280156

MCW0295 4 (AC)10 UniSTS:18220

MNT112 20 (TG)12 UniSTS:497092

MNT128 1 (CA)16 UniSTS:496866



Locus No. of alleles N He PIC

AMU003 4 50 0.740 0.581

AMU060 4 50 0.360 0.397

AMU068 5 50 0.120 0.551

AMU123 9 50 0.280 0.395

CAUD004 14 50 0.680 0.756

CAUD013 13 50 0.680 0.765

CAUD055 8 50 0.600 0.741

CAUD065 4 50 0.100 0.293

CAUD074 9 50 0.400 0.536

CAUD076 8 49 0.592 0.638

CAUD083 8 49 0.571 0.679

CAUD086 8 49 0.347 0.713

CAUD120 9 49 0.694 0.766

CAUD127 2 41 0.098 0.161



Name GenBank Accession No. Lable PCR product(bp)

CAUD065 AY493310 FAM 120-145

CAUD086 AY493331 FAM 175-195

CAUD055 AY493300 FAM 215-243

CAUD074 AY93319 VIC 108-124

CAUD004 AY493249 VIC 200-230

AMU006 AB180491 VIC 232-246

APH21 AJ515896 NED 132-160

AMU060 AB180542 NED 180-196

CAUD120 AY587039 NED 275-288

CAUD083 AY493328 PET 106-130

AMU003 AB180488 PET 186-206

CAUD130 AY587049 PET 237-265





























Locus Genbank Accession No. Primer sequence PCR product(bp)

RIO_01 AY268051
F:AAAAAGGGCACCTCGAGACAAT

R:CATGCTTGACCTTGAGCAAC
264-280

RIO_02 AY268052
F:GTAGAGTGGGGCGCCTAAG

R:TGACCTTGGAAGAGACATGC
184-198

RIO_03 AY268053
F:ATCAGCCTGAGTCCCTGAAC

R:ACAGCCAGAACCAAAAGACA
194-218

RIO_04 AY268054
F:CAAGCACCAACTCCTCAAT

R:CCACAAGCCAGATTCCTCTC
255-273

RIO_05 AY268055
F:GGGTTAAAGCCTCTGCCTTC

R:AGGGGATACCGGATCATTTC
316-354

RIO_06 AY268056
F:GCCAAGATGGCAACTACTCC

R:GAAGCACATTCTCTCTCCATCA
252-264

RIO_07 AY268057
F:AAGCACTTCCAGATATCAGTTGC

R:CCCAACTTGAGTGGGACTTT
167-177

RIO_08 AY268058
F:TTTCCAGAGCCAATTTGTCA

R:CTTGCCTGCTGCTGACATTGAAG
204-214

RIO_09 AY268059
F:GCTCTATTATTAGGAGCAAACCA

R:AGCTGGCTTGGAATTCTCTC
252-256

RIO_10 AY268060
F:CATTCGTGGACATTCGGTAA

R:GGCAAGGAATCCTGGTTATG
243-259

RIO_11 AY833262
F:TCTTCCACTTTCAATTTAGGTA

R:GCCCAAGGTTCACTATCAG
156-168

RIO_12 AY833263
F:GTATCGTCCAGGCTGCTCTC

R:CCACAGCCAGCTCTGAATAA
207-213



Locus Genbank Accession No. Primer sequence PCR product(bp)

RIO_13 AY833264
F:GCTCAGCTGTGCAGAATGAT

R:GCACACGTGGTAAGATGAGC
254-274

RIO_14 AY833265
F:CTACCAGCCGTTTGTGTGAG

R:GCTTGTCCCTCTACCTCTGC
286-294

RIO_15 AY833266
F:AGTGCACAGTGGTGGTCTTG

R:TCCTGATTCTGCTTGGTTCA
253-261

RIO_16 AY833267
F:GGTGCTTCTTAAGGAACTGAGC

R:ATTTATTGGGCATGGAAGCA
266-280

RIO_17 AY833268
F:GGTTGCGAAGATAAGCAAGG

R:CAAGTGTTTAAAGTGTGTGTGTGT
172-178

RIO_18 AY833269
F:TTCCATTGTCTCTTGGCTTG

R:CCCTCTCCACACTTGTGCTC
140-165

RIO_19 AY833270
F:GGTCCCAGGTGCAAATCTTA

R:GATTTGGGTCTTCCAATGGTT
273-285

RIO_20 AY833271
F:CTAGCTCTGCCACCTAACCAG

R:ACAGCGTGGTCCTGACCTT
245-259



Name GenBank Accession No. Lable PCR product(bp)

RIO_18 AY833269 FAM 140-165

RIO_08 AY268058 FAM 204-214

RIO_01 AY268051 FAM 264-280

RIO_11 AY833262 VIC 156-168

RIO_02 AY268052 VIC 184-198

RIO_04 AY268054 VIC 255-273

RIO_03 AY268053 NED 194-218

RIO_10 AY268060 NED 243-259

RIO_16 AY833267 NED 266-280

RIO_07 AY268057 PET 167-177

RIO_12 AY833262 PET 207-213

RIO_15 AY833266 PET 253-261

RIO_19 AY833270 PET 273-285



No. RIO_01 RIO_02 RIO_03 RIO_04 RIO_07 RIO_08 RIO_10 RIO_11 RIO_12 RIO_15 RIO_16 RIO_18 RIO_19

1 244 244 200 209 181 181 261 261 151 151 207 207 234 234 160 160 209 209 250 250 268 281 187 191 280 288

2 244 244 200 202 181 181 261 281 151 151 207 207 232 234 160 160 209 209 247 250 281 287 187 191 271 280

3 244 244 177 202 182 182 261 261 151 151 207 207 232 232 160 160 209 209 247 250 280 280 187 191 275 279

4 - - 202 209 181 187 - - 151 151 - - 232 234 160 160 209 209 247 250 281 287 191 191 - -

5 244 244 200 209 181 181 261 261 151 151 205 207 232 234 160 160 209 209 247 250 281 281 187 191 275 280

6 244 244 202 209 181 181 260 264 151 151 205 208 232 232 160 160 209 209 247 250 278 295 191 191 279 279

7 244 244 202 202 181 181 265 275 151 151 205 205 232 234 160 160 209 209 247 250 281 285 187 191 284 288

8 244 244 200 202 181 187 261 275 151 151 205 207 232 234 160 160 208 208 247 250 281 281 191 191 276 288

9 244 244 202 209 181 187 261 261 151 151 207 207 232 234 160 160 209 209 247 247 281 281 191 191 280 284



Locus Allele No. N He PIC

RIO_01 3 23 0.3 0.262

RIO_02 8 23 0.832 0.792

RIO_03 3 23 0.484 0.407

RIO_04 5 17 0.369 0.344

RIO_07 1 23 0 0

RIO_08 2 10 0.442 0.332

RIO_10 2 23 0.414 0.323

RIO_11 3 23 0.677 0.588

RIO_12 2 23 0.085 0.080

RIO_15 2 23 0.322 0.265

RIO_16 6 9 0.562 0.508

RIO_18 2 23 0.496 0.367

RIO_19 6 15 0.729 0.655





haplotype
no. of

frequencies

nucleotide position of D-loop sequence

Sample name

405 449 471 493 559

haplotype 01 6 C C C C T
Lutra_04, Lutra_06, Lutra_12, Lutra_13,

Lutra_14, Lutra_15

haplotype 02 2 C T C C T Lutra_07, Lutra_11

haplotype 03 5 C C T C T
Lutra_03, Lutra_05, Lutra_08, Lutra_09,

Lutra_17

haplotype 04 1 C C C T T Lutra_16

haplotype 05 2 C C T T T Lutra_01, Lutra_02

haplotype 06 9 T C T T C

Lutra_10, Lutra_18, Lutra_19, Lutra_20,

Lutra_21, Lutra_22, Lutra_23, Lutra_24,

Lutra_25



Jinju sample group

Geoje Island /

Changnyeong sample

group

total

No. of sequence 17 8 25

Variable sites
a

5 0 5

Nucleotide diversity ( )π
b

0.002 0.000

Nucleotode difference ( )κ
c

1.368 0.000

aVariable sites are single nucleotide polymorphism (SNP),
bNucleotide diversity(×10-3)wascalculatedusingonlySNPs,
cAverage number of nucleotide differences between haplotypes within a haplogroup.





μ

μ μ μ μ

μ μ μ

μ

No. name GenBank Accession No. bp 5'-primer Sequence-3'

1 lutra_ZFX AB491606 353
F CCA CAG AGG TGT TGT GAT GG

R ATC ACC ATC CGC GAA TAG AC

2 lutra_ZFY AB491597 299
F CCC AAT GCA GGA CTC TTC TC

R GAG TGA TCG AGC CAA GTT CC



PCR primer SEQ primer Size(bp)
Total

size(bp)
PCR primer SEQ primer Size(bp)

Total

size(bp)

mt-PCR-1

Seq-1 617

1714
mt-PCR-6

Seq-16 587

1804Seq-17 627Seq-2 672

Seq-18 533Seq-3 593

mt-PCR-7 1704Seq-19 630

mt-PCR-2

Seq-4 596

1695 Seq-20 631Seq-5 644

Seq-21 494Seq-6 609

mt-PCR-8 1787Seq-22 593

mt-PCR-3

Seq-7 628

1806 Seq-23 631Seq-8 599

mt-PCR-9
Seq-24 667

1705
Seq-9 654

Seq-25 648

mt-PCR-4

Seq-10 597

1820 Seq-26 698Seq-11 551

mt-PCR-10-cyt 1396Seq-27 499Seq-12 684

Seq-28 581

mt-PCR-5

Seq-13 600

1737
Seq-29 623

mt-PCR-11-D-loop 1228

Seq-14 608

Seq-30 635
Seq-15 641

Seq-31 654



Featurea
Position Size

(bp)
SNP Featurea

Position Size

(bp)
SNP

From To From To

tRNA-Phe 1 69 69 0 tRNA-Lys 7813 7878 66 0

12S rRNA 70 1033 964 4 ATP 8 7880 8102 223 2

tRNA-Val 1034 1101 68 0 ATP 6 8063 8744 682 4

16S r RNA RNA 1102 2707 1606 6 CO3 8744 9528 785 1

tRNA-Leu (UUR) 2708 2783 76 0 tRNA-Gly 9529 9597 69 0

ND1 2786 3750 965 5 ND3 9598 9956 359 1

tRNA-IIe 3751 3819 69 0 tRNA-Arg (CGN) 9957 10024 68 0

tRNA-Gln 3817 3890 74 0 ND4L 10025 10321 297 0

tRNA-Met 3892 3960 69 0 ND4 10315 11692 1378 3

ND2 3961 5026 1066 6 tRNA-His 11693 11761 69 0

tRNA-Trp 5027 5095 69 1 tRNA-Ser (AGY) 11762 11823 62 0

tRNA-Ala 5105 5172 68 0 tRNA-Leu (CUN) 11824 11893 70 3

tRNA-Asn 5174 5246 73 0 ND5 11885 13716 1832 5

OriginL 5247 5282 36 0 ND6 13700 14233 534 5

tRNA-Cys 5280 5346 67 1 tRNA-Glu 14234 14302 69 0

tRNA-Tyr 5347 5414 68 2 Cyt b 14307 15456 1150 5

CO1 5416 6986 1571 6 tRNA-Thr 15457 15524 68 0

tRNA-Ser (UCN) 6984 7052 69 0 tRNA-Pro 15524 15600 77 0

tRNA-Asp 7059 7125 67 1
Control region 15601 16691 1091 8

CO2 7126 7809 684 2











제 장 목표달성도 및 관련분야에의 기여도4
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