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ABSTRACT

When 14 microsatellite (MS) markers were applied in the identifying test for 480 Hanwoo, the discriminating power was
estimated as 3.43x10” > based on the assumption of a random mating group (PI). This rate is 1,000 times higher than that of 60

single nucleotide polymorphism (SNP) markers.
4.69x10 * and 8.02x10 "

On the other hand,
on the assumption of a half-sib mating group (Pliassins) and a full-sib mating group (Pls),

the power of the 60 SNP markers was estimated as

respectively. These powers were 10 times and 10,000 times higher than those of the 14 MS markers. The results indicated that

the total number of alleles (MS vs SNP =
population, and the total number of markers (MS vs SNP =

146 vs 120) acted as a key factor for the discriminating power in a random mating
14 vs 60) was a dominant influence on the power in half-sib and

full-sib populations. In the Hanwoo population, in which it was assumed that the entire population is the enormous half-sib group
formed by the absolute genetic contribution of a few nuclear bulls, there will be only a 10 times difference in the discriminating
power between the 14 MS markers and the 60 SNP makers. However, the probability of not excluding a candidate parent pair
from the parentage of an arbitrary offspring, given that only the genotype of the offspring (PNE,,) was 1,000 times higher as
shown by the 14 MS markers than that by the 60 SNP markers. The strong points of SNP makers are the stability of the
variation (low mutation rate) and automation of high-throughput genotyping. In order to apply these merits for the practical and
constant Hanwoo identity test, research and development are required to set a cost-effective platform and produce a homemade

apparatus for SNP genotyping.
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A5 &7 33 (International

Genetics,

microsatellite (MS)2]  73-$-
Society for Animal http://www.isag.org.uk/02
PVpanels LPCGH.doc)¢} Roslin 174> (http://www. projects.
roslin.ac.uk/cdiv/markers.html) SollA 49 tlda]l A&
MS markerES FH3FaL 1o, FHE markers THEA
A AT &85 vk =3 A 10:d7F MS marker
£ ol&sto] AR Ao YA A A5
285} (Glowatzki-Mullis 5, 1995; Usha &, 1995; Ajmone-
Marsan &, 1997; Heyen &, 1997; Williams 5, 1997). L3tk
DNA marker®] &&7%¢1 4]o] #3gt Multiplex PCR-E
o] 714 primerE T3 U A DNA ©HS
STEAE WHoR  1998del] AHEFom  AFEHSITH
(Chamberlain &, 1998). ©] W2 ®Wol9} vy 4
= 442l 7}, Reverse-Transcription (R-T) PCR & B
ol A8He] deHew FHA (Crisan 5, 1994;
Mansfield 5, 1993; Mutirangura s, 1993; Shuber -5,
1993). 18|31 < MS markerE WX]s}al B} §-5491
85 FAA 244 F8¥ 3 & single nucleotide
polymorphism (SNP) marker= 4:9] ZAA] A A7|4<E
qEs Fal WS U daEEe ATl &8 Jhsd
DNA chip®] He]2 W% vk @A) NCBI (National
Center for Biotechnology Information)2] SNP database (http://
www.ncbi.nlm.nih.gov/SNP/snp_batchSearch.cgi?org
=9823&type=SNP)ol| = 2k 2007+ o]7] o]4ke] SNpo] Wil
Hol glow, ofF FAA x| dF 5 5Ado] et
SNPES ©o]83le]  Illuminarle] 7%~ Bovine 50K SNP
chipS 7-83F ako] Hskal glom, AffymetrixAhe] 7d-5-
Bovine 25K SNP Kit9} Bovine 10K SNP KitE 83} 3}
o] BEeEt Uk w3 SEQUENOMAFY] 73-$- multiplex
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) %S o]&3te] 0]
SNPE 4T 5 = Al&®S FESkaL vk E3E v
= Harr)e] A HS B o]¥FAS Sl 20024
Michael 5°] 32%&9] SNP markerE ©]-&3 <+ AiE
B 3o, Wemer 52 2003 FHAG A=

o2 38%°] SNP markers ©]-83te] FATA HZol
gk A AE Basklth 28al vl=e] sFAdellA
= ddwA HAes 2 olgFA e &&3r] A 23%F
1275 Aoz 12159 SNP markerS  Agricultural
Research Service (ARS)& &3fo A| T3k o

(http://cgemm.louisville.edu/USDA/cattle/marc_snps_parent_trac
e idhtml), =3 &4 HSS 913l 6059 SNPE &
dte] MALDI-TOF MS & o83 didfdats 4
S AT (http://www.ars.usda.gov/research/projects/projects.
htm?ACCN_NO=409004).

meba] 2 AT A FUA AR MS€F SNP marker
el W &4 FEstE AF P& TS sk
A Aarz] o]gFA Aol A8 T2 MS markere] 2%}
4e gletn, AnHen 2 A
SNP marker= et 79 Hggk AL 84
saat A8,

= AdEe] 237 A gh9-sTtel A F
48079 WAS- HAS AFHste] Al ARESISITH
Genomic DNAC] #2]:= Genomic DNA 5% 7|E (Promega,
USA)E o] &3k3ith

2. MS markere| M=

H-FH2E £S5 918l A% MS marker= Applied
BiosystemsA}2]  Stockmarkers™¢] MS marker?} Inter-

national Society for Animal Genetics (=452 7%18}3],
http://www.isag.org.uk/02_PVpanels LPCGH.doc), Roslin <1
2~ (http://www.projects.roslin.ac.uk/cdiv/markers.html)ol| 4| =] <t
gk 20 oA A8 maker 2 9 5 (2005)0] Aleket
MS marker 5 14701& Asle] o] 83}t (Table 1).

3. SNP marker2e| M=

ular F5-4- ARSE E35ko] AlQket 12182] SNP marker
(http://cgemm.louisville.edu/USDA/cattle/marc_snps_parent_trace
_idhtml) 5 37%% AWSlal, Wemer & (2003)0] W.aLdh
Aol o]&g 38F T 23S ALst] T 60F SNP
markerS 4338l NCBI SNP databaseE S8 2129
marker®]] 3§t A71M DS Frste] HFHAAE Al
A8} T} (Table 2).
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wl, 10x buffer 1.54¢0, 2.5mM dNTPs 1.2px0, MgCI2 1.140
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3t F 25cycles WMl Touch down PCR WH& ©]
23}99 a1, o]F 65Tl A 304 extension - 8§TCoA F=

a5k
5. MS marker2| tHElRAE =4
Multiplex-PCR 4H&3 ABI Prism” 3100 Genetic Analyzer

(Applied Biosystems, USA)S ©]-&3}e] 77|53}l (Fig.
1), GeneScan version 3.7 (Applied Biosystems, USA)S- ©]-&

st A9} HAAPEHE EF3I F Microsoft  Excel
(Microsoft, USA)S ©|-&3at] At=E FHFsHlrh
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MassARRAY (SEQUENOM®, USA)E o]&3t o)z SNP
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Table 1. Information of the 14 microsatellite markers used in this study

. of Hardy-Weinber .

Locus Chr. Label Ii?lel(:: He PIC equﬁzs:ignzp-z;ﬁe) Size range (bp)
TGLA227 18 FAM 14 471 0.830 0.808 0.8352 76~104
BM2113 2 FAM 11 471 0.622 0.568 0.3721 123~143
TGLAS3 16 FAM 17 469 0.878 0.866 0.4210 154~188

ETHI10 5 FAM 8 471 0.739 0.722 0.4710 212~224
SPS115 15 FAM 10 471 0.811 0.743 0.2699 246~260
BMS1747 14 VIC 471 0.715 0.653 0.8186 85~105
TGLAI126 20 VIC 470 0.689 0.643 0.9639 116~122
TGLA122 21 VIC 18 471 0.858 0.850 0.6818 137~181
INRA23 3 VIC 10 471 0.754 0.711 0.4513 196~222

ETH3 19 NED 8 470 0.755 0.741 0.7803 105~125
ETH225 9 NED 8 471 0.652 0.624 0.7817 141~159
BL1009 14 NED 11 471 0.866 0.829 0.5017 164~197
BM4305 8 PET 11 471 0.788 0.758 0.2493 147~171
BM1824 1 PET 7 470 0.717 0.629 0.3349 178~192
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Fig. 1. GeneScan analysis of the 14 MS +2 sexing markers from a multiplex PCR on an ABI3100 DNA

sequencer.
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Fig. 2. a) A raw MassSpec Spectra of mutiplexed 25 SNP markers among the 60 SNP markers and
b) an example of genotyping using the SNP marker derived from the AF440365 sequence.
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Table 2. Information of the 60 SNP markers used in this study
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Mutiplexin; Minor allele Hardy-Weinber
Gfoup s Locus Chr, N He PIC frequency equilibr}ilum (P—Val%le)
AF440371 9 477 0.249 0.216 0.1436 0.8951
AF440377 2 471 0.467 0.345 03312 0.2820
AF440380 3 476 0.481 0.371 0.4359 0.6688
AJ496636 3 478 0.410 0.333 03033 0.5547
AJ496772 18 464 0.418 0.334 0.3039 0.8479
AJ496774 25 471 0316 0.253 0.1815 0.2116
AJ496785 8 478 0.421 0.336 0.3086 0.7962
AJ505161 23 477 0.302 0.252 0.1803 0.7537
AJ506786 1 453 0.285 0.245 0.1733 0.9686
AY776154 2 453 0.453 0.356 0.3631 0.6846
AY841151 2 464 0.453 0.355 0.3599 0.7426
AY842473 3 478 0.464 0.363 0.3912 0.6197
AY842474 3 476 0.445 0.337 0.3109 0.4514
AY849380 6 478 0.502 0.364 0.3975 0.3372
AY850194 8 469 0.493 0.375 0.4936 0.7837
1 AY853303 13 477 0.526 0373 0.4602 0.2303
AY858890 17 476 0.479 0.362 0.3866 0.9018
AY863214 18 478 0.483 0.374 0.4759 0.5240
AY914316 18 477 0.444 0325 0.2851 0.0629
AY919868 20 465 0.542 0.375 0.4839 0.0818
AY937242 23 473 0.524 0375 0.4968 0.3337
AY939849 24 478 0.515 0.365 0.3996 0.1359
AY941204 25 478 0.502 0373 0.4540 0.8507
DQ381153 1 478 0.500 0.371 0.4341 0.7685
DQ404149 1 477 0.484 0.368 0.4140 0.9806
DQ404151 1 478 0515 0.375 0.5000 0.5828
DQ404152 2 476 0.454 0.337 0.3109 0.2376
DQ404153 29 478 0354 0.289 0.2270 0.9636
DQ422950 3 471 0.488 0.366 0.4055 0.8541
DQ468384 5 464 0513 0375 0.4784 0.6131
DQ470475 5 477 0.436 0.369 0.4235 0.0221
AF440365 4 468 0.479 0.372 0.4487 0.5108
AF440366 9 478 0.441 0.341 03211 0.8662
AF440368 1 465 0.249 0216 0.1441 0.9437
AF440372 5 471 0.444 0.359 0.3747 0.2711
AF440381 14 477 0.092 0.098 0.0545 NA"
AJ496635 6 454 0.403 0.331 0.2928 0.4633
AJ496762 16 475 0.427 0.329 0.2980 0.5844
AJ496765 19 478 0.425 0.337 03107 0.8992
AJ496767 21 455 0.332 0.264 0.1945 0.2656
AJ496768 11 473 0.416 0317 0.2717 0.3051
AJ496773 29 478 0.481 0373 0.4603 0.5199
AJ496782 12 477 0.233 0211 0.1394 0.6048
2 AJ505159 16 473 0.410 0.332 0.3002 0.6483
AY761135 1 465 0.475 0.362 0.3860 0.9619
AY851163 11 a7 0.458 0371 0.4364 0.1423
AY853302 13 475 0.446 0.374 0.4716 0.0257
AY856094 29 453 0.488 0.375 0.4801 0.6618
AY857620 16 a7 0.269 0.241 0.1684 0.4585
AY916666 19 476 0.328 0.291 0.2290 0.1374
AY929334 23 472 0.119 0.109 0.0614 NA"
AY943841 1 464 0.463 0.365 0.3998 0.4883
DQ381152 17 463 0216 0.210 0.1382 0.0620
DQ404150 1 450 0.269 0.232 0.1589 0.9498
DQ435443 3 47 0.299 0.251 0.1790 0.8415
DQ485413 4 477 0.518 0.375 0.4937 0.4898
AJ505155 20 471 0.389 0.328 0.2919 0.2144
3 AY842475 4 473 0.505 0372 0.4471 0.6996
AY849381 6 a7 0.475 0.362 0.3856 0.9464
AY860426 17 461 0.432 0.356 0.3633 0.1663

Y NA : Not analyzed.
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Table 3. Estimates of overall F-statistics in the Hanwoo population used in this study

Marker type Fis Fsr Fir
14 MS —0.0186 0.0163 —0.0020
60 SNP 0.0001 0.0022 0.0024

Table 4. Expected probability of identity among genotypes of random individuals (PI),

probability of identity

among genotypes from random half-sibs (Plharsibs), probability of identity among genotypes from random

sibs (Plsis)

Marker type PI Plyaysiv Pl
14 MS 3.43x1077 4.18x10" " 3.98x10°°
60 SNP 2.09x10~ % 4.69x10~% 8.02x10 12

Table 5. Estimates of average heterozygosity indices and powers in parentage tests in the Hanwoo population
were used in this study. The exclusionary power of the second parent (PE), the parent exclusion power
of both parents (PE,s) and the probability of not excluding a candidate parent pair from the parentage
of an arbitrary offspring, given only the genotype of the offspring (PNEy,), are unconfirmed
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